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Forewords

Drs. Cramer and Darby, with the able assistance of col-
leagues in Anatomy and Physiology at the National
College of Chiropractic, have created a remarkable re-
source for both clinicians and students.

Basic and Clinical Anatomy of the Spine, Spinal
Cord, and ANS is designed to facilitate a learner’s un-
derstanding of important anatomic concepts and their
relationship to clinical practice. The most important as-
pects of this book include comprehensive coverage of
spinal anatomy and related neuroanatomy with clear ex-
planations of structural relationships; the extensive use
of illustrations and photographs to enhance anatomic
detail; and numerous well-referenced clinical pearls that
relate anatomy to clinical care.

Anatomy faculty and students will find that this book
goes beyond a mere description of the structure of the
spine and nervous system. It sets out to explain how a
structure developed, to uncover patterns of distribution,
and to foster an appreciation of the morphologic basis of
variation. Anatomic facts are presented within the con-
text of their mutual relationships and clinical relevance.

This inevitably leads to comprehension of the underly-
ing principles involved and facilitates anatomic reason-
ing and easier acquisition of additional morphologic
facts and concepts.

For the clinician, this book provides essential back-
ground knowledge for the safe and appropriate care of
patients with neuromusculoskeletal disorders of the
spine. Valuable chapters have been included on the sur-
face anatomy of the back, muscles that influence the
spine, pain of spinal origin, and the microscopic
anatomy of the zygapophyseal joints and intervertebral
discs. Special emphasis is placed on structures that may
be affected by manual spinal techniques. Each chapter is
extensively referenced. [ highly recommend this invalu-
able resource to all students and practitioners who reg-
ularly care for patients with spinal disorders.

Alan H. Adams, D.C.

Vice President for Professional Affairs
Los Angeles College of Chiropractic
Whittier, California



Medical textbooks are usually targeted at the interests
and needs of undergraduate medical students. While on
one hand this helps provide a common language among
health care providers, it frequently does not do justice to
several special areas of concern to those students and
practitioners interested in neuromusculoskeletal func-
tion. Nowhere is that deficiency more apparent than in
the anatomy of the spine and of the autonomic nervous
system, two areas that are of particular relevance to clin-
ical practice. This has placed a burden on those involved
in the teaching of anatomy, as well as on those desiring
to extend their knowledge beyond the rather terse de-
scriptions of these topics available in most anatomy
texts.

Therefore 1 received with enthusiasm the news that
Drs. Cramer and Darby were embarking on a project to
create a text that would remediate many of the deficien-
cies in existing anatomic textbooks. Some of my excite-
ment came from the fact that I have known these au-
thors for many years and have recognized their commit-
ment to undergraduate and graduate education. My
optimism was based on the knowledge that their teach-
ing methods and style of exposition had been “field
tested” on literally thousands of students over more
than a decade. ] am pleased to say that the product does
not disappoint. The authors present difficult concepts

clearly and concisely. The selection of material is appro-
priate for both the undergraduate student and for any-
one in the field wishing to solidify their foundations or
“brush up” for examinations.

In recognition of the highly visual nature of anatomy,
the text is supplemented with detailed illustrations,
many in full color. In addition, many high-quality pho-
tographs taken of careful cadaver dissections reinforce
further important concepts in the anatomy of spinal re-
gions. I believe that this is particularly helpful to the stu-
dent of anatomy who is asked to dissect the spinal re-
gion aided only by atlases, which do not do justice to the
region. Finally, I am very pleased by the addition of ra-
diographs, computed tomograms, and magnetic reso-
nance images. With the proliferation of diagnostic imag-
ing technology in clinical practice comes a special im-
portance in presenting radiographic anatomy in a
manner that supports further study of radiographic
pathology. In short, 1 believe that this text fills an im-
portant deficiency in modern medical anatomy text-
books and will be a valuable addition to any library.

Raad S. Swenson, D.C.. M.D., Ph.D.

Department of Anatomy and Section of Neurology
Dartmouth Medical School and Dartmouth-Hitchcock Medical Center
Editor, Journal of the Neuromusculoskeletal System



Current anatomy texts that describe the spine, spinal
cord, and autonomic nervous system frequently discuss
this material in a rather general way. Often the pages de-
voted to these topics are scattered throughout the text,
deemphasized, or relegated to later chapters. At the
other end of the spectrum, several highly specialized
texts on spinal anatomy describe a single region of the
spine. In some instances even subregions of the verte-
bral column, such as the intervertebral discs or interver-
tebral foramina, become the sole topic of the text. These
general and specialized texts both serve important pur-
poses. However, we felt that a need existed for a cohe-
sive, well-illustrated text covering spinal anatomy, which
included the neuroanatomy of the spinal cord and the
autonomic nervous system as well.

The purpose of this book is threefold:

¢ To provide an accurate and complete text for stu-
dents studying the spine, spinal cord, and auto-
nomic nervous system.

¢ To serve as a reliable reference to spinal anatomy
and related neuroanatomy for clinicians and re-
searchers.

+ To help bridge the gap between the basic science
of anatomy and the applied anatomy of clinical
practice.

To accomplish the first purpose the anatomy of the
spine, spinal cord, and autonomic nervous system is or-
ganized with both the student and the clinician in mind.
The first chapter on surface anatomy provides both the
neophyte and the seasoned clinician with a valuable re-
source—a comprehensive view of surface landmarks
and the vertebral levels of clinically relevant structures.
General concepts also are emphasized throughout the

book through many illustrations and photographs to
help the reader establish a three-dimensional image of
the spine, spinal cord, and autonomic nervous system.

The second purpose of the text was accomplished
with a thorough search of the current literature in spinal
anatomy, with the results of many of these clinically
relevant studies included in the text. Even though the
science of anatomy is very old, a surprisingly large num-
ber of studies related to spinal anatomy continue to
appear in the scientific literature. The past 15 years
have also seen an explosion of new neuroanatomic
information.

Including the results of recent investigative studies
also provided a means by which the third objective of
this book was attained. This objective was to serve as a
bridge between the basic science of anatomy and the ap-
plied anatomy of clinical practice. Throughout the text
the results of clinically relevant research have been pre-
sented with a red rule running beside, thus providing a
rapid reference to this clinically applicable information.
In addition, a chapter on pain generators and pain path-
ways of the back has been included (Chapter 11). This
chapter focuses on those structures that can be a source
of back pain and details the manner by which the re-
sulting nociceptive stimuli are transmitted and perceived
by the patient.

Numerous magnetic resonance imaging scans have
been included throughout this text. The purpose of
these scans is not only to demonstrate clinically relevant
anatomy, but also to aid the unfamiliar reader beginning
the exciting process of learning cross-sectional spinal
anatomy, which is often clearly demonstrated on these
scans.
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This book is designed to serve the needs and interests
of many groups. The basic anatomy and concepts should
be an aid to the beginning student of spinal anatomy
whether they be allopathic, osteopathic, chiropractic, or
physical therapy students. The text should also provide
a ready source for those in clinical practice desiring a
rapid reference on a specific topic related to the spine,
since the book is arranged topically and exhaustively

indexed. Finally, the inclusion of the results of recent re-
search studies, as well as discussions on clinically related
topics, will hopefully spark interest and highlight the im-
portance of the spine for the new students, as well as the
experienced individual.

Gregory D. Cramer
Susan A. Darby
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Introduction

This book has been organized with two groups of
readers in mind: those studying the spine for the first
time, and those clinicians and researchers who have pre-
viously studied the spine in detail. Therefore we have ac-
cepted the daunting task of designing a book to act as a
source of reference and as a book that is “readable.” To
this end an outline has been included at the beginning of
each chapter. This format should help the reader orga-
nize his or her thoughts before beginning the chapter
and also provide a quick reference to the material of in-
terest. A complete subject index is also included at the
end of the text for rapid referencing. In addition, items
of particular clinical relevance and the results of clini-
cally relevant research appear with a red rule beside the
material throughout the book.

This highlighting procedure is meant to aid students
and clinicians alike in focusing on areas that are thought
to be of particular current importance in the detection
of pathologic conditions or in the treatment of disorders
of the spine, spinal cord, and the autonomic nervous sys-
tem. Discussions of the clinical relevance of anatomic
structures are included to relate anatomy to clinical
practice as efficiently as possible.

Chapter 1 discusses surface anatomy. It contains in-
formation not only useful to the student who has yet to
palpate his or her first patient, but also to the clinician
who examines patients on a daily basis. Chapters 2 and
3 relate the general characteristics of the spine and
spinal cord, using a basic approach. These chapters are
directed primarily to the beginning student. A quick re-
view of these chapters, with attention focused on the
sections highlighted by a red rule, should also be of ben-
efit to the more advanced student. Chapter 2 includes a
section on advanced diagnostic imaging. This section is
provided for the individual who does not routinely view
computed tomography and magnetic resonance imaging
scans. A brief description of the strengths and weak-

nesses of both imaging modalities and a concise
overview of other less frequently used advanced imaging
procedures are included. Chapters 3 and 4 relate soft tis-
sues to the “bones” by describing the spinal cord and its
meningeal coverings, and the muscles that surround and
influence the spine. This material is followed by a de-
tailed study of the regional anatomy of the spine in
Chapters 5 through 8. These chapters also include infor-
mation concerning the ligamentous tissues of the spine.
A more thorough presentation of the anatomy of the
spinal cord and autonomic nervous system is found in
Chapters 9 and 10, and the development and histologic
makeup of the spine and spinal cord are found in
Chapters 12 and 13.

Please note that the first four chapters provide the
groundwork for later chapters that are more detailed and
contain additional information with specific clinical rel-
evance. Therefore certain material is occasionally dis-
cussed more than once. For example, Chapters 2 and 3
are concerned with general characteristics of the spine
and spinal cord with a discussion of the various compo-
nents of a typical vertebra, the vertebral canal, and the
spinal cord within the canal. These structures are dis-
cussed again regionally (Chapters S through 8) to a
much greater depth to explore their relative importance
and clinical significance in each region of the spine and
to appreciate the neuroanatomic connections within the
spinal cord (Chapter 9).

Chapter 11 is devoted to pain producers (those struc-
tures that receive nociceptive innervation), the neu-
roanatomic pathways for nociception from spinal struc-
tures, and the spinal and supraspinal modulation of these
impulses. This chapter is designed for readers who have
already completed study in spinal anatomy and neu-
roanatomy. Chapter 12 discusses the development of the
spine and is designed for use by students studying spinal
anatomy and for clinicians who wish to refresh their

xiil
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knowledge of the development of the spine and spinal
cord. Chapter 13 describes the microscopic anatomy of
the zygapophyseal joints and the intervertebral discs.
Since much of the current research on the spine is fo-
cused at the tissue, cellular, and subcellular levels, both
students and clinicians should find this chapter useful at
some point in their careers. Because of the rather spe-
cialized nature of the last three topics, they have been
positioned at the end of the book.

CLARIFICATION OF ABBREVIATIONS AND
TERMS

Vertebral levels are frequently abbreviated throughout
this text. The initials C, T, and L are used to abbreviate
cervical, thoracic, and lumbar, respectively. Vertebral
levels can then be easily identified by placing the
appropriate number after the abbreviated region. For
example, “T7” is frequently used rather than “the sev-
enth thoracic vertebra.”

In addition, some potentially confusing terminology
should be clarified. Throughout this text the term
kyphosis is used when referring to a spinal curve that
is concave anteriorly, and the term lordosis is used for
a curve that is concave posteriorly. The term hyperlor-
dosis refers to an accentuation of a lordosis beyond
what is usually accepted as normal, and the term

hyperkyphosis is used for an accentuation of a kypho-
sis beyond the range of normal. This is in contrast with
the terminology of some texts that refer to normal spinal
curves as being “concave anteriorly” or “concave poste-
riorly” and reserve the terms “kyphosis” and “lordosis”
for curves that are deeper than normal. Although both
sets of terminology are correct, the prior one was cho-
sen for this text because we felt that this terminology
would lend the most clarity to subsequent discussions.

Finally, we hope that you, the reader, believe as we do
that the long-standing interest of clinicians in the
anatomic sciences is not an accident. Greater awareness
of structure leads to a keener perception of function,
and an increased understanding of pathologic conditions
is the natural consequence. This results in a better com-
prehension of current therapeutic approaches and the
development of new treatment procedures based upon
a scientific foundation. Therefore astute clinicians keep
an eye toward developments in the structural sciences,
being aware that their concepts of human mechanisms
may be influenced by new discoveries in these disci-
plines. Whenever new knowledge of the causes under-
lying dysfunction is developed, new therapeutic ap-
proaches are sure to follow, and clinicians who have
kept abreast of these recent discoveries will find them-
selves as leaders in their field.
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The Back
Visual Landmarks of the Back
Palpatory Landmarks of the Back
Spinal Cord Levels Versus Vertebral Levels
Vertebral Levels of Structures in the Anterior Neck and
Trunk
Visual Landmarks
Deeper Structures

Surface anatomy is defined as the configuration of the
surface of the body, especially in relation to deeper
parts. A thorough knowledge of surface anatomy is nec-
essary for the proper performance of a physical exami-
nation. Information gathered by the eyes (inspection)
and fingers (palpation) is often critical in the assessment
of a patient. An understanding of the topography of the
human body also allows the health care provider to lo-
cate the position of deep structures that may need fur-
ther evaluation.

The locations of structures in reference to the surface
of the body are always approximations. Individual varia-
tions are common and are influenced by such factors as
age, sex, posture, weight, and body type. Respiratory
movements also can have marked effects on the loca-
tions of structures, especially those of the thorax.
Determining the position of the contents of the abdomen
can be particularly challenging, and the precise location
of abdominal viscera can be established only by verifica-
tion with appropriate diagnostic imaging procedures.

In keeping with the scope of this text, the surface
anatomy included in this chapter is limited to the back.
Spinous processes and posterior bony landmarks are
used as points of reference in the first part of the

chapter. One reason for the use of these as landmarks is
to help clinicians with examination and treatment of the
back and spine when the patient is in the prone posi-
tion. In addition, the vertebral levels of structures of the
anterior neck and trunk, which are either visible by
means of advanced imaging procedures (magnetic reso-
nance imaging or computed tomography) or palpable
during physical examination, are included. Knowledge
of the normal relationships between the viscera and the
spine is becoming increasingly important in clinical
practice, as clinicians are asked with greater frequency
to interpret or review studies employing these advanced
imaging procedures. On a more practical level, knowl-
edge of these relationships helps the clinician quickly
become oriented with the vertebral level of diagnostic
images taken in the horizontal plane.

Because other texts discuss the location of organs
with regard to abdominal regions or quadrants, that
method of locating organs is not covered here.

THE BACK

The back, or dorsum, is the posterior part of the trunk
and includes skin, muscles, vertebral column, spinal
cord, and various nerves and blood vessels (Gardner,
Gray, & O’Rahilly, 1975). The 24 movable vertebrae con-
sist of, from superior to inferior, 7 cervical (C), 12 tho-
racic (or dorsal) (T), and 5 lumbar (L). Inferior to the
lumbar vertebrae, five sacral vertebrae (S) fuse in the
adult to form the sacrum. The lowermost three to five
vertebrae fuse late in adult life to form the coccyx (Co).

Intervertebral discs are located between the anterior
portions of the movable vertebrae and between L5 and
the sacrum. There is no disc located between the

3



4 CHARACTERISTICS OF THE SPINE AND SPINAL CORD

occiput and C1 (atlas), or between C1 and C2 (axis). The
discs are named for the vertebra located immediately
above the disc, that is, the T6 disc is located between the
T6 and T7 vertebrae.

Seven processes arise from the posterior portion of
the typical vertebra. Several atypical vertebrae have
variations in their anatomy and are discussed in Chap-
ters 5, 6, and 7. The spinous process is a midline struc-
ture that is directed posteriorly and to a variable degree
inferiorly. The transverse processes are a pair of lateral
projections. The other four processes are articular, and
each vertebra has a superior pair and an inferior pair.
These processes are discussed in greater detail in
Chapter 2.

The remainder of this chapter discusses visual land-
marks of the back; palpatory landmarks of the back;
spinal cord levels versus vertebral levels; and vertebral
levels of structures in the anterior neck and trunk. This
information enables the clinician to gain a thorough un-
derstanding of surface anatomy and serves as a reference
for future patient assessment, both in the physical ex-
amination and through diagnostic imaging procedures,
including x-ray examination, computed tomography,
and magnetic resonance imaging.

Visual Landmarks of the Back

In the midline of the back is a longitudinal groove
known as the median furrow (Fig. 1-1). Superiorly it be-
gins at the external occipital protuberance (EOP) (see
the following discussion) and continues inferiorly as the
gluteal (anal, natal, or cluneal) cleft to the level of the
§3 spinous tubercle, the remnants of the spinous process
of S§3. It is very shallow in the lower cervical region and
deepest in the lumbar region. The median furrow
widens inferiorly to form an isosceles triangle with a line
connecting the posterior superior iliac spines (PSISs)
forming the base above, and the gluteal cleft forming
the apex of the triangle below. The PSISs are often. visi-
ble as a pair of dimples located 3 c¢m lateral to the mid-
line at the level of the S2 spinous tubercle. The gluteal
fold is a horizontal skin fold extending laterally from the
midline and corresponds with the inferior border of the
gluteus maximus muscle. This fold marks the lower ex-
tent of the buttock.

Several muscles are commonly visible in the back re-
gion. The trapezius is a large, flat, triangular muscle that
originates in the midline from the EOP to the spinous
process of T12 and inserts laterally onto the spine of the
scapula. Its upper fibers form the “top of the shoulder,”
where the neck laterally blends into the thorax. The
latissimus dorsi, extending from the region of the iliac
crest to the posterior border of the axilla, forms the lat-
eral border of the lower thoracic portion of the back.
This muscle is especially noticeable when the upper ex-
tremity is adducted against resistance. Between the

trapezius medially and the latissimus dorsi laterally, the
inferior angle of the scapula may be seen at about the
level of the T7 spinous process. The erector spinae
muscles form two large longitudinal masses in the lum-
bar region that extend about a handbreadth (10 cm) lat-
erally from the midline. These muscle masses are re-
sponsible for the deepening of the median furrow in
this region.

Besides these muscles, several bony landmarks are
usually visible in the region of the back. The spinous
process of C7 (the vertebra prominens) is usually visible
in the lower cervical region. The spinous process of T1
is often also visible and is actually the most prominent
spinous in 30% to 40% of the population. When the pa-
tient’s head is flexed, the spinous processes of C7 and
T1, and often CG, are usually easily seen.

In the adult the vertebral column has several normal
curves that are visible. In the cervical and lumbar regions
the spine is anteriorly convex (lordotic), and in the tho-
racic and sacral areas it is posteriorly convex (kyphotic).
Normally there is no lateral deviation of the spinal col-
umn, but when present this curvature is known as sco-
liosis. These curves are covered in more detail in
Chapter 2.

Palpatory Landmarks of the Back

The following structures are not usually visible, but can
be located upon palpation. Some of the structures in this
discussion of palpable landmarks cannot normally be
felt, but their relation to landmarks that can be localized
is given.

Cervical Region. In the center of the occipital
squama is the external occipital protuberance (inion)
(EOP) (Fig. 1-2). Extending laterally from the EOP is the
superior nuchal line. The transverse process of the atlas
may be found directly below and slightly anterior to the
mastoid process of the temporal bone. Because of the
relatively fragile styloid process of the temporal bone
that lies just in front, and the great auricular nerve that
ascends in the fascia superficial to the C1 transverse
process, care must be taken when palpating this struc-
ture.

The spinous process of the axis is the first readily pal-
pable bony structure in the posterior midline below the
EOP (Fig. 1-2), although according to Oliver and
Middleditch (1991) the posterior tubercle of C1 may be
palpable in some people between the EOP and the spin-
ous process of C2. In the midline below the spinous
process of the axis, the second prominent palpable
structure is the spinous process of C7 or the vertebra
prominens. In 60% to 70% of the population the vertebra
prominens is the most prominent spinous process,
whereas in the other 30% to 40% the spinous process of
T1 is more evident. The other cervical spinous processes
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External occipital protuberance

C7 spinous process

T1 spinous process

Trapezius m.

Median furrow

Latissimus dorsi m.
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Posterior superior iliac spine

Gluteal cleft

Gluteal fold

FIG. 1-1  Visual landmarks of the back.

are variably more difficult to palpate. The spinous
process of C3 is the smallest and can be found at the
same horizontal plane as the greater cornua of the hyoid
bone. The spinous process of C6 is the last freely mov-
able spinous process with flexion and extension of the
neck. It is usually readily palpable with full flexion of the
neck.

The facet joints between the articular processes of the
cervical vertebrae (collectively known as the articular
pillars) can be found 1.5 c¢m lateral of the midline in the
posterior neck. With the exception of C1, the tips of the
transverse processes of the cervical vertebrae are not

individually palpable, but the posterior tubercles of
these processes form a bony resistance that may be pal-
pated along a line from the tip of the mastoid process to
the root of the neck, approximately a thumb breadth
(2.5 cm) lateral of the midline. The anterior aspects of
the transverse processes of the cervical vertebrae may
be found in the groove between the larynx and stern-
ocleidomastoid muscle (SCM). It may be necessary to
slightly retract the SCM laterally in order to palpate these
structures. The anterior tubercles of the transverse
processes of C6 are especially large and are known as
the carotid tubercles (Fig. 1-2). These may be palpated at
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the level of the cricoid cartilage. Care must be taken
when locating the carotid tubercles (and the other cer-
vical transverse processes), since they are in the prox-
imity of the common carotid arteries, and they should al-
ways be palpated unilaterally.

Anteriorly, the superior border of the thyroid carti-
lage, forming the laryngeal prominence (Adam’s apple)
in the midline, may be used to find the horizontal plane
of the C4 disc. The body of C6 is located at the same hor-
izontal level as the cricoid cartilage and the first tracheal
ring.

I'horacic Region. The spinous process of T1 is the
third prominent bony structure in the midline below the
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EOP, the spinous processes of C2 and C7 being the first
and second, respectively (Fig. 1-3). The spinous process
of T3 is located at the same horizontal plane as the root
of the spine of the scapula. The spinous process of T4 is
located at the extreme of the convexity of the thoracic
kyphosis and therefore is usually the most prominent
spinous process below the root of the neck.

When patients are standing or sitting with their upper
extremities resting along the sides of their trunk, the in-
ferior scapular angle usually is at the horizontal level of
the spinous process of T7. This changes when the pa-
tient is lying prone with his or her upper extremities
resting toward the floor in a tlexed position (the most
common posture of the patient when this region of the
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back is palpated). In this position the scapulae are ro-
tated so that the T6 spinous process is more commonly
found at the level of the inferior scapular angle.

The spinous processes of T9 and T10 are often palpa-
bly closer together than other thoracic spinous
processes, but this is not a consistent finding. Located
approximately halfway between the level of the inferior
angle of the scapula and the superior margin of the iliac
crests is the spinous process of T12.

Since the spinous processes of the thoracic vertebrae
project in an inferior direction to different degrees, the
remainder of the vertebrae are located variably superior
to the spinous process of the same vertebral segment
(Keogh & Ebbs, 1984). The tips of the transverse
processes of T1-4 and T10-12 are located one spinous in-
terspace superior to the tip of the spinous process of the
same segment. The tips of the transverse processes of

Palpable landmarks of the back.

Inferior angle
of the scapula

T2

L4

Posterior superior
iliac spine

Coccyx

T5-9 are located two spinous interspaces superior to the
tips of their respective spinous processes since these
spinous processes project inferiorly to a greater degree.
For example, the tips of the transverse processes of T3
are located in the same horizontal plane as the inferior
tip of the spinous process of T2, whereas the tips of the
transverse processes of T8 are at the same horizental
plane as the inferior tip of the spinous process of [T6.
The transverse processes of the thoracic vertebrae pro-
gressively get shorter from superior to inferior, so that
the tips of the transverse processes of T1 are located 3
cm lateral to the midline, although those of T12 are 2
cm. The transverse processes of T12 are sometimes
very small and not readily palpable. The angles of
the ribs may be palpated 4 cm lateral to the midline at
the horizontal levels of their respective transverse
processes.
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acral Region. The posterior aspect of the
spinous processes of the lumbar vertebrae differ from
the thoracic vertebrae in that they present a flat surface.
The spinous processes of L4 and L5 are shorter than the
other lumbar spinous processes and are difficult to pal-
pate, especially that of L5. The spinous process of L4 is
the last spinous process with palpable movement of the
spine with flexion and extension of the trunk. It is usu-
ally in a horizontal plane with the superior margin of the
iliac crests, although in approximately 20% of the popu-
lation the iliac crests are even with the spinous process
of L5 (Oliver & Middleditch, 1991).

The tips of the transverse processes of the lumbar ver-
tebrae are located approximately 5 c¢m lateral to the mid-
line and are not usually palpable. The mamillary
processes are small tubercles on the posterior-superior
aspect of the superior articular processes of the lumbar
vertebrae. They are located about a finger breadth (2
cm) lateral to the midline at the level of the spinous
process of the vertebra above and are not readily palp-
able.

The second spinous tubercle, the remnants of the
spinous process of S2, is located at the extreme of the
convexity of the sacral kyphosis and is the most promi-
nent spinous tubercle on the sacrum. It is also on the
same horizontal plane as the posterior superior iliac
spines. The third spinous tubercle is located at the upper
end of the gluteal cleft. The lowest palpable depression
in the midline of the posterior aspect of the sacrum is
the sacral hiatus. There are four pairs of posterior sacral
foramina located 2.5 cm lateral to the midline and 2.5 cm
apart, but these are not usually palpable. The tip of the
cocceyx is the last palpable bony structure of the spine
and can be found in the gluteal cleft approximately 1 cm
posterior to the anus.

SPINAL CORD LEVELS VERSUS VERTEBRAL
LEVELS

The spinal cord is the extension of the central nervous
system outside the cranium (Fig. 1-4). It is encased by
the vertebral column and begins, on a gross anatomical
level, at the foramen magnum, located halfway between
the inion and the spinous process of C2. In the third fe-
tal month the spinal cord extends the entire length of
the embryo, and the spinal nerves exit the intervertebral
foramina (IVFs) at their level of origin (Langman, 1975).
With increasing development, however, the vertebral
column and the dura mater lengthen more rapidly than
does the neural tube, and the terminal end of the spinal
cord gradually assumes a relatively higher level. At the
time of birth the tip of the spinal cord, or conus
medlullaris, lies at the level of the L3 vertebral body. In
the adult the conus medullaris is usually found at the L1-
2 level (L1 body-26%, L1 disc-36%, L2 body-20%), but

may be found as high as the T12 disc (12%) or as low as
the L2 disc (6%) (Fitzgerald, 1985).

As a result of this unequal growth, the portion of the
spinal cord from which the respective pairs of spinal
nerve roots begin, known as the spinal cord level, is
more superior than the level of the IVF from which the
corresponding spinal nerve exits. Therefore the spinal
nerve roots run obliquely inferior inside the vertebral
(spinal) canal from their spinal cord level to their corre-
sponding IVE. This obliquity is not equal throughout the
length of the vertebral column. At the most superior lev-
els of the vertebral column, the spinal nerve roots are
nearly horizontal, and at more inferior levels they are
progressively more oblique. In the lumbosacral region of
the vertebral canal, the spinal nerve roots are nearly ver-
tical and form a bundle known as the cauda equina.

A convenient method of locating various structures of
the neck and trunk is to relate them to which vertebra,
or portion of a vertebra, that lies at the same horizontal
level as that structure. This plane is known as the verte-
bral level of a structure. Unless otherwise noted, the ver-
tebral body serves as the source of reference for the ver-
tebral level. Table 1-1 lists the vertebral levels of many of
the clinically important visceral structures in the anterior
neck and trunk. When locating structures within the ver-
tebral canal, it is important to distinguish spinal cord lev-
els from vertebral levels. The cervical spinal cord levels
lie at even intervals between the foramen magnum and
the spinous process of C6 (Keogh & Ebbs, 1984). The
upper six thoracic spinal cord levels are between the
spinous processes of C6 and T4, and the lower six tho-
racic spinal cord levels are between the spinous
processes of T4 and T9. The lumbar, sacral, and coc-
cygeal spinal cord levels are located between the spin-
ous processes of T10 and L1, where the spinal cord ends
as the conus medullaris.

The diameter of the spinal cord increases in two re-
gions. These spinal cord enlargements are formed by the
increased numbers of nerve cells required to innervate
the limbs. The cervical enlargement includes the C4-T1
spinal cord levels and is at the level of the vertebral bod-
ies of C4-7, or the spinous processes of C3-6 (Keogh &
Ebbs, 1984). The lumbar enlargement is composed of
the L2-S3 spinal cord levels and is found at the level of
the T10-L1 vertebral bodies or the spinous processes of
T9-12.

VERTEBRAL LEVELS OF STRUCTURES IN
THE ANTERIOR NECK AND TRUNK

This section describes the vertebral levels of most of the
clinically important structures found in the anterior neck
and trunk. A knowledge of the surface locations for the
deep structures of the anterior neck and trunk is essen-
tial for relating those structures to the whole person,
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especially during the physical examination. This infor-
mation is summarized in Table 1-1.

visual Landmarks

In the anterior neck region the most obvious visible
structure is the laryngeal prominence (Fig. 1-5). It can be
seen in the midline at the level of the C4 disc and is
larger in adult males versus females. Moving inferiorly,
the jugular notch of the sternum, or suprasternal notch,
is at the superior margin of the manubrium and corre-
sponds with the horizontal plane of the T2 disc or T1-2
interspinous space. The sternal angle (of Louis) at the in-
ferior margin of the manubrium is at the level of the T4
disc. Near the inferior end of the sternum the xiphister-
nal junction is found. It corresponds not only with the

Relationship between vertebral levels and spinal cord levels.

body of T9 but also with the inferior margin of the pec-
toralis major muscle and the fifth costal cartilages. These
relationships are quite variable depending on body type.
Laterally, the lowest portion of the costal margin is made
up of the tenth costal cartilages. The horizontal plane at
this level is termed the subcostal plane and goes through
the body of L3 (Moore, 1992).

The transpyloric plane is the horizontal plane at the
halfway point between the upper border of the symph-
ysis pubis and the suprasternal notch. It corresponds
with the L1 disc and is usually one handbreadth (10 cm)
inferior to the xiphisternal junction. The vertebral level
of the umbilicus is typically at the level of L3, but this is
quite variable depending upon body type and weight.
The pubic crest is identified with the level of the supe-
rior margin of the pubic symphysis. It extends 2.5 cm
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Vertebral level

Structure

Table 1-1  Vertebral Levels of Clinically Important Structures

Vertebral lIevel

Structure

Cl1

C2

C2 disc
C3

C3 disc

C3 spinous
C4 disc
c5

C6

C7
TI

T2

T2 disc
T4
T4 disc
T5

T6

T7

T8

T9

Transition of medulla into spinal cord

Hard palate

Anterior portion of soft palate

Inferior border of free edge of soft palate

Nasopharynx and oropharynx join

Superior cervical ganglion

Epiglottis

Oropharynx becomes laryngopharynx

Common carotid arteries split into internal
and external carotid arteries

Carotid sinus

Greater cornua of hyoid bone

Laryngeal prominence

Vocal folds

Erb’s point

Superior margin of lobes of thyroid gland

Middle cervical ganglion

Cricoid cartilage

First tracheal ring

Transition of larynx to trachea

Transition of laryngopharynx to esophagus

Inferior cervical ganglion

Stellate ganglion

Inferior margin of thyroid gland

Subclavian and internal jugular veins
unite to form the brachiocephalic
veins

Apices of lungs

Brachiocephalic veins unite to form
superior vena cava

Suprasternal notch

Aortic arch

Sternal angle (of Louis)

Pulmonary trunk divides into right and
left pulmonary arteries

Pulmonary artery and primary bronchus
enter right lung

Trachea divides into primary bronchi

Posterosuperior ends of oblique
fissures of hungs

Base of heart

Pulmonary artery and primary bronchus
enter left lung

Pulmonary veins exit right lung

Superior vena cava enters right atrium

Pulmonary veins exit left lung

Inferior vena cava enters right atrium

Horizontal fissure of right lung

Caval hiatus (diaphragm)

Superior extent of right hemidiaphragm

Superior border of liver

Xiphisternal junction

Fifth costal cartilage

Inferior border of pectoralis major muscle

Inferomedial angles of posterior

T10

T11

T12

L1

L1 disc

L2

L3

L4
L4 disc
L5

L5 disc

S3
Lower sacrum
Coccyx

aspects of Jungs

Superior extent of left hemidiaphragm

Superior pole of spleen

Left extent of inferior border of liver

Apex of heart

Anteroinferior ends of oblique fissures
of lungs

Esophageal hiatus (diaphragm)

Lowest extent of lungs (inferolateral angles of
posterior aspects of lungs)

Inferior extent of esophagus

Cardiac orifice of stomach

Left suprarenal gland

Aortic hiatus (diaphragm)

Costodiaphragmatic recesses

Inferior pole of spleen

Tail of pancreas

Orifice of gallbladder

Superior poles of kidneys (right slightly
lower than left)

Right suprarenal gland

Pyloric orifice of stomach

Superior horizontal (first) part of duodenum

Left colic (splenic) flexure

Transpyloric plane

Conus medullaris

Hila of kidneys (right slightly below and
left slightly above)

Duodenaljejunal junction

Right colic ¢hepatic) flexure

Head of pancreas

Subcostal plane (Jowest portion of costal
margin made up from the tenth costal carti-
lage)

Umbilicus (inconsistent)

Inferior horizontal (third) part of duodenum

Right extent of lower border of liver

Inferior poles of kidneys (right slightly lower
than left)

Beginning of sigmoid colon

Aorta divides into common iliac arteries

Common iliac veins unite to form inferior
vena cava

Ileocecal junction

Vermiform appendix arises from cecum

Anterior superior iliac spine

Superolateral end of inguinal ligament

Beginning of rectum

Superior extent of uterus

Pubic crest

Ganglion impar

Superior margin of pubic symphysis

Inferomedial end of inguinal ligament

Bladder (empty)
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FiG. 1-5  Visual landmarks of the anterior trunk. A indicates the transpyloric plane. B indi-
cates the subcostal plane. Note that the ribs have been numbered.

lateral to the midline and has a prominence on its lateral
aspect known as the pubic tubercle. Typically the pubic
crest is in the same plane as the coccyx, but again
weight and body type can alter the tilt of the pelvis and
therefore this relationship. The inguinal ligament ex-
tends from the anterior superior iliac spine at the level of
the L5 disc to the pubic tubercle and demarcates the be-
ginning of the thigh region.

Deeper Structures

Neural Structures. At the level of the atlas, the gross
anatomical transition of the medulla oblongata into the
spinal cord occurs as it exits the cranium via the foramen
magnum. The conus medullaris, the inferior tip of the

spinal cord, is usually found at the L1-2 level (see previ-
ous discussion).

The sympathetic trunks (Fig. 1-6) extend along the en-
tire anterolateral aspect of the spinal column. In the cer-
vical region the trunks are approximately 2.5 cm lateral
to the midline. They are somewhat more laterally
located in the thoracic and lumbar regions. Along the an-
terior surface of the sacrum the trunks begin to con-
verge until they meet as the ganglion impar on the ante-
rior surface of the coccyx. Sympathetic ganglia are lo-
cated at fairly regular intervals along these trunks.
Typically there are three ganglia in the cervical region
(Fig. 1-6). The superior cervical ganglion can be found at
the C2-3 interspace. The middlie and inferior cervical
ganglia typically are found at the C6 and C7 levels,



12 CHARACTERISTICS OF THE SPINE AND SPINAL CORD

Lesser occipital n.

Accessory n.

Superior cervical
ganglion

C3

&)

Middle cervical
ganglion

Stellate ganglion

Cl

Great auricular n.
C2

Transverse cervical n.

C4

= Supraclavicular nn.

(anterior, middle,
posterior)

FIG. 1-6

Erb’s point and the cervical sympathetic trunk. Note Erb’s point is located midway

along the posterior border of the sternocleidomastoid muscle. Also note the sympathetic trunk

connecting the cervical sympathetic ganglia.

respectively. Sometimes the inferior cervical ganglion
and the first thoracic ganglion unite to form the stetlate
(or cervicothoracic) ganglion, which is found at the T1
level. The sympathetic trunks are described in more de-
tail in Chapter 10.

Several peripheral nerves become superficial about
midway along the posterior border of the sternocleido-
mastoid muscle (SCM) (Fig. 1-6). This area is sometimes
called Erb’s point and is approximately at the C5 level.
These nerves include the transverse cervical nerve,
which supplies the skin of the throat region; the lesser
occipital nerve, which supplies the skin in the area of
the mastoid process; and the great auricular nerve,
which innervates the skin in the vicinity of the ear. In
addition, the supraclavicular nerves arise by a common
trunk that emerges from Erb’s point. This trunk divides
into three branches alternately referred to as anterior,
middle, and posterior or medial, intermediate, and lat-
eral, which go, to the skin of the upper chest region.
Finally, the accessory nerve (cranial nerve XI), after
sending motor branches into the deep surface of the
SCM, becomes superficial in this region. It then courses
in a posterolateral direction to reach the deep surface of

the trapezius muscle, which it also supplies with motor
innervation.

The roots of the brachial plexus, which arise from the
ventral rami of the C5-T1 spinal nerves, are located just
posterior to the lower one third of the SCM (Keogh &
Ebbs, 1984). The upper (or lateral) margin of the plexus
runs along a line from the junction of the middle and
lower thirds of the SCM to the tip of the coracoid
process of the scapula. The lower (or medial) border of
the plexus extends from the junction of the posterior
border of the SCM with the clavicle to one finger
breadth (2 cm) inferior and medial to the tip of the cora-
coid process of the scapula.

Vascular Structures. The shape of the heart may be
thought of as an isosceles triangle with a superior base
and an inferior apex directed to the left of the midline
(Fig. 1-7). The base of the heart can usually be found at
the level of T6. The horizontal position of the apex of
the heart is usually said to be at the level of T10, but this
is variable depending upon the patient’s body type. It
may be found as high as T9 (Moore, 1992) or as low as
T11 (Gardner et al., 1975).
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The ascending aorta emerges from the left ventricle
of the heart approximately in the midline and runs
superiorly. It then turns to the left and forms the
aortic arch that can be found at the level of the T4
body. The thoracic portion of the descending aorta
begins in the plane of the T4 disc and runs inferi-

b

Vertebral levels of deeper structures of the anterior neck and trunk.

orly slightly left of the midline along the anterior sur-
face of the thoracic vertebrae. It becomes the abdom-
inal aorta as it passes through the aortic hiatus of
the diaphragm in the midline at the level of T12
(Moore, 1992). The abdominal aorta descends along
the anterior surface of the lumbar vertebrae and divides
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into the common iliac arteries just anterior to the L4
disc, slightly left of the midline.

The aortic arch has three branches. The first is the bra-
chiocephalic trunk. This trunk gives rise to the right
common carotid and right subclavian arteries. The left
common carotid artery is the second branch of the aor-
tic arch, and the left subclavian artery is the third branch
of the aortic arch. The subclavian arteries supply blood
to the upper extremities, and the common carotid arter-
ies supply the head and neck region. The common
carotid arteries ascend on either side of the anterolateral
neck to the level of the C3 disc where they each split
into an internal and external carotid artery. This is the re-
gion of the important carotid sinus, which monitors the
blood pressure of the body. Therefore care must be
taken when palpating these structures, and they should
always be palpated only unilaterally.

The pulmonary trunk arises from the right ventricle of
the heart and divides into the right and left pulmonary
arteries in a plane with T5. The pulmonary arteries enter
(and the pulmonary veins exit) their respective lungs via
a hilum. The pulmonary artery enters the right lung op-
posite TS and enters the left lung at the level of T6
(Williams et al., 1989). The pulmonary veins exit the
lungs about one vertebral level lower than the arteries
enter. There is some variation of these levels with body
type, and both of the pulmonary arteries may enter their
respective lungs as low as T7 (Gardner et al., 1975).

The internal jugular and subclavian veins of each side
of the body unite several centimeters lateral to the mid-
line at the level of T1 to form the brachiocephalic veins.
The brachiocephalic veins then unite to form the supe-
rior vena cava slightly right of the midline at the T2 level
(Williams et al., 1989). The superior vena cava runs infe-
riorly and ends in the upper portion of the right atrium
of the heart at approximately the level of T6.

The common iliac veins unite to form the inferior
vena cava at the level of the L5 body, a little to the right
of the midline. The inferior vena cava then ascends in
front of the vertebral column, on the right side of the ab-
dominal aorta. Passing through the caval hiatus of the di-
aphragm in the horizontal plane of the body of T8
(Moore, 1992), the inferior vena cava enters the lower
portion of the right atrium just above that level at T7.

The respiratory system begins
with the nasal cavity, which is separated from the oral
cavity by the hard palate. The hard palate lies in the
same horizontal plane as the atlas. The nasal cavity be-
comes continuous with the nasopharynx in the region of
the soft palate also at the level of C1. The nasopharynx
joins the oropharynx at the inferior border of the poste-
rior margin of the soft palate just anterior to the C2
body, and for several centimeters the alimentary and res-
piratory systems share a common passageway. At the

superior border of the epiglottis, the oropharynx be-
comes the laryngopharynx. In this region the alimentary
and respiratory tracts again become separate. Anteriorly
the respiratory tract continues as the larynx. Its lumen is
protected during deglutition by the epiglottis, which
may be found at the C3 level. The adjacent hyoid bone
provides attachment sites for several muscles involved in
deglutition and vocalization, and its greater cornua can
be found at the C3 spinous process level. The most an-
terior projection of the thyroid cartilage, the laryngeal
prominence, is at the level of the C4 disc, and the vocal
folds, or cords, are slightly lower in the C5 plane. The
cricoid cartilage, the lowest portion of the larynx, joins
the first tracheal ring, the highest portion of the trachea,
at the level of C6. The lobes of the thyroid gland are lo-
cated anterior and lateral to the larynx and trachea and
extend from the C5 to T1 levels. The trachea descends
in the midline anterior to the esophagus to the level of
the upper border of the T5 body where it divides into
the primary bronchi (Williams et al., 1989). The primary
bronchi enter the lungs via their respective hila at ap-
proximately the same levels as the pulmonary arteries,
which are T5 on the right and T6 on the left.

The apex of each lung extends superiorly to the level
of the T1 body (Fig. 1-7). On their posterior aspects, the
inferomedial angles of both lungs are approximately at
T9 and the inferolateral angles, the lowest portion of the
lungs, extend inferiorly to T11. The anterior inferior bor-
der of each lung is approximately one vertebral level
higher than the posterior border. With full inspiration
these levels may descend nearly two vertebral segments
(Williams et al., 1989).

The left lung is divided into upper and lower lobes by
an oblique fissure. This fissure extends from the T5 level
posterosuperiorly to T10 anteroinferiorly. The right lung
not only has an oblique fissure very similar to that of the
left lung, but also has a horizontal fissure at the level of
T7. The right lung is therefore divided into three lobes:
upper, middle, and lower.

The diaphragm extends several vertebral levels supe-
riorly in its center and is shaped like a dome. Therefore
the diaphragm makes an impression on the inferior sur-
face of each of the lungs. The right half of the di-
aphragm, often termed the right hemidiaphragm,
reaches the T8 level and is about 1 cm higher than the
level of the left hemidiaphragm because of the under-
lying liver (Moore, 1992). With full inspiration, these
levels may descend as much as two vertebral levels
(Williams et al., 1989). Normally, the pleural cavity ex-
tends slightly lower than the inferolateral angles of the
lungs and forms the costodiaphragmatic recesses at the
level of T12. Because of the domelike shape of the di-
aphragm, these recesses represent the lowest points of
the thoracic cavity and are potential sites of fluid accu-
mulation in the chest.



The alimentary canal begins as the oral cavity, which
becomes the oropharynx in the region of the soft palate
at the CI1 level. The oropharynx, after being joined by
the nasopharynx at the inferior border of the free edge
of the soft palate just in front of the C2 body, turns into
the laryngopharynx at the superior border of the epiglot-
tis at the level of C3. The laryngopharynx continues in-
feriorly on the posterior aspect of the larynx and
changes into the esophagus at the level of C6. The
esophagus runs inferiorly in the chest on the anterior as-
pect of the vertebral column slightly anterior and to the
right of the descending thoracic aorta. Passing through
the diaphragm via the esophageal hiatus at the T10 level,
the esophagus enters the abdomen (Williams et al.,
1989) and ends at the cardiac orifice of the stomach
slightly left of the midline at T11.

The stomach is the most dilated portion of the ali-
mentary canal. Curving inferiorly and to the right, the
stomach becomes continuous with the small intestine at
the pyloric orifice at the level of L1. The duodenum, the
first part of the small intestine, is shaped like a U lying
on its side and has four parts. The first, or superior hori-
zontal, part continues from the pyloric orifice horizon-
tally to the right at the level of L1. The second (de-
scending) part proceeds inferiorly to the horizontal
plane of .3 where it turns to the left to become the
third, or inferior horizontal, part. The third part contin-
ues to the left, crosses the midline, and bends slightly su-
periorly to give rise to the fourth (ascending) part that
runs obliquely superior and ends as the duodenal-jejunal
junction at the level of L2.

The rest of the small intestine continues as a series of
loops and ends by connecting with the large intestine at
the junction of the cecum and the ascending portion of
the colon in the right lower quadrant of the abdomen at
the L5 level. The proximal two fifths and the distal three
fifths of the small intestine distal to the duodenum are
called the jejunum and ileum, respectively.

The large intestine, or colon, begins as the cecum,
which is a cul-de-sac located in the right iliac fossa (Fig.
1-7). The ileum connects with the upper portion of the
cecum at the L5 level. The vermiform appendix usually
arises from the cecum approximately one finger breadth
(2 cm) inferior to the ileocecal junction. The large intes-
tine continues in a superior direction above the ileocecal
junction as the ascending colon. At the level of L2 the as-
cending colon makes a sharp turn to the left and contin-
ues as the transverse colon. This sharp turn is termed the
right colic flexure, or hepatic flexure, since it is just be-
low the liver. The transverse colon continues horizon-
tally and slightly superiorly across the midline to the left
side of the abdomen where it turns sharply inferior. This
left colic flexure occurs at the L1 level, which is slightly
more superior than the right colic flexure. The left colic
flexure, located just below the spleen, sometimes is
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termed the splenic flexure. The large intestine then con-
tinues inferiorly on the left side of the abdominal cavity
as the descending colon. At the L4 level, the large intes-
tine becomes somewhat tortuous and is called the sig-
moid colon. The sigmoid colon then continues into the
true pelvis and becomes the rectum in the midline at the
S3 level.

The head of the pancreas can be found within the
curve of the duodenum. It is usually described as being
located at the level of L2 (Williams et al., 1989). The
neck and body of the pancreas extend superiorly and
obliquely to the left. The body of the pancreas ends as
the tail of the pancreas, which can be found at the lower
pole of the spleen in the left upper quadrant at T12. The
superior pole of the spleen is adjacent to the left hemidi-
aphragm at about the level of T9.

The liver, the largest gland of the body, is found
mostly in the upper right quadrant of the abdomen, but
its left lobe does extend somewhat across the midline.
Superiorly, the liver is in relation to the diaphragm and
fills the domelike hollow of the right hemidiaphragm.
The superior border of the liver therefore extends up to
the T8 level. The inferior border runs diagonally from
the right side of the abdomen at the level of L3 to the left
hemidiaphragm at the T9 horizontal plane (Williams et
al., 1989). The gallbladder rests in a fossa in the inferior
border of the right lobe of the liver. The orifice of the
gallbladder is usually found at the T12 level.

The urinary system begins with the kidneys. The su-
perior poles of the kidneys lie at the level of T12 and
their inferior poles at L3. The right kidney is slightly
lower than the left kidney, probably because of its rela-
tionship with the liver (Williams et al., 1989). The
suprarenal, or adrenal, glands are located on the antero-
superior borders of the kidneys. As with the kidneys, the
left suprarenal gland is located somewhat more superior
than the right. These endocrine glands can be found at
the T11 and T12 levels, respectively. The hilum of the
left kidney is just above the level of the L1 disc (transpy-
loric plane), and that of the right kidney just below it. A
ureter arises from the hilum of each kidney, and both
run to the bladder in an inferior and slightly medial di-
rection. The bladder is a midline structure in the true
pelvis posterior to the pubic symphysis at the coccygeal
level. When distended the bladder may expand upward
and forward into the abdominal cavity.

In the female the uterus lies posterior to the bladder
and anterior to the rectum. Superiorly, the uterus ex-
tends above the superior border of the bladder to the
lower sacral levels, and because of its anteverted and an-
teflexed position, the superior portion of the uterus usu-
ally lies on the posterior portion of the superior surface
of the empty bladder. The ovaries are situated one on
either side of the uterus near the lateral wall of the true
pelvis. The position of the ovaries is variable, since they
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are displaced during the woman’s first pregnancy and
probably never return to their original position (Williams
et al., 1989).

We hope that you will refer to this chapter often as
you continue through the rest of this text. Knowledge of
the structures of the body that are visible and palpable
through the skin and an awareness of the surface loca-
tions of deeper structures are important tools in the
proper examination and evaluation of patients.
Therefore this chapter is designed not only as a begin-
ning reference point for the rest of the text, but also as
a quick reference for the health care provider.
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The purpose of this chapter is to discuss the basic and
clinical anatomy of the spine as a whole, that is, to in-
troduce many of the features that are common to the ma-
jor regions of the spine (cervical, thoracic, and lumbar).
Some of the topics listed are discussed in more Badil in
later chapters.

FUNCTION AND DEVELOPMENT OF THE
SPINE

The anatomy of the human spine can best be understood
if the functions are considered first. The spine has three
primary functions: support of the body, protection of
the spinal cord and spinal nerve roots, and movement of
the trunk. These varied functions are carried out by a se-
ries of movable bones, called vertebrae, and the soft tis-
sues that surround these bones. A brief explanation of
the development of the vertebrae and the related soft tis-
sues is given to highlight the detailed anatomy of these
structures. A more thorough discussion of spinal devel-
opment is presented in Chapter 12.

Development of the Spine

Following the early development of the neural groove
into the neural tube and neural crest (see Fig. 12-5),
paraxial mesoderm condenses to form somites (see Figs.
12-5 and 12-10 A). The somites, in turn, develop into der-
matomes, myotomes, and sclerotomes. Dermatomes de-
velop into the dermis and the subcutaneous tissue,
whereas myotomes develop into the axial musculature.
The sclerotomes migrate centrally to surround the
neural tube and notochord (see Fig. 12-10 B). The scle-
rotomal cells then form the vertebral column and asso-
ciated ligaments.

While the paraxial mesoderm is developing into
somites, the more inferior portion of the neural tube
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differentiates into the ependymal, mantle, and marginal
layers of the future spinal cord. The ependymal layer sur-
rounds the future central canal region of the spinal cord.
The mantle layer develops into the cells of the nervous
system (neurons and glia), and the outer marginal layer
of the tube consists of the axons of tract cells. The neural
crest develops into the sensory neurons of the periph-
eral nervous system and the postganglionic neurons of
the autonomic nervous system.

Chondrification Centers and Primary Ossifica-
tion Centers. Cells of sclerotomal origin condense to
form vertebral chondrification centers (three pairs). This
results in the development of a cartilage model of each
vertebra (see Fig. 12-11). Each vertebra then develops
three primary centers of ossification (see Fig. 12-11).
One primary center is located in the anterior part of the
future vertebra. This region is known as the centrum and
helps to form the future vertebral body. The remaining
two primary ossification centers are located on each side
of the portion of the vertebra that surrounds the devel-
oping neural tube. This region is known as the posterior
arch or neural arch. The two ossification centers at the
neural arch normally unite posteriorly to form the spin-
ous process. Failure of these centers to fuse results in a
condition known as spina bifida. This condition is dis-
cussed in more detail in Chapter 12.

Anteriorly, the left and right sides of the neural arch
normally fuse to the vertebral body. Known as the neu-
rocentral synchondrosis, this region is actually located
within the area that becomes the posterior aspect of the
vertebral body. The fusion that occurs unites the pri-
mary ossification
trum, consequently forming a vertebral body from both
the centrum and a small part of the neural arch. Because
of this the vertebral arch is somewhat smaller than its de-
velopmental predecessor, the neural arch, and the ver-
tebral body is somewhat larger than its predecessor, the
centrum.

The precise time of fusion between the neural arch
and centrum at the neurocentral synchondrosis remains
a topic of current investigation. Some authors state that
closure occurs as early as 3 to 6 years of age, and other
investigators state that the neurocentral cartilage re-
mains until as late as 16 years of age (Vital et al., 1989).
Part of the function of the neurocentral cartilage is to en-
sure growth of the posterior arch of the vertebrae. Early
fusion of the neurocentral synchondrosis has been im-
plicated in the development of scoliosis (Vital et al.,
1989). Scoliosis is discussed in more detail in Chapter 6.
Occasionally the vertebral body develops from two pri-
mary centers of ossification, left and right. If one of these
centers fails to develop, only one half of the vertebral
body remains. This is known as a cuneiform vertebra, or
a hemivertebra, and can result in lateral curvature of the

spine. Frequently a hemivertebra at one level is com-
pensated for by the same condition at another level on
the opposite side.

During development the vertebral bodies may appear
to be wedge shaped—narrower anteriorly than posteri-
orly. This can give the appearance of a compression frac-
ture (Fesmire & Luten, 1989). Wedging that occurs in
several consecutive vertebrae is seen as an indication of
a normal variant. However, if it occurs at only one level,
and the vertebrae above and below are more rectangular
in appearance, a compression fracture of the wedge-
shaped vertebra must be ruled out.

Secondary Ossification Centers. Between the ages
of 10 and 13, five secondary centers of ossification ap-
pear in the vertebral column (Fig. 12-11). One secondary
center of ossification is located on each of the vertebral
end plates. These centers are known as the anular epiph-
yses or ring epiphyses (Williams et al., 1989). A sec-
ondary center of ossification is also found on each of the
transverse processes, and another is located on the sin-
gle spinous process. The centers on the transverse pro-
cesses and spinous process enable the rapid growth of
these processes that occurs during the adolescent years.

The two centers of ossification associated with the up-
per and lower surfaces of the vertebral bodies (anular
epiphyses) do not help with the longitudinal growth of
the vertebral bodies and for this reason are frequently
termed ring apophyses (Bogduk & Twomey, 1991; Theil,
Clements, & Cassidy, 1992). These centers incorporate
the outer layers of the anulus fibrosus (Fardon, 1988),
which explains the bony attachment of the outer layers
of the anulus, whereas the more central layers are at-
tached to the cartilage of the vertebral end plates
(Bogduk & Twomey, 1991).

All of the secondary ossification centers listed pre-
viously fuse with the remainder of the vertebrae be-
tween the ages of 14 and 25 (Bogduk & Twomey, 1991,
Williams et al., 1989), and no further growth can occur
after their fusion. Before they have fused, these centers
can be mistaken as sites of fracture.

Fully Developed Vertebral Column. The first accu-
rate description of the number of movable vertebrae in
the fully developed spine was that of Galen between 100
and 200 ap (Shapiro, 1990). However, perhaps because
of the many anatomic errors made by Galen in other ar-
eas, controversy ensued over the precise number of ver-
tebrae until the publication of Vesalius’ De Humani
Corporis Fabrica in 1543 (Shapiro, 1990). This publica-
tion showed that the vertebral column develops into 24
vertebrae (Fig. 2-1), which are divided into 7 cervical, 12
thoracic, and 5 lumber vertebrae (expressed as C1-7, T1-
12, and L1-5). The LS5 vertebra rests upon the bony
sacrum (made of five fused segments). The coccyx
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and sacral kyphoses. B, Anterior view.

(three to five fused segments) is suspended from the
sacrum. All of these bones join to form the vertebral
column.

CURVES OF THE SPINE

The spine develops four anterior to posterior curves,
two kyphoses and two lordoses (see Introduction of text
for further clarification of the terms lordosis and kypho-
sis). Kyphoses are curves that are concave anteriorly,
and lordoses are curves that are concave posteriorly. The
two primary curves are the kyphoses. These include the
thoracic and pelvie curvatures (Fig. 2-1). They are re-
ferred to as primary curves because they are seen from

Continued.

the earliest stages of fetal development. The thoracic
curve extends from T2 to Ti2 and is created by the
larger superior o inferior dimensions of the posterior
portion of the thoracic vertebrae (sce Chapter 6). The
pelvic curve extends from the lumbosacral articulation
throughout the sacrum to the tip of the coccyx. The con-
cavity of the pelvic curve faces anteriorly and inferiorly.

The two secondarv curves are the cervical lordosis
and lumbar lordosis (Fig. 2-1). These curves arc known
as secondary or compensatory curves because even
though they can be detected during fetal development,
they do not become apparent until the postnatal period.
The cervical lordosis begins late in intrauterine life but
becomes apparent when an infunt begins to lift his or
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FIG. 2-1, cont’d.  C, Posterior view of the vertebral column.

her head from the prone position (approximately 3 to 4
months after birth). This forces the cervical spine into a
lordotic curve. The cervical lordosis is further accentu-
ated when the small child begins to sit upright and
stabilizes his or her head, while looking around in the
scated position. This occurs at approximately 9 months
of age. Further details of the cervical curvature are given
in Chapter 5.

The action of the erector spinae muscles (Chapter 4),
pulling the lumbar spine erect in order to achieve the
position necessary for walking, creates the posterior
concavity known as the lumbar lordosis (Fig. 2-1). The
lumbar lordosis therefore develops approximately 10 to
18 months after birth as the infant begins to walk up-
right. The lumbar lordosis extends from T12 to the

lumbosacral articulation and is more pronounced in fe-
males than in males. The region between L3 and the lum-
bosacral angle is more prominently lordotic than the re-
gion from T12 to L2. Following infancy, the lumbar lor-
dosis is maintained by the shape of the intervertebral
discs and the shape of the vertebral bodlies. Each of these
structures is taller anteriorly than posteriorly in the lum-
bar region of the spine.

A slight lateral curve is normally found in the upper
thoracic region. The convexity of the curve is on the left
in left-handed people and on the right in those who are
right handed. Such deviations are probably the result of
asymmetric muscle use and tone.

The kyphoses and lordoses of the spine, along with
the intervertebral discs, help to absorb the loads applied
to the spine. These loads include the weight of the
trunk, along with loads applied through the lower ex-
tremities during walking, running, and jumping. In addi-
tion, loads are applied by carrying objects with the up-
per extremities, the pull of spinal muscles, and the wide
variety of movements that normally occur in the spine.
The spinal curves, acting with the intervertebral discs,
dissipate the increased loads that would occur if the
spine were shaped like a straight column. Yet even with
these safeguards, the vertebrae can be fractured as a re-
sult of falling and landing on the feet or buttocks, objects
falling onto the head, or diving and landing on the head.
Such injuries usually compress the vertebral bodies.
Cervical compression usually occurs between C4 to C6
(Foreman & Croft, 1988). When the force comes from
below, T9 through L2 are the most commonly affected
through compression. Flexion injuries can also result in
a compression fracture of vertebral bodies. Again, C4
through C6 are the most commonly aftected in the cer-
vical region, whereas T5 and T6 and the upper lumbar
vertebrae are usually affected in the thoracic and lumbar
regions (White & Panjabi, 1990).

ANATOMY OF A TYPICAL VERTEBRA

A typical vertebra can be divided into two basic regions,
a vertebral body and a vertebral arch (also referred to as
the posterior arch or dorsal arch). The bone in both re-
gions is composed of an outer layer of compact bone
and a core of trabecular bone (Fig. 2-2). The shell of
compact bone is thin on the discal surfaces of the verte-
bral body and is thicker in the vertebral arch and its
processes. The outer compact bone is covered by a thin
layer of periosteum that is innervated by nerve endings,
which transmit both nociception and proprioception
(Edgar & Ghadially, 1976). The outer compact bone also
contains many small foramina to allow passage for nu-
merous nutrient arteries and also for veins. The trabecu-
lar interior of a vertebra contains red marrow and one or
two large canals for the basivertebral vein(s).
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FIG. 2-2  Midsagittal view of a vertebra. A, The central can-
ccllous, or trabecular bone of the vertebral body and spinous
process. Also, notice the more peripheral cortical bone. B, The
pattern of trabeculation, which develops along the lines of
greatest stress.

The density of bone in the vertebrae varies from indi-
vidual to individual but seems to increase significantly in
most people during puberty (Gilsanz, 1988), reaching a
peak during the midtwenties, when closure of the
growth plates of the secondary centers of ossification
occurs (Gilsanz et al., 1988). A decrease in bone density
to below normal limits is known as osteoporosis.
Osteoporosis is of particular clinical relevance in the
spine because of the weight-bearing function of this re-
gion, and a decrease in bone density increases the likeli-
hood of vertebral fracture (Mosekilde & Mosekilde,
1990). Osteoporosis has been associated with aging
(Mosekilde & Mosekilde, 1990) and particularly with
menopause (Ribot et al,, 1988). Ribot and colleagues
(1988) found that spinal bone density in French women
remained stable in the young adult years and in women
over 70 years of age. An average rate of apparent bone
loss of approximately 1% per year was found between
the years of 45 and 65. This represented approximately
75% of the total bone loss occurring within the individ-
uals of their sample population (510 women). Ribot and
colleagues (1988) also found that the bone mineral
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density in their population of French women appeared
to be between 5% and 10% lower than reported values in
the United States. Mosekilde and Mosekilde (1990),
studying the L2 and L3 vertebrae, found relatively few
sex-related differences in vertebral body density.
However, Mosekilde (1989) did find a sex-related differ-
ence in vertebral trabecular architecture with age.
Consistent with the findings of Ribot et al. (1988),
Mosekilde (1989) discovered that in both sexes bone
density diminished by 35% to 40% from 20 to 80 years of
age. She also found that the trabecular center (cancel-
lous bone) of the vertebral body lost more bone mass
than the outer cortical rim.

The regions of the vertebral body and the vertebral
arch are discussed separately in the following sections
of this chapter. Elaboration on each component of the
vertebra, with special emphasis placed on the character-
istics unique to each region of the spine, is included in
the chapters on the cervical, thoracic, and lumbar re-
gions of the spine (Chapters 5 through 7). The ligaments
of the spine are discussed from superior to inferior with
the region in which they first occur (e.g., ligamentum
nuchae and anterior longitudinal ligament with the cer-
vical spine; supraspinous ligament with the thoracic
spine). Thereafter, the ligaments are mcntioned only
when they have unique characteristics in a specific
region. The intervertebral disc is covered later in this
chapter.

Vertebral Body

The vertebral body (Fig. 2-3) is the large anterior portion
of a vertebra that acts to support the weight of the hu-
man frame. The vertebral bodies are connected to one
another by fibrocartilaginous intervertebral discs. The
vertebral bodies, combined with their intervening discs,
create a flexible column or pillar that supports the
weight of the trunk and head. The vertebral bodies also
must be able to withstand additional forces from con-
traction of the axial and proximal limb muscles. The
bodies are cylindric in shape and have unique character-
istics in each named region of the spine. The transverse
diameter of the vertebral bodies increases from C2 to L3.
This is probably due to the fact that each successive ver-
tebral body is required to carry a slightly greater load.
There is variation in the width of the last two lumbar ver-
tebrae, but the width steadily diminishes from the first
sacral segment to the apex (inferior tip) of the coccyx.

Moskilde and Moskilde (1990) found the cross-sec-
tional area of vertebral bodies to be larger in men than in
women. They also found that the cross-sectional area of
the vertebral bodies increased with age in men, but no
similar finding was discovered in women.

The superior and inferior surfaces of vertebral bodies
range from flat, but not parallel (Williams et al., 1989), to
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interlocking (scc Cervical region, Chapter 5). A raised,
smooth region around the cdge of the vertebral body is
formed by the anular epiphysis. Inside the anular epiph-
ysis, the vertchral body is rough.

Most vertcebral bodies are concave posteriorly (in the
transverse plane) where they help to form the vertcbral
foramina. Small foramina for arteries and veins apyear on
the front and sides of the vertebral bodies. Posteriorly
there are small arterial foramina and one or two large,
centrally placed foramina for the exiting basivertebral
vein(s) (Williams ¢t al.,, 1989).

Vertebral Arch

The vertebral (posterior) arch has sevcral unique struc-
tures (Fig. 2-3). These include the pedicles, laminae, su-
perior articular, inferior articular, transverse, and spin-
ous processes. Each of these subdivisions of the verte-
bral arch is discussed separately in the following
sections.

The pedicles (Fig. 2-3) create the narrow an-
terior portion of the vertebral arch. They are short,
thick, and rounded and attach to the posterior and lat-
eral aspects of the vertebral body. They also are placed

Typical vertebra. A, Lateral view. B, Superior view.
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Vertebral
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superior to the midpoint of a vertebral body. Because
the pedicles are smaller than the vertebral bodices, a
groove, or vertebral notch, is formed above and below
the pedicles. These are known as the superior and infe-
rior vertebral notches, respectively. The superior verte-
bral notch is more shallow and smaller than the inferior
vertebral notch.

The percentage of compact bone surrounding the
inner cancellous bone of the pedicles varies from
one region of the spine to another and seems to depend
on the amount of motion that occurs at the given
region (Pal et al, 1988). More compact, stronger
bone is found in regions with more motion. There-
fore the pedicles of the middle cervical and upper
lumbar regions contain more conipact bone than the
relatively immobile thoracic region. The thoracic pedi-
cles are made primarily of cancellous bone (Pal ¢t al.,
1988).

The laminae (singular, lamina) are contin-
uous with the pedicles. They are flattenced from anterior
to posterior and form the broad posterior portion of ver-
tebral arch (Fig. 2-3). Tney curve post.tomedially to
unite with the spinous process, completing the vertebral
foramen.



Spinous
process

Lamina

Inferior
articular
facet
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The spinous process (spine) of
each vertebra (Fig. 2-3) projects posteriorly and often
inferiorly from the laminae. The size, shape, and direc-
tion of this process vary greatly from one region of the
vertebral column to the next (see individual regions). A
spinous process may also normally deviate to the left or
right of the midline, and this can be a source of confu-
sion in clinical practice.

Therefore a deviated spinous process seen on Xx-ray
film or palpated during a physical examination fre-
quently is not associated with a fracture of the spinous
process or a malposition of the entire vertebra.

The spinous processes throughout the spine function
as a series of levers both for muscles of posture and for
muscles of active movement (Williams et al., 1989). Most
of the muscles that attach to the spinous processes act to
extend the vertebral column. Some muscles attaching to
the spinous processes also rotate the vertebrae to which
they attach.

Lateral to the spinous processes are the vertebral
grooves. These grooves are formed by laminae in the cer-
vical and lumbar regions. They are much broader in the
thoracic region and are formed by both the laminae and
transverse processes. The left and right vertebral
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grooves serve as gutters. These gutters are filled with the
deep back muscles that course the entire length of
the spine.

The spinous processes of a specific vertebra fre-
quently can be identified by its relationship to other pal-
pable landmarks of the back. Chapter 1 provides a rather
detailed account of the relationship between the spin-
ous processes and other anatomic structures.

Vertebral Foramen and the Vertebral Canal. The
vertebral foramen is the opening within each vertebra
that is bounded by the structures discussed thus far.
Therefore the vertebral body, the left and right pedicles,
the left and right laminae, and the spinous process form
the borders of the vertebral foramen in a typical vertebra
(Fig. 2-3). The size and shape of the vertebral foramina
vary from one region of the spine to the next, and even
from one vertebra to the next. The vertebral canal is the
composite of all of the vertebral foramina. This region
houses the spinal cord, nerve roots, meninges, and many
vessels. The vertebral canal is discussed in more detail
later in this chapter.

Transverse Processes. The transverse processes
project laterally from the junction of the pedicle and the
lamina (pediculolaminar junction) (Fig. 2-3). Like the
spinous processes, their exact direction varies consider-
ably from one region of the spine to the next. The trans-
verse processes of typical cervical vertebrae project
obliquely anteriorly between the sagittal and coronal
planes and are located anterior to the articular processes
and lateral to the pedicles. The left and right cervical
transverse processes are separated from those of the ver-
tebrae above and below by successive intervertebral
foramina. The thoracic transverse processes are quite
different and project obliquely posteriorly and are lo-
cated behind the articular processes, pedicles, and the
intervertebral foramina (see Fig. 6-1). They also articu-
late with the ribs. The lumbar transverse processes (see
Fig. 7-1) lie in front of the lumbar articular processes and
posterior to the pedicles and the intervertebral foramina.

The transverse processes serve as muscle attachment
sites and are used as lever arms by spinal muscles. The
muscles that attach to the transverse processes maintain
posture and induce rotation and lateral flexion of single
vertebrae and the spine as a whole.

Each transverse process is composed of the “true”
transverse process (diapophysis) and a costal element.
Each costal element (pleurapophysis) develops as part of
the neural arch. The costal elements of the thoracic re-
gion develop into ribs. Elsewhere the costal elements are
incorporated with the diapophysis and help to form the
transverse process of the fully developed vertebra. The
cervical costal elements are composed primarily of the
anterior tubercle but also include the intertubercular
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lamella and a part of the posterior tubercle. The lumbar
costal elements are the anterior aspects of the transverse
processes, and the left and right sacral alae represent the
costal processes of the sacrum. The cervical and lumbar
costal processes may occasionally develop into ribs. This
occurs most frequently in the lower cervical and upper
lumbar regions. These extra ribs may be a cause of dis-
comfort in some individuals. This is particularly true of
cervical ribs (see Chapter 5).

Superior Articular Processes. Like the transverse
processes, the superior articular processes (zygapophy-
ses) and facets also arise from the pediculolaminar junc-
tion (Fig. 2-3). The superior articular processes project
superiorly, and the articular surface (facet) faces posteri-
orly, although the precise direction varies from postero-
medial in the cervical and lumbar regions to posterolat-
eral in the thoracic region. The superior and inferior ar-
ticular facets are discussed in more detail under
Zygapophyseal Joints later in this chapter.

Inferior Articular Processes. The inferior articular
processes (zygapophyses) and facets project inferiorly
from the pediculolaminar junction, and the articular sur-
face (facet) faces anteriorly (Fig. 2-3). Again, the precise
direction in which they face varies from anterolateral
(cervical region) to anteromedial (thoracic and lumbar
regions).

Adjoining zygapophyses form zygapophyseal joints
(Z joints), which are small and allow for limited move-
ment. Mobility at the Z joints varies considerably be-
tween vertebral levels. The Z joints also help to form
the posterior border of the intervertebral foramen.
The anatomy of the Z joint is discussed later in this
chapter.

Functional Components of a Typical
Vertebra

Each region of a typical vertebra is related to one or
more of the functions of the vertebral column men-
tioned at the beginning of this chapter (support, protec-
tion of the spinal cord and spinal nerve roots, and move-
ment). In general, the vertebral bodies help with sup-
port, whereas the pedicles and laminae protect the
spinal cord. The superior and inferior articular processes
help determine spinal movement by the facing of their
facets. The transverse and spinous processes aid move-
ment by acting as lever arms upon which the muscles
of the spine act.

The posterior arches also act to support and transfer
weight (Pal et al., 1988), and the articular processes of
the cervical region form two distinct pillars (left and
right) that bear weight. In addition, the laminae of
C2, C7, and the upper thoracic region (Tl and T2)
are much thicker than those of their neighbors. These

specific laminae also help to support weight. Therefore
a laminectomy at these levels results in marked cervical
instability (Pal et al., 1988), whereas a laminectomy from
C3 to CO is relatively safe.

The pedicles also act to transfer weight from the pos-
terior arch to the vertebral body, and vice versa, in the
cervical region (Pal et al., 1988), but only from the pos-
terior arch to the vertebral bodies in the thoracic region.
The role of the pedicles in the transfer of loads is yet to
be completely determined in the upper lumbar region,
but the trabecular pattern of the L4 and L5 pedicles
seems to indicate that the majority of load may be trans-
ferred from the vertebral bodies to the region of the pos-
terior arch. This is discussed in further detail in Chapter
7, which is devoted to the lumbar spine.

ZYGAPOPHYSEAL JOINTS

The articulating surface of each superior and inferior ar-
ticular process (zygapophysis) is covered with a 1 to 2
mm thick layer of hyaline cartilage. The hyaline-lined
portion of a superior and inferior articular process is
known as the articular facet. The junction between the
superior and inferior articular facets on one side of two
adjacent vertebrae is known as a zygapophyseal joint.
Therefore a left and right Z joint are between each pair
of vertebrae. Fig. 2-4, 4, shows the Z joints of the cervi-
cal, thoracic, and lumbar regions. These joints are also
referred to as facet joints or interlaminar joints (Giles,
1992). The Z joints (Fig. 2-4, B) are classified as synovial
(diarthrodial), planar joints. They are rather small joints,
and although they allow motion to occur, they are per-
haps more important in their ability to determine the di-
rection and limitations of movement that can occur be-
tween vertebrae. The Z joint is of added interest to those
who treat spinal conditions because, as is the case in any
joint, loss of motion or aberrant motion may be a pri-
mary source of pain (Paris, 1983).

Each Z joint is surrounded posterolaterally by a cap-
sule. The capsule consists of an outer layer of dense fi-
broelastic connective tissue, a vascular central layer
made up of areolar tissue and loose connective tissue,
and an inner layer consisting of a synovial membrane
(Giles & Taylor, 1987). Fig. 2-4, B, shows the previously
listed regions of the capsule. The anterior and medial as-
pects of the Z joint are covered by the ligamentum
flavam. The synovial membrane lines the articular cap-
sule, the ligamentum flavum (Xu et al.,, 1991), and the
synovial joint folds (see the following), but not the hya-
line articular cartilage that covers the joint surfaces of
the articular processes (Giles, 1992).

The Z joint capsules throughout the vertebral column
are thin and loose and are attached to the margins of
the opposed superior and inferior articular facets of the
adjacent vertebrae (Williams et al., 1989). Superior and
inferior external protrusions of the joint capsules,
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FIG. 2-4 A, Typical Z joints of each vertebral region.

known as recesses, bulge out from the joint and are filled
with adipose tissue. The inferior recess is larger than the
superior recess (Jeffries, 1988). The capsules are longer
and looser in the cervical region than in the lumbar and
thoracic regions.

Innervation of the Zygapophyseal Joints

The Z joint capsule receives a rich supply of sensory in-
nervation (Fig. 2-5). The sensory supply is derived from
the medial branch of the posterior primary division (dor-
sal ramus) at the level of the joint, and each joint also re-
ceives a branch from the medial branch of the posterior
primary division of the level above and the level below
(Jeffries, 1988). This multilevel innervation is probably
one reason why pain from a Z joint frequently has a very
broad referral pattern (Jeffries, 1988). Chapter 11 deals
with the phenomenon of referred pain in more detail.
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Thoracic

Continued.

In addition, Wyke (1985) states that there are three
types of sensory receptors in the joint capsule of the Z
joints. These are as follows™:

o Type I—very sensitive static and dynamic
mechanoreceptors that fire continually, even to
some extent when the joint is not moving

o Type II—less sensitive mechanoreceptors that fire
only during movement

o Type IV—slow conducting nociceptors

Wyke (1985) asserts that type I and II receptors have
a pain suppressive effect (a Melzack and Wall gate con-
trol type of mechanism). He also states that there is a re-
flexogenic effect created by type I and II fibers that
causes a normalization of muscle activity on both sides

“Type 11 receptors are mechanoreceptors found in joints of the ex-
tremities, and Wyke (1985) did not find these in the Z joints.
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FIG. 2-4, cont'd.
(inset) are color coded as follows: light blue, joint space; violet, articular cartilage; brown,
subchondral bone; orange, synovial lining of articular capsule; peach, vascularized, middle
layer of the articular capsule; turquoise, hbrous, outer layer of the articular capsule.

of the spinal column when stimulated. This reflexogenic
effect is thought to occur at the level of the site of stim-
ulation, as well as the levels above and below. Of possi-
ble interest is the fact that Isherwood and Antoun (1980)
found similar nerve endings within the interspinous and
supraspinous ligaments and the ligamentum flavun.
These ligaments are discussed in Chapters 5 and 6 on the
cervical and thoracic regions.

Zygapophyseal Joint Synovial Folds

Z joint synovial folds are synovium-lined extensions
of the capsule that protrude into the joint space to
cover part of the hyaline cartilage. The synovial folds
vary in size and shape in the different regions of the
spine. Fig. 2-6 shows a photomicrograph by Singer,
Giles, and Day (1990) demonstrating a large Z joint syn-
ovial fold.

Kos in 1969 described the typical intraarticular fold
(meniscus) (Fig. 2-7) as being attached to the capsule by
loose connective tissue. Distal to the attachment was
synovial tissue and blood vessels, followed by dense con-
nective tissue (Bogduk & Engel, 1984).

Engle and Bogduk in 1982 reported on a study of 82
lumbar Z joints. They found at least one intraarticular
fold within each joint. The intraarticular structures
were categorized into three types. The first was de-
scribed as a connective tissue rim found running along
the most peripheral edge of the entire joint. This con-

B, Typical Z joint. The layers of the Z joint as seen in parasagittal section

nective tissue rim was lined by a synovial membrane.
The second type of meniscus was described as an adi-
pose tissue pad, and the third type was identified as a dis-
tinct, well-defined, fibroadipose meniscoid. This latter
type of meniscus was usually found entering the joint
from either the superior or inferior pole or both poles of
the joint.

Giles and Taylor (1987) studied 30 Z joints, all of
which were found to have menisci. The menisci were re-
named zygapophyseal joint synovial folds because of
their histologic make-up. Free nerve endings were found
within the folds, and the nerve endings met the criteria
necessary for classification as pain receptors (nocicep-
tors). That is, they were distant from blood vessels and
were of proper diameter (0.6 to 12 microns). Therefore
the synovial folds (menisci) themselves were found to
be pain sensitive. This meant that if the Z joint synovial
fold became compressed by, or trapped between, the ar-
ticular facets making up the Z joint, back pain could re-
sult (Fig. 2-7).

Zygapophyseal Joints as a Source of Back
Pain

Various Clinical Approaches to Pain Manage
ment. The Z joints have been shown to be a source of
back pain (Mooney & Robertson, 1976; Lippitt, 1984;
Jeffries, 1988), and several therapeutic approaches have
been designed to treat pain originating from the Z joints.
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Mixed spinal nerve

Posterior primary division
(dorsal ramus)

Anterior primary division
(ventral ramus)

Lateral branch of PPD
Medial branch of PPD
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FIG. 2-5 Innervation of the Z joints. Each mixed spinal nerve
divides into a medial and lateral branch. The medial branch has
an ascending division, which supplies the Z joint at the same
level, and a descending division, which supplies the Z joint im-

mecliately below.

Physical therapy in the form of ice, moist heat, or exer-
cise is frequently used. Acupuncture has also been used.
Injection of the Z joints with local anesthetic or corti-
costeroids is carried out with some frequency, and de-
nervation of the Z joints has been performed by a num-
ber of clinicians and researchers (Shealy, 1975). Surgical
transection of the posterior primary divisions innervat-
ing these joints was the first method used to denervate
the joint. This technique has been replaced by radiofre-
quency neurotomy (Shealy, 1975). Others are not yet
convinced that this is the method of choice for treating
pain arising from these structures (Lippitt, 1984). Spinal
adjusting (manipulation) to introduce movement into
a Z joint suspected of being hypomobile has also been
frequently used to treat pain of Z joint origin. Mooney
and Robertson (1976) stated that spinal manipulation
may produce therapeutic benefit by relieving the Z joint
articular capsule or its synovial lining from chronic reac-
tion to trauma. Such chronic reaction to trauma resulting
in Z joint pain would include the catching of a synovial
fold between the joint capsule and an articular process
and also the entrapment of zygapophyseal joint menisci
(synovial folds) deep within the Z joint (Fig. 2-7).

Entrapped Z joint menisci may be a direct source of pain
since they are supplied by pain-sensitive nerve endings
(Giles & Taylor, 1987). A spinal adjustment (manipula-
tion) may have the effect of slightly separating (gapping)
the opposed articular surfaces of the Z joint. This sepa-
ration may relieve direct pressure on the meniscus, and
also provide traction to the Z joint articular capsule that,
by its attachment to the Z joint meniscus, could pull the
meniscus peripherally, away from the region of previous
entrapment (Kos & Wolf, 1972). Bogduk and Engel
(1984) felt that entrapment of a Z joint meniscus would
tear it away from its capsular attachment. If this were the
case, the nerve endings leading to the synovial fold
would probably be torn as well. This could result in tran-
sient pain. Bogduk and Engel (1984) also stated that a
meniscus that had torn away from its capsular attach-
ment could conceivably result in a loose body being
found in the Z joint, similar to those that are sometimes
found in the knee. This, they felt, may be amenable to
spinal manipulation. However, the frequency with
which this scenario actually occurs in clinical practice
was questioned (Bogduk & Engel, 1984). Further re-
search is needed to clarify the frequency with which
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FIG. 26 A fiborous syuovial fold is shown protruding be-
tween the articular surfaces of a Z joint. (From Singer, K.,
Giles, D.. & Day R. [1990]) Intra-articular synovial folds of
thoracolumbar junction zygapophyseal joints. dnal Rec, 220,
147-152)

7. joint menisci (synovial folds) actually tear away
from their capsular attachments to become loose
bodies. Additional study is also needed to determine
whether menisci can become entrapped while re-
maining attached to the capsule and their nerve
supply.

Mooney and Robertson (1976) used facet joint injec-
tions of local anesthetic and corticosteroids to treat
pain arising from the 7Z joint. They felt such injections
helped to relieve intraarticular adhesions that had been
seen to develop during the degenerative phase of
progressive back pain. Perhaps the removal of this type
of adhesion could be another positive effect of Z joint
manipulation.

MOVEMENT OF THE SPINE

Movement between two typical adjacent vertebrae is
slight, but when the movement between many segments
is combined, the result is a great deal of movement. The
movements that can occur in the spine include flexion,
extension, lateral flexion (side bending), rotation, and
circumduction (Fig. 2-8). Circumduction is a combina-
tion of flexion, lateral bending, rotation, and extension.

The intervertebral discs help to limit the amount of
movement that can occur between individual vertebrac.
Therefore the thicker intervertebral discs of the cervical
and lumbar regions allow for more movement to occur
in these regions. In addition, the shape and orientation
of the articular facets determine the movements that can
occur between two adjacent segments and also limit the
amount of movement that can occur between segments.

The specific ranges of motion of the spine are dis-
cussed with each vertebral region (Chapters 5 through
7). However, this section discusses the factors limiting
spinal motion and the phenomenon of coupled motion.

Structures that Limit Spinal Movement

Spinal motion is limited by a series of bony stops and lig-
amentous brakes (Louis, 1985). Table 2-1 shows some of
the structures limiting spinal motion.

Other factors associated with each type of spinal mo-
tion include the following:

¢ Flexion—the anterior longitudinal ligament is relaxed,
and the anterior aspects of the discs are compressed.
The intervals between laminae are widened; the infe-
rior articular processes glide upward on the superior
articular processes of the subjacent vertebrae. The
lumbar and cervical regions allow for more flexion
than the thoracic region (Williams et al., 1989).

¢ Extension—motion is more restricted in the thoracic
region because of thinner discs and the effects of the
thoracic skeleton and musculature.

o Lateral flexion—sides of the intervertebral discs are
compressed. Lateral flexion is greatest in the cervical
region, followed by the lumbar region, and finally the
thoracic region (White & Panjabi, 1990).

Rotation with Lateral Flexion

As a result of the facing of the superior and inferior ar-
ticular facets, lateral flexion of the cervical and lumbar
regions is accompanied by axial rotation (Fig. 2-9) This
is known as coupled motion. However, the direction
of the rotation is opposite in these two regions, and
more rotation occurs with lateral flexion in the cervical
region than in the lumbar region (Moroney et al., 1988).
Lateral flexion of the cervical spine is accompanied by
rotation of the vertebral bodies into the concavity of
the arch formed by the lateral flexion (vertebral body
rotation to the same side as lateral flexion). For example,
right lateral flexion of the cervical region is accompanied
by right rotation of the vertebral bodies (Fig. 2-9). Since
the spinous processes move in the direction opposite
that of the vertebral bodies during rotation, right lateral
flexion of the cervical region is accompunied by left ro-
tation of the spinous processes.

Lateral flexion of the lumbar spine, on the other
hand, is accompanied by rotation of the vertebral bodies
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similar to that demonstrated in A. This coronal section shows the Z joint synovial folds. Notice
the synovial lining of these folds. the articular cartilage, and the joint space. The synovial fold
is attached to the articular capsule. C, An entrapped synovial fold. The distal portion of the folcl
is fibrous, and the proximal portion contains vessels and adipose tissue. Giles and Taylor
(1987) have also tound seasory nerve endings within the Z joint synovial folds.

toward the convexity of the arch formed by lateral flex-
ion (vertebral body rotation away from the side of lateral
flexion). For example, left lateral flexion of the lumbar
region is accompanied by right rotation of the vertebral
bodies and left rotation of the spinous processes
(Fig. 2-9).

The upper four thoracic vertebrae move in a fashion
similar to that of the cervical vertebrae during lateral
flexion (i.e., vertebral body rotation into the side of con-
cavity), whereas the lower four thoracic vertebrae
mimic the motion of lumbar vertebrae (i.e., vertebral
body rotation toward the side of convexity). The middle
four thoracic vertebrae have little coupled motion
(White & Panjabi, 1990)

INTERBODY JOINT AND INTERVERTEBRAL
DISC

The intervertebral discs (IVDs) are structures of extreme
clinical importance. 1VD disease can be not only a pri-

mary source of back pain, but also can result in com-
pression of exiting dorsal roots and spinal nerves, which
can result in radicular symptoms. A thorough knowl-
edge of the I'VD is essential for those who treat disorders
of the spine. This section discusses those aspects of the
IVD common to all regions of the spine. Future chapters
discuss those characteristics of the IVD unique to the
cervical, thoracic, and lumbar regions.

The TVDs develop from the notochord and from
somitic mesenchyme (sclerotome). The somitic mes-
enchyme surrounds the notochordal cells and differenti-
ates into the 12 to 20 relatively thin layers that make up
the anulus fibrosus. The notochordal tissue becomes the
centrally located nucleus pulposus. Notochordal cells
are replaced in the neighboring vertebral body by os-
teoblasts and in the cartilage end plate primarily by
chondroblasts. However, remnants of notochordal cells
in the cartilage end plate (see the following discussion)
can cause it to weaken. This can lead to herniation of
the nucleus pulposus into the cartilage end plate and



30 CHARACTERISTICS OF THE SPINE AND SPINAL CORD

FIG. 2-8

Motion between adjacent vertebrae. A through C, Left, Vertebrae in their neutral

position. A, Right, Vertebrae in extension. The anterior longitudinal Ligament is becoming taut.
B, Right, Vertebrae in flexion. Notice that the interspinous and supraspinous ligaments, as well
as the ligamentum flavum, are being stretched. C, Right, Vertebrae in lateral flexion. The left
intertransverse ligament is becoming taut, and the right superior articular process is making

contact with the right lamina.

vertebral body later in life. This type of herniation is
known as a Schmorl's node and can result in more rapid
degeneration of the IVD.

During the fetal stage and shortly after birth, the 1VDs
have a rich vascular supply. However, the blood vessels
narrow and diminish in number until the second decade

of life, when the 1VD is almost completely avascular
(Taylor, 1990).

Each IVD is Jocated between adjacent vertebral bodies
from C2 to the interbody joint between L5 and the first
sacral segment (Fig. 2-1). The joint formed by two adja-
cent vertebral bodies and the interposed IVD is classified
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F1G. 2-9

Coupled motion. A, Lateral Hexion of the cervical segion results in concomitant ax-

il rotation of the vertebrae. The cenvical vertebral budies rotate towacd the side of latecal Hex-
ion. B, Lateral (lexion of the lumbar region results in axial rotation to the opposite side. The
lumbar vertebral bodies in this case rotate away from the side of lateral flexion, and the spin-

ous processes rotate into the side ot ateral flexion.

as a symphysis (Willizums ¢t al., 1989). No disc is located
between the occiput and the atlas and the atlas and the
axis, but a small disc exists between the sacrum and the
coccyx. Therefore 24 1VDs are locited in the spine: 6
cervical, 12 thoracic, 5 lumbar (including the 15-581
disc), and | between the sacrum and coccyx. Occeasion-
ally a small disc remains hetween the first and second
coccyvgeal segments, and additional discs are somctimes
found berween the fused sacral segments (these can fre-
quentty he scen well on magnetic resonance imaging
scans). The 1VDs make up approximatcly one fourth of
the height of the vertebral column (Covenuy, 1969).
Because of the strong and intimate connections witl the

vertebral bodies of two adjacent vertebrae, the TVD and
the adjacent vertebrae constitute the most fundamental
components of the vertebral unit, or motor segment.
The function of the disc is 10 maintain the changeable
space between two adjacent vertebral bodies. The disc
aids with (lexibility of the spine and at the same time
acts as a shock absorber, helping to properly assimilate
compressive loads. ‘The mechanical cfficiency of the
healthy disc appears to improve with use. Therefore
pathologic changes within the disc bave a strong impact
on spinal biomechanics (Humzah & Soames, 1988).

The discs are usually named by using the two verte-
brae that surround the disc, for example the C4-C5 disc
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Table 2-1 Factors Limiting Spinal Motion

Motion Structures limiting motion

Flexion Posterior longitudinal ligament

Ligamenta flava

Interspinous ligament

Supraspinous ligament

Posterior fibers of the intervertebral disc

Articular capsules

Tension of back extensor muscles

Anterior surface of inferior articular facet
against posterior surface of superior ar-
ticular facet

Anterior longitudinal ligament

Anterior aspect of intervertebral disc

Approximation of spinous processes, ar-
ticular processes, and laminae

Contralateral side of intervertebral disc
and intertransverse ligament

Approximation of articular processes

Approximation of uncinate processes
(cervical region)

Approximation of costovertebral joints
(thoracic region)

Antagonist muscles

Tightening of lamellar fibers of anulus
fibrosus

Orientation and architecture of articular
processes

Extension

Lateral flexion

Rotation

Data from Williams et al. (1989). Gray’'s Anatomy (37th ed).
Edinburgh: Churchill Livingstone.

or the T7-T8 disc. A disc also may be named by referring
to the vertebra directly above the disc. For example,
the CG6 disc is the IVD directly below CG6. This can be
more casily remembered if the vertebra is pictured as
“sitting” on its disc (W. Hogan, personal communication,
November 15, 1991).

The shape of an IVD is determined by the shape of the
two vertebral bodies to which it is attached. The thick-
ness of the IVDs varies from one part of the spine to the
next. The discs are thickest in the lumbar region and
thinnest in the upper thoracic region (Williams et al,,
1989). The cervical discs are about two fifths as tall as
the vertebral bodies, the thoracic discs about one fifth as
tall as their vertebral bodies, and the lumbar discs about
one third the height of lumbar vertebral bodies. The
discs of the cervical and lumbar regions are thicker an-
teriorly than posteriorly, helping to create the lordoses
found in these regions (Williams et al., 1989). The tho-
racic discs have a consistent thickness from anterior to
posterior.

The discs are connected to the anterior and posterior
longitudinal ligaments. The attachment to the posterior
longitudinal ligament is firm throughout the spine. The

anterior longitudinal ligament generally has a strong
attachment to the periosteum of the vertebral bodies,
particularly at the most superior and inferior aspects of
the anterior vertebral bodies, but this ligament has a
rather loose attachment to the anterior aspect of the in-
tervertebral disc (Humzah & Soames, 1988). However,
Panjabi, Oxland, & Parks (1991) have found a stroug dis-
cal attachment to the anterior longitudinal ligament in
the cervical region. The thoracic discs are also con-
nected to the intraarticular ligaments, which connect
the thoracic IVDs to the crests of the heads of the sec-
ond through the ninth ribs.

Composition of the Intervertebral Disc

Like cartilage elsewhere in the body, the disc is made
up of water, cells (primarily chondrocytelike cells
and fibroblasts), proteoglycan aggregates, and type I and
type II collagen fibers (see Chapter 13). The proteogly-
can aggregates are composed of many proteoglycan
monomers attached to a hyaluronic acid core. However,
the proteoglycans of the IVD are of a smaller size and a
different composition than the proteoglycans of carti-
lage found in other regions of the body (articular carti-
lage, nasal cartilage, and cartilage of growth plates)
(Buckwalter et al., 1989). The cartilaginous VD is a dy-
namic structure that has been shown to be able to repair
itself and is capable of considerable regeneration
(Humzah & Soames, 1988; Mendel et al., 1992; Nitobe ¢t
al., 1988).

The IVD is composed of three regions (Fig. 2-10)
known as the anulus fibrosus, the nucleus pulposus, and
the vertebral (cartilage) end plate (Humzah & Soames,
1988). Together the regions make up the anterior inter-
body joint or intervertebral symphysis. Each region con-
sists of different proportions of the primary materials
that make up the disc (water, cells, protcoglycan, and
collagen). Table 2-2 compares some of the characteris-
tics of the anulus fibrosus with those of the nucleus pul-
posus.

Although each region of the disc has a distinct com-
pesition, the transition between the anulus fibrosus and
the nucleus pulposus is rather indistinct. The main dif-
ference between the two regions is their fibrous struc-
ture (Humzah & Soames, 1988). Type I collagen (typical
in tendons) predominates in the anulus fibrosus, and
type II collagen (typical for articular cartilage) predomi-
nates in the nucleus pulposus The histologic and bio-
chemical make-up of the IVD is currently an active field
of research and has a great deal of potential clinical rele-
vance. Chapter 13 discusses the histologic characteris-
tics of the IVD in more detail. The gross morphologic
characteristics of the three regions of the disc are dis-
cussed in the following sections.
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Vertebral end plate
Nucleus pulposus

Anulus fibrosus

FIG. 2-10

Midsagittal section of two adjacent lumbar verte-

brae and the intervertebral disc separating the two vertebral
bodies. Notice the components of the intervertebral disc: anu-
lus fibrosus, nucleus pulpesus, and vertebral end plate.

Anulus Fibrosus

The anulus fibrosus is made up of several fibrocartilage-
nous lamellae, or rings, that are convex externally (Figs.
2-10 and 2-11). The lamellae are formed by closely
arranged collagen fibers and a smaller percentage (10%
of the dry weight) of elastic fibers (Bogduk & Twomey,
1991). The majority of fibers of each lamella run parallel
with one another at approximately a 65° angle from the
vertical plane. The fibers of adjacent lamellae overlie
cach other, forming a 130° angle between the fibers of
adjacent lamellae. However, the direction of the lamella
varies considerably from individual to individual and
from one vertebra to the next (Humzah & Soames,
1988). The most superficial lamellae of the anulus fibro-
sus attach via Sharpey’s fibers (se¢ Chapter 13 and Fig.
13-10) directly to the vertebral bodies in the region of
the ring epiphysis. They anchor themselves to the zone
of compact bone that forms the outside of the vertebral
rim, as well as the adjacent vertebral body and the pe-
riosteum that covers it (Humzah & Soames, 1988). The
inner lamellae of the anulus fibrosus attach to the carti-
laginous vertebral end plate.

The anulus fibrosus has been found to be the primary
load-bearing structure of the disc. It can perform this
function even when the nucleus has been experi-
mentally removed (Humzah & Soames, 1988). The an-
terior aspect of the disc is stronger than the rest,
whereas the posterolateral aspect of cach disc is the

weakest region. Therefore the posterolateral aspect of
the IVD is the region most prone to protrusion and her-
niation.

The most superficial Jamellae of the anulus are inner-
vated by general somatic afferent nerves and general vis-
ceral afferent nerves (which run with sympathetic effer-
ent fibers). Specifically, the recurrent meningeal nerve
innervates the posterior aspect of the anulus and sepa-
rate nerves arising from the ventral ramus, and the sym-
pathetic chain innervate the lateral and anterior aspects
of the anulus.

CLINICAL IMPLICATIONS

Weinstein, Claverie, and Gibson (1988) investigated the
pain associated with discography. Discography is the in-
jection of radiopaque dye into a disc and the subsequent
visualization of the disc on x-ray film. They found neu-
ropeptides, which are frequently identified as neuro-
transmitters associatecd with inflammation (substance P,
calcitonin gene related peptide, and vasoactive intestinal
peptide), in the remaining lamellae of the anulus fibro-
sus and in the dorsal root ganglia of clogs that had un-
dergone surgical removal of an intervertebral disc (disc-
ectomy). They state that the dorsal root ganglion may be
a mediator of the sensory environment of the motor unit
and that discs with anular disruption may be sensitized
to further irritation. Therefore fibers whose cell bodies
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Table 2-2 Composition of Anulus Fibrosus and

Nucleus Pulposus

Disc weight (%)

Collagen
Region*® % Water typet Collagent  Proteoglycan§
Anulus 60-70 I 50-60 20/50-60
fibrosus
Nucleus 70-90 11 15-20 65/25
pulposus

*Values arc for the tumbar spine (Bogduk & Twomey, 1991).

10, 1T IV,

tPercentage of diy weight of disc made up of collagen.

§Percentage of dry weight of disc made up of proteoglycan/percentage
of protcoglycan found in aggregated form.

reside in the dorsal root ganglion may release the neuro-
transmitters listed previously into the region of the anu-
lus fibrosus, making the anulus more sensitive to injury.
This may mean that a torn or otherwise diseased disc
could be more sensitive to further irritation and there-
fore more capable of nociceptive (pain) stimulation than
the discs of adjacent vertebrae. This may help to explain
the heightened sensitivity of patients with disc disor-
ders. Weinstein (1988) used his findings to help explain
why the chemical irritants found in the radiopaque dye
(Renografin) injected into a disc during discography
(Fig. 2-12) reproduce the patient’s symptoms. However,
the procedure is not generally associated with pain
when the dye is injected into a neighboring healthy disc
of the same individual.

The lamellae of the anulus fibrosus are subject to tear-
ing. These tears occur in two directions, circumferen-
tially and radially. Many investigators believe that cir-
cumferential tears are the most common. This type of
tear represents a separation of adjacent lamellae of the
anulus. The separation may cause the lamellae involved
to tear away from their vertebral attachments. The
second type of tear is radial in direction. These tears run
from the deep lamellae of the anulus to the superficial
layers. Most authors (Ito et al., 1991) believe these types
of tears follow circumferential tears in chronology and
that the circumferential tears make it easier for radial
tears to occur. This is because the radial tears are able to
connect the circumferential ones. When the connection
occurs, the nucleus pulposus may be allowed to bulge
or even extrude into the vertebral canal. This is known
as intervertebral disc protrusion (bulging) or herniation
(extrusion).

However, Lipson (1988) recently challenged the long-
held assumption that disc herniations were the result of
the nucleus pulposus’ entering the vertebral canal
through a tear in the anulus fibrosus. He showed that the
material seen in IVD herniations did not consist of nu-
cleus pulposus. He found the free edge of the herniated
material to be very cellular in nature and very similar in

FIG. 2-11  Low power photomicrograph demonstrating the
lamellar arrangement of the anulus fibrosus. (Courtesy of
Vernon-Roberts, from Jayson M. [1992] The luinbar spine and
back pain (4th ed.) New York: Churchill Livingstone.)

light microscopic appearance to anulus fibrosus.
However, the material was found to be younger than the
surrounding anulus. After augmenting his work with bio-
chemical studies, Lipson (1988) concluded that the ma-
terial herniated in disc prolapse was actually metaplastic
fibrocartilage (cartilage cells growing at a more rapicl
rate than surrounding cells) from the anulus fibrosus. He
concluded that a herniated disc is a slowly progressing
disease. He explained that the process may begin with a
mechanical insult to the disc, resulting in a shift of the
metabolic pathways within the cells of the anulus fibro-
sus. The metabolic shift would result in metaplastic
change and growth of anular cells until protrusion oc-
curred. This theory of disc protrusion is quite different
from the currently held belief that disc herniation is the
result of the nucleus pulposus’ pushing through tears in
the outer anulus fibrosus. Future study is required to ei-
ther confirm or challenge Lipson'’s theory. Perhaps such
metaplastic change occurs in a subpopulation of individ-
uals with disorders of the IVD.

Nucleus Pulposus

The nucleus pulposus is a rounded region located within
the center of the IVD (Fig. 2-10). The nucleus pulposus
is thickest in the lumbar region, followed in thickness by
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FIG. 2-12
terial through the lamellae of the anulus fibrosus (right). (Courtesy of Park, from Jayson M.
[1980] The lumbar spine and back pain (2nd ed.) Baltimore: Urban & Schwarzenburg and
Pitman Publishing.)

the cervical region; it is the thinnest in the thoracic re-
gion. It is most centrally placed within the horizontal
plane in the cervical region and is more posteriorly
placed in the lumbar region (Humzah & Soames, 1988).

The nucleus pulposus develops from the embryologic
notochord. It is gelatinous and relatively large just after
birth, and several multinucleated notochordal cells can
be found within its substance (Williams et al., 1989).
The remnants of the notochord can be recognized in
magnetic resonance imaging (MRI) scans as an irregular
dark band, usually confined to the nucleus pulposus
(Breger et al,, 1988). The notochordal tissue has been
found to be more apparent in fetal spines than in the
spines of infants (Ho et al., 1988). The notochordal cells
decrease in number over time and are almost completely
replaced by fibrocartilage by approximately the eleventh
year of life (Williams et al., 1989). As the notochordal
cells are replaced, the outer aspect of the nucleus pul-
posus blends with the inner layer of the anulus fibrosus,
making it difficult to determine the border between the
two regions. Notochordal cells may remain anywhere
throughout the spine. These remnants are known as no-
tochordal “rests” and may develop into neoplasms
known as chordomas. Chordomas most commonly oc-
cur at the base of the skull and in the lumbosacral region
(Humzah & Soames, 1988).

The disc is an avascular structure, except for the most
peripheral region of the anulus fibrosus, and the nucleus
pulposus is responsible for absorbing the majority of the
fluid received by the disc. The process by which a disc
absorbs fluid from the vertebral bodies above and below
has been termed imbibition. The disc loses water when

Normal discogram (7eft) and discogram demonstrating extrusion of nuclear ma-

a load is applied but retains sodium and potassium. This
increase in electrolyte concentration creates an osmotic
gradient that results in rapid rehydration when the
loading of the disc is stopped (Kraemer et al., 1985).
The disc apparently benefits from both activity during
the day (Holm & Nachemson, 1983) and the rest it re-
ceives during the hours of sleep. As a result the disc is
thicker (from superior to inferior) after rest than after
a typical day of sitting, standing, and walking. However,
too much rest may not be beneficial. A decrease in the
amount of fluid (hydration) of the IVDs has been noted
on MRIs after 5 weeks of bed rest (LeBlanc et al., 1988).
The disc reaches its peak hydration at about the age of
30, and the process of degeneration begins shortly there-
after (Coventry, 1969). As the disc ages, it becomes less
gelatinous in consistency, and its ability to absorb fluid
diminishes. The changes in composition and structure
that are common to all sources of cartilage with aging
occur earlier and to a greater extent in the IVD (Bayliss
et al., 1988). Breakdown of the proteoglycan aggregates
and monomers (see Fig. 13-6) is thought to contribute to
this process of degeneration. The breakdown of proteo-
glycan results in a decreased ability of the disc to absorb
fluid, which leads to a decrease in the ability of the disc
to resist loads placed on it. The degeneration associated
with the decrease in ability to absorb fluid (water) has
been identified through use of computed tomography
(CT) (Bahk & Lee, 1988) and MRI and has been corre-
lated with histologic structure and fluid content. As
the disc degenerates, it narrows in the superior to infe-
rior dimensions and the adjacent vertebral bodies may
become sclerotic (thickened and opaque on x-ray film).
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Much of the disc thinning seen with age may also be the
result of the disc sinking into the adjacent vertebral bod-
ies over the course of many years (Humzah & Soames,
1988).

Pathologic conditions of the IVD are frequently seen
in clinical practice. As mentioned previously, the nu-
cleus pulposus may cause bulging of the outer anular
fibers or may protrude (herniate) through the anulus.
This was first described by Mixter and Barr (1934).
Bulging or herniation of the disc may be a primary
source of pain, or pain may result because of pressure
on the exiting nerve roots within the medial aspect
of the intervertebral foramen. Such bulging is usually
associated with heavy lifting or trauma, although such a
history may be absent in as many as 28% of patients with
confirmed disc protrusion (Martin, 1978). Some investi-
gators believe proteoglycan leaking out of a tear in the
anulus may also cause pain by creating a chemical irrita-
tion of the exiting nerve roots. The pain that results from
pressure on or irritation of a nerve root radiates in a der-
matomal pattern (see Chapter 11). Such pain is termed
radicular pain because of its origin from the dorsal root
(radix) or dorsal root ganglion. Treatment for herniation
of the nucleus ranges from excision of the disc (discec-
tomy), to chemical degradation of the disc (chymopa-
pain chemonucleolysis) (Alcalay et al., 1988; Dabezies et
al., 1988), to conservative methods (Sanders & Stein,
1988).

Cartilaginous End Plate

These cartilaginous plates limit all but the most periph-
eral rim of the disc superiorly and inferiorly. They are at-
tached both to the disc and to the adjacent vertebral
body (Fig. 2-12). Although a few authors consider the
vertebral end plate to be a part of the vertebral body,
most authorities consider it to be an integral portion of
the disc (Bogduk, 1991; Coventry, 1969). The end plates
are approximately 1 mm thick peripherally and 3 mm
thick centrally. They are composed of both hyaline car-
tilage and fibrocartilage. The hyaline cartilage is located
against the vertebral body, and the fibrocartilage is
found adjacent to the remainder of the IVD. The end
plates help to prevent the vertebral bodies from under-
going pressure atrophy and, at the same time, contain
the anulus fibrosus and nucleus pulposus within their
normal anatomic borders.

The cartilaginous end plates are very important for
proper nutrition of the disc (Humzah & Soames, 1988).
The end plates are very porous and allow fluid to enter
and leave the anulus fibrosus and nucleus pulposus by
osmotic action (Humzah & Soames, 1988). Very early in
postnatal life, small vascular channels enter the vertebral
side of the vertebral end plate and a few channels enter
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the outermost lamella of the anulus fibrosus. These
channels disappear with age and are almost completely
gone by the age of 30, leaving the IVD to obtain its nu-
trition by means of imbibition through the vertebral end
plate.

The nucleus pulposus may rupture through the verte-
bral end plate, causing a lesion known as Schmorl’s
node. These nodes cause the vertebrae surrounding the
lesion to move closer together. This movement is
thought to increase pressure on the posterior and ante-
rior joints between the vertebrae, increasing the degen-
erative process of the anterior interbody joint (the re-
mainder of the IVD). In addition, the disc thinning or
narrowing that results from these end plate herniations
causes more force to be borne by the Z joints and may
result in more rapid degeneration of these structures
as well.

The vertebral end plates begin to calcify and thin with
advancing years. This leaves them more brittle. The cen-
tral region of the end plate in some vertebrae of certain
individuals may be completely lost in the later years of
life.

Innervation of the Intervertebral Discs

The outer third of the anulus fibrosus of the IVDs has
been found to receive both sensory and vasomotor in-
nervation (Bogduk, Tynan, & Wilson, 1981). The sensory
fibers are probably both nociceptive (pain sensitive) and
proprioceptive in nature, and the vasomotor fibers are
associated with the small vessels located along the su-
perficial aspect of the anulus fibrosus. The posterior as-
pect of the disc receives its innervation from the recur-
rent meningeal nerve (sinuvertebral nerve). The pos-
terolateral aspect of the anulus receives both direct
branches from the anterior primary division and also
branches from the gray communicating rami of the sym-
pathetic chain. The lateral and anterior aspects of the
disc receive their innervation primarily from branches of
the gray communicating rami and also branches from
the sympathetic chain.

The fact that the disc has direct nociceptive innerva-
tion is clinically relevant. The IVD itself is most likely
able to generate pain. Therefore disorders affecting the
IVDs alone (e.g., internal disc disruption, tears of the
outer third of the anulus fibrosus, and possibly even
marked disc degeneration) can be the sole cause of back
pain. The disc can also generate pain by compressing
(entraping) an exiting dorsal root. As mentioned previ-
ously, leakage of nerve irritating (histamine-like) mole-
cules from disrupted IVDs also has been found to be a
cause of irritation to the exiting dorsal root. These latter
conditions cause a sharp, stabbing pain that radiates
along a dermatomal pattern. This type of pain is known
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as radicular pain because it results from irritation of
a nerve root (radix). Chapter 11 covers the differentia-
tion of radicular pain from somatic referred pain. The
unique characteristics of the innervation to the IVDs of
the specific spinal regions are covered in Chapters 5
through 7.

RELATIONSHIP OF THE SPINAL NERVES TO
THE INTERVERTEBRAL DISC

The first seven spinal nerves exit through the interverte-
bral foramen (IVF) located above the vertebra of the
same number (example, C5 nerve exits the C4-C5 IVF).
This relationship changes at the eighth cervical nerve.
Because there are eight cervical spinal nerves and only
seven cervical vertebrae, the eighth cervical nerve exits
the IVF between C7 and T1 (i.e., inferior to C7). All
spinal nerves located below the C8 cervical nerve exit
inferior to the vertebra of the same number (i.e., the T5
nerve exits below T5, through the T5-TG IVF). Figure
3-6 shows this relationship.

The previous information is of clinical importance.
Because of the relationships just discussed, a disc herni-
ation occurring at the level of the C3-C4 disc usually af-
fects the exiting C4 nerve. However, a disc protrusion of
the T3-T4 IVD normally affects the T3 spinal nerve. The
anatcmic relationships of a disc protrusion in the lumbar
spine are unique. As expected the exiting spinal nerve
passes through the IVF located below the vertebra of the
same number (L3 nerve through the L3-L4 IVF).
However, the spinal cord ends at the L1-L2 disc (see
Chapter 3), and below this the lumbar and sacral roots
descend inferiorly, forming the cauda equina. To exit an
IVF, the sharply descending nerve roots must make a
rather dramatic turn laterally, and as each nerve root ex-
its, it “hugs” the pedicle of the most superior vertebra of
the IVF (Fig. 2-13). Because they leave at such an angle,
the nerve roots are kept out of the way of the IVD at the
same level. Even though they are positioned away from
the disc at their level of exit, they do pass across the IVD
above their level of exit. This is approximately where
they enter the dural root sleeve, and this is also where
the nerve roots may be compressed by disc protrusions.
The other nerve roots of the cauda equina are not as vul-
nerable at this location because only the nerve begin-
ning to exit the vertebral canal has entered its dural root
sleeve. Once in the sleeve, the exiting nerve roots are
contained and more or less held in place as they descend
to exit the IVF. This more firmly positions the exiting
roots against the disc above the level of exit (Fig. 2-13).
The other nerve roots of the cauda equina, within the
subarachnoid space of the lumbar cistern, “float” away
from a protruding disc. The result is that a lumbar disc
protrusion normally affects the nerve roots exiting the

subjacent IVF (for example, a L3 disc protrusion affects
the L4 nerve roots).

SYNDESMOSES OF THE SPINE

In addition to the Z joints and the interbody symphysis,
the spine also contains a number of joints classified as
syndesmoses. Recall that a syndesmosis is a joint con-
sisting of two bones connected by a ligament. The spine
is unique in that it has several examples of such joints.
The spinal syndesmoses include the following:
¢ Axial-occipital syndesmosis (between odontoid and
clivus, ligaments include cruciform, apical-odon-
toid, and alar)
¢ Ligamentum nuchae (syndesmosis between occiput
and C1-C7)
¢ Laminar syndesmosis (ligamentum flavum)
¢ Intertransverse syndesmosis (intertransverse liga-
ment)

@ Supraspinous syndesmosis (supraspinous ligament)
¢ Interspinous syndesmosis (interspinous ligament)
These joints are innervated by the posterior primary di-
vision (dorsal ramus) exiting between the two vertebrae
connected by the ligaments. Afferent nerves running
with sympathetic nerves also innervate these joints. The
ligaments forming these joints are discussed in Chapters

S through 7.

VERTEBRAL CANAL

The chapter has thus far been devoted to a discussion
of the relatively solid elements of the spine (e.g., bones,
ligaments, and joints). The remainder of the chapter is
devoted to the “holes” (Latin = foramen, singular;
Sforamina, plural) of the spine, what runs through them,
and the clinical significance of these openings.

A vertebral foramen (Fig. 2-3) is the opening within a
vertebra through which the spinal cord or cauda equina
runs. The vertebral foramen can be best defined by list-
ing its boundaries. The boundaries of a typical vertebral
foramen include the following:

¢ Vertebral body

¢ Left and right pedicles

¢ Left and right laminae

@ Spinous process

The boundaries of a vertebral foramen are shown in
Fig. 2-3. Two congenital anomalies can affect the verte-
bral foramen. The first is failure of the posterior ele-
ments of a vertebra to fuse during development. This is
known as spina bifida (see Chapter 12). Another con-
genital anomaly of the vertebral foramen is the develop-
ment of a fibrous or bony bridge between the vertebral
body and the spinous process. Such a bridge may divide
the spinal cord midsagitally at that level. This condition,
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known as diastematomyelia, may go unnoticed through-
out life or may become symptomatic later in life or fol-
lowing trauma.

The collection of all of the vertebral foramina is
known as the vertebral (spinal) canal. Therefore the
IVDs and the posteriorly located ligamenta flava (liga-
mentum flavurn, singular) also participate in the forma-
tion of the vertebral canal. The ligamenta flava are dis-
cussed in detail in Chapter 5.

The vertebral canal is fairly large in the upper cervical
region but narrows from C3 to C6. In fact the spinal cord
fills 75% of the vertebral canal at the C6 level. Therefore
the lower cervical cord is particularly vulnerable to a
wide variety of pathologic entities that can compromise
the cord within the vertebral canal. These include IVD
protrusion, hypertrophy of the ligamentum flavum,
space-occupying lesions, and arteriovenous malforma-
tions.

The vertebral canal follows the normal contour of the
curves of the spine. It is relatively large and triangular in
the cervical (see Fig. 5-1) and lumbar regions (see Fig. 7-
1), where there is a great deal of spinal movement. The
vertebral canal in the thoracic region is smaller and al-
most circular in configuration (see Fig. 6-1). This may be

Relationship of exiting nerve roots to the intervertebral discs. Notice the L4 nerve
roots are vulnerable to a protrusion of the L3 disc.

due to the fact that the thoracic spine undergoes less
movement than the other regions of the spine. Also, the
vertebral canal in the thoracic region does not need to
be as large as in the cervical region. This is because the
thoracic spinal cord is narrower than the cervical cord,
which contains the cervical enlargement.

The size of the vertebral canal has been assessed by
several investigators, most of whom were interested in
the condition of spinal (vertebral) canal stenosis. This
condition is defined as a narrowing of either the antero-
posterior or the transverse diameter of the vertebral
canal. Some investigators have shown a change in verte-
bral dimensions and canal size with normal aging
(Leiviska, 1985). However, spinal canal stenosis seems to
have a strong developmental component and may be
due, in part, to prenatal ancl perinatal growth disruption
(Clarke et al., 1985). Vertebral canal growth is approxi-
mately 90% complete by late infancy. Since canal diame-
ters do not undergo “catch-up growth” (Clarke et al,
1985) factors affecting canal size must occur before in-
fancy. A significant relationship has been found between
a decrease in anteroposterior vertebral foramen size and
spinal cord constriction. As little as 2 mm in anteropos-
terior diameter separates persons with or without low



back pain, and Clarke and colleagues (1985) suggest that
as many as 53% of low back pain patients may have an-
teroposterior spinal stenosis. Clarke and colleagues
(1985) believe that spinal stenosis and sciatica may have
a developmental basis and that perhaps there is a higher
association between canal size and low back pain than
was previously realized (Clarke et al, 1985). They be-
lieve that attention to prenatal and neonatal nutrition
may play an important role in preventing back pain from
this origin. In addition, they state that maternal smoking
and other environmental factors have been shown to sig-
nificantly reduce head circumference. They hypothesize
that the same phenomenon may occur with the verte-
bral canal (Clarke et al., 1985). If this is shown to be the
case, reduction in maternal smoking may prevent future
back pain in the offspring. The effect of smoking on
back pain in adults is still a subject of much debate, and
many prominent surgeons strongly suggest that a, person
stop smoking before undergoing a surgical procedure on
the spine (Herkowitz et al., 1992).

External Vertebral Venous Plexus

Before investigating the contents of the vertebral canal it
is necessary to discuss a plexus of veins that surrounds
the outside of the vertebrae and the vertebral canal. This
network of veins surrounding the external aspect of the
vertebral column is known as the external vertebral ve-
nous plexus. The external vertebral venous plexus is as-
sociated with both the posterior and anterior elements
of the vertebral column and can be divided into an an-
terior external vertebral venous plexus surrounding
the vertebral bodies and a posterior external vertebral
venous plexus associated with the neural arches of
adjacent vertebrae. These plexuses communicate with
segmental veins throughout the spine (deep cervical
veins, intercostal veins, lumbar veins, and ascending
lumbar veins) and also with the internal vertebral venous
plexus, which lies within the vertebral canal. The exter-
nal and internal vertebral plexuses communicate
through the IVFs and also directly through the vertebral
bodies. The veins, which run through the IVFs to con-
nect the two plexuses, surround the exiting spinal nerve
and form a vascular cuff around the nerve (Humzah &
Soames, 1988).

Epidural Space

The region immediately beneath the bony and ligamen-
tous elements forming the vertebral canal is known as
the epidural space (see dura mater in Fig. 2-13). The
epidural space is sometimes entered at the L3-L4 inter-
spinous space for the purpose of administering anes-
thetics. The depth to the epidural space at this level is
4.77 + 0.55 cm in males and 4.25 + 0.55 cm in females.
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The range of depthis 3.0 to 7.0 cm (1.2 to 2.8 inches),
and there is a positive correlation between both body
weight and body height with the depth to the epidural
space (Chen et al., 1989).

The epidural space contains a venous plexus embed-
ded in a thin layer of adipose tissue. The adipose tissue
is known as the epidural adipose tissue, or epidural fat,
and the venous plexus is known as the internal vertebral
venous plexus.

Internal Vertebral Venous Plexus

The internal vertebral venous plexus is located beneath
the bony elements of the vertebral foramina (laminae,
spinous processes, pedicles, and vertebral body). As pre-
viously mentioned, it is embedded in a layer of loose are-
olar tissue known as the epidural (extradural) adipose
tissue. The internal vertebral venous plexus is a clinically
important plexus, and perhaps for this reason it has been
given many names. It is known as the internal vertebral
venous plexus, the epidural venous plexus, the ex-
tradural venous plexus, and also as Batson’s channels.

The internal vertebral venous plexus consists of many
interconnected longitudinal channels. Several run along
the posterior aspect of the vertebral canal, and several
run along the anterior aspect of the canal. The anterior
channels drain the vertebral bodies via large basiverte-
bral veins. The basivertebral veins pierce the center of
each vertebral body and communicate posteriorly with
the internal plexus and anteriorly with the external ver-
tebral venous plexus. The posterior communication of
the basivertebral veins with the anterior internal verte-
bral venous plexus occurs by means of small veins that
run from the basivertebral veins and around the poste-
rior longitudinal ligament to reach the anterior internal
vertebral venous plexus.

The veins of the internal vertebral venous plexus con-
tain no valves; therefore the direction of drainage is pos-
ture and respiration dependent. Inferiorly this plexus is
continuous with the prostatic venous plexus of the
male, and superiorly (in both sexes), it is continuous
with the occipital dura mater venous sinus of the poste-
rior cranial fossa. Therefore prostatic carcinoma may
metastasize via this route to all regions of the spine and
to the meninges and the brain.

The walls of the veins of the internal vertebral venous
plexus are very thin and may collapse from the pressure
of an IVD protrusion. This fact has been used in a pro-
cedure known as epidural venography (Fig. 2-14) to aid
in the diagnosis of IVD disease. In epidural venography,
radiopaque dye is injected into the epidural veins and x-
ray films are taken. This allows the veins filled with dye
to be visualized (Jayson, 1980). Pressure from a disc pro-
trusion prevents the veins from flling and is seen as an
area devoid of dye on the x-ray film.
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Spinal epidural hematoma is a condition in which
bleeding occurs into the space surrounding the dura
mater. It is usually the result of a ruptured epidural vein
and is rather rare, with only 250 cases reported in the lit-
erature. Of these approximately 50% are spontaneous
and of unknown cause. The causes of the remainder of
the cases include trauma, anticoagulant therapy, and ar-
teriovenous malformation. Spinal epidural hematoma
may simulate IVD protrusion but can usually be identi-
fied through MRI (Mirkovic & Melany, 1992). Treatment
is usually removal of pressure (decompression) by the
removal of a lamina (laminectomy), although several
cases with spontaneous recovery have been reported
(Sei et al., 1991).

Meningeal and Neural Elements Within the
Vertebral Canal

The meningeal and neural clements of the vertebral
canal are thoroughly discussed in Chapter 3. This section
focuses on the neural elements that enter and leave the
vertebral canal.

Beneath the epidural venous plexus and epidural adi-
pose tissue lie the meninges, which surround the spinal
cord (Fig. 2-15). These layers of tissue are known as the
dura mater, arachnoid mater, and pia mater.

The spinal cord lies under the arachnoid and pia mater
(Fig. 2-15). Beneath the transparent pia mater, dorsal and
ventral rootlets can be seen attaching to the spinal cord.
These rootlets divide the spinal cord into spinal cord seg-
ments (see Chapter 3). A spinal cord segment is the re-
gion of the spinal cord delineated by those exiting dor-
sal and ventral rootlets that eventually unite to form a
single mixed spinal nerve. Spinal cord segments can be
easily identified on a gross specimen of the spinal
cord(see Figure 3-8, C). The rootlets combine to form
dorsal roots (from dorsal rootlets) and ventral roots
(from ventral rootlets). The dorsal and ventral roots then
unite to form a mixed spinal nerve. The rootlets are “ex-
ceedingly delicate and vulnerable and when implicated
in fibrous adhesions from whatever cause, undergo irre-
versible changes” (Domisse & Louw, 1990).

Formation of the Mixed Spinal Nerve and
Anterior and Posterior Primary Divisions. The dor-
sal and ventral roots unite within the IVF to form the
mixed spinal nerve (Fig. 2-16; also see Chapter 3). As the
mixed spinal nerve exits the IVF, it divides into two
parts: a posterior primary division (dorsal ramus) and an
anterior primary division (ventral ramus) (Fig. 2-15). The
posterior primary division further divides into a medial
branch, which supplies the Z joints and transver-
sospinalis group of deep back muscles, and a lateral
branch, which supplies the sacrospinalis group of deep

FIG. 2-14  Epidural venogram. Radiopaque dye was injected
into the epidural venous plexus, x-ray films were raken, and ex-
traneous tissue was removed using digital subtraction tech-
niques. Asterisks, An intervertebral disc protrusion; notice that
the dye has not filled the veins in this region (Courtesy of Park,
from Jayson M. [1980] The lummber spine and back pain 2nd
ed.] Baltimore: Urban & Schwarzenberg and Pitman.)

back muscles (see Chapter 4). The anterior primary
division may unite with other anterior primary divisions
to form one of the plexuses of the body. Anterior pri-
mary divisions also innervate the body wall; the inter-
costal nerves serve as a prime example of this function.
The plexuses of the anterior primary divisions and the
specific innervation of spinal structures by th¢ posterior
primary divisions are discussed in the chapters covering
the specific regions of the spine (see Chapters 5 through
8). The plexuses are discussed in the chapter dealing
with the spinal region from which they arise.

Arterial Supply to the Spine

The external aspect of the vertebral column receives its
arterial supply from branches of deep arteries “in the
neighborhood.” The cervical region is supplied by the
left and right deep cervical arteries (from the costocer-
vical trunks) and also the right and left ascending cervi-
cal arteries (from the right and left inferior thyroid ar-
teries). The thoracic region of the spine is supplied by
posterior intercostal arteries, and the lumbar region is
supplied by lumbar segmental arteries.
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FIG. 2-15 The vertebral canal with the posterier vertebral
arches removed. Notice the dura mater, arachnoid, and neural

clements within the canal.

The internal aspect of the vertebral canal receives its
arterial supply from segmental arteries that send spinal
branches into the IVFs. The segmental arteries are
branches of the vertebral artery in the cervical region,
the intercostal arteries in the thoracic region, and the
lumbar arteries in the lumbar region.

On entering the IVF, each spinal branch of a segmen-
tal artery further divides into three branches. One
branch courses posteriorly to supply the posterior arch
structures of the neighboring vertebrae. Another branch
courses anteriorly to supply the posterior longitudinal
ligament, the posterior aspect of the vertebral body, and
the surrounding tissues. The third branch of each seg-
mental artery, known as the neural branch, runs to the
mixed spinal nerve. Unique characteristics of the blood
supply to each region of the spine are discussed in fur-
ther detail in the chapters on specific regions of the
spine (Chapters 5 through 8). The spinal cord, the vas-
culature of the cord, and its meningeal coverings are dis-
cussed in detail in Chapter 3.

I TERVERTEBRAL FORAMEN

The second major opening, or foramen, of the spine is
the intervertebral foramen. The IVF is an area of great
biomechanical, functional, and clinical significance
(Williams et al., 1989). Much of its importance stems
from the fact that the IVF provides an osteoligamentous
boundary between the central nervous system and the
peripheral nervous system. This foramen is unlike any
other in the body in that the spinal nerve and vessels
running through it are passing through an opening
formed by two movable bones (vertebrae) and two
joints (anterior interbody joint and the Z joint) (Amonoo-
Kuofi et al., 1988). Because of this the JVFs change size
during movement. They become larger in spinal flexion
and smaller in extension (Amonoo-Kuofi et al., 1988;
Awalt et al., 1989; Mayoux-Benhamou et al.,, 1989).
Compression of the exiting spinal nerves or other fo-
raminal contents has been reported to be an impor-
tant cause of back pain and pain radiating into the
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extremities (Amonoo-Kuofi et al., 1988). Hasue et al.
(1983) found evidence that osseous tissue can constrict
neurovascular tissue in the nerve root tunnel (IVF).
Therefore knowledge of the specific anatomy of this
clinically important area is important in the differential
diagnosis of back and extremity pain and can help with
the proper management of individuals with compromise
of this region.

A pair (left and right) of IVFs are located between all
of the adjacent vertebrae from C2 to the sacrum. The
sacrum also has a series of paired dorsal and ventral
foramina (Chapter 8). There are no IVFs between C1 and
C2. Where present, the IVFs lie posterior to the vertebral
bodies and between the superior and inferior vertebral
notches of adjacent vertebrae. Therefore the pedicles of
adjacent vertebrae form the roof and floor of this region.
The width of the pedicles in the horizontal plane gives
depth to these openings, actually making them neural’
canals (Czervionke et al., 1988) rather than foramina,
but the name intervertebral foramina remains.

Six structures form the boundaries of the IVF (Fig. 2-
16, A and B). Beginning from the most superior border
(roof) and continuing anteriorly in a circular fashion, the
boundaries include the following:

# The pedicle of the vertebra above (more specifi-

cally, its periosteum)

¢ The vertebral body of the vertebra above (again, its
periosteum)

@ The IVD (posterolateral aspect of the anulus fibro-
sus)

@ The vertebral body of the vertebra below, and in
the cervical region, the uncinate process (perios-
teum)

¢ The pedicle of the vertebra below forms the floor
of the IVF (periosteum). A small part of the sacral
base (between the superior articular process and
the body of the S1 segment) forms the floor of the
L.5-S1 IVF.

¢The Z joint forms the “posterior wall.” Recall that
the Z joint is made up of (a) the inferior articular
process (and facet) of the vertebra above, (b) the
superior articular process (and facet) of the verte-
bra below, and (¢) the anterior articular capsule,
which is composed of the ligamentum flavum
(Giles, 1992; Xu et al,, 1991).

The IVFs are smallest in the cervical region, and
generally there is a gradual increase in IVF dimen-
sions to the L4 vertebra. The left and right IVFs between
LS and S1 are unique in size and shape (see the follow-
ing discussion). The unique characteristics of the cervi-
cal, thoracic, and lumbar IVFs are covered in the chap-
ters on regional anatomy of the spine (Chapters 5
through 7).

As mentioned previously the IVFs are actually canals.
These canals vary in width from approximately 5 mm

(Hewitt, 1970) in the cervical region to 18 mm
(Pfaundler, 1989) at the L5-S1 level.

Many structures traverse the IVF (Fig. 2-16). They in-
clude the following;

¢ The mixed spinal nerve (union of dorsal and ven-

tral roots)

¢ The dural root sleeve

¢ Lymphatic channel(s)

¢ The spinal branch of a segmental artery. This artery

divides into three branches: one to the posterior as-
pect of the vertebral body, one to the posterior
arch, and one to the mixed spinal nerve (neural
branch)

¢ Communicating (intervertebral) veins between the

internal and external vertebral venous plexuses

¢ Two to four recurrent meningeal (sinuvertebral)

nerves
Adipose tissue surrounds all of the listed structures.

The dorsal and ventral roots unite to form the mixed
spinal nerve in the region of the IVF, and the mixed
spinal nerve is surrounded by the dural root sleeve.
The dural root sleeve is attached to the borders of
the IVF by a series of fibrous bands. The dural root
sleeve becomes continuous with the epineurium of the
mixed spinal nerve at the lateral border of the IVF
(Fig. 2-16). The arachnoid blends with the perineurium
proximal to the dorsal root ganglion and atan equivalent
region of the ventral root (Hewitt, 1970). Occasionally
the arachnoid extends more distally, and in such cases
the subarachnoid space extends to the lateral third of
the IVF.

Each recurrent meningeal nerve (sinuvertebral nerve
of Von Luschka) originates from the most proximal por-
tion of the ventral ramus. 1t receives a branch from the
nearest gray communicating ramus of the sympathetic
chain before traversing the [VF. This nerve provides sen-
sory innervation (including nociception) to the posterior
aspect of the anulus fibrosus, the posterior longitudinal
ligament, anterior epidural veins, periosteum of the pos-
terior aspect of the vertebral bodies, and the anterior as-
pect of the spinal dura mater. Usually several recurrent
meningeal nerves enter the same [VF. These nerves are
discussed in more detail in Chapters 5 and 11.

Since the beginning of the twentieth century, the
IVF has been a region that has received much attention
from those engaged in the treatment of the spine. The ef-
fects of spinal adjusting on the nerve roots and spinal
nerves is an area of acute interest and much debate.
Lumbar IVFs have received much scrutiny because of
their extreme clinical importance in lumbar [VD protru-
sion and lumbar intervertebral foraminal (canal) steno-
sis. In the words of Lancourt, Glenn, & Wiltse (1979),
“The importance of the nerve root entrapment in the
nerve root canals cannot be overemphasized.” The ar-
teries, veins, lymphatics, and particularly the neural
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FIG, 2-16 Lumbar intervertebral foramen. In addition to the
structures labeled, notice the intervertebral veins (blue), the
spinal branch (ramus) of a lumbar segmental artery (red), and
a lymphatic channel (green). C, Horizontal section through the
intervertebral foramen. Notice the recurrent meningeal nerve

elements may be adversely affected by pathologic con-
ditions of one or more of the following structures
(Williams et al., 1989):
e Fibrocartilage of the anulus fibrosus
@ Nucleus pulposus (especially in earlier decades)
@ Red bone marrow of the vertebral bodies
¢ Compact bone of the pedicles
¢ Z joints
Capsules
Synovial membranes
Articular cartilage

Posterior primary
ivision

originates from the most proximal portion of the anterior pri-
mary division and receives a branch from the gray communi-
cating ramus. It then passes medially to enter the intervertebral
foramen.

Fibroadipose meniscoids
Fat pads
Connective tissue rim (fibrous labra)

@ Costocorporeal joints (in the thoracic region)

Even though there have been a few well-documented
studies of the IVF, very little is known about the normal
size of this region in the living. For the first time the
imaging modalities of CT and MRI allow for accurate
evaluation of the IVF in the living. Previous studies have
shown both methods to be reliable in measuring the I'VF
in the sagittal plane (Cramer et al., 19922a).
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Fig. 2-17 shows three parameters measured from MRI
scans of the lumbar IVFs of normal human subjects.
Table 2-3 shows the average values obtained from the
left lumbar IVFs of 37 subjects (17 females and 20
males), and Table 2-4 gives the same values for the right
side. Figs. 2-18 and 2-19 show the values displayed
graphically. Notice that the values are very much the
same from left to right. In fact the relationship between
left and right IVFs at the same level is statistically signifi-
cant (Cramer ct al,, 1992b). The greatest superior to in-
ferior dimension of the 1VF is at L2. IVF dimension then
diminishes until L5, where it is the smallest. The antero-
posterior dimensions are smaller than the vertical di-
mensions and remain quite constant throughout the lum-
bar region, with the more superior of the two antero-
posterior measurements shown in Fig. 2-17 being larger.
Therefore the IVFs from L1 to L4 are similar in shape.
They are shaped like an inverted pear. The 1.5 IVF is dis-
tinct in shape. It is more oval than the others, with the
superior to inferior dimension being greater than the an-
teroposterior dimension.

The databases, such as those shown in the previously
mentioned tables, and figures are compiled to benefit
biomechanic and clinical researchers. The normative
data may be used as a source of comparison when study-
ing the IVF in healthy and diseased states. Perhaps more
importantly these databases may aid clinicians in deter-
mining the relative patency of the lumbar IVFs in their
patients with suspected intervertebral foraminal stenosis
(narrowing). Such stenosis can occur as the result of disc
degeneration (Crock, 1976), ligamentum tlavum hyper-
trophy, or 7. joint arthrosis (increased bone formation
because of increased weight bearing or torsional stress).
Of further interest to clinicians is the fact that the di-
mensions of the IVF have been found to be significantly
related to anteroposterior vertebral canal cdiameters.
However, transverse diameters of the vertebral canals
and vertebral body heights do not correlate with IVF di-
mensions (Clarke et al.,, 1985). Clarke and colleagues
(1985) suggest that spinal stenosis and sciatica may both
have a developmental basis, and perhaps a higher asso-
ciation exists between canal size and low back pain than
was previously realized (Clarke et al., 1985). They spec-
ulate that prenatal and neonatal growth disruption may
be a primary cause of abnormally small vertebral canal
and JVF size. This is certainly an important arca for fu-
ture investigation.

Accessory Ligaments of the Intervertebral
Foramen

In 1969 Golub and Siverman first used the term trctns-
Soraminal ligament (TFL) when describing a ligamen-
tous band that crosses the IVF at any level of the spine.
These ligaments vary considerably in size, shape, and
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vertebral foramina. These measurements were made on the
parasagittal MRI scans of 37 individuals to generate the data
used to create Table 2-3 and 2-4. The measurcinents of this fig-
ure read “0.00" because the scale was sct to zero before this
photograph was taken. This was donce to avoid a distracting
overlap of numbers on the screen. Normally each measure-
ment would be made separately and the intervertebral foramen
would be cleared of lines following each measurement.

Three measurements made of the lumbar inter-

Table 2-3 Dimensions of Left Lumbar 1VEs*

- Superior to

IVF inferior dimension SAP IAP

LL1 1950 (1 75) 905 (1.25) 7.96 (1.45)
LI.2 21.12 (1.51) 10.09 (1.80) 7.83 (1.58)
LL3 20.53 (1.75) 10.78 (2.70) 8.07 (1.79)
LL4 19 30 (1.89) 10.47 (1.99) 7.4% (1.82)
LLS 16.40 (2 20) 10.93 (1.92) 9302 1D

(From Cramer ctal. [1992b]. Proc 1992 Internatl Conf Spin Manif-
wlation, 1, 3-5.) SAP, Supcrior, anteroposterior measurement taken at
the level of the Z joint. AP, Inferior, anteroposterior measurenient
taken at the level of the inferior vertebral end plate.

*The average size of the left LI-LS IVFs tor three measurcd parameters
(Fig. 2-17). Values given in millimeters with standard deviations in
parentheses. Values caleulated from 37 human subjects: 17 females
and 20 males.

location from one IVF to another. The authors found that
the spinal arteries and veins ran above this structure and
the anterior primary division ran underneath it. Fig. 2-20
shows a TFL at the L5-S1 level of a cadaveric spine.



Dimensions of Right Lumbar IVFs*

Table 2-4

Superior to

IVF inferior dimension SAP IAP
RLI — 9.28 (1.51) 8.18 (1.51)
RIL2 21.44 (2.1 10.30 (1.94) 8.08 (1.73)
RL3 20.70 (1.75) 10.75 (1.92) 8.23 (1.56)
RL4 1907 (201) 10.73 (2 06) 7.79 (1.86)
9.98 (1.67) 8.24 (1.87)

RLS 16.72 (2.01)

(From Cramer et al. [1992b]. Proc 1992 Internatl Conf Spin Manip-
wation, 1, 3-5.) SAP, Superior, anteroposterior measurement taken at
the level of the Z joint. 4P, Inferior, anteroposterior measurement
taken at the level of the inferior vertebral end plate.

“Theaverage size of the right L1-L5 1VFs for three measured parameters
(Fig. 2-17). Values given in millimeters with standard deviations in
parcntheses. Values calculated from 37 human subjects: 17 females
and 20 males.

Fig. 2-21 shows two MRIs of the same cadaveric spine.
The TFL is shown on the MRI of Fig. 2-21, B.

Bachop and Janse (1983) reported that the higher the
ligament is placed, the less space remains for the spinal
vessels, which could conceivably lead to ischemia or ve-
nous congestion. They also postulated that lower place-
ment of the ligament would increase the possibility of
sensory and motor deficits.

Bachop and Hilgendorf (1981) studied 15 spines and
from these dissected the lumbar IVFs (a total of 150
[VFs). From these dissections they found the following:

@ 26 (17.3%) of IVFs had TFLs

® 13 (50%) of TFLs were at L5-S1

@ 11 (73.3%) of the 15 spines had 1 or 2 TFLs at

LS-S1

® 2 (13.3%) of the 15 spines had TFLs at L5-S1 on

both the left and right sides

The term corporotransverse ligament is used when
referring to a TFL that runs between the vertebral body
and the transverse process at the L5-S1 junction (Bachop
and Janse, 1983). Bachop and Hilgendorf (1981) found
that the corporotransverse ligaments were of two
basic types: broad and flat, and rodlike. The rodlike
ligaments were usually tougher (firmer) than the flat
type. Golub and Silverman (1969) reported that the rod-
like ligaments could calcify and be seen on x-ray film.
Bachop and Ro (1984) found the gray sympathetic ramus
running through the opening above the corporotrans-
verse ligament.

Bachop and Janse (1983) felt that the corporotrans-
verse ligament could have a constricting effect on the
anterior primary division (ventral ramus). That is, in pa-
tients with sciatica, as the leg is raised, the anterior pri-
mary division could be stretched across the ligament,
possibly mimicking the thigh and leg pain of a disc pro-
trusion.

Breig and Troup (1979) and Rydevik and colleagues
(1984) have reported on increased sensitivity of in-
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FIG. 2-18  Dimensions of the left lumbar intervertebal foram-

ina of 37 normal human subjects. Notice the two anteroposte-
rior measurements (SAP and IAP) remain almost the same
throughout the lumbar region. The superior to inferior dimen-
sion (§-) is the greatest at L2 and then becomes progressively
smaller.
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FIG. 2-19 Dimensions of the right lumbar intervertebral

foramina IVFs of the same 37 subjects studied in Fig. 2-18.
Notice that the values are similar to those of the left interver-
tebral foramina charted in Fig. 2-18.

flamed nerve roots. Factors such as facet arthrosis, cisc
protrusion, and ligamentum flavum hypertrophy could
conceivably increase intraforaminal pressure. The pres-
ence of a corporotransverse ligament could further in-
crease this pressure and possibly cause a subclinical
problem to become clinical. Other ligaments that might
impinge on nerves and blood vessels have been de-
scribed by Bogduk (1981) and Nathan, Weizenbluth, &
Halperin (1982).

Amonoo-Kuofi has recently discussed accessory liga-
ments of the IVF (1988). He found them consistently
throughout the lumbar region and mapped out the rela-
tionship of the spinal nerve, segmental veins and arter-
ies, and the recurrent meningeal nerve through the

I openings between the ligaments. He concluded that the
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FIG. 2-20  Lateral view of a cadaveric lumbar spine. The red pins pass beneath a corporo-

transverse ligament that spans the left L5-S1 intervertebral foramen. Notice the anterior pri-
mary division (ventral ramus) passing beneath this ligament (between the red pins).

accessory ligaments tend to hold the previously men-
tioned structures in their proper place.

Nowicki and Haughton (1992a) also recently studied
these structures. Their findings differed somewhat from
Amonoo-Kuofi’'s in that the total number of ligaments
found at each IVF was fewer and the various types of lig-
aments were found with less frequency. However,
Nowicki and Haughton (1992a) did find certain liga-
ments with great frequency, and they were able to iden-
tify several of them on MRI scans (Nowicki & Haughton,
1992b). Bakkum and Mestan (1994) found that of 49
lower thoracic and lumbar IVFs examined on four ca-
daveric spines, 71.4% had TFLs present in the lateral as-
pect (exit zone) of the IVF. They also found that when
TFLs were present, the superior to inferior dimension of
the compartment transmitting the anterior primary divi-
sion of the spinal nerve was significantly decreased as
compared with the osseous IVF (the mean decrease in
size was 31.5%). Bakkum and Meastan concluded that

there is often less space at the exit zone of the IVF for
the emerging anterior primary division than is tradition-
ally thought. Further they felt that the decreased space
may, at times, contribute to the incidence of neurologic
symptoms in the region, especially following trauma or
secondary to degenerative arthritic changes in the re-
gion of the IVF.

ADVANCED DIAGNOSTIC IMAGING

One of the most important clinical applications of the
anatomy of the spine and spinal cord is in the field of ad-
vanced diagnostic imaging. The imaging modalities of
CT and MRI frequently allow for extremely clear visual-
ization of the normal and pathologic anatomy of spinal
structures. Examples of these images are included in fu-
ture chapters to demonstrate various anatomic struc-
tures and also to show how some of the structures dis-
cussed in the text appear on these images. A general
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Parasagittal MRI scans of the same cadaveric spine shown in Fig. 2-20. A, The an-

terior primary division (ventral ramus). B, Corporotransverse ligament.

understanding of the advantages and disadvantages of
the most commonly used advanced imaging techniques
helps the reader gain more information from these
images. Therefore the first purpose of this section,
which is written for those who do not come in contact
with these films on a daily basis, is to review the gen-
eral application and uses of advanced diagnostic imag-
ing procedures. The second purpose is to discuss
which atomic structures and spinal disorders can best
be imaged with a specific type of modality. Areas of
relevant research also are discussed when the results af-
fect currently used imaging procedures. The final pur-
pose is to provide a review of the literature for the stu-
dent, clinician, and researcher whose major field is not
related to diagnostic imaging. Because most of the prin-
ciples discussed in this section are applicable to all
spinal regions, diagnostic imaging included in this chap-
ter is related to general characteristics of the spine rather
than to specific spinal regions, which are discussed later
in the text.

Since the advanced imaging modalities most com-
monly used are MRI and CT, the majority of this review
deals with these two imaging modalities. Other meth-
ods, including myelography, discography, angiography,
ultrasonography, three-dimensional computed tomogra-
phy, radionuclide imaging, and digital imaging, also are
discussed.

Magnetic Resonance Imaging

MRI is the newest of the advanced imaging techniques
and has rapidly gained worldwide acceptance as a very
important component of spinal imaging. MRI shows soft
tissue especially well. MRI represents a quantum leap in
the evaluation of patients with disc disease (Woodruff,
1988), has been found to be more sensitive than con-
trast-enhanced CT in demonstrating disc degeneration
(Schnebel et al,, 1989), and is currently the imaging
modality of choice in the evaluation of lumbar disc her-
niation (Forristall, Marsh, & Pay, 1988; Jackson et al.,
1989). MRI can also detect disruption of the posterior
longitudinal ligament secondary to herniated nucleus
pulposus. MRI allows for visualization of the discs, cere-
brospinal fluid, cord, and the perimeter of the spinal
canal in several planes without the use of intravenous
contrast and is therefore currently the method of choice
for detecting disorders of the spinal canal and spinal
cord (Woodruff, 1988). Spinal cord tumors, sy-
ringomyelia, extramedullary tumors (e.g., menin-
giomas), metastatic disease to the vertebrae, and dys-
raphism (spina bifida) are all evaluated exceptionally
well with this technology (Alexander, 1988; Woodruff,
1988). MRI has also been found to be effective in the
evaluation of failed back surgery syndrome by differenti-
ating fibrotic scar formation secondary to spinal surgery
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from disc herniation (Frocrain et al., 1989; Kricun et al.,
1990) and is becoming the most important modality for
all imaging of the postoperative spine (Djukic et al.,
1990). Discitis can also be evaluated with MRI
(Woodruff, 1988). MRI and conventional films are con-
sidered adequate for the preneurosurgical evaluation of
cervical radiculopathy and myelopathy, with CT myel-
ography being the follow-up procedure of choice
(Brown et al., 1988).

MRI is a rapiclly developing field, and the many tech-
nical advances should continue to improve its clinical
utility. One such advance is the ability to decrease cere-
brospinal fluid (CSF) flow artifact. This development re-
sults in better visualization of the spinal cord and the
cord—CSF interface. Other advances are related to an in-
creased variety of new imaging protocols used by radiol-
ogists. The imaging protocols of gradient-echo imaging
(GRASS, FLASH, FISP, MPGR) allow for greater contrast
between anatomic stractures while decreasing scan
time. Such gradient-echo techniques are the procedures
of choice in patients with suspected cervical radicu-
lopathy (Kricun et al., 1990), giving information of
greater or equal value to that obtained from myelogra-
phy or CT myelography (Hedberg, Dayer, & Flom,
1988).

Two of the primary properties of MR images are re-
lated to the various responses of different tissues to the
radiofrequency applied during the MRI evaluation.
These two characteristics are known as Tl and T2.
Various MRI protocols can highlight either of these char-
acteristics and thereby selectively enhance different tis-
sues. Tl-weighted images are particularly useful in the
evaluation of the spinal cord and the bone marrow of
vertebrae (Kricun et al., 1990; Woodruff, 1988). The
discs, osteophytes, and ligaments are also well demon-
strated on these images (Woodruff, 1988). Generally
speaking, Tl-weighted images are more valuable than
T2-weighted images in the evaluation of most spinal
disorders (Moffit et al., 1988).

As a result of the increased acquisition time of the sec-
ond echo, the resolution of T2-weighted images is not as
good as that of T1-weighted images; however, these im-
ages are the most sensitive at showing decreased signal
intensity resulting from desiccation of the disc
(Woodruff, 1988). Because cerebrospinal fluid has a very
high signal on T2-weighted images, they also are valu-
able in evaluating the amount of narrowing of the sub-
arachnoid space in cases of spinal stenosis.

The contrast medium of gadolinium (Gd-DTPA) is be-
ing used in conjunction with MRI and has been found to
be safe and effective in increasing the contrast of certain
pathologic conditions. Differentiation of scar formation
(epidural fibrosis) from disc herniation in failed back
surgery syndrome (recurrent postoperative sciatica) is
improved with the use of Gd-DTPA (Hueftle et al., 1988).
Gd-DTPA may also be useful in depicting disc hernia-

tions surrounded by scar tissue and free disc fragments.
Gd-DTPA is also useful in the evaluation of patients with
intradural tumors, but it is less useful in evaluating tu-
mors external to the dura mater.

Ongoing research in MRI technology (Woodruff,
1988) includes developments in the hardware of the
MRI unit, such as coil configurations. These changes al-
low large areas of the spine to be viewed at once, which
is particularly useful in the evaluation of metastatic dis-
ease and syringomyelia. Other advances include three-di-
mensional reconstruction of spinal images with a video
display that will allow images to be rotated 360° for
viewing. Work is also being done with morphometry of
the spine by means of MRI (Byrd et al., 1990; Cramer et
al.,, 1992b). Morphometry means the measurement of an
organism or its parts. The digital images available from
MRI (and CT) scans may be used to accurately quantify
certain anatomic structures of the spine. This is the first
time many such measurements will be able to be made
in the living. Such measurements may allow for an in-
creased ability to study the structures influenced by a va-
riety of therapeutic procedures.

Computed Tomography

Conventional computed tomography (CT) remains very
effective in the evaluation of many conditions. It is es-
pecially valuable when accurate depiction of osseous tis-
sues is important. Pathologic conditions including spinal
stenosis, tumors of bone, congenital anomalies, degen-
erative changes, trauma, spondylolysis, and spondylolis-
thesis can all be accurately evaluated by CT (Wang,
Wesolowski, & Farah, 1988). Images reformatted to the
sagittal and/or coronal plane may help with the evalua-
tion of complicated bone anatomy. Arachnoiditis ossifi-
cans, a rare ossification of the arachnoid mater as a con-
sequence of trauma, hemorrhage, previous myelogram,
or spinal anesthesia, can be better visualized on CT than
MRI (Wang et al., 1988). Criteria for the diagnosis of in-
traspinal hemangiomas by means of CT have also been
established (Salamon & Freilich, 1988). Although lumbar
disc disease can be adequately evaluated by means of
CT, "beam hardening” artifacts lead to inadequate evalu-
ation of disc disease in the thoracic and, to a lesser ex-
tent, the lower cervical canal (Woodruff, 1988).

CT is especially valuable in the evaluation of lumbar
spinal stenosis. Artifacts sometimes make the evaluation
of cervical and thoracic spinal stenosis difficult (Wang
et al, 1988). The evaluation of facet joint disease
and calcification of the ligamentum flavum is currently
more efficient with CT than with MRI (Wang et al.,
1988).

CT is also quite effective in the evaluation of osseous
changes subsequent to spinal trauma. CT is particularly
good at identifying the presence of bony fragments in
the spinal canal following posterior arch fracture (Wang



et al, 1988). Therefore CT is considered to be the imag-
ing method of choice in the evaluation of spine trauma,
but it should be reserved for use in those patients with
neurologic deficits and those whose plain radiographs
are suggestive of, or demonstrate, spinal abnormality
(Foster, 1988).

Intrathecal contrast-enhanced CT (CT myelography)
results in a more complete depiction of the spinal canal,
the IVD relative to the spinal canal, and the perimeter of
the spinal cord (Woodruff, 1988). Contrastenhanced CT
and MRI are comparable in their abilities to demonstrate
spinal stenosis (Schnebel et al., 1989). CT and MRI have
a complementary role in the evaluation of such disorders
as canal stenosis, congenital disorders, facet disorders,
and acute spinal injury (Tracy, Wright, & Hanigan, 1989;
Wang et al., 1988). Extraforaminal (far lateral and ante-
rior) disc herniations can also be readily identified on
both CT and MRI if scans include L2 through S1, and if
the IVF and paravertebral spaces are closely examined
(Osborn et al., 1988).

Other Imaging Modalities

. Myelography is the injection of ra-
diopaque dye into the subarachnoid space of the lumbar
cistern followed Dby spinal X-ray examinations.
Myvelography for the evaluation of lumbar disc hernia-
tion is rapidly being replaced by CT and MRI. However,
it may be useful when the level of the lesion is clinically
unclear or when the entire lumbar region and thora-
columbar junction are to be examined (Fagerlund &
Thelander, 1989).

Discography is the injection of ra-
diopaque dye into the IVD. This technique is useful as an
adjunct in the evaluation of symptomatic disorders of
the disc. Discography in conjunction with CT
(CT/discography) allows for delineation and classifica-
tion of anular disc disruption not possible with plain
discography (discography used in conjunction with con-
ventional radiographs) and, in some cases, identifies
such disruption when not seen on T2-weighted MR im-
ages. Discography may be particularly useful in evaluat-
ing patients with suspected disc disorders (McFadden,
1988) when the patient’s pain is at a significant level of
intensity (stress discography).

i . Spinal angiography is the imaging of
the vasculature after the injection of a radiopaque con-
trast medium. This technique is used to evaluate the ar-
terial supply of spinal tumors (e.g., aneurysmal bone
cyst) to assist the surgeon in operative planning (Wang
et al., 1988).

Ultrasonography (sonography) is
currently being used in the evaluation of posterior arch
defects in spina bifida (dysraphism), in the intraopera-
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tive and postoperative evaluation of the spinal cord, and
in the evaluation of the fetal and neonate spine (Wang et
al., 1988).

lomography.
Three-dimensional CT uses the digital data obtained
from conventional CT and reprocesses the information
to create a three-dimensional display that can be rotated
360° on a video console. Although clinical utility is cur-
rently limited, this technique may be useful as an adjunct
to conventional CT in the evaluation of complex spinal
fractures, spondylolisthesis, postoperative fusion, and in
some cases of spinal stenosis (Pate, Resnick, & Andre,

19806).

Single photon emission CT
(SPECT) uses tomographic slices obtained with a gamma
camera to evaluate radionuclide uptake. This modality
has been shown to be a useful adjunct to planar bone

| scintigraphy (bone scans) in the identification and local-

ization of spinal lesions, especially those responsible for
low back pain (Kricun et al., 1990). SPECT is also very ef-
fective in the evaluation of spondylolysis.

Digital imaging uses a conventional
x-ray film source and a very efficient detector to digitize
and immediately obtain images. This technique is cur-
rently being used in the follow-up evaluation of scoliosis
because of its relatively small radiation dose. However,
because of the lack of adequate spatial resolution,
conventional radiographs should be used at the initial
evaluation of scoliosis with osseous etiologic compo-
nents (e.g., congenital anomaly) (Kricun et al., 1990;
Kushner & Cleveland, 1988).
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The purpose of this chapter is to describe in detail the
gross anatomy of the external spinal cord, its coverings,
and its vasculature. To help the reader acquire a general
appreciation of the spinal cord as a complete entity, this
chapter also provides a cursory description of the organ-
ization and physiology of the spinal cord’s internal as-
pect. Subsequent chapters expand on the generalities
presented here. The spinal cord’s intimate relationship
to the vertebral column makes the spinal cord anatomy
extremely important to those who treat disorders of the
spine.

OVERVIEW OF SPINAL CORD
ORGANIZATION

The spinal cord, which is located in the vertebral
(spinal) canal, is a cylindric-shaped structure with a ta-
pered inferiorend. The cord is well protected by the ver-
tebrae and the ligaments associated with the vertebrae.
In addition to these bones and ligaments, cerebrospinal
fluid (CSF) and a group of membranes, collectively re-
ferred to as the meninges, also provide protection. It is
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important to realize that the cord does not lie immedi-
ately adjacent to the bone and ligaments but that fluid,
meninges, fat, and a venous plexus separate the bone
from the spinal cord (Fig. 3-1).

At the level of the skull’s foramen magnum, the spinal
cord becomes continuous with the medulla oblongata of
the brain stem (Fig. 3-2). Although in cross section it is
impossible to delineate the exact beginning of the cord
and the end of the brain stem at that particular [evel, the
beginning of the cord is easily distinguished by the de-
finitive presence of the skull and vertebrae. As men-
tioned in Chapter 12, a period during development oc-
curs when the spinal cord extends the length of the ver-
tebral column. However, while the vertebral column
continues to develop in length, the spinal cord lags be-
hind so that it occupies the upper two thirds of the ver-
tebral (spinal) canal. At birth the cord ends at approxi-
mately the level of the L3 vertebra. In adults, because of
continued greater growth of the vertebral column, the
spinal cord ends at the level of the disc between the L1
and L2 vertebrae. In some individuals, however, the
spinal cord may end as high as the T12 vertebra or as
low as the L3 vertebra. At the level of the caudal part of
the T12 vertebral body, the cord tapers down to a cone,
which is known as the conus medullaris (Fig. 3-3, B).
The overall length of the spinal cord is approximately
42 cm in an average-sized female and 45 cm in an
averaged-sized male. The spinal cord’s weight is approx-
imately 30 to 35 g. It is important to remember that in
most individuals the spinal cord does not extend inferior
to the L2 vertebra. Therefore a lesion such as a herniated
disc or trauma occurring below the 1.2 vertebra does not
directly affect the spinal cord.

Before discussing the external surface of the spinal
cord in detail, it is pertinent to describe the cord's
general function. The spinal cord and brain develop
from the same embryologic structure, the neural tube,
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and together they form the central nervous system
(CNS). The obvious difference is that one end of the
neural tube becomes encased in the skull, while the
remainder of the neural tube becomes encased in the
vertebral column. Size alone indicates that the higher
centers making up the brain process information more
thoroughly and complexly than the processing that
occurs in the spinal cord. For the CNS to respond to the
environment, it requires input from strructures periph-
eral to the CNS and, in turn, a means to send output to
structures called effectors. The sensory input begins in
peripheral receptors found throughout the entire body
in skin, muscles, tendons, joints, and viscera. These re-
ceptors send electrical currents (action potentials) to-
ward the spinal cord of the CNS via the nerves that make
up the peripheral nervous system (PNS). The sensory
receptors respond to general sensory information such
as pain, temperature, touch, or proprioception (aware-
ness of body position and movement). The PNS also
is used when the CNS sends output to the body’s effec-
tors, for example, smooth muscle, cardiac muscle, skele-
tal muscle, and glands. Thus the PNS is a means by
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Continued.

which the CNS communicates with its surrounding
environment.

By now it is apparent that the PNS consists of the
bodv’s nerves. Twelve pairs of these nerves are associ-
ated with the brain (10 of which are attached to the
brain stem) and innervate structures primarily in the
head. These nerves, called cranial nerves, also convey
special sense information such as hearing, vision, and
taste. In the context of this chapter, another group of pe-
ripheral nerves is more pertinent. These 31 pairs of
nerves attach to the spinal cord; communicate with
structures primarily located in the neck, trunk, and ex-
tremities; and are called the spinal nerves. In general,
once input reaches the spinal cord via the spinal nerves,
a reflex arc may be formed, and output is sent immedi-
ately back to the peripheral effectors. The spinal cord
may also send the input to higher brain centers for fur-
ther processing. The higher centers may then send in-
formation down to the spinal cord, which in turn relays
it out to the periphery, again via spinal nerves (Fig. 3-4).

One spinal nerve is formed by the merger of two roots
within the intervertebral foramen (IVF). One root, called
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the dorsal root, conveys the sensory information. The
cell bodies of these sensory fibers are located in the dor-
sal root ganglion. The cell bodies are not found in the
spinal cord because they developed from neural crest
(see Chapter 12). Each sensory neuron of the PNS is
pseudlounipolar because two processes diverge from
one common stem (Fig. 3-4). One of the processes is
called the peripheral process and is attached to a pe-
ripheral receptor. The other process is the central
process, which is in the dorsal root and enters the spinal
cord (CNS). The dorsal root contains fibers of various di-
ameters and conduction velocities that convey all types
of sensory information. Cutaneous fibers of the dorsal
root convey sensory information from a specific strip of
skin called a dermatome. As the dorsal root approaches
the spinal cord within the individual vertebral foramen,
it divides into approximately six to eight dorsal rootlets,
or filaments. These rootlets attach in a vertical row to
the cord’s dorsolateral sulcus. The other root, which
helps form a spinal nerve, is called the ventral root and
conveys motor information to the body’s effectors, that

is, all muscle tissue and glands. The cell bodies of these
axons are located in the spinal cord. The axons emerge
from the cord’s ventrolateral sulcus as ventral rootlets
and unite to form one ventral root. Within the IVF the
dorsal and ventral roots form the spinal nerve, which
subsequently divides into its two major components: the
dorsal and ventral rami (also known as the posterior
primary division and anterior primary division, respec-
tively).

From this description, it can be seen that nerves
formed distal to the formation of the spinal nerve (distal
to the IVF and including the rami) are mixed because
they contain fibers conveying sensory input and fibers
conveying motor output. However, proximal to the IVF,
sensory and motor information is segregated in the form
of separate dorsal and ventral roots. This segregation of
dorsal and ventral root fibers and therefore root function
was discussed and demonstrated by Bell and Magendie
in the early 1800s and later was referred to as the law of
separation of function of spinal roots (law of Bell and
Magendie) (Coggeshall, 1980).

EXTERNAL MORPHOLOGY

The external surface qf the spinal cord is not a smooth
surface but instead shows grooves of various depths
called sulci and fissures. (When discussing cord
anatomy, it is important to understand that the terms
dorsal and ventral can be used interchangeably with
posterior and anterior, respectively.) The spinal cord’s
dorsal surface includes a midline dorsal median sulcus,
right and left dorsal intermediate sulci (located from the
midthoracic cord region superiorly), and right and left
dorsolateral sulci. The cord’s ventral surface includes a
midline ventral median fissure (approximately 3 mm
deep) and right and left ventrolateral sulci. When in-
specting the cord’s external surface, the dorsal and ven-
tral rootlets are readily apparent, and the outward at-
tachment of the paired dorsal rootlets and paired ventral
rootlets to the cord defines one spinal cord segment
(Fig. 3-5).

One pair of spinal nerves is therefore associated with
one cord segment, and since 31 pairs of spinal nerves ex-
ist, there are also 31 spinal cord segments. These cord
segments are numbered similar to numbering the spinal
nerves: 8 cervical, 12 thoracic, 5 lumbar, 5 sacral, and 1
coccygeal cord segment. (Note that the first seven cervi-
cal nerves exit the [VF above their corresponding verte-
bra, and the remaining nerves exit below their corre-
sponding vertebra. This allows for one more cervical
spinal nerve than cervical vertebrae.) Therefore the coc-
cygeal segmeant is found at the very tip of the conus
medullaris, which, as mentioned previously, is usually at
the level of the L1-L2 disc. This means that cord seg-
ments are not necessarily located at the same level as
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their corresponding vertebrae (Fig. 3-6). Since cord
length may vary among individuals, the relationship be-
tween cord segments and vertebral levels is always an
approximation.

Cervical cord segments and cervical vertebrae gen-
erally correspond closely to one another, but the
remaining segments do not. The segment’'s length
changes such that the L1 through coccygeal cord seg-
ments are housed by vertebrae T9 through L1. This
anatomic relationship of cord segment to vertebra is
important to remember for clinical reasons. For exam-
ple, a patient with a fractured L1 vertebra does not ex-
perience the same lower extremity signs and symptoms
as a patient with a fractured T10 vertebra, since a T10
fracture injures upper lumbar segments and an L1 frac-
ture injures the lower sacral and coccygeal segments.
Although the spinal cord ends at the L1-L2 disc, each
root that corresponds to a cord segment forms a spinal
nerve and exits at its corresponding IVF. This includes
the IVFs below the L2 vertebra. Therefore the
roots/rootlets of the more inferior cord segments need
to be longer and descend to their respective IVFs at a

C7 vertebral Spmql
body cord

Sagittal MR image of the brain stem and ceyvical spinal cord.

more oblique angle than the roots/rootlets of cervical
segments, which are shorter and almost at right angles to
the spinal cord. The lumbosacral

the longest and most oblique. The collection of these
elongated lumbosacral roots making their way inferiorly
to their corresponding IVF is called the cauda equina
(Fig. 3-6; see also Fig. 3-8, B) because of its resemblance
to a horse’s tail.

In addition to the sulci and fissures, another anatom-
ic characteristic seen on gross inspection of the spinal
cord is the presence of two enlarged areas. One area is
the cervical enlargement seen in cord segments C4 to
T1. These cord segments are responsible for the input
from and output to the upper extremities. The other
cord enlargement is the lumbar enlargement, which is
visible from segments L1 to S3. These segments are re-
sponsible for the input from .ud output to the lower ex-
tremities. Since many more structures must be inner-
vated in the extremities than in the trunk, it is necessary
to have more neuron cell bodies in the cord, and thus
these two regions are enlarged (Fig. 3-7; see also Figs. 3-
3, A, and 3-5).
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MENINGES

Surrounding and providing protection and support to
the spinal cord is a group of three membranes that are
collectively called the meninges. The meninges sur-
rounding the spinal cord are a continuation of the
meninges surrounding the brain and consist of the
dura mater, arachnoid mater, and pia mater (Figs. 3-8
and 3-9).

The dura mater, or pachymeninx, of the cord is the
outermost membrane and is very tough. It is a continua-
tion of the inner or meningeal layer of dura mater sur-
rounding the brain and attaches to the edge of the fora-
men magnum, to the posterior aspect of the C2-3 verte-
bral bodies, and to the posterior longitudinal ligaments
(Williams et al., 1989) by slips of tissue called Hofmann’s
ligaments (Spencer, Irwin, & Miller, 1983). The recur-
rent meningeal nerve (or sinuvertebral nerve of Von
Luschka), which is formed outside the IVF and reenters
the vertebral canal, provides a significant innervation to
the anterior aspect of the spinal dura mater. Although a
few nerves sparsely innervate the posterolateral dura
mater, the posteromedial region appears to have no in-
nervation, which may explain why a patient feels no
pain when the dura mater is pierced during a lumbar
puncture (Groen, Baljet, & Drukker, 1988). The spinal
dura mater is separated from the vertebrae by the
epidural space, which contains epidural fat, loose con-
nective tissue, and an extensive epidural venous plexus
(see Chapter 2).

Under the dura mater is a potential space called the
subdural space. However, Haines (1991) has docu-
mented that in the cranium, this space is either artifac-
tual or the result of some pathologic condition (e.g.,
subdural hematoma), and that underneath the cranial
meningeal dura is a layer of dural border cells. The sig-
nificance of the presence of dural border cells in the
spinal meninges is unclear.

The middle layer of the meninges is the arachnoid
mater. This is a nonvascular, thin, delicate, and loosely
arranged membrane (Fig. 3-8, 4). Both the dura and the
arachnoid extend to the level of the S2 vertebra, well be-
low the end of the spinal cord (conus medullaris). Also,
both the dura and the arachnoid invest the roots, similar
to a coat sleeve, as the roots travel distally toward the
IVF, where they form their spinal nerve (Fig. 3-9). At that
point the dura blends in with the epineurial connective
tissue surrounding the newly formed spinal nerve. The
arachnoid also merges with the connective tissue ele-
ments of the mixed spinal nerve, possibly the peri-
neurium (Hewitt, 1970).

Under the arachnoid is the subarachnoid space (Fig. 3-
9). This space is filled with CSF. Thus the cord, as with
the brain, is supported and protected by floating in a
fluid medium. The CSF is secreted by the choroid
plexus, which is located in the ventricles within the
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FIG. 3-3 Dorsal view of the spinal cord within the vertebral
canal. The dura mater has been reflected laterally with pins.
A, Spinal cord in its entirety.

brain. The choroid plexus, through various cellular
transport mechanisms, ensures the chemical stability of
CSF components. This in turn provides a constant, stable
environment for the CNS.

The CSF flows in one direction within the ventricles
located in the brain. At a level just rostral to the foramen
magnum, most CSF leaves the most caudal (fourth)
ventricle and enters the subarachnoid space surround-
ing the brain and the spinal cord. In addition, a very
small amount of CSF remains within the cord’s central
canal. The subarachnoid space also contains large ar-
teries that vascularize the cord. The pulsation of these
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arteries, the pressure of the CSF, and spinal movements
cause the CSF surrounding the cord to flow superiorly
and into the subarachnoid space surrounding the brain.
Because of a pressure gradient, the CSF flows from the
subarachnoid space through arachnoid granulations and
into the venous sinuses of the cranial dura mater.
However, at the level of the cord, some CSF is absorbed
into the local venous system (Williams et al., 1989).
Since the CSF ultimately flows into the systemic circula-
tion, this one-way circulation becomes a means of re-
moving metabolites from the CNS. At various locations
throughout the CNS, the subarachnoid space may be-
come enlarged. The enlargements are called cisterns,
and the subarachnoid space below the conus medullaris
is such an enlargement, called the lumbar cistern (Fig. 3-
8, B). At this level the lumbar cistern contains not only
CSF, but also the cauda equina and filum terminale (see
the following discussion).

The innermost membrane of the meninges is called
the pia mater. This is a thin layer of connective tissue

that is subdivided into two parts: pia-glia, or pia intima,
and epi-pia. The deeper pia-glia portion is avascular and
intimately adheres to the cord, rootlets, and roots. The
epi-pia includes blood vessels and forms a fold located in
the ventral median fissure. Both layers surround the cord
and follow the roots into the IVF.

Phylogenetically and embryologically (Williams et al.,
1989), the pia and arachnoid of the CNS are closely re-
lated and called the leptomeninges. As they pull apart,
tiny strands called trabeculae remain and can still be
identified in the subarachnoid space. In the vertebral
subarachnoid space the trabeculae become concen-
trated and form septa.

Unlike the pia surrounding the brain, the pia mater of
the cord has two specializations that anchor the cord in
place. One of these is a bluish white structure called the
filum terminale. This slender filament of pia mater ex-
tends approximately 20 cm from the tip of the conus
medullaris within the lumbar cistern (filum terminale in-
ternum) to the dorsum of the coccyx, where it blends
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into the connective tissue (Fig. 3-8, B). Since it reaches
the dura and arachnoid at the S2 level on its way to the
dorsum of the coccyx, the filum terminale picks up two
additional layers (dura and arachnoid), and thus, from S2
to the coccyx, it is usually referred to as the coccygeal
ligament (filum terminale externum).

The other special component of pia mater is the den-
ticulate ligament. This is a serrated ribbon of epi-pia
(Carpenter, 1991) that attaches to the dura mater at ap-
proximately 22 points on each side along the cord’s
length. Because of its location, the denticulate ligament
forms a shelf within the vertebral canal between the dor-
sal and ventral roots (Figs. 3-8, C, and 3-9).

Since the spinal cord is usually not present below
the L2 vertebra, and since the area between lumbar
spinous processes is easily penetrated, a lumbar punc-
ture (spinal tap) may be performed in this area. A
long needle is inserted in the midline between the L3-4
or L4-5 vertebrae into the lumbar cistern, and 5 to 15 ml
of CSF is removed. Because the cauda equina is floating

in the CSF, the roots are usually avoided by the needle.
A lumbar puncture is not routinely done, but when in-
dicated, it is an important neurodiagnostic test.

The total volume of CSF ranges from 80 to 150 ml,
and CSF is produced sufficiently to replace itself four
to five times daily. CSF pressure ranges from 80 to 180
mm (water) and is measured on a patient lying in a
curled, lateral recumbent position. CSF is normally
clear, colorless, and slightly alkaline. It contains approx-
imately six white blood cells (WBCs), usually lympho-
cytes, per milliliter and no red blood cells (RBCs). As
with plasma, it includes sodium, potassium, magnesium,
and chloride ions. It also contains glucose and protein,
but the concentrations are substantially less than in
plasma.

Knowing these CSF characteristics, including volume,
becomes important because they may be altered as a re-
sult of a pathologic state. For example, the Monro-Kellie
doctrine states that brain tissue, blood, and CSF volumes
are constant, and that if one of these volumes increases,
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the other volumes must compensate because the bony
confines do not. If no compensatory readjustment oc-
curs, intracranial pressure (ICP) increases. An interfer-
ence in CSF circulation in the cranium by a space-occu-
pying lesion such as a tumor or hematoma can increase
CSF pressure. If an increase in ICP is suspected, a spinal
tap is contraindicated. Removal of CSF in such cases
could produce a vacuum and cause herniation of the
cerebellum into the foramen magnum, with serious con-
sequences, including death. Increased CSF pressure can
also cause swelling of the optic disc (papilledema) of the
retina. Since the retina can easily be observed by an oph-
thalmoscope, papilledema could contraindicate the per-
formance of a lumbar puncture.

In addition to pressure changes, the appearance, cell
content, levels of gamma globulins (antibodies), and pro-
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FIG. 3-6  Relationship of spinal cord segments and

spinal nerves to vertebrae.

tein and glucose concentrations in CSF may be altered in
patients with some pathologic conditions. For example,
in bacterial meningitis (inflammation of the leptomenin-
ges) the CSF is cloudy, pressure is increased, WBC count
is elevated, protein concentration is increased, and glu-
cose concentration is decreased (Daube et al., 1986).
The CSF in a patient with a subarachnoid hemorrhage
appears cloudy, and RBCs are present. Therefore the al-
terations of certain characteristics of the CSF become
useful in diagnosing certain pathologic conditions.

In addition to removing CSF for analysis, agents can
be injected into the region for diagnostic imaging and
anesthetic purposes. In pneumoencephalography, some
CSF is replaced with air via the lumbar cistern. The air
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travels superiorly and fills the ventricles. This allows
the outline of the ventricles and the subarachnoid space
to be seen on an x-ray film. In myelography, a ra-
diopaque iodinated contrast medium is injected to out-
line the spinal cord and roots. Anesthetics may oc-
casionally be injected into the subarachnoid space
(spinal anesthesia) for abdominal or pelvic surgery.
However, the anesthetic must be contained in that
region. If it is not contained, it may travel superiorly
and anesthetize the neurons of the phrenic nerve to
the diaphragm (Moore, 1980). Most often, anesthetics
are carefully injected into the epidural space to re-
lieve the pain of childbirth while not anesthetizing the
uterus.

INTERNAL ORGANIZATION OF THE SPINAL
CORD

Having discussed the external morphology of the spinal
cord and its coverings, the cord’s internal morphology is
now described to provide the reader with an under-
standing of spinal cord anatomy in its entirety. Chapter
9 provides a detailed description of the internal aspect of
the spinal cord and its functions.

The overall internal organization of the spinal cord is
readily seen in a transverse or horizontal cross section.
This shows the spinal cord as being clearly divided into
a butterfly-shaped or H-shaped central area of gray mat-
ter and a peripheral area of white myelinated axons.

Gray Matter

Each half of the H-shaped gray matter consists of a dorsal
horn, a ventral hom, and an intermediate area between
the horns (Fig. 3-10). In thoracic segments the interme-
diate zone includes a lateral horn. The crossbar of the H-
shaped gray matter uniting the two laterally placed
halves is composed of the dorsal and ventral commis-
sures. These commissures surround the cord’s central
canal. This canal is the remnant of the lumen of the
embryologic neural tube. It is lined by ependymal cells,
and although it is continuous with the CSF-filled ventri-
cles of the brain, the central canal is often flled in with
cellular elements and debris, especially in the areas cau-
dal to cervical and upper thoracic segments (Carpenter,
1991; deGroot & Chusid, 1988; Williams et al., 1989).

The cord’s dense gray area consists of neurons, pri-
marily cell bodies; neuroglia; and capillaries. Micro-
scopically, this region appears to be a tangle of neuron
processes and their synapses and neuroglial processes,
all of which form the neuropil. This network forms the
cord’s amazingly complex circuitry. The neurons of the
gray matter consist of four general types: motor, tract,
interneuron, and propriospinal. The larger motor and
tract neurons which have long axons, are sometimes re-
ferred to as Golgi type I cells. Interneurons and pro-
priospinal neurons, which have shorter axons, may be
referred to as Golgi type II cells (Carpenter, 1991;
Williams et al., 1989).

Axons of motor neuron cell bodies leave the spinal
cord, enter the ventral root, and ultimately innervate the
body’s effector tissues, that is, skeletal muscle, smooth
muscle, cardiac muscle, and glands. Skeletal muscle is in-
nervated by alpha and gamma motor neurons. Smooth
muscle, cardiac muscle, and glands are innervated by
autonomic motor fibers. Motor neuron cell bodies are
located in either the ventral horn or the intermediate
gray area and receive input from higher centers, incom-
ing sensory afferent fibers, propriospinal neurons, and
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interneurons. It is believed that each of the large alpha
motor neurons that innervate skeletal muscle may have
20,000 to 50,000 synapses on its surface (Barr &
Kiernan, 1993; Davidoff & Hackman, 1991).

Axons of tract neurons in the gray matter emerge from
the gray matter and ascend in the white matter to higher
centers. These axons help to form the ascending tracts
of the cord’s white matter. The cell bodies of these neu-
rons are located in the dorsal horn and in the intermedi-
ate gray area.

The third type of neuron is the interneuron. Inter-
neurons make up the vast majority of the neuronal pop-

Dorsal view of the spinal cord showing the meninges. A, Cervical and thoracic re-

Continued.

ulation in all parts of the gray matter. They conduct the
important “business” of the CNS by forming complex
connections. Although various types of interneurons ex-
ist, their processes are all relatively short, usually staying
within the limits of one cord segment. The interneurons
receive input from each other, from incoming sensory
afferents, from propriospinal neurons, and from de-
scending fibers from higher centers. In turn, some in-
terneurons disseminate this input to the motor neurons.
For example, some interneurons play a crucial role in
motor control by their actions in motor reflexes involv-
ing peripheral proprioceptive input from neuromuscular
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spindles and Golgi tendon organs (see Chapter 9).
Another type of “motor” interneuron called a Renshaw
cell provides a negative feedback mechanism to adjacent
motor neurons. This intricate circuitry may be necessary
for synchronizing events such as the force, rate, timing,
and coordination of contraction of muscle antagonists,
synergists, and agonists that must occur in the complex
motor activities performed by humans. In addition,
other interneurons located in the dorsal horn are in-
volved in the circuitry that modifies and edits pain input
conveyed into the dorsal horn by afferent fibers (see
Chapter 9).

The fourth type of neuron located in the gray matter
is the propriospinal neuron. This neuron’s axon leaves
the gray matter, enters the white matter immediately ad-
jacent to the gray, and ascends or descends to synapse
on neurons in the gray matter of other cord segments.

C, Cervical cord segments.
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Some propriospinal neurons are short, whereas others
are long enough to travel the cord’s entire length. These
neurons allow communication to occur among cord seg-
ments.

As mentioned, in cross section the gray matter re-
sembles a butterfly-shaped or H-shaped area. Each half
is subdivided into a dorsal horn, an intermediate area
that in cerrain segments includes a lateral horn, and
a ventral horn (Fig. 3-10). The dorsal horn functions
as a receiving area for both descending information
from higher centers and sensory afferents from the
dorsal roots. The cell bodies of the sensory afferents
are located in the dorsal root ganglia. The sensory af-
ferents bring information from receptors in the skin
(exteroceptors); muscles, tendons, and joints (proprio-
ceptors); and the viscera (interoceptors). These afferent
fibers synapse on interneurons, propriospinal neurons,
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tract neurons, or motor neurons, depending on
the type of information carried and the resulting ac-
tion needed.

The intermediate region, which is actually the central
core of each half of the gray matter, receives proprio-
ceptive input from sensory afferents and descending in-
put from higher centers, thus becoming an area where
interaction of sensory and descending input can occur.
The intermediate area also includes the cell bodies of
neurons innervating smooth muscle, cardiac muscle, and
glands. These cell bodies are located in cord segments
T1 to L2-3 and make up the lateral horn.

The ventral horn of the gray matter includes interneu-
rons, propriospinal neurons, terminal endings of de-
scending tracts, and the axons of proprioceptors that are
involved with monosynaptic stretch reflexes. More im-
portantly, the cell bodies of motor neurons from which
axons leave via the ventral roots to skeletal muscle (i.e.,
alpha and gamma motor neurons) are located here. In
fact, these neurons are often called anterior horn cells.

As is the case throughout the nervous system, neurons
communicate and form circuits with each other within
the gray matter of the spinal cord by means of chemical
substances. These chemical substances, which include
neurotransmitters, are released at the synapse (i.e., the
junction between two neurons). They are released from
the terminal of one presynaptic neuron, cross the synap-

tic cleft, and bind to receptors on the postsynaptic neu-
ron. By using techniques such as autoradiography and
immunohistochemistry, chemical neuroanatomy is pro-
viding much new information concerning the neural cir-
cuitry of the spinal cord. Through labeling techniques,
neurotransmitters have been localized in cell bodies in
the gray matter and in axon terminals of neurons, in-
cluding descending fibers and primary afferent fibers.
Examples of neurotransmitters that have been found in
the dorsal horn are enkephalins, somatostatin, substance
P, cholecystokinin, dynorphin, gamma-aminobutyric
acid (GABA), glycine, glutamate, and calcitonin gene-
related peptide (CGRP). The intermediate gray matter
and ventral horn include neurotransmitters such as
cholecystokinin, enkephalins, serotonin, vasoactive in-
testinal polypeptide (VIP), glycine, and CGRP. These
chemicals bind to specific receptors, some of which
have also been located through labeling techniques.
Examples of receptors located in various regions of the
gray matter include opiate receptors, muscarinic cholin-
ergic receptors, and receptors for GABA, CGRP, and
thyrotropin-releasing hormone (Schoenen, 1991; Willis
& Coggeshall, 1991).

The previous information has provided a cursory
description of the three major regions of the spinal
cord gray matter. In addition to the types of neurons
composing gray matter, each half is also described
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microscopically by its longitudinal laminar cytoarchitec-
tural pattern. These longitudinal laminae contain nuclei.
By definition, a nucleus is an aggregation of neuron cell
bodics found within the CNS. The neurons of each nu-
cleus are similar morphologically, anc the axons have a
common termination and function. Each nucleus may
consist of interneuron, tract neuron, or Motor neuron
cell bodies. Numerous nuclei have been identified in the
gray matter. Some are located in all cord segments,
whereas others are limited to specific cord segments.
The laminar cytoarchitectural organization consists of
10 layers and was proposed by Rexed (1952) based on
his studies of feline gray matter. This has since been ac-
cepted as standard in humans as well. Rexed’s gray mat-
ter laminae proceed sequentially from dorsal to ventral
(Fig. 3-10). Lamina I is the tip of the dorsal horn, and lam-
ina IX is in the ventral horn. Lamina X corresponds to
the dorsal and ventral gray commissures surrounding the
central canal. Since the gray matter is divided into lami-
nae, the aggregates of neurons forming nuclei are found
in specific laminae. Therefore, it is important to learn
what Jaminae house which nuclei. Chapter 9 provides a
more detailed description of the laminae and nuclei.

White Matter

A cross section of the cord demonstrates that peripheral
to the gray matter of the cord is a well-defined area of
white matter (see Fig. 3-10). White matter includes
myelinated axons, neuroglia, and blood vessels. The
white matter is divided into three major areas called
columns or funiculi. The dorsal funiculus or column is
located between the dorsal horns, the lateral funiculus
or column between each dorsal and ventral horn, and
the ventral funiculus or column between the ventral
horns (Fig. 3-10). The white area connecting the two
halves of the cord consists of the dorsal and ventral
white commissures. The ventral commissural area in-
cludes clinically important decussating axons of pain
and temperature tract neurons. The neuron cell bodies
of the axons that course in the funiculi are found in var-
ious locations. The cell bodies of axons that ascend in
the spinal cord are located in the cord’s gray matter or in
the dorsal root ganglia. The cell bodies of axons that de-
scend in the spinal cord to synapse in the gray matter are
located in the brain.

The long ascending and descending axons are not ran-
domly mixed together but are organized into bundles



called tracts or fasciculi. The axons of each tract or fas-
ciculus convey similar information to a common desti-
nation. For example, axons that are conveying impulses
for pain and temperature are¢ found in an anterolateral
position in the cord. Although the tracts are well orga-
nized, they still overlap somewhat, and boundaries are
often arbitrary:.

Regional Characteristics

Although the characteristics of gray and white matter
are generally the same in all cord segments, some iden-
tifying features are seen in cross section that distinguish
the cervical, thoracic, lumbar, and sacral regions of the
spinal cord (Fig. 3-11). For example, differences exist in
the appearance and amount of white matter because of
the presence and absence of certain tracts at different
levels. Also, the gray matter changes its appearance
because of regional differences in the number of so-
matic motor neuron cell bodies (the axons of which
innervate skeletal muscles in the extremities) and
autonomic motor neuron cell bodies (the axons of
which innervate smooth muscle, cardiac muscle, and
glands).

Cervical cord segments are large and oval shaped. At
almost all levels, the transverse (side-to-side) diameter
is greater than the sagittal (dorsal-to-ventral) diameter.
The C1 transverse diameter is 12 mm and the C8 trans-
verse diameter 13 to 14 mm, whereas the sagittal diame-
ter at C8 is approximately 9 mm (Carpenter, 1991). The
transverse and sagittal diameters through the junction of
the C5-6 segments are 13.2 and 7 mm, respectively
(Elliott, 1945). Since all ascending and descending axons
to and from the brain must traverse the cervical region,
the amount of white matter is greater here than in other
regions. The ventral horn of gray matter found in the C4
to T1 segments is larger on its lateral aspect because of
the increased number of motor neuron cell bodies, the
axons of which innervate upper extremity skeletal mus-
cles (Fig. 3-11).

Thoracic segments are most easily distinguished by
their small amount of gray matter relative to white mat-
ter. Since the thoracic segments are not involved with in-
nervating the muscles of the extremities, the lateral en-
largement of the ventral horn is absent. Compared with
cervical segments, both the transverse and the sagittal di-
ameters of the thoracic spinal cord are smaller. A mea-
surement at the junction of the T6-7 segments reveals an
8 mm transverse and 6.5 mm sagittal diameter (Elliott,
1945). One distinguishing feature of the thoracic seg-
ments is the presence of a lateral horn. This horn is lo-
cated on the lateral aspect of the intermediate gray mat-
ter and is the residence of neuron cell bodies, the axons
of which innervate smooth muscle, cardiac muscle, and
glands. In addition, from midthoracic levels superiorly,
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FIG. 3-11  Cross sections of the spinal cord at cervical, tho-
racic, and lumbar levels showing regional characteristics of
gray and white matter.

the dorsal funiculus includes a dorsal intermediate sul-
cus (Fig. 3-11).

Lumbar segments are distinguished by their nearly
round appearance. Although they contain relatively less
white matter than cervical regions, the dorsal and ven-
tral horns are very large. The ventral horns of the lumbar
segments are involved with the innervation of lower ex-
tremity skeletal muscles, and the additional neuron cell
bodies for the motor axons are located laterally in those
ventral horns. The L3 transverse diameter is 12 mm and
the sagittal diameter 8.5 mm (Carpenter, 1991). The di-
ameters at the L5-S1 junction are 9.6 mm and 8 mm, re-
spectively (Elliott, 1945). Although the T12 and L1 cord
segments are indistinguishable, the large horns make
lumbar segments easy to identity compared with cervi-
cal and thoracic segments (Fig. 3-11).

Sacral segments are recognized by their predomi-
nance of gray matter and relatively small amount of
white matter. Interestingly, although cervical and lum-
bar segments have’large transverse and sagittal diame-
ters, the thoracic segments are the greatest in length
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(superior to inferior) and the sacral the shortest. The av-
erage superior-to-inferior dimensions of various cord seg-
ments are cervical, 13 mm; midthoracic, 26 mm; lumbar,
15 mm; and sacral, S mm (Schoenen, 1991).

Measurements of the transverse and sagittal diameters
of the cord are useful clinically. Fujiwara and colleagues
(1988) have shown on cadaveric cervical cord segments
that measurements of the transverse and sagittal diame-
ters and the compression ratio (sagittal diameter divided
by the transverse diameter) made on computed tomog-
raphy myelography (CTM) images are comparable to the
actual dimensions of the gross cord segments them-
selves. Measurements of the transverse area and com-
pression ratio also correlated with the severity of patho-
logic change in patients with cervical myelopathy.
Therefore, CTM may be useful clinically in evaluating
this type of pathologic condition.

ARTERIAL BLOOD SUPPLY OF THE SPINAL
CORD

Spinal Arteries

The spinal cord is vascularized by branches of the verte-
bral artery and branches of segmental vessels. The verte-
bral artery, a branch of the subclavian artery, courses su-
periorly through the foramina of the transverse
processes of the upper six cervical vertebrae to enter the
posterior cranial fossa via the foramen magnum. Within
the posterior fossa of the cranial cavity, one small ramus
from each of the vertebral arteries anastomose in
a Y-shaped configuration to form the anterior spinal
artery (Fig. 3-12). Usually this occurs within 2 cm from
their origin but may occur as far inferiorly as the CS cord
segment (Turnbull, Brieg, & Hassler, 1966). The anterior
spinal artery courses caudally in the ventral median fis-
sure of the medulla oblongata of the brain stem, which
it helps to supply, and continues inferiorly within the pia
mater at the level of the cord’s ventral median fissure.
This artery is usually straight, coursing inferiorly in the
midline, but may alter to one side as the anterior radicu-
lar arteries anastomose with it. The anterior spinal artery
is well defined in the cervical regions and largest in di-
ameter at approximately the level of the artery of
Adamkiewicz (about T9 to T12). In the thoracic region
the anterior spinal artery narrows just superior to the
level of the artery of Adamkiewicz and often is barely
evident (Gillilan, 1958; Schoenen, 1991).

Also branching from each vertebral artery, and less fre-
quently from the posterior inferior cerebellar artery, is
the posterior spinal artery (Fig. 3-12). Each posterior
spinal artery supplies the dorsolateral region of the cau-
dal medulla oblongata. As it continues on the spinal
cord, each artery forms two longitudinally irregular,
anastomotic channels that course inferiorly on both
sides of the dorsal rootlet attachment to the spinal cord.

The medial channel is larger than the lateral (Schoenen,
1991). The two anastomotic channels are intercon-
nected across the midline by numerous small vessels.
Small branches form a pial plexus on the cord’s posterior
aspect.

At the level of the conus medullaris, a loop is formed
as the anterior spinal artery anastomoses with the two
posterior spinal arteries (Lazorthes et al., 1971). At this
location the artery of the filum terminale branches off
and courses on the filum’s ventral surface (Djindjian et
al., 1988).

Although the spinal arteries originate in the cranial
cavity, segmental vessels, which help to supply blood to
the cord, originate outside the vertebral column. The
segmental arteries in the cervical region include
branches of the cervical part of the vertebral artery,
which vascularize most of the cervical cord, and
branches of ascending and deep cervical arteries. The
latter arteries originate from the subclavian artery’s thy-
rocervical and costocervical trunks, respectively.
Segmental branches that help to supply the rest of the
cord arise from intercostal and lumbar arteries, which
are branches of the aorta, and lateral sacral arteries,
which are branches of the internal iliac artery. These ves-
sels provide spinal branches that enter the vertebral
canal through the IVF; vascularize the meninges, liga-
ments, osseous structures, roots, and rootlets; and rein-
force the spinal arteries.

As each of the 31 pairs (Lazorthes et al., 1971) of
spinal branches of the segmental spinal arteries enters
its respective IVF, it divides into three branches.
Anterior and posterior branches vascularize the dura
mater, ligaments, and osseous tissue of the vertebral
canal. The third branch, called the neurospinal artery
(of Kadyi) (Schoenen, 1991), courses with the spinal
nerve and divides into anterior and posterior radicular
arteries. The radicular arteries course on the ventral
aspect of their corresponding root within the subarach-
noid space. Each of the roots is vascularized by small
branches (less than 0.2 mm diameter) of these radicular
arteries. A variable number of the large anterior and
posterior radicular arteries continue to the anterior
and posterior spinal arteries that they reinforce (Figs.
3-12 and 3-13). Usually the anterior radicular artery does
not reach the spinal artery at the same segmental level as
the posterior radicular artery (Gillilan, 1958; Turnbull et
al., 1966).

Anterior Radicular Arteries

Anterior radicular arteries (defined here as those that
reach the anterior spinal artery) vary in number from 5
to 10. Since the anterior spinal artery sufficiently sup-
plies the first two or three cervical segments, the ante-
rior radicular arteries of the vertebral, ascending, and
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deep cervical arteries in general vascularize the lower
cervical and upper thoracic segments, that is, the cervi-
cal enlargement (Lazorthes et al., 1971). Turnbull and
colleagues (1966) did microdissection and microangio-
graphic studies on the C3 to T1 cord segments of 43
cadavers. They discovered a range of one to six ante-
rior radicular arteries, which were found as often on
the left as on the right sides. Of the 43 spinal cords
studied, 13 had a total of only two anterior radicular

arteries, and another 13 had a total of four arteries
reinforcing the cord. However, 39 of 43 had at least
one anterior radicular artery at the C7 or C8 segment.
Anterior radicular arteries from the intercostal and
lumbar arteries are found primarily on the left side
(Carpenter, 1991; Turnbull, 1973), possibly because
the aorta is on the left. Although the thoracic cord seg-
ments are the longest, usually just one to four anterior
radicular arteries are present. As an anterior radicular
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artery approaches the ventral median fissure, it often
sends a branch into the pial plexus on the cord’s lateral
side. It then bifurcates, usually branching gently up and
sharply down before uniting with the anterior spinal
artery. If both right and left anterior radicular arteries
join the anterior spinal artery at the same level, the anas-
tomosis becomes diamond shaped (Turnbull et al.,
1966).

The largest anterior radicular artery was first specifi-
cally described in 1882 and named “the arteria radicu-
laris magna of Adamkiewicz.” Lazorthes called it the
artery of the lumbar enlargement because of its area of
distribution (Turnbull, 1973). Although most anterior
radicular arteries range from 0.2 to 0.8 mm in diameter,
this artery is 1.0 to 1.3 mm in diameter. It arises from a
posterior intercostal arterry on the left side 80% of the
time (Turnbull, 1973). The artery of Adamkiewicz
courses with a lower (T9 to T12) thoracic root 75% of
the time. However, it may be found with an L1 or L2 root
(10%) or even a midthoracic TS to T8 root (15%), in
which case a lower lumbar anterior radicular artery is
present. Before reaching the anterior spinal artery, the
artery of Adamkiewicz supplements the posterior spinal
artery by giving off a posterior branch. When it reaches
the anterior spinal artery, the artery of Adamkiewicz
divides into large descending and small ascending
branches (Lazorthes et al., 1971; Turnbull, 1973;

B, Note the spinal cord areas vascularized by the anterior
spinal artery and by the posterior spinal arteries.

Williams et al., 1989). It is possible for this artery to be
the sole supply to the lumbosacral cord (Schoenen,
1991) and to even be the supplier to the lower two
thirds (Williams et al., 1989) or one half of the cord
(deGroot & Chusid, 1988).

Posterior Radicular Arteries

Posterior radicular arteries (defined here as those that
reach the posterior spinal arteries) vary in number from
10 to 23 and outnumber the anterior radicular arteries.
They range in diameter from 0.2 to 0.5 mm (Turnbull,
1973), which is generally smaller than an average ante-
rior radicular artery. Turnbull and colleagues (1966)
showed that in the C3 to T1 segments of 43 cadavers,
the number of posterior radicular arteries ranged from
zero to eight. Only two or three posterior radicular ar-
teries were found in 75% of the cadavers, and of those,
most were found coursing with lower cervical roots. No
relationship seemed to exist between anterior and pos-
terior radicular arteries concerning their number and po-
sition. Although posterior radicular arteries often enter
on the left side, they are less prone to do so than the
anterior radicular arteries (Carpenter, 1991). However,
like the anterior radicular arteries, each one supplies
small branches to its neighboring root. Also, as it nears
the posterior spinal artery, which it reinforces, the



posterior radicular artery often gives a small branch to
the pial plexus on the cord’s lateral side.

Arterial Supply of the Internal Cord

Having discussed the location of the spinal arteries on
the external surface of the spinal cord, it is pertinent to
elaborate on the vascularization of the underlying ner-
vous tissue. The spinal cord tissue is vascularized by
branches of the anterior spinal artery, posterior spinal
anastomotic channels, and their interconnecting vessels.
The unpaired anterior spinal artery that lies in the ven-
tral median fissure periodically gives off a single branch,
which is called the central, or sulcal, branch (Fig. 3-13).
Compared with the distance between central branches
in the cervical cord, the distance is greater between
these branches in thoracic segments and is less between
branches in lumbar and sacral segments (Hassler, 1966).
The central branch comes off at right angles in the lum-
bar and sacral segments, but comes off at an acute supe-
rior or inferior angle in the cervical and thoracic cord
(Hassler, 1966; Turnbull, 1973). Its length is approxi-
mately 4.5 mm, and the central branch courses deep into
the fissure, alternately turning to the left or right.

In addition, the central branches are more nwnerous
and larger in the cervical and lumbar regions and less fre-
quent in the thoracic region (Barr & Kiernan, 1993;
Carpenter, 1991; Gillilan, 1958; Turnbull, 1973). In the
human cord these arteries number between 250 and 300
(Gillilan, 1958). The anterior spinal artery produces five
to eight central branches per centimeter in the cervical
region, two to six branches per centimeter in the tho-
racic region, and five to twelve branches per centimeter
in the lumbar and sacral regions (Turnbull, 1973). The
widest average diameter of the central branch is in the
lumbar region (0.23 mm), followed by cervical (0.21
mm), upper sacral (0.20 mm), and thoracic (0.14 mm).
As the branches of the central arteries vascularize the
cord, they extend superiorly and inferiorly and overlap
each other, particularly in the lumbar and sacral seg-
ments.

In addition to the vascularization of the cleep tissue, an
interconnecting plexus of arteriolar size vessels called
the pial peripheral plexus, or vasocorona is located in
the pia mater encircling the spinal cord. The dorsal and
ventral aspects of the pial plexus are formed from small
branches of the posterior and anterior spinal arteries, re-
spectively. The lateral aspects of the pial plexus are
formed by branches from both spinal arteries and occa-
sionally from small branches of the radicular arteries
(Barr & Kiernan, 1993; Carpenter, 1991; Gillilan, 1958;
Turnbull, 1973). The pial plexus vascularizes a band
of white matter on the periphery of the spinal cord.
Much overlap occurs between the distributions of the
central arteries and the peripheral plexus. When consid-
ering all branches, the anterior spinal artery vascularizes
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approximately the ventral two thirds of the cross-sec-
tional area of the spinal cord. This area includes the ven-
tral horn, lateral horn, central gray matter, base of the
dorsal horn, and ventral and lateral funiculi. The poste-
rior spinal artery vascularizes the dorsal horn and dorsal
funiculus (Fig. 3-13, B). In the C3 to T1 segments, the
top of the dorsal horn is particularly well vascularized
(Turnbull et al., 1966).

When studying the details of the arterial supply, it ap-
pears that at any given level of the spinal cord, a direct
relationship exists between the size of the anterior
spinal artery and raclicular artery and the amount of gray
matter, as seen in cross section (Gillilan, 1958). Since
gray matter has a higher metabolic rate than white mat-
ter (Gillilan, 1958), the capillaries are denser in gray mat-
ter, especially around the top of the dorsal horn and the
ventral horn cells, than in the white matter. However,
the dorsal and lateral white funiculi have a better capil-
lary supply than the ventral white funiculus (Turnbull,
1973).

The distribution of the anterior and posterior spinal ar-
teries to the cross-sectional area of the spinal cord is clin-
ically very important, and much research has been de-
voted to this topic. Any interruption of the vascular sup-
ply to the spinal cord can cause serious deficits. For
example, trauma typically causes hemorrhaging of these
arteries and subsequent ischemia ancl cell necrosis. Also,
an obstruction of any vessel involved with vascularizing
the spinal cord (aorta, segmental arteries and radicular
branches, spinal arteries, intrinsic vessels) or a decrease
in blood pressure may cause damage to the spinal cord.
For example, lumbar sympathectomy, aortic surgery or
injury, or a dissecting aneurysm of the aorta may inter-
rupt intercostal and lumbar arteries. This includes the
great radicular artery of Adamkiewicz, which supplies
the lumbar enlargement (Carpenter, 1991; Gillilan, 1958;
Moore, 1980; Morris & Phil, 1989; Turnbull, 1973).
Interruption of the artery of Adamkiewicz can have seri-
ous consequences and in some cases can even result in
paraplegia.

Since the spinal arteries are unable to supply the
spinal cord sufficiently, the radicular supply becomes
critical. In the upper thoracic segments, especially
around T4, reinforcing radicular arteries originating from
intercostal segmental arteries are not numerous, and
therefore this area is vulnerable. For example, if one
radicular artery isoccluded and another is insufficient, is-
chemia can develop.

Although less common, occlusion of the anterior
spinal artery directly may occur from thrombosis, an em-
bolus, herniated disc compression, tumors, and other
conditions. This results in an infarction of spinal cord tis-
sue (Gillilan, 1958; Morris & Phil, 1989; Turnbull, 1973).
Lesions affecting the anterior spinal arterial distribution
are more common than those affecting the posterior
spinal arterial region (Daube et al., 1986; Gillilan, 1958).
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Thus, most spinal infarcts cause greatest damage to the
areas that include cell bodies of motor neurons (ventral
horn), descending motor pathways (lateral white mat-
ter), and the ascending pain and temperature pathways
(ventrolateral white matter) (see Chapter 9). In these
cases the posterior spinal arterial distribution to the dor-
sal one third of the spinal cord, which includes the path-
way for vibration, position sense, and touch (dorsal
white funiculus), is left intact. Several cases in the late
1800s and early 1900s established that a lesion causing
insufficient vascularization to the area of distribution of
the anterior spinal artery could frequently be clearly di-
agnosed clinically (Gillilan, 1958). This lesion has subse-
quently been referred to as the anterior spinal artery
syndrome and presents with sudden bilateral loss of
pain and temperature sense and motor deficits below
the level of the lesion, with a preservation of vibratory
and position sense.

VENOUS DRAINAGE OF THE SPINAL CORD

The venous system found within the vertebral canal con-
sists of an epidural, or internal, vertebral venous plexus,
located in the epidural space (see Chapter 2) and also an
irregular venous plexus lying on the cord. This entire ve-
nous system is devoid of valves.

The venous system on the cord consists of six lon-
gitudinal wveins: three anterior and three posterior
(Fig. 3-14, A). On the anterior side of the cord in the
midline, the anteromedian vein receives venous blood
from both sides of the anteromedial cord via sulcal
veins. Near each ventrolateral sulcus, an anterolateral
vein is found receiving blood from the anterolateral
cord. The anteromedian and anterolateral veins empty
into one of approximately 6 to 11 anterior radicular
veins that empty into the epidural venous plexus. 1n
the lumbar region, there may be one large anterior radic-
ular vein, the vena radicularis magna (Carpenter, 1991).
The posterior aspect of the cord has a similar venous
pattern. A midline posteromedian and two posterolateral
veins drain the dorsal funiculus, dorsal horns, and their
adjacent lateral white matter. These veins in turn be-
come tributaries of approximately 5 to 10 posterior
radicular veins that empty into the epidural venous
plexus. As also seen in the arterial system, an encom-
passing venous vasocorona interconnects the six longi-
tudinal veins.

The epidural venous plexus is a longitudinal plexus
that is continuous with the sinuses and venous channels
above the level of the foramen magnum within the skull
(see Chapter 2). It also drains into intervertebral veins in
the IVFs and also into another longitudinally arranged
plexus, the external vertebral venous plexus (Fig. 3-14,
B). From intervertebral veins, venous blood drains into
segmental veins such as the vertebral, intercostal,
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lumbar, and lateral sacral veins (Williams et al., 1989).
These segmental veins lie outside the vertebral column.

A metastatic tumor in the epidural space may damage
the cord by impeding venous return and cause vasogenic
edema (Grant et al., 1991). These interconnecting chan-
nels also provide the opportunity for cancer to metasta-
size to the brain (see Chapter 2).
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Six Layers of Back Muscles
First Layer
Second Layer
Third Layer
Fourth Layer
Fifth Layer
Sixth Layer
Other Muscles Directly Associated With the Spine
Suboccipital Muscles
Intertransversarii Muscles
Interspinales Muscles
Levator Costarum Muscles
Muscles Associated With the Anterior Aspect of the
Cervical Vertebrae
Iliac Muscles
Muscles That Indirectly Influence the Spine
Muscles of Respiration
Anterolateral Abdominal Muscles
Rectus Abdominis Muscle
Other Muscles That Have Clinical Relevance to the Back
Hamstring Muscles
Gluteus Maximus Muscle
Piriformis Muscle
Rectus Femoris Muscle
Summary of Muscles Affecting the Spine

Second only to the vertebral column itself, the muscles
of the spine are the most important structures of the
back. A thorough understanding of the back muscles is
fundamental to a comprehensive understanding of the
spine and its function. The purpose of this chapter is to
discuss the muscles of the back and other muscles that
have an indirect influence on the spine. The intercostal
muscles provide an example of the latter category.
These muscles do not actually attach to the spine, but
their action can influence the spine by virtue of their
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attachment to the ribs. The abdominal wall muscles, di-
aphragm, hamstrings, and others can be placed into this
same category. These muscles have a less direct, yet im-
portant influence on the spine. Chapter 5 discusses the
sternocleidomastoid, scalene, suprahyoid, and infrahy-
oid muscles.

The musculature of the spine and trunk plays an im-
portant role in the normal functioning of the vertebral
column. Besides their obvious ability to create the vari-
ety of spinal movements, many of these muscles also
help to maintain posture. In addition, the back and trunk
muscles function as shock absorbers, acting to disperse
loads applied to the spine. The shear bulk of these mus-
cles also protects the spine and viscera from outside
forces.

Many muscles work together to produce a typical
movement of the spine. Muscles known as prime movers
are the most important. @ther muscles, known as syner-
gists, assist the prime movers. For example, during flex-
ion of the lumbar spine from a supine position, as in the
performance of a sit-up, the psoas major and the rectus
abdominis muscles are prime movers of the spine.
However, the erector spinae muscles also undergo an ec-
centric contraction toward the end of rthe sit-up. This
contraction of the erector spinae helps to control the
motion of the trunk and allows for a graceful, safe ac-
complishment of the movement. The erector spinac
muscles are acting as synergists in this instance.

The muscles of the spine and other muscles associated
with the back can, and frequently do, sustain injury. A
complete understanding of the anatomy of these mus-
cles aids in the differential diagnosis of pain arising from
muscles versus pain arising from neighboring ligaments
or other structures.

The back muscles are discussed from superficial to
deep. This is accomplished by dividing the muscles into
six layers, with layer one as the most superficial and



layer six as the deepest. After a discussion of the six lay-
ers of back muscles, other important muscles of the
spine are described. These include the suboccipital mus-
cles, the anterior and lateral muscles of the cervical
spine, and the iliac muscles. The muscles that have an in-
direct, vet important influence on the spinc are dis-
cussed last.

SIX LAYERS OF BACK MUSCLES
First Layer

The first layer of back muscles consists of the trapezius
and latissimus dorsi muscles (Fig. 4-1) These two mus-
cies run from the spine (and occiput) to either the shoul-
der girdle (scapula and clavicle) or the humerus, respec-
tively.

Trapezius Muscle. The trapezius muscle is the most
superticial and superior back muscle (Fig. 4-1). It is a
large, strong muscle that is innervated by the accessory
nerve (cranial nerve X1). In addition to its innervation
from the accessory nerve, the trapezius muscle receives
some proprioceptive fibers from the third and fourth
cervical ventral rami. Because the trapezius muscle is
so large, it originates from and inserts on many struc-
tures. This muscle originates from the superior nuchal
line, the external occipital protuberance, the ligamen-
tum nuchae of the posterior neck, the spinous processes
of C7 to 112, and the supraspinous ligament between C7
and T12. It inserts onto the spine of the scapula, the
acromion process, and the distal third of the clavicle.

Because of its size and its many origins and insertions,
the trapezius muscle also has many actions. Most of
these actions result in movement of the neck and the
scapula (i.c.. the “shoulder girdle™ as a whole). The
function of the trapezius depends on which region of
the muscle is contracting (upper, middle, or lower).
The middle portion retracts the scapula, whereas the
lowcer portion depresses the scapula and at the same
time rotates the scapula so that its lateral angle moves
superiorly. The actions of the upper part of the trapez-
ius also depend on whether taz hecad/neck or the
scapula is stabilized. When moving the head and neck,
the actions of the upper trapezius are also determined
by whether the muscle is contracting unilaterally or bi-
laterally. Table 4-1 summarizes the actions of the trapez-
ius muscle.

Latissimus Dorsi Muscle. The most inferior and lat-
cral of the two muscles that make up the first layer of
back muscles is the latissimus dorsi muscle (Fig. 4-1).
This large muscle has an extensive origin. The origin of
the latissimus dorsi includes the following:

e Spinous processes and supraspinous ligament of

TG6-L5 (supraspinous ligament ends between L2-1.4)

MUSCLES THAT INFLUENCE THE SPINE 73

¢ Thoracolumbar fascia
e Posterior sacrum (median sacral crest [see Chap-
ter 8])

o Iliac crests

e Lower four ribs

The latissimus dorsi muscle derives much of its origin
from the thoracolumbar fascia. This is a tough and ¢x-
tensive aponeurosis (see the following discussion). The
latissimus dorsi muscle passes superiorly and laterally to
insert into the intertubercular groove of the humerus,
between the anteriorly located pectoralis major muscie
and the posteriorly located teres major muscle.
Contraction of tlze latissimus dorsi results in adduction,
medial rotation, and extension of the humerus.

The latissimus dorsi is innervated by the thoracodorsal
nerve (middle subscapular nerve), which is a branch of
the posterior cord of the brachial plexus. The thora-
codorsal nerve is derived from the anterior primary divi-
sions of the sixth through eighth cervical nerves.

Thoracolumbar Fascia. Because of its clinical signif-
icance, the anatomy of the thoracolumbar fascia de-
serves further discussion. This fascia extends from the
thoracic region to the sacrum. It forms a thin covering
over the erector spinae muscles in the thoracic region,
whereas in the lumbar region the thoracolumbar fascia
is very strong and is composed of three layers. The
posterior layer attaches to the lumbar spinous processcs,
the interspinous ligaments between these processes,
and the median sacral crest. The middle layer attaches
to the tips of the lumbar transverse processes and the in-
tertransverse ligaments and extends superiorly from the
iliac crest to the 12th rib. The anterior layer covers the
anterior aspect of the quadratus lumborum muscle and
attaches to the anterior surfaces of the lumbar transverse
rocesscs. Superiorly, the anterior layer forms the lateral
arcuate ligament (see Diaphragm). The anterior layer
continues inferiorly to the ilium and iliolumbar ligament.
The posterior and middle layers surround the erector

Table 4-1 Functions of Trapezius Muscle :

With scapula stabilized

Contraction of
both sides
(bilateral)

Contraction of
onc side
(unilateral)

Region  Head and neck
of stabilized during
muscle  muscle contraction

Extends head Extends head
and neck; rotates and neck
face 10 opposite
direction
Middte Retracts scapula — —
Lower Retracts, depresses — —

scapula; rotates

lateral angle of

sciapula superiorly

Upper [Elevares scapula
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Trapezius m.

Latissimus dorsi m.

Semispinalis capitis m.
Splenius capitis m.
Levator scapulae m.

Rhomboid minor m.

Rhomboid major m.

FIG. 4-1

spinae muscles posteriorly and anteriorly, respectively
(see Fifth Layer), and meet at the lateral edge of the erec-
tor spinae, where these two layers are joined by the an-
terior layer (Williams et al., 1989).

The lateral union of the three layers of the thora-
columbar fascia serves as a posterior aponeurosis for ori-
| gin of the transversus abdominis muscle. Macintosh and

A, First (Teft) and second (right) layers of back muscles.

Bogduk (1987) found that the posterior layer of the tho-
racolumbar fascia is actually composed of two separate
layers (laminae). The direction of the fibers within each
layer of the posterior aponeurosis makes the thora-
columbar fascia stronger along its lines of greatest stress.
When the thoracolumbar fascia is tractioned laterally by
the action of the abdominal muscles, the distinct direc-
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upper
Trapezius m,<|:mi dle

lower

Teres
minor m.

Infraspinatus m.

Greater
occipital n.

Splenius
capitis m.

Deltoid m.

Splenius

cervicis m.

Rhomboid

minor m.

Rhomboid

major m.

Longissimus
thoracis m.

Latissi Serratus
%lssu_nus posterior
orstm. inferior m.
FIG. 4-1, cont’d. B, Dissection of these same two layers. Continued.

tion of fibers of the posterior layer's two laminae aids in
extension of the spine and the maintenance of an erect
posture.

Some investigators believe that because the posterior
and middle layers surround the erector spina¢ muscles,
injury to these muscles at times may lead to a “compart-
ment” type of syndrome within these two layers of
the thoracolumbar fascia (Peck et al., 1986). This syn-
drome results from edema within the erector spinae

muscles. The edema results from injury and increases
the pressure in the relatively closed compartment com-
posed of the erector spinae muscles wrapped within the
posterior and middle layers of the thoracolumbar fascia.
This may result in increased pain and straightening of
the lumbar lordosis (Peck et al., 1986). However, further
research is necessary to determine the best approach
available to diagnose this condition and the frequency
with which this condition occurs.
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Rhomboid

minor m.

Splenius
capitis m.

—

Trapezius m.
(upper part)

-

N,

Deltoid m. Infraspinatus m.

Teres minor m.

Rhomboid

major m.

\‘.

Logissimus

Trapezius m.
thoracis m.

(lower part)

Teres major m. Latissimus dorsi m.

FIG. 4-1, cont'd.

C, Close-up, taken from a left posterior oblique perspective. The serratus

posterior inferior muscle of the third layer can also be seen in B and C.

Second Layer

The second layer of back muscles includes three muscles
that, along with the first layer, connect the upper limb to
the vertebral column. All three muscles lie deep to the
trapezius muscle and insert onto the scapula’s medial
border. They include the rhomboid major, rhomboid mi-
nor, and levator scapulae muscles (Fig. 4-1).

The rhomboid major muscle originates by tendinous
fibers from the spinous processes of T2 through TS and
the supraspinous ligaments at those levels. The muscle
fibers run in an inferolateral direction and insert via a
tendinous band on the medial border of the scapula be-
tween the root of the spine and the inferior angle.

The rhomboid minor muscle is located immediately
superior to the rhomboid major, and its fibers also run in
an inferolateral direction. Beginning from the lower por-
tion of the ligamentum nuchae and the spinous
processes of C7 and T1, the rhomboid minor ends on the
scapula’s medial border at the level of the spinal root.

Both rhomboid muscles are innervated by the dorsal
scapular nerve, which arises from the anterior primary
division of the C5 spinal nerve.

Since the fibers of these two muscles are parallel, their
actions are similar. In addition to the other muscles that
insert on the scapula, they help stabilize its position and
movement during active use of the upper extremity.
Specifically, the rhomboids retract and rotate the
scapula so as to depress the point of the shoulder.

The levator scapulae muscle arises by tendinous slips
from the transverse processes of the atlas and axis and
the posterior tubercles of the transverse processes of C3
and C4. Its fibers descend and insert onto the scapula’s
medial border between the spinal root and the superior
angle. It is innervated by branches from the ventral rami
of the C3 and C4 spinal nerves and the dorsal scapular
nerve (C5). If the cervical spine is fixed, the levator
scapulae helps in elevating and rotating the scapula to
depress the point of the shoulder. When the scapula is
stabilized, contraction of this muscle laterally flexes and



rotates the neck to the same side. Bilateral contraction
helps in extension of the cervical spine.

Third Layer

The third layer of back muscles is sometimes referred to
as the intermediate layer of back muscles. This is be-
cause the two small muscles of this group lie between
layers one and two, which are frequently known as the
superficial back muscles, and layers four through six,
which are known as the deep back muscles.

The third layer of back muscles consists of two thin,
almost quadrangular muscles: the serratus posterior su-
perior and serratus posterior inferior (Fig. 42, A and B).

The serratus posterior superior muscle originates from
the spinous processes of C7 through T3 and the
supraspinous ligament that runs between them. [t inserts
onto the posterior and superior aspect of the second
through the fifth ribs. This muscle is innervated by the
anterior primary divisions of the second through the
fifth thoracic nerves (intercostal nerves).

The serratus posterior inferior originates from the
spinous processes and intervening supraspinous liga-
ment of T11 to L2. It inserts onto the posterior and infe-
rior surfaces of the lower four ribs and is innervated by
the lower three intercostal nerves (T9 to T11) and the
subcostal nerve. These nerves are all anterior primary di-
visions of their respective spinal nerves.

The serratus posterior superior and inferior muscles
may help with respiration. More specifically, the serratus
posterior superior raises the second through fourth ribs,
which may aid with inspiration. The serratus posterior
inferior lowers the ninth through twelfth ribs, which
may help with forced expiration.

Fourth Layer

The most superficial layer of deep back muscles is the
fourth layer, which consists of two muscles whose fibers
ascend from spinous processes to either the occiput
(splenius capitis) or the transverse processes of cervical
vertebrae (splenius cervicis). This layer is composed of
the splenius capitis and splenius cervicis muscles (Fig.
4-2, Cto E).

The splenius capitis muscle begins from the lower half
of the ligamentum nuchae and the spinous processes of
C7 through T3 or T4. It attaches superiorly to the mas-
toid process of the temporal bone and to the occiput just
inferior to the lateral third of the superior nuchal line.

The splenius cervicis muscle originates from the spi-
nous processes of T3 through T6 and inserts onto the
transverse processes of the atlas and axis and the poste-
rior tubercles of the transverse processes of C3 and
sometimes C4. These insertions are deep to the origins
of the levator scapulae. The splenius capitis and cervicis
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are innervated by lateral branches of the posterior pri-
mary divisions of the midcervical and lower cervical
spinal nerves, respectively. When the splenius muscles
of both sides act together, they extend the head and
neck. When the muscles of one side contract, they later-
ally flex the head and neck and slightly rotate the face to-
ward the side of contraction.

Fifth Layer

The largest group of back muscles is the fifth layer. This
layer is composed of the erector spinae group of muscles
(Fig. 4-2, A and B and Fig. 4-3, A). This erector spinae
group is also collectively known as the sacrospinalis
muscle. The muscles that make up this group are a series
of longitudinal muscles that run the length of the spine,
filling a groove lateral to the spinous processcs. They are
covered posteriorly in the thoracic and lumbar regions
by the thoracolumbar fascia. These longitudinal muscles
can be divided into three groups. These three groups
are, from lateral to medial, the iliocostalis, the longis-
simus, and the spinalis groups of muscles. Each of these
groups, in turn, is made up of three subdivisions. The
subdivisions are named according to the area of the
spine to which they insert (e.g., lumborum, thoracis,
cervicis, capitis). The erector spinae muscles are dis-
cussed from the most lateral group to the most medial,
and each group is discussed from inferior to superior.

lliocostalis Muscles. The iliocostalis (iliocostocervi-
calis) group of muscles is subdivided into lumborum,
thoracis, and cervicis muscles (Fig. 4-3). Inferiorly, the il-
iocostalis muscles derive from the common origin of the
erector spinae muscles.

Iliocostalis lumborum. The iliocostalis lumborum
muscle is the most inferior and lateral of the erector spi-
nac muscles. It originates from the common origin of the
erector spinae muscles, which includes the following:

¢ Spinous processes and supraspinous ligament of
T11 through LS (supraspinous ligament ends be-
tween L2-1L4)

Median sacral crest
Sacrotuberous ligament
Posterior sacroiliac ligament
Lateral sacral crest
Posteromedial iliac crest

The iliocostalis lumborum muscle runs superiorly to
insert onto the posterior and inferior surfaces of the
angles of the lower six to nine ribs. This muscle has
the same function as the rest of the erector spinae,
which is to extend and laterally flex the spine. The crec-
tor spinae are all innervated by lateral branches of the
posterior primary divisions (dorsal rami) of the nearby
spinal nerves.

® 6 o O o
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Spinalis
cervicis m.
Splenius
capitis m.
Splenius Longissimus
capitis m. capitis m.
liocostali
Soleni Serratus ! ocostats
plenius i cervicis m.
cervicis m. pos
superior m.
Longissimus
cervicis m.
V4 . .
' Spinalis
thoracis m.
lliocostalis
thoracis m.
Serratus
posterior
inferior m.
Longissimus
thoracis m.
liocostalis
lumborum m.

FIG. 4-Z2 A, Third, fourth (also see inset), and fifth layers of back muscles.
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capitis m.

\_ Sp|enius

Sple

cervicis m.

Levator
scapulae m.

Serratus
posterior
superior m.

Longissimus g
thoracis m.

lliocostalis
thoracis m.
Spinalis
thoracis m.
Serratus
posterior
inferior m.

FIG. 42, cont’d. B, Serratus posterior superior and inferior muscles that make up layer

three. Continued.

Macintosh and Bogduk (1987), through a series of ele- inserted into the lower eight or nine ribs. They called
gant dissections, further described the anatomy of the this part the iliocostalis lumborum pars thoracis.
iliocostalis lumborum muscle. They found that part of Another part of the classically described iliocostalis lum-
this muscle originated from the posterior superior iliac borum was found to originate from the tips of the lum-

spine and the posterior aspect of the iliac crest and bar spinous processes and the associated middle layer of
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Greater
occipital n.

Splenius
cervicis m.

Serratus
posterior
superior m.

Semispinalis
capitis m.

Splenius
capitis m.

Sternocleidomastoid m.

Heads of origin of
levator
scapulae m.

F1G. 4-2, cont'd.
vator scapulae muscle of layer two. C, Right posterior view.

the thoracolumbar fascia of L1 to L4 (see Thoracolumbar
Fascia) and to insert onto the anterior edge of the iliac
crest. They called this part the iliocostalis lumborum
pars lumborum and found that it formed a considerable
mass of muscle.

Iliocostalis thoracis. The iliocostalis thoracis mus-
cle originates from the superior aspect of the angles of
the lower six ribs and inserts onto the angles of approx-

C, D, and E, Splenius capitis and cervicis muscles of layer four and the le-

imately the upper six ribs and the transverse process of
the C7 vertebra. This muscle extends and laterally flexes
the thoracic spine and is innervated by the lateral
branches of the posterior primary divisions (dorsal rami)
of the thoracic spinal nerves.

Iliocostalis cervicis. The iliocostalis cervicis origi-
nates from the superior aspect of the angle of the third
through the sixth ribs and inserts onto the posterior
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Sternocleidomastoid m.

Splenius
capitis m.

Splenius
cervicis m.

Levator scapulae m.
lliocostalis
cervicis m.

Longissimus
cervicis m.

Teres Rhomboid major m. Infraspinatus m. Rhomboid Levator Splenius Splenius
major m. minor m. scapulae m.  cervicis m. capitis m.

FIG. 4-2, cont'd. D, Right posterior view with the serratus posterior superior muscle
removed. E, Right Jateral view.
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tubercles of the transverse processes of the C4 to C6 ver-
tebrae. It laterally flexes and extends the lower cervical
region and is innervated by the dorsal rami of the upper
thoracic and lower cervical spinal nerves.

[ongissimus Muscles. The longissimus muscles are
located medial to the iliocostalis group. The longissimus
group is made up of thoracis, cervicis, and capitis divi-
sions. The lateral branches of the posterior primary
divisions (dorsal rami) of the mixed spinal nerves exit
the thorax and then course laterally and posteriorly
between the iliocostalis muscles and the longissimus
thoracis muscle (Fig. 4-3, A). This fact is used in the
gross anatomy laboratory not only to quickly find
the lateral branches of the posterior primary divisions,
but also to demonstrate the separation between these
two large muscle masses. After providing motor and
sensory innervation to the sacrospinalis muscle, the
lateral branches continue to the dermis and epidermis
of the back, providing these layers with sensory inner-
vation.

Longissimus thoracis. The longissimus thoracis
is the largest of the erector spinae muscles. It arises
from the common origin of the erector spinae muscles
(see lliocostalis lumborum). In addition, many fibers
originate from the transverse and accessory processes
of the lumbar vertebrae. This muscle is extremely
long, thus the name longissimus. It inserts onto the
third through the twelfth ribs, between their angles
and tubercles. The longissimus thoracis also inserts
onto the transverse processes of all 12 thoracic verte-
brae. This muscle functions to hold the thoracic and
lumbar regions erect, and when it acts unilaterally, it
laterally flexes the spine. It is innervated by lateral di-
visions of the thoracic and lumbar posterior primary
divisions.

Macintosh and Bogduk (1987) found fibers of the lon-
gissimus thoracis that are confined to the lumbar and
sacral regions. These fibers originated from lumbar ac-
cessory and transverse processes and inserted onto the
medial surface of the posterior superior iliac spine. The
authors called these fibers the longissimus thoracis pars
lumborum.

Longissimus cervicis. The longissimus cervicis
muscle originates from the transverse processes of the
upper thoracic vertebrae (T1 to T5) and inserts onto the
posterior tubercle of the transverse processes and the ar-
ticular processes of C3 through C6 and onto the poste-
rior aspect of the transverse process and the articular
process of C2. Unilateral contraction produces a combi-
nation of extension and lateral flexion of the neck to the
same side. The longissimus cervicis is innervated by lat-
eral branches of the upper thoracic and lower cervical
posterior primary divisions.

Longissimus capitis. The longissimus capitis mus-
cle derives from upper thoracic transverse processes (T1
to T5) and articular processes of C4 through C7. It in-
serts onto the mastoid process of the temporal bone, and
its action is to extend the head. If it acts unilaterally, the
longissimus capitis can laterally flex the head and rotate
it to the same side. It is innervated by the posterior pri-
mary divisions of upper thoracic and cervical spinal
nerves.

Spinalis Muscles. The spinalis muscle group origi-
nates from spinous processes and inserts onto spinous
processes, except for the spinalis capitis muscle. This
muscle group is made up of thoracis, cervicis, and capi-
tis divisions.

Spinalis thoracis. The spinalis thoracis muscle
fibers are the most highly developed of this muscle
group. It originates from the lower thoracic and upper
lumbar spinous processes (T11 to L2) and inserts onto
the upper thoracic spinous processes (T1 to T4 and per-
haps down to T8). Laterally, the fibers of this muscle
blend with the fibers of the longissimus thoracis. The
spinalis thoracis muscle functions to extend the thoracic
spine. It is innervated by posterior primary divisions of
thoracic nerves.

Spinalis cervicis. The spinalis cervicis muscle origi-
nates from upper thoracic spinous processes (T1 to T6)
and inserts onto the spinous processes of C2 (occasion-
ally C3 and C4). Maintaining the tradition of the erector
spinae muscles, the spinalis cervicis functions to extend
the cervical region. This muscle is usually (uite small
and frequently absent.

Spinalis capitis. The spinalis capitis muscle differs
from the other spinalis muscles in that it does not typi-
cally originate from or insert onto spinous processes.
This muscle is difficult to differentiate from the more lat-
eral semispinalis capitis muscle (see the following dis-
cussion). Its origin is blended with that of the semi-
spinalis capitis from the transverse processes of the C7
to the TG or T7 vertebra, the articular processes of C4 to
C6, and sometimes from the spinous processes of C7 and
T1. The fibers of this muscle blend with those of the
semispinalis capitis and insert with the latter muscle
onto the occiput between the superior and inferior
nuchal lines. The spinalis capitis muscle is sometimes
called the biventor cervicis muscle because an incom-
plete tendinous intersection passes across it. When the
left and right spinalis capitis muscles contract together,
the result is extension of the head. Unilateral contraction
results in lateral flexion of the head and neck and also ro-
tation of the head away from the side of contraction.
This muscle is innervated by upper thoracic and lower
cervical posterior primary divisions.
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Semispinalis capitis m.

Semispinalis and multifidus thoracis mm.

Longissimus thoracis m.

FIG. 4-3

Sixth Layer

The sixth layer of back muscles includes the deep back
muscles with fibers that course superiorly and medially.
They are sometimes referred to as the transversospinalis
group because they generally originate from transverse
processes and insert onto spinous processes (Fig. 4-3,
B to E). The muscles in this layer are arranged such that
from superficial to deep, the length of the muscles
becomes progressively shorter. Although the actions
of these muscles are described separately, it must
be remembered that these muscles, especially the
shorter ones, function primarily in a postural role as
stabilizers rather than as prime movers. This group is
made up of the semispinalis, multifidus, and rotatores
muscles.

Semispinalis Muscles, The semispinalis muscles are
located only in the thoracic and cervical regions and are
divided into three parts: semispinalis thoracis, semi-
spinalis cervicis, and semispinalis capitis muscles (Fig. 4-
3, Bto E).

Longissimus capitis m.

Longissimus cervicis m.

lliocostalis cervicis m.

lliocostalis thoracis m.

Spinalis thoracis m.

Lateral branch of posterior
primary division

liocostalis lumborum m.

A, Fifth layer of back muscles of the right side.

Continued.

Semispinalis thoracis. The semispinalis thoracis
consists of thin muscular fasciculi located between long
tendons that attach inferiorly to the transverse processes
of the lower six thoracic vertebrae and superiorly to the
spinous processes of C6 to T4 (Fig. 4-3, ). The semi-
spinalis thoracis is innervated by the medial branches of
the posterior primary divisions of the upper six thoracic
spinal nerves.

Semispinalis cervicis. The semispinalis cervicis is a
thicker mass of muscle that begins from the transverse
processes of the upper five or six thoracic vertebrae
(Fig. 4-3, D). It may also arise from the articular
processes of the lower four cervical vertebrae. This mus-
cle mainly inserts onto the spinous process of the axis,
but also attaches to the spinous processes of C3 to C5. It
derives its innervation from the posterior primary divi-
sions (dorsal rami) of the C6 to C8 spinal nerves.

Semispinalis capitis. The semispinalis capitis is
a thick, powerful muscle and represents the best-
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F1G. 4-3, cont’d. B, Muscles of layer
five and right semispinalis capitis mus-
cle of the sixth layer.

Greater occipital n.

Longissimus capitis m.

Semispinalis capitis m.

Longissimus cervicis m.

lliocostalis cervicis m.

Longissimus thoracis m.

lliocostalis thoracis m.

developed portion of the semispinalis muscle group
(Fig. 4-3, B to D). It arises from the transverse processes
of C7 to TG and the articular processes of C4 to C6. The
semispinalis capitis muscle inserts onto the medial part
of the area between the occiput’s superior and inferior
nuchal lines. It is supplied by the dorsal rami of the first
through sixth cervical spinal nerves.

Whenthe muscles of both sides act together, the semi-
spinalis thoracis and cervicis function to extend the tho-
racic and cervical portions of the spine, respectively,
whereas unilateral contraction of these muscles rotates
the vertebral bodies of those regions to the opposite
side. The semispinalis capitis muscles together function
to extend the head and, working separately, slightly ro-
tate the head to the opposite side.

Multifidus Muscles

Mudtifidus lumberum, theracis, and cervicis.
The multifidus muscles lie deep to the semispinalis mus-
cles, where they fill the groove between the transverse
and spinous processes of the vertebrae. This group con-
sists of multiple muscular and tendinous fasciculi that
originate from the mamillary processes of the lumbar
vertebrae, the transverse processes of the thoracic ver-
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tebrae, and the articular processes of the lower four cer-
vical vertebrae. These fasciculi ascend two to four, or
sometimes five, vertebral segments before inserting onto
a spinous process. Multifidi insert onto all the vertebrae
except the atlas.

The multifidus muscles produce extension of the ver-
tebral column. They also produce some rotation of the
vertebral bodies away from the side of contraction, and
they are also active in lateral flexion of the spine.
Recently, this muscle group was found to contract dur-
ing axial rotation of the trunk in either direction (Oliver
& Middleditch, 1991). When the oblique abdominal
muscles contract to produce trunk rotation, some flex-
ion of the trunk is also produced. The multifidus muscles
oppose this flexion component and maintain a pure ax-
ial rotation, thereby acting as stabilizers during trunk ro-
tation. The multifidus muscles are innervated segmen-
tally by the medial branches of the posterior primary di-
visions of the spinal nerves.

In the lumbar spine, where the multifidus group is
best developed, it is arranged into five bands, each at-
taching superiorly to one lumbar spinous process
(Macintosh et al., 19806). In each band the deepest fasci-
cles actually run from the mamillary process below to



Semispinalis
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thoracis m.

Levator costarum brevis m.
Levator costarum longus m.
Rotatores thoracis longus m.
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FIG. 4-3, cont'd.  C, Sixth layer of back muscles. Left side of main diagram, Semispinalis
capitis and thoracis and multifidus lumborum muscles. Right side ef main diagram,
Rotatores, intertransversarii, interspinales, and levator costarum longus and brevis muscles.

Inset, Semispinalis and multiidus muscles.
Continued.
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F1G. 4-3, cont’d.
view of the upper cervical region.

the lamina of the vertebra two segments above. The
more superficial fascicles are longer and run from manil-
lary processes to spinous processes three to five seg-
ments above. In the lower lumbar spine the inferior at-
tachments of the fascicles include the posterior aspect of
the sacrum lying adjacent to the spinous tubercles, pos-
terior sacro-iliac ligaments, posterosuperior iliac spine,
and the deep surface of the erector spinae aponeurosis.

Each band of multifidus lumborum is actually a my-
otome arranged such that the fibers that move a particu-
lar lumbar vertebra (i.e., those that attach superiorly to a
single spinous process) are innervated by the medial
branch of the dorsal ramus of that segment’s spinal
nerve. For example, the multifidus inserting onto the
spinous process of L2 is innervated by the medial branch
of the dorsal ramus (posterior primary division) of L2.
Specifically in the lumbar region, the multifidus pro-
duces primarily extension (Macintosh & Bogduk, 1986).
Rotation of the lumbar spine is seen only secondarily, in
conjunction with extension.

D, Semispinalis cervicis and multifidus cervicis muscles in a left posterior

Rotatores Muscles

Rotatores lumborum, thoracis, and cervicis. The
rotatores muscles are located deep to the multifidus
group. They constitute the deepest muscle fasciculi
located in the groove between the spinous and trans-
verse processes. This groove runs the entire length of
the vertebral column from sacrum to axis. The two
groups of rotatores are determined by their length.
The fascicles of the rotatores brevis begin on trans-
verse processes and attach to the root of the verte-
bral spinous process immediately superior. The fas-
cicles of the rotatores longus have similar origins but
insert on the root of the spinous process of the second
vertebra above. The rotatores muscles are best devel-
oped in the thoracic region and are only poorly devel-
oped in the cervical and lumbar regions. Acting bilater-
ally, these muscles help in extension of the spine, al-
though unilateral contraction helps produce rotation of
the spine such that the vertebral bodies move away from
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FIG. +-3. cont™d.  E, Semispinalis, multifidus, and rotatores
longus and brevis muscles as they arise from a single left lower
thoracic transverse process (transverse process of T11).

the side contracted. The rotatores muscles’ main func-
tion probably is to stabilize the vertebral column. These
muscles are segmentally innervated by the medial
branches of the posterior primary divisions of the spinal
nervces.

The muscles of the fifth and sixth layers may be torn
(strained) during hyperflexion of the spine or while
liftting heavy loads. The muscles of these layers are
made up of many individual strands, and these individ-
ual strands may tear near their musculotendinous
junction. This tearing results in pain and tenderness,
which may refer to neighboring regions (see Chapter
11). Since many attachment sites of these muscles
are rather deep, localizing the torn muscle during
physical examination may be difficult. However, the
costal attachments of the iliocostalis lumborum and the
iliac attachment of the longissimus thoracis are close to
the surface, and pain from these muscles may be local-
ized to these attachment sites during examination
(Bogduk & Twomey, 1991).

OTHER MUSCLES DIRECTLY ASSOCIATED
WITH THE SPINE

Suboccipital Muscles

The subeccipital muscles are a group of four small mus-
cles located inferior to the occiput in the most superior
portion of the posterior neck. They are the deepest mus-
cles in this region, located under the trapezius, splenius
capitis, and semispinalis capitis muscles. The suboccipi-
tal muscles consist of two rectus muscles, major and mi-
nor, and two obliquus muscles, superior and inferior.
These muscles are concerned with extension of the head
at the atlanto-occipital joint and rotation of the head at
the atlanto-axial articulations. All are innervated by the
posterior primary division of the Cl spinal nerve, which
is also called the suboccipital nerve. The small number
of muscle fibers per neuron for this group of muscles
ranges from three to five (Oliver & Middleditch, 1991).
This high degree of innervation allows these muscles to
rapidly change tension, thus fine tuning the movements
of the head and controlling head posture with a consid-
erable degree of precision.

Rectus Capitis Posterior Major Muscle. The rectus
capitis posterior major muscle (Fig. 4-4) begins at the
spinous process of C2, widens as it ascends, and attaches
superiorly to the lateral portion of the occiput’s inferior
nuchal line. When acting bilaterally, the rectus capitis
posterior muscles produce extension of the head.
Unilateral contraction turns the head so that the face ro-
tates toward the side of the shortening muscle.

Rectus Capitis Posterior Minor Muscle. The rectus
capitis posterior minor muscle is located just medial to
and partly under the rectus capitis posterior major (Fig.
4-4). It attaches inferiorly to the posterior tubercle of the
atlas and becomes broader as it ascends. It inserts on the
medial portion of the occiput’s inferior nuchal line and
the area between that line and the foramen magnum.
Contraction of this muscle produces extension of the
head.

Obliquus Capitis Inferior Muscle. The obliquus
capitis inferior muscle (Fig. 4-4) is the larger of the two
obliquus muscles. It originates on the spinous process
of the axis, passes laterally and slightly superiorly to in-
sert onto the transverse process of Cl. This muscle
rotates the atlas such that the face is turned to the
same side of contraction. The length of the transverse
processes of the atlas gives this muscle a considerable
mechanical advantage (Williams et al., 1989).

Obliquus Capitis Superior Muscle. The obliquus
capitis superior arises from the transverse process of the
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FIG. 4-4

Illustration (A) and photograph (B) of the suboccipital region. Three of the sub-

occipital muscles—the rectus capitis posterior major, obliquus capitis inferior, and obliquus
capitis superior—form the suboccipital triangle. The remaining suboccipital muscle, the rec-
tus capitis posterior minor, lies medial to the triangle. Notice the vertebral artery and the pos-
terior arch of the atlas deep within the suboccipital triangle. A and B, Suboccipital muscles of

the right and left sides, respectively.

atlas (Fig. 4-4). It becomes wider as it runs superiorly and
posteriorly. This muscle inserts onto the occiput be-
tween the superior and inferior nuchal lines, lateral to
the attachment of the semispinalis capitis, overlapping
the insertion of the rectus capitis posterior major. Head
extension and lateral flexion to the same side are pro-
duced by contraction of this muscle. The left and right
obliquus capitis superior muscles, in conjunction with
the two rectus muscles of each side, probably act more
frequently as postural muscles than as prime movers
(Williams et al., 1989).

Three of the four suboccipital muscles on each side of
the upper cervical region form the sides of a suboccipi-
tal triangle. The boundaries of each suboccipital triangle
are the (1) obliquus capitis inferior, below and laterally;
(2) the obliquus capitis superior, above and laterally; and
(3) the rectus capitis posterior major, medially and some-
what above. The roof of this triangle is composed of the
splenius capitis laterally and the semispinalis capitis me-

dially. Deep to these muscles is a layer of dense fibrofatty
tissue that also helps to form the roof. The floor of the
triangle is made up of the posterior arch of the atlas and
the posterior atlanto-occipital membrane. The suboccip-
ital triangle contains the horizontal portion (third part)
of the vertebral artery, the dorsal ramus of the Cl spinal
nerve (suboccipital nerve), and the suboccipital plexus
of veins.

Intertransversarii Muscles

The intertransversarii muscles (Fig. 4-5) extend between
adjacent transverse processes. These muscles are most
highly developed in the cervical region. The cervical in-
tertransversarii usually begin at C1 (although the muscle
between C1 and C2 is often absent) and continue to T1.
They consist of anterior and posterior subdivisions that
run between adjacent anterior and posterior tubercles,
respectively. The ventral ramus of the mixed spinal
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nerve exits between each pair of anterior and posterior
intertransversarii muscles and innervates each anterior
intertransversarius muscle. Each posterior intertransver-
sarius muscle in the cervical region is further subdivided
into a medial and lateral part. The posterior primary di-
vision (dorsal ramus) of the mixed spinal nerve fre-
quently pierces the medial part of a posterior intertrans-
versarius muscle, and the medial branch of the posterior
primary division innervates the medial part of this mus-
cle. The anterior primary division (ventral ramus) inner-
vates the lateral part of the posterior intertransversarius
muscle and, as mentioned previously, the anterior inter-
transversarius muscle. The intertransversarii muscles
function to flex the spine laterally by approximating ad-
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jacent transverse processes. They also help to stabilize
adjacent vertebrae during large spinal movements.

The thoracic intertransversarii muscles are small
and are usually only present in the lower thoracic re-
gion. They are not divided into subdivisions and are
innervated by the dorsal rami (posterior primary divi-
sions).

The lumbar intertransversarii muscles are found be-
tween all lumbar vertebrae. As with the cervical inter-
transversarii, the lumbar group of muscles divides into
medial and lateral divisions. Each medial division passes
from the accessory process, mamillo-accessory ligament,
and mamillary process of the vertebra above to the
mamillary process of the vertebra below (Fig. 4-5). Each
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FIG. 45 A, Suboccipital, cervical interspinales, and cervical intertransversarii muscles. B,
Lumbar interspinalis and left and right lumbar intertransversarii muscles. Also illustrated is the
mamillo-accessory ligament. Notice the intertransversarii mediales lumborum muscles on each
side, taking part of their origin from the left and right mamillo-accessory ligaments.



lateral intertransversarius muscle in the lumbar region
can be further subdivided into an anterior and posterior
division. The anterior division runs between adjacent
transverse processes, and the posterior division runs
from the accessory process of the vertebra above to the
transverse process of the vertebra below. Both the ante-
rior and the posterior divisions of the lateral intertrans-
versarii muscles are innervated by lumbar anterior pri-
mary divisions (ventral rami). The medial intertransver-
sarii muscles are innervated by lumbar posterior primary
divisions.

The intertransversarii muscles are generally thought to
flex the lumbar region laterally and stabilize adjacent ver-
tebrae during spinal movement. However, the inter-
transversarii muscles are short and lie close to the axes
of motion for lateral flexion and rotation of the spine.
This places them at a considerable biomechanical disad-
vantage, and thus their usefulness as lateral flexors or sta-
bilizers has been questioned (Bogduk & Twomey, 1991).
In addition, the intertransversarii and interspinales
muscles have been found to possess up to six times
more muscle spindles than the other deep back muscles.
The large number of muscle spindles in these muscles
has led Bogduk and Twomey (1991) to speculate that
the intertransversarii muscles function as proprioceptive
transducers, providing afferent information for spinal
and supraspinal circuits. By adjusting and regulating
neural activity to the back muscles, these circuits help to
maintain posture and to produce smooth and accurate
movements of the spine.

Interspinales Muscles

The interspinales muscles (Fig. 4-5) are small muscles
that extend between adjacent spinous processes. They
are located on each side of the interspinous ligament.
Interspinales muscles are present as small, distinct bun-
dles of fibers throughout the cervical region, beginning
at the spinous processes of C2 and continuing to the
spinous process of T1. The thoracic interspinales mus-
cles are variable and are located only in the upper and
lower few segments. The lumbar region, as with the cer-
vical region, has interspinales muscles running between
all the lumbar spinous processes. They are innervated by
the medial branches of the posterior primary divisions of
spinal nerves. The interspinales muscles function to ex-
tend the spine and may act as proprioceptive organs.

Levator Costarum Muscles

The levator costarum (see Fig. 4-3, C) are muscular fas-
ciculi that arise from the tips of the transverse pro-
cesses of C7 to T11 and run inferiorly and laterally,
parallel with the posterior borders of the external in-
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tercostal muscles. The levator costarum brevis at-
taches to the superior surface, between the tubercle
and angle, of the rib immediately inferior to its origin.
Sometimes, especially in the lower thoracic levels,
fasciculi attach to the second rib below. These fasciculi
are known as levator costarum longus muscles and are
located medial to the brevis muscle originating from the
same transverse process. The levator costarum elevate
the ribs and may help laterally flex and rotate the trunk
to the same side. They are segmentally innervated by lat-
eral branches of the posterior primary divisions (dorsal
rami) of the spinal nerves.

Muscles Associated With the Anterior
Aspect of the Cervical Vertebrae

The muscles associated with the anterior aspect of the
cervical vertebrae include the longus colli, longus capi-
tis, rectus capitis anterior, and rectus capitis lateralis
(Fig. 4-6). These muscles are responsible for flexing the
neck and occiput and may be injured during extension
injuries of the cervical region.

The left and right longus
colli muscles (Fig. 4-6) are located along the anterior
aspect of the cervical vertebral bodies. Each of these
muscles is made up of three parts: vertical, inferior
oblique, and superior oblique. Together the three parts
of this muscle flex the neck. The superior and inferior
oblique parts may also aid with lateral flexion. The infe-
rior oblique part also rotates the neck to the opposite
side. The longus colli muscle is innervated by branches
of the anterior primary divisions of C2 to CG6. This mus-
cle is probably one of the muscles responsible for rever-
sal of the cervical lordosis after extension injuries of the
neck. The origins, insertions, and unique characteristics
of the three parts of the longus colli muscle are listed
next.

Vertical portion. The vertical portion of the longus
colli originates from and inserts onto vertebral bodies.
More specifically, this muscle originates from the ante-
rior aspect of the vertebral bodies of C5 to T3 and inserts
onto the vertebral bodies of C2 to C4.

Inferior oblique portion. The inferior oblique por-
tion of the longus colli muscle originates from the verte-
bral bodies of T1 to T3 and passes superiorly and later-
ally to insert onto the anterior tubercles of the transverse
processes of C5 and C6.

Superior oblique portion. The superior oblique
portion of the longus colli muscle originates from the an-
terior tubercles of the transverse processes of C3 to CS.
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Its fibers course superiorly and medially and converge to
insert onto the anterior tubercle of the atlas by means of
a rather narrow tendon. This tendinous insertion can be
torn during an extension injury of the neck Such an in-
jury can be followed by the deposition of calcium in the
region, a condition known as retropharyngeal calcific
tendonitis. The calcium may be seen on x-ray film ap-
proximately 3 weeks after injury and usually appears as
an irregular and sometimes subtle region of increased ra-
diopacity located just anterior to the atlas. The calcium
is usually resorbed as the injury heals and is then no
longer visible on x-ray film.

Longus Capitis Muscle. The longus capitis muscle is
located anterior and slightly lateral to the longus colli
muscle (Fig. 4-6). It originates as a series of thin ten-
dons from the anterior tubercles of the transverse
processes of C3 to C6. The tendinous origins unite
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to form a distinct muscular band that courses superiorly
toward the occiput. This muscular band inserts onto the
region of the occiput anterior to the foramen magnum
and posterior to the pharyngeal tubercle. The longus
capitis muscle functions to flex the head ancl is inner-
vated by branches of the anterior primary divisions of C1
to C3.

Rectus Capitis Anterior Muscle. The rectus capitis
anterior is a small muscle located deep to the inserting
fibers of the longus capitis muscle (Fig. 4-6). It originaics
from the anterior aspect of the lateral mass and the most
medial part of the transverse process of the atlas. The
rectus capitis anterior muscle inserts onto the occiput
just in front of the occipital condyle. This muscle func-
tions to flex the head at the atlanto-occipital joints and is
innervated by the anterior primary divisions of the first
and second cervical nerves.



Rectus Capitis Lateralis Muscle. The rectus capitis
lateralis muscle is another small muscle. It originates
from the anterior aspect of the transverse process of the
atlas anc courses superiorly to insert onto the jugular
process of the occiput (Fig. 4-6). It laterally flexes the oc-
ciput on the atlas and is innervated by the anterior pri-
mary division of the first and second cervical nerves.

Iliac Muscles

The muscles of the iliac region are sometimes referred to
as the posterior abdominal wall muscles. However, since
they all have direct action on the vertebral column and
are attached to the lumbar region, they may properly be
classified as spinal muscles. All three of these muscles at-
tach inferiorly onto cither the pelvis or the femur and
therefore also help connect the lower limb to the spine.
They are the psoas major, psoas minor, and quadratus
lumborum muscles (Fig. 4-7).

Psoas Major and Hiacus Muscles. The psoas major
muscle (Fig. 4-7) arises from the anterolateral portion of
the bodies of T12 to 1.5, the intervertebral discs between
these bones, and the transverse processes of all the lum-
bar vertebrae. It descends along the pelvic brim, passes
deep to the inguinal ligament and in front of the hip cap-
sule, and inserts via a tendon onto the femur’s lesser
trochanter. The lateral side of the tendon of the psoas
major muscle receives the bulk of the fibers of the iliacus
muscle, and together they form what is sometimes
loosely referred to as the iliopsoas muscle. The iliacus
originates from the inner lip of the iliac crest, the upper
two thirds of the iliac fossa, and the superolateral por-
tion of the sacrum. It inserts with the psoas major onto
the femur's lesser trochanter.

The psoas major muscle, along with the iliacus mus-
cle, functions primarily to flex the thigh at the hip. If the
lower limb is stabilized, these muscles are concerned
primarily with flexing the trunk and pelvis. They are im-
portant in raising the body from the supine to the sitting
position. Electromyographic evidence further suggests
that the psoas major is involved in balancing the trunk
when in the sitting position (Williams ct al, 1989).
When the neck of the femur is fractured, this muscle
acts as a lateral rotator of the thigh, which results in the
characteristic laterally rotated position of the lower
limb. Both the psoas major and the iliacus muscles are
usually innervated by fibers arising from the L2 and L3
spinal cord levels. The iliacus muscle receives branches
of the femoral nerve, and the psoas major muscle is sup-
plied by direct fibers from the ventral rami of the L2-3
spinal nerves. Sometimes the L1 and L4 spinal nerves
also send branches into the psoas major muscle.

Psoas Minor Muscle. The psoas minor is a variable
muscle, absent in about 40% of the population (Williams
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etal, 1989). When present, itis located on the anterior
surface of the psoas major muscle. The psoas minor mus-
cle attaches superiorly to the lateral aspect of the bodies
of T12 and L1 and the interposing intervertebral disc. 1t
descends to attach inferiorly by a long tendon to the
pecten pubis and the iliopubic eminence. The psoas mi-
nor acts as a weak trunk flexor and is innervated by
fibers arising from the anterior primary division of the L1
spinal nerve.

Quadratus Lumborum Muscle. The quadratus lum-
borum (Fig. 4-7) lies along the tips of the transverse
processes of the lumbar vertebrae and is irregularly
quadrangular in shape. It attaches inferiorly to the trans-
verse process of L5, the iliolumbar ligament, and the pos-
terior aspect of the iliac crest adjacent to that ligament.
Superiorly, the quadratus lumborum is attached to the
lower border of the 12th rib and the tips of the trans-
verse processes of L1 to L4. If the pelvis is fixed, this
muscle laterally flexes the lumbar spine. When both
muscles contract, they help with extension of the spine.
Each quadratus lumborum muscle also depresses the
12th rib and aids in inspiration by stabilizing the origin
of the diaphragm to the 12th rib. It is innervated by
fibers from the ventral rami of the T12 to L3 (sometimes
L4) spinal nerves.

MUSCLES THAT INDIRECTLY INFLUENCE
THE SPINE

Muscles of Respiration

All the muscles of respiration have attachments to ribs.
In addition to aiding respiration, all these muscles are in-
volved to some extent with stabilizing the thoracic cage
during trunk movements. The muscles of respiration are
composed of the following: those that connect adjacent
ribs (intercostals), those that span across more than one
rib (subcostals), those that attach ribs to the sternum
(transverse thoracis), those connecting ribs to vertebrae
(levator costarum and serratus posterosuperior and pos-
teroinferior), and the diaphragm. Since the levator
costarum and posterior serratus muscles have vertebral
attachments, they are considered true back muscles and
are discussed in previous sections.

Diaphragm. The diaphragm is the principal muscle
of respiration (Fig. 4-7). It is a domelike musculotendi-
nous sheet that is convex superiorly. 1t completely sepa-
rates the thoracic and abdominal cavities, except where
it has apertures that allow for the passage of the esopha-
gus, aorta, inferior vena cava, sympathetic trunks, and
splanchnic nerves. This sheet consists of muscle fibers
that attach to the entire border of the thoracic outlet.
These fibers converge superiorly and medially and ¢nd
as a central tendon. From anterior to posterior, muscle
fibers arise from the posterior surface of the xiphoid
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process, the deep surface of the lower six ribs and their
costal cartilages, interdigitations with the origin of the
transversus abdominis muscle, the lateral and medial
lumbocostal arches, and the first three lumbar vertebrae.
The origins from the lumbar vertebrae form the left and
right crura.

The lateral lumbocostal arch, also known as the lateral
arcuate ligament, is a thickening of the fascia of the
quadratus lumborum muscle. It attaches medially to the
transverse process of L1, arches over the upper portion
of the quadratus lumborum, and ends laterally on the
lower border of the 12th rib.

The medial lumbocostal arch, or medial arcuate liga-
ment, is a similar structure, except it is associated with

the psoas major muscle. This arch is also attached to the
transverse process of L1, but it arches_medially over the
psoas major and is connected to the lateral aspect of the
body of L1 or L2.

The crura of the diaphragm originate from the an-
terolateral surfaces of the upper two (on the left) or
three (on the right) lumbar vertebrae, their discs, and
the anterior longitudinal ligament. The two crura meet
in the midline and arch over the aorta’s anterior aspect
to form what is sometimes called the median arcuate lig-
ament.

When the diaphragm first contracts, the lower ribs
are fixed; then the central tendon is drawn inferiorly
and anteriorly. The abdominal contents provide resis-



tance to further descent of the diaphragm, which leads
to protrusion of the anterior abdominal wall (“abdomi-
nal” breathing) and elevation of the 1ib cage (“thoracic”
breathing). The diaphragm is innervated by the left and
right phrenic nerves, which arise from the ventral rami
of C3 to C5. Also, some afferent fibers from the periph-
eral aspect of this muscle are carried in the lower six or
seven intercostal nerves. These nerves, and the sensory
fibers of the phrenic nerves, are responsible for the re-
ferred pain patterns seen with some diaphragmatic dis-
eases.

The intercostal muscles (Fig. 4-8, A) comprise
three sets of superimposed muscles located between ad-
jacent ribs. These sets of muscles consist of the external
intercostal, internal intercostal, and innermost inter-
costal muscles.

The external intercostal muscles, 11 on each side,
have attachments that extend along the shafts of the
ribs from the tubercles to just lateral to the costal car-
tilages. More anteriorly, each is replaced by an apo-
neurosis, called the external intercostal membrane,
which continues to the sternum. Each external inter-
costal originates from the lower border of one rib
and inserts onto the upper border of the adjacent rib
below. The fibers of each are directed obliquely; in
the posterior chest, they run inferolaterally, although at
the front, they course inferomedially and somewhat an-
teriorly.

The 11 pairs of internal intercostal muscles are lo-
cated immediately deep to the external intercostals.
Their attachments begin anteriorly at the sternum, or at
the costal cartilages for ribs 8 through 10, and continue
posteriorly to the costal angles. At that point, they are re-
placed by an aponeurotic layer, termed the internal in-
tercostal membrane, which continues posteriorly to the
anterior fibers of the superior costotransverse ligament.
Each internal intercostal muscle attaches superiorly to
the floor of the costal groove and corresponding portion
of the costal cartilage and runs obliquely inferior to its
attachment on the superior surface of the adjacent rib
below. The fibers of the internal intercostal muscles are
arranged orthogonally to those of the external inter-
costals.

The fibers of the innermost intercostal muscles lie
just deep to and run parallel with those of the internal
intercostals. They are poorly developed in the upper
thoracic levels but become progressively more pro-
nounced in the lower levels. They are attached to
the deep surfaces of adjacent ribs and are best devel-
oped in the middle two fourths of the intercostal
space. The intercostal veins, arteries, and nerves
(from superior to inferior) can be found in the supe-
rior aspect of the intercostal space passing between
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the fibers of the internal and innermost intercostal
muscles.

Although the intercostal muscles play a role in respi-
ration, their exact function is still controversial (Williams
et al., 1989). Conflicting evidence exists as to the actions
of the various layers of the intercostals during inspiration
and expiration. Results from studies using electromyog-
raphy show differences in the activity of upper versus
lower intercostals during the cifferent phases of respira-
tion. In addition, activity has been recorded in the inter-
costals during many trunk movements, and they appear
to act as stabilizers of the thoracic cage (Oliver &
Middleditch, 1991). The intercostals are innervated by
branches of the adjacent intercostal nerves.

The subcostal muscles (Fig. 4-8,
D) are musculotendinous fasciculi that are usually best
developed only in the lower thorax. Each arises from the
inferior border of one rib, near the angle, and runs
obliquely inferior to the second or third rib below. The
fibers of the subcostals are parallel to those of the inter-
nal intercostals. They probably help depress the ribs and
are innervated by branches from adjacent intercostal
nerves.

The transversus
thoracis, or sternocostalis, muscle is located on the deep
surface of the anterior thoracic wall (Fig. 4-8, B). It orig-
inates from the posterior surface of the inferior one third
of the sternal body, posterior surface of the xiphoid
process, and the posterior surfaces of the costal carti-
lages of the lower three or four true ribs. It inserts onto
the inferior and deep surfaces of the costal cartilages of
the second through sixth ribs. The fibers of the muscle
form a fanlike arrangement, with the upper fibers being
almost vertically oriented and the intermediate fibers
more obliquely oriented. The lowermost fibers not only
are horizontal, but also are continuous with the most su-
perior fibers of the transversus abdominis muscle. The
transversus thoracis pulls the costal cartilages, to which
it inserts in an inferior direction. The transversus tho-
racis muscle is innervated by the adjacent intercostal
nerves.

Anterolateral Abdominal Muscles

Although the four muscles composing the anterolateral
abdominal wall do not have direct attachments to the
spine, they are involved in producing several move-
ments of the trunk, including flexion, lateral flexion, and
rotation. They are also important as postural muscles
and in increasing intraabdominal pressure. These mus-
cles include the external abdominal oblique, internal ab-
dominal oblique, rectus abdominis, and transversus ab-
dominis muscles.
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Manubrium

Internal thoracic a. Internal thoracic v

Third costal cartilage

Internal intercostal m.
Sternum

External intercostal m.

External abdominal
oblique m.

Internal abdominal
oblique m.

Rectus abdominis m.

FIG. 4-8 A, Anterolateral view of the thoracic and abdominal walls. Upper aspect, Cutaway
view of the medial intercostal spaces demonstrating the internal thoracic artery and vein. The
external intercostal muscle has been reflected between two ribs to show the internal inter-
costal muscle to best advantage. The external abdominal oblique muscle has also been re-
flected and cut away to reveal the internal abdominal oblique muscle.
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Posterior surface
of sternum

Transversus thoracis m.

Internal thoracicv.  Internal intercostal m. Subcostal m.

Internal thoracic a.

Intercostal n.

Anterior
intercostal v.

Anterior
intercostal a.

FIG. -8, cont'd. B, Internal view of the anterior thoracic
wiull showing the transversus thoracis muscle. C, Detail of B
showing several intercostal spaces just lateral to the sternum.
D, Internal view of the posterior thoracic wall showing scv-
eral subcostal muscles.
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External Abdominal Oblique Muscle. The external
abdominal oblique (obliquus externus abdominis) (Fig.
4-8, A) is the largest and most superficial of these
muscles. It originates as eight muscular slips from the
inferior borders of the lower eight ribs. The upper
slips attach near the cartilages of the ribs, whereas the
lower ones attach at a progressively greater distance
from the costal cartilages. The serratus anterior, latis-
simus dorsi, and sometimes the pectoralis major muscles
interdigitate with these slips. The lower fibers descend
almost vertically, attaching to approximately the anterior
half of the outer lip of the iliac crest. The upper and mid-
dle fibers pass inferomedially and become aponeurotic
by the time they pass a line connecting the umbilicus
and the anterior superior iliac spine. The external
oblique aponeurosis is a strong sheet of connective tis-
sue whose fibers continue inferomedially to the midline,
where they blend with the linea alba. The linea alba is a
tendinous raphe running in the midline from the xiphoid
process to the pubic symphysis. The inferior portion of
the aponeurosis of the external oblique forms the in-
guinal ligament, the reflected portion of that ligament,
and the lacunar ligament. It also has an opening, the su-
perficial inguinal ring, that allows passage of the sper-
matic cord in the male and the round ligament of the
uterus in the female. The external abdominal oblique
muscle is innervated by the ventral rami of the T7 to T12
spinal nerves.

Internal Abdominal Oblique Muscle. The internal
abdominal oblique (obliquus internus abdominis) (Fig.
4-8, A), located immediately deep to the external
oblique, originates from the lateral two thirds of the
inguinal ligament, anterior two thirds of the iliac crest,
and the thoracolumbar fascia. The uppermost fibers
insert onto the lower borders of the lower three or
four ribs and are continuous with the internal intercos-
tal muscles. The lowest fibers become tendinous and
attach to the pubic crest and the medial portion of
the pecten pubis. Here they are joined by the trans-
versus abdominis aponeurosis, and together their united
insertion forms the conjoint tendon, or inguinal falx.
The intermediate fibers diverge from their origin and be-
come aponeurotic. The internal oblique aponeurosis
continues toward the midline, where it blends with the
linea alba. In the upper two thirds of the abdomen, this
aponeurosis splits into two laminae at the lateral border
of the rectus abdominis. These laminae pass on either
side of that muscle before reuniting at the linea alba. In
the lower one third of the abdomen, the entire aponeu-
rosis, along with the inserting aponeurosis of the trans-
versus abdominis, passes anterior to the rectus abdo-
minis. The internal abdominal oblique muscle is inner-
vated by branches of the ventral rami of T7 to L1 spinal
nerves.

Transversus Abdominis Muscle. The transversus
abcdlominis muscle is located deep to the internal ab-
dominal oblique muscle. It arises from the lateral one
third -of the inguinal ligament or adjacent iliac fascia,
anterior two thirds of the outer lip of the iliac crest,
the thoracolumbar fascia between the iliac crest and
12th rib, and the internal aspects of the lower six
costal cartilages, where it blends with the diaphragm.
The fibers of the transversus abdominis run basically
in a horizontal direction and become aponeurotic. The
lowest fibers of the transversus abdominis aponeurosis
curve inferomedially and, along with the fibers from
the internal oblique aponeurosis, form the conjoint ten-
don (see the preceding discussion). The rest of the fibers
of this aponeurosis pass horizontally to the midline,
where they blend with the linea alba. The upper three
fourths of the fibers run posterior to the rectus abdo-
minis, whereas the lower one fourth course anterior to
this muscle. The transversus abdominis is innervated by
the anterior primary divisions of the T7 to L1 spinal
nerves.

Rectus Abdominis Muscle

The rectus abdominis muscle (Fig. 4-8, A) is a long, strap-
like muscle extending the entire length of the anterior
abdominal wall. The linea alba forms the medial border
of this muscle and separates the two (right and left). The
lateral border of the rectus can usually be seen on the
surface of the anterior abdominal wall and is termed the
linea semilunaris. This muscle attaches inferiorly to the
pubic crest (sometimes as far laterally as the pecten pu-
bis) and also to ligamentous fibers anterior to the sym-
physis pubis. In this region the left and right rectus ab-
dominis muscles may interlace. Superiorly, this muscle
attaches to the fifth through seventh costal cartilages and
the xiphoid process. Sometimes the most lateral fibers
may reach the fourth or even third costal cartilages. The
rectus abdominis muscle is crossed by three horizontal
fibrous bands called the tendinous intersections. They
are usually found at the level of the umbilicus, the infe-
rior tip of the xiphoid process, and halfway between
these two points.

The rectus abdominis muscle is enclosed by the
aponeurosis of the abdominal obliques and transversus
abdominis muscles. This aponeurosis is sometimes re-
ferred to as the rectus sheath. In the upper portion of
the anterior abdominal wall, the external oblique and
the anterior lamina of the internal oblique aponeuroses
pass anterior to the rectus, whereas the posterior lamina
of the internal oblique and transverse aponeuroses lie
posterior to the rectus. Approximately halfway between
the umbilicus and pubic symphysis, this arrangement
changes, forming a curved line known as the arcuate
line. Inferior to this line, all three aponeurotic layers are
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found anterior to the rectus, and only the transversalis
fascia (the layer of fascia deep to the anterolateral ab-
dominal muscles) separates this muscle from the parietal
peritoneum. Recent data show that this traditional de-
scription of the rectus sheath may be too simplistic
(Williams et al., 1989). The rectus abdominis muscle is
supplied by the anterior primary divisions of the lower
six or seven thoracic spinal nerves.

The abdominal muscles act to retain the abdominal
viscera in place and oppose the effects of gravity on
them in the erect and sitting positions. When the thorax
and pelvis are fixed, these muscles, especially the
obliques, increase the intraabdominal pressure. This is
important for childbirth, expiration, emptying the blad-
der and rectum, and vomiting. It is also the basis of the
Valsalva maneuver (increasing abdominal pressure for di-
agnostic purposes). The external abdominal oblique can
further aid expiration by depressing the lower ribs. If the
pelvis is fixed, these muscles, primarily the recti, bend
the trunk forward and flex the lumbar spine. If the tho-
rax is fixed, the lumbar spine still flexes, but the pelvis is
brought upward. With unilateral contraction the trunk is
laterally flexed to that side. In addition, the external
oblique can help produce rotation of the trunk away
from the side of contraction, whereas the internal
oblique turns it to the same side. The transverse abdo-
minis muscle probably has an effect only on the abdom-
inal viscera and does not produce any appreciable move-
ment of the vertebral column, although in light of the
more recent description of the rectus sheath, rotational
movements are a distinct possibility (Williams et al.,,
1989).

OTHER MUSCLES THAT HAVE CLINICAL
RELEVANCE TO THE BACK

An important component of posture and locomotion
is the tilting of the pelvis on the heads of the femurs
in an anteroposterior direction. Movement of the an-
terior portion of the pelvis in a proximal direction
(i.e., bringing the pubic symphysis toward the umbili-
cus) is termed backward tilting and involves flexion
of the lumbar spine. Tilting of the pelvis in the oppo-
site direction tends to extend the lumbar spine. This for-
ward tilting of the pelvis is accomplished by contraction
of the erector spinae and psoas major muscles.
Backward tilting of the pelvis is accomplished not only
by the rectus abdominis and the two oblique abdominal
muscles, but also by the hamstring and gluteus maximus
muscles (Fig. 4-9). Imbalance of the muscles responsible
for pelvic tilt is often seen in people with low back pain.
These individuals may have shortened and tight psoas
major and erector spinae muscles combined with weak-
ened gluteal and abdominal muscles (Oliver &
Middleditch, 1991).

Tensor fascia lata m.

Piriformis m.

Gluteus maximus m.

Semimembranosus m.

lliotibial tract

Semitendinosus m.

Biceps femoris m.

Lateral and medial
heads of gastrocnemius m.

FIG. 49
muscle.

Muscles of the posterior thigh. /nset, Piviformis

Hamstring Muscles

The posterior group of thigh muscles, commonly known
as the hamstrings, acts to extend the hip and flex the
knee joints. The three muscles in this group are the semi-
tendinosus, semimembranosus, and biceps femoris. The
latter muscle has two heads of origin, long and short
(Fig. 4-9).

With the exception of the short head of the biceps
femoris, all three of these muscles attach proximally
to the ischial tuberosity. The short head of thc¢ hi-
ceps femoris arises from the lateral lip of the linea as-
pera and lateral supracondylar line of the femur. The
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semitendinosus and semimembranosus muscles are lo-
cated posteromedial in the thigh, whereas the biceps
femoris is posterolateral.

The semitendinosus, as its
name implies, becomes tendinous about halfway along
its course (Fig. 4-9). This long tendon curves around the
medial tibial condyle, passes superficial to the tibial col-
lateral ligament, and ends by attaching to the superior
portion of the medial surface of the tibia immediately be-
low and posterior to the attaclunent sites of the sartorius
and gracilis muscles. This grouping of muscular inser-
tions is sometimes known as the pes anserine. The semi-
tendinosus muscle is innervated by the tibial portion (L5,
S1, S2) of the sciatic nerve.

The semimembranosus
muscle (Fig. 4-9) arises as a tendon and expands into an
aponeurosis that is deep to the semitendinosus. The
muscular fibers arise from this aponeurosis. The semi-
membranosus ends primarily on the posterior aspect of
the medial tibial condyle via a short tendon. It also sends
slips laterally and superiorly, some of which help form
the oblique popliteal ligament. The semimembranosus
muscle is innervated by the tibial portion (L5, S1, S2) of
the sciatic nerve.

. The short head of the bi-
ceps femoris joins the belly of the long head of the bi-
ceps femoris on its deep surface as it descends in the
thigh. After the two heads unite, the biceps femoris mus-
cle gradually narrows to a tendon that attaches to the
head of the fibula, the fibular collateral ligament, and the
lateral tibial condyle (Fig. 4-9).

* o L 4

When these muscles contract, they produce flexion at
the knee and extension at the hip. When the thigh is
flexed, the hamstring muscles, especially the biceps
femoris, help tilt the pelvis backward. Tight hamstrings
| are sometimes associated with low back pain. The long
head of the biceps femoris muscle is innervated by the
tibial portion (L5, S1, S2) and the short head by the per-
oneal portion (L5, S1, S2) of the sciatic nerve.

Gluteus Maximus Muscle

The most superficial muscle in the gluteal region is the
gluteus maximus (Fig. 4-9). It is considered the body’s
largest muscle. Its large size is a characteristic feature of
the human musculature and is thought to be a result of
its role in attaining an upright posture (Williams et al.,
1989). It originates from the area of the ilium posterior
to the posterior gluteal line. It also takes origin from
the erector spinae aponeurosis, posterior and inferior

sacrum, lateral coccyx, sacrotuberous ligament, and the
fascial covering of the gluteus medius. The fibers of the
gluteus maximus run inferolaterally and attach distally to
the iliotibial tract and gluteal tuberosity of the femur be-
tween the attachment sites of the vastus lateralis and ad-
ductor magnus.

When the pelvis is fixed, the gluteus maximus can ex-
tend the thigh from a flexed position. It also helps in
strong lateral rotation of the thigh. Its upper fibers are
active in strong abduction at the hip. If the thigh is sta-
bilized, this muscle, along with the hamstrings, helps ro-
tate the pelvis posteriorly on the femur heads, as in ris-
ing from a stooped position. By virtue of its attachment
to the iliotibial tract, the gluteus maximus aids in stabi-
lizing the femur on the tibia. It is also important for
its intermittent action in various phases of normal gait.
This muscle is innervated by the inferior gluteal nerve
(LS to S2).

Piriformis Muscle

The piriformis is a pear-shaped muscle lying deep to the
gluteus medius (Fig. 4-9). It arises from the anterolateral
sacrum by three musculotendinous slips. It also origi-
nates from the gluteal surface of the ilium (in proximity
to the posterior inferior iliac spine), the capsule of the
adjacent sacro-iliac joint, and sometimes from the ante-
rior surface of the sacrotuberous ligament. The piri-
formis exits the pelvis via the greater sciatic foramen.
The piriformis is the largest structure within the fora-
men. It attaches distally by a tendon to the upper border
of the femur’s greater trochanter. Normally, this muscle
lies immediately superior to the sciatic nerve as it exits
the greater sciatic foramen, but sometimes the common
peroneal portion of the sciatic nerve pierces the piri-
formis and splits it. Entrapment of the nerve at this loca-
tion is sometimes termed piriformis syndrome. With
contraction, this muscle produces lateral rotation of the
extended thigh. If the thigh is flexed, abduction at the
hip occurs. It is innervated by branches from the ventral
rami of the L5 to S2 spinal nerves.

Rectus Femoris Muscle

The quadriceps femoris is the great extensor-muscle of
the leg. This muscle consists of four parts: vastus later-
alis, vastus interemedius, vastus medialis, and rectus
femoris muscles. Three parts of this muscle, the vasti
muscles, originate on the femur, but the rectus femoris
arises from the pelvis. The rectus femoris muscle begins
as two (or three) heads. The straight head attaches to
the anterior inferior iliac spine, and the reflected
head attaches to the superior rim of the acetabulum
and capsule of the hip. Sometimes a recurrent head

that arises from the anterosuperior angle of the femur’s
Text continued on p. 107
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Table 4-2 Summary of Muscles Affecting the Spine

Origin
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Muscle Insertion Action Innervation
Layer one
Trapezius Superior nuchal line, ex-  Spine of the scapula, See Table 4-1 Motor: spinal portion of

Latissimus dorsi

Layer two

Rhomboid major

Rhomboid minor

Levator scapulae

Layer three

Serratus posterior
superior

Serratus posterior
inferior

Layer four

Splenius capitis

Splenius cervicis

ternal occipital protu-
berance, ligamentum
nuchae, spinous pro-
cesses and supra-
spinous ligament of
C7-T12

Spinous processes and
supraspinous ligament
of TG-LS, thoracolum-
bar fascia, median
sacral crest, jliac
crests, lower four ribs

Spinous processes and
supraspinous liga-
ments (T2-5)

Lower portion of liga-
mentum nuchae, spi-
nous processes (C7
and T1)

Transverse processes
(C1-%

Spinous processes and
supraspinous ligament
(C7-T3)

Spinous processes and
supraspinous ligament
of T11-L2(3)

Lower part of ligamen-
tnm nuchae and spi-
nous processes of C7-
T3($H)

Spinous processes (T3-0)

acromion process, dis-
tal third of clavicle

[ntertubercular groove
of the humerus (be-
tween insertions of
pectoralis major and
teres major)

Medial border of scapula
inferior to root of
scapular spine

Medial border of scapula
at level of root of
scapular spine

Medial border of scapula
above root of scapular
spine

Posterior and superior
aspect of second
through fifth ribs

Posterior and inferior
surfaces of lower four
ribs (9-12)

Mastoid process, tempo-
ral bone, and occiput
below lateral part of
superior nuchal line

Transverse processes of

C1-3(4)

Adduction, internal rota-
tion, and extension of

the humerus

Retract scapula, rotate
point of shoulder
down

Retract scapula, rotate
point of shoulder
down

It neck stabilized: elevate

scapula, rotate point
of shoulder down

If scapula stabilized: bi-
laterally—extend
neck; unilaterally—
lateral flex and rotate
neck to same side

Aids respiration, raises
second through fifth
ribs

Aids respiration, lowers
ninth through twelfth
ribs

Bilaterally: extend head
Unilaterally: lateral flex
and rotate face to

same side
Bilaterally: extend neck
Unilaterally: lateral flex
and rotate neck to-
ward same side

accessory (spinal ac-
cessory |cranial nerve
X

Sensory (propriocep-
tion): ventral rami of
C3-4

Thoracodorsal (C6-8)

Dorsal scapular (C5)

Dorsal scapular (C5)

Ventral rami ot C3-4, dor-

sal scapular (C5)

Ventral rami of T2-5 (in-
tercostal nerves)

Ventral rami of T9-12
(lower three inter-
costal nerves and sub-
costal nerve)

Lateral branches of dor-
sal rami of midcervical
spinal nerves (C3-5)

L.ateral branches of dor-
sal rami of lower cervi-
cal spinal nerves
(C5-7D)

Continued,
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Muscle

Table 4-2 Summary of Muscles Affecting the Spine—cont'd

Origin

Insertion

Action

Innervation

Layer five

1liocostalis lumbo-
rum

1liocostalis thoracis

1liocostalis cervicis

Longissimus tho-
racis

Longissimus cervi-
cis

Longissimus capitis

Spinalis thoracis

Spinalis cervicis

Spinalis capitis

Layer six
Semispinalis tho-
racis

Common origin of erec-
tor spinae muscles:
spinous processes and
supraspinous ligament
of T11-L5, median
sacral crest, sacro-
tuberous ligament,
posterior sacroiliac lig-
ament, lateral sacral
crest, posteromedial il-
iac crest

Angles of lower six ribs

Angles of third through
sixth ribs

Common origin of erec-
tor spinae muscles
(see iliocostalis lumbo-
rum), also transverse
and accessory
processes of all lum-
bar vertebrae

Transverse processes of
upper thoracic verte-
brae (T1-5)

Upper thoracic trans-
verse processes (T1-5)
and articular processes
C4-7

Lower thoracic and up-
per lumbar spinous
processes (T11-L2)

Upper thoracic spinous
processes (T1-6)

Transverse processes of
C7-T6(7), articular
processes of C4-6,
sometimes spinous
processes of C7 and
T1

Transverse processes
(T7-12)

Angles of lower six to
nine ribs

Angles of upper six ribs
and transverse process
of C7

Posterior tubercles of
transverse processes
of C4-6

Third through twelfth
ribs, transverse
processes of all 12
thoracic vertebrae

Transverse processes
and articular
processes of C2-6

Mastoid process tempo-
ral bone

Upper thoracic spinous
processes (T1-4, some-
times down to T8)

Spinous processes of C2
(occasionally C3 and
C4)

Occiput between supe-
rior and inferior
nuchal lines

Spinous processes of
four to six vertebrae
above (C6-T4)

Extend and laterally flex
spine

Extend and laterally flex
spine

Extend and laterally flex
spine

Extend and laterally flex
spine

Extend and laterally flex
spine

Extend and laterally flex
head

Extend spine

Extend spine

Extend head

Bilaterally: extend tho-
racic spine

Unilaterally: extend, lat-
erally flex, and rotate
vertebral bodies of
thoracic spine to op-
posite side

Lateral branches of dor-
sal rami of nearby
spinal nerves

Lateral branches of dor-
sal rami of nearby
spinal nerves

Dorsal rami of nearby
spinal nerves

Lateral branches of dor-
sal rami of nearby
spinal nerves

Lateral branches of dor-
sal ramj of nearby
spinal nerves

Lateral branches of dor-
sal rami of nearby
spinal nerves

Dorsal rami of nearby
spinal nerves

Dorsal rami of nearby
spinal nerves

Dorsal rami of upper tho-
vacic and lower cervi-
cal spinal nerves

Medial branches of dor-
sal rami of T1-6
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Muscle

Origin

Insertion
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Action
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Innervation

Semispinalis
cervicis

Semispinalis
capitis

Multifhidus

Rotatores (lumbo-

rum, thoracis,
cervicis)

Transverse processes
(T1-5), articular
processes (C4-7)

Transverse processes
(C7-T6), articular
processes (C4-6)

Posterior sacrum, L1-5
mamillary processes,
TY-12 transverse

processes, C4-7 articu-

lar processes”
Transverse processes

Suboccipital muscles

Rectus capitis pos-
terior major

Rectus capitis pos-
terior minor

Obliquus capitis
inferior

Obliquus capitis
superior

Spinous process (C2)

Posterior tubercle (C1)
Spinous process (C2)

Transverse process (Cl)

Small muscles of the spine

Intertransversarius®

Interspinalis

Levator costarum
(longus and
brevis)

Transverse process

Spinous process

lLateral aspect of trans-
verse processes (C7-
T11)

*See text for further details.

Spinous processes of
four to six vertebrae
above (C2-3)

Occiput between medial
portions of superior
and inferior nuchal
lines

Spinous processes two
to four segments
above (C2-L5)*

Spinous processes;
longus ascends two
vertebral segments,
brevis ascends one
vertebral segment

Lateral portion of infe-
rior nuchal line

Medial portion of infe-
rior nuchal line
Transverse process (C1)

Occiput between lateral
portions of superior
and inferior nuchal
lines

Transverse process of ad-
jacent vertebra

Spinous process of
adjacent vertebra

Brevis: rib immediately
below

Longus: second rib be-
low

Bilaterally: extend neck

Unilaterally: extend, lat-
erally flex, and rotate
neck to opposite side

Bilaterally: extend head

Unilaterally: slight rota-
tion of face to oppo-
site side

Bilaterally: extend spine

Unilaterally: extend, lat-
erally flex, and rotate
vertebral bodlies to op-
posite side

Bilaterally: cxtend spine

Unilaterally: rotate verte-
bral bodies to oppo-
site side

Bilaterally: extend head
Unilaterally: rotate face
toward same side

Extend head

Rotate tace toward same
side

Bilaterally: extend heacl

Unilaterally: lateral flex
head to same side

Lateral flexion of verte-
bra (approximates
[1IANSVErse processes)

Extend spine (approxi-
mate spinous
processes)

Elevate ribs, may help
laterally flex and rotate
trunk to same side

Dorsal rami of C6-8

Dorsal rami of C1-6

Medial branches of dor-
sal rami of spinal
nerves

Medial branches of dor-
sal rami of spinal
nerves

Suboccipital (dorsal ra-
mus of C1)

Suboccipital (dorsal ra-
mus of C1)

Suboccipital (dorsal ra-
mus of C1)

Suboccipital (dorsal ra-
mus of C1)

Medial part of posterior
intertransversarius:
dorsal ramus of spinal
nerve

Anterior intertransversar-
ius and lateral part of
posterior intertransver-
sarius: ventral ramus

Medial branch of dorsal
rami

Segmentally innervated
by lateral branches of
dorsal rami of spinal
nerves

Continued.
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Table 4-2  Summary of Muscles Affecting the Spine—cont’d

CHARACTERISTICS OF THE SPINE AND SPINAL CORD

Muscle Origin Insertion Action Innervation
Muscles of the anterior aspect of the cervical vertebrae
Longus colli (verti-  Anterior aspect vertebral — Anterior aspect vertebral — Flex neck Ventral rami of C2-6

cal part)

Longus colli (infe-
rior oblique
part)

Longus colli (supe-
rior oblique
part)

Longus capitis

Rectus capitis ante-
rior

Rectus capitis lat-
eralis

1liac muscles

Psoas major

Iliacus

IPsoas minor

Quadratus lumbo-
rum

bodies (C5-T3)
Vertebral bodies (T't-3)

Anterior tubercles of
transverse processes
(C3-5)

Anterior tubercles of
Lransverse Processes
(C3-6)

Anterior aspect of lateral
mass of atlas

Anterior aspect of trans-
verse process (C1)

Anterolateral bodies
(T12-L%), discs (T12-
L4), transverse
processes (L1-5)

Medial lip of iliac crest,
iliac fossa, superolat-
eral sacrum

Bodies (T12-L1), disc
(T12)

Transverse process (LS),
iliolumbar ligament,
posterior portion of il-
inc crest

Muscles of respiration

Diaphragm

External inter-
costals

Internal inter-
costals

Xiphoid process, deep
surface of lower six
ribs and their costal
cartilages, lateral and
medial lumbocostal
arches and bodies
(L1-3

Lower border ribs (1-11)
from tubercles to
costal cartilages

Lower border ribs (1-11)
from sternum/costal
cartilage to angle

bodies (C2-4)

Anterior tubercles of
transverse processes
(CsS and CO)

Anterior tubercle (C1)

Anterior occiput

Occiput (anterior to oc-
cipital condyle)

Occiput (jugular pro-
cess)

Lesser trochanter (with
iliacus)

Lesser trochanter (with
psoas major)

Pecten pubis, iliopubic
eminence

L.ower border of 12th
rib, transverse
processes (L1-4)

Central tendon

Upper border of adja-
cent rib below from
tubercles to costal car-
tilages

Upper border of adja-
cent rib below from
sternum/costal carti-
lage to angle

Flex neck, aid with lat-
eral flexion of neck to
same side, rotate neck
to opposite side

Flex neck, aicl with lart-
cral flexion of neck to
same side

Flex head

Flex head at atlanto-
occipital joints

Laterally flex occiput on
atlas

If spine stabilized: flex
thigh

If thigh stabilized: flex
trunk, tilt pelvis for-
ward

See psoas major

Flex trunk

Bilaterally: extend spine,
depress 12th rib, stabi-
lize origin of di-
aphragm to I2th rib

Unilaterally: lateral flex
spine

Inspiration, stabilize
thorax

Respiration, stabilize
thorax

Respiration, stabilize
thorax

spinal nerves
Ventral rami of lower
cervical spinal nerves

Ventral rami of upper
cervical spinal nerves

Ventral rami of CI-3

Ventral rami of C1 and
C2

Ventral rami of C1 and
C2

Ventral rami of [.2-3

Femoral (L2-3)

Veatral ramus of L1

Ventral rami of T12-L3

Phrenic (C3-3), lower six
intercostals (afferent
only)

Adjacent intercostals

Adjacent intercostals
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Insertion
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Action

Innervation

Innermost inter- Lower border ribs (1-11)

costals in middle two fourths
of intercostal space
Subcostal Inferior border ribs

(1-10) near angle

Deep surface of inferior
sternal body, xiphoid
process, costal carti-
lages (4-7)

Transversus tho-
racis

Anterolateral abdominal muscles

External abdomi-
nal oblique

Inferior borders of lower
eight ribs”

Internal abdominal  Lateral two thirds of in-

oblique guinal ligament, ante-
rior iliac crest, thora-

columbar fascia

Lateral two thirds of in-
guinal ligament, ante-
rior iliac crest, thora-
columbar fascia, lower
six costal cartilages

Pubic crest, symphysis
pubis

Transversus abdo-
minis

Rectus abdominis

Hamstring muscles

Semitendinosus [schial tuberosity

Semimembranosus  Ischial tuberosity

Biceps femoris Long head: ischial tuber-
osity

Short head: linea aspera,
lateral supracondylar

line of femur

See text for turther details.

Upper border of adja-
cent rib below in mid-
dle two fourths of in-
tercostal space

Superior border of sec-
ond rib below

Deep surface of costal
cartilages (2-6)

Linea alba, iliac crest®

Pecten pubis, pubic
crest, linea alba*

Linea alba®

Costal cartilages (5-7),
xiphoid process

Medial tibia (pes
anscrine)

Posterior aspect of me-
dial tibial condyle*

Fibular headl, fibular col-
lateral ligament, lateral
tibial condyle

Respiration, stabilize
thorax

Depress ribs

Depress costal cartilages

Bilaterally: flex spine, tilt
pelvis backward

Unilaterally: lateral flex
spine to same side, ro-
tate spine to opposite
side

Bilaterally: flex spine, tilt
pelvis backward

Unilaterally: lateral flex
and rotate spine to
same side

Unilaterally: rotate spine
to same side

Bilaterally: flex spine, tilt
pelvis backward

Unilaterally: lateral flex
spine

If leg stabilized: extend
thigh, tilt pelvis back-
ward

If thigh stabilized: flex
leg

If leg stabilized: extend
thigh, tilt pelvis back-
ward

If thigh stabilized: flex
leg

Long head: if leg stabi-
lized—extend thigh,
tilt pelvis backward

Both heads: if thigh stabi-
lized—flex leg

Adjacent intercostals

Adjacent intercostals

Adjacent intercostals

Ventral rami of T7-12

Ventral ramiof T7-LI

Ventral rami of T7-L1

Ventral rami of T7-12

Tibial division of sciatic
nerve (LS, S1, S2)

Tibial division of sciatic
nerve (LS, S1, S2)

Long head: tibial division
of sciatic nerve (LS,
S1, §2),

Short head: peroneal di-
vision of sciatic nerve
(15, S1, S2)

Continued.
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Table 4-2  Summary of Muscles Affecting the Spine—cont'd

Muscle Origin Insertion Action Innervation
Muscles attaching to the sacrum and ilium
Gluteus maximus llium, posterior-to-poste-  Gluteal tuberosity, ilio- If pelvis stabilized: ex- Inferior gluteal (L5-S2)

rior gluteal line, apo- tibial tract

neurosis of erector
spinae, posterior
sacrum, lateral coc-
cyx, siacrotuberous lig-
ament

Rectus femoris
rior iliac spine

Reflected head: acetabu-

Jum, capsule of hip~®

Piriformis Anterolateral sacrnun, Greater trochanter

gluteal surface of il-
ium, capsule of
sacroiliac joint

*See text for further details.

Straight head: anteroinfe- Base of patella

tend, abduct, and lat-
erally rotate thigh

If thigh stabilized: tilt
pelvis backward, stabi-
lize knee

If thigh stabilized: ex- Femoral (L2-4)
tend leg, tilt pelvis for-
ward
If pelvis stabilized: flex
hip
If thigh extended: later- Ventral rami of 1.5-§2
ally rotate hip
If thigh flexed: abduct

hip

SUMMARY OF ACTIONS OF SPINAL MUSCLES

MUSCLES ACTING ON THE HEAD A1 THE ATLANTOAXIAL AND ATLANTOOCCIPITAL JOINTS

Extension

Trapezius

Semispinalis capitis

(Spinalis capitis)

Rectus capitis posterior major
Rectus capitis posterior minor
Obliquus capitis superior
Splenius capitis

Longissimus capitis

Flexion

Longus capitis

Rectus capitis anterior
Sternocleidomastoid

MUSCLES ACTING ON THE CERVICAL REGION
Extension

Levator scapulae
Splenius capitis
Splenius cervicis
Longissimus capitis
Longissimus cervicis
(Spinalis capitis)
(Spinalis cervicis)
lliocostalis cervicis
Semispinalis capitis
Semispinalis cervicis
Multifidus
[nterspinales

Lateral flexion

Trapezius

Sternocleidomastoid

Splenius capitis

Longissimus capitis

Semispinalis capitis

Rectus capitis lateralis

Obliquus capitis superior
Rotation

Splenius capitis, same side
Longissimus capitis, same side
Obliquus capitis inferior, same side
Longus capitis, same side

Rectus capitis posterior major, same side
Trapezius, opposite side
Sternocleidomastoid, opposite side

Flexion
Sternocleidomastoid
Longus capitis
Longus colli
Scalenus anterior



MUSCLES ACTING ON THE CERVICAL REGION—cont'd
Lateral flexion
Sternocleidomastoid
Scalenus anterior
Scalenus medius
Scalenus posterior
Splenius capitis
Splenius cervicis
Levator scapulae
Longissimus capitis
Longissimus ccervicis
lliocostalis cervicis
Semispinalis cervicis
Trapezius
Intertransversarii

MUSCLES ACTING ON THE TRUNK
Flexion

Psoas major

Psoas minor

Rectus abdominis

External abdominal oblique
Internal abdominal oblique
Extension

Quadratus lumborun
Multifidus

Rotatores

Semispinalis thoracis
Spinalis thoracis
Longissimus thoracis
lliocostalis thoracis
lliocostalis lumborum
Interspinales
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Rotation

Splenius capitis, same side
Splenius cervicis, same side
Longissimus cervicis, same side
Hliocostalis cervicis, same side
Sternocleidomastoid, opposite side
Semispinalis cervicis, opposite side
Multifidus, opposite side
Rotatores, opposite side

Scalenus anterior, opposite side
Trapezius, opposite side

Lateral flexion

External abdominal oblique

Internal abdominal oblique

Rectus abdominis

Iliocostalis lumborum

Iliocostalis thoracis

Longissimus thoracis

Semispinalis thoracis

Multifidus

Quadratus lumborum
Intertransversarii

Psoas major

Rotation

Internal abdominal oblique, same side
lliocostalis thoracis, same side
lliocostalis lumborum, same side
External abdominal oblique, opposite side
Multificlus, opposite side

Rotatores, opposite side

MUSCLES PRODUCING NTEROPOSTERIOR TILTING OF THE PELVIS

Forward tilting
Erector spinae
Psoas major
Rectus femoris

greater trochanter is described (Segal & Jacob, 1983). All
the heads join, and the belly of the muscle then runs
down the anterior thigh to attach by a broad aponeuro-
sis to the base of the patella. By virtue of its proximal at-
tachment sites, the rectus femoris muscle not only ex-
tends the knee, but also flexes the hip. If the thigh is
fixed, contraction of this muscle helps to tilt the pelvis
forward. The rectus femoris, along with the rest of the

Backward tilting

Rectus abdominis

External abdominal oblique
Internal abdominal oblique
Gluteus maximus

Biceps femoris (long head)
Semitendinosus
Semimembranosus

quadriceps femoris, is innervated by the femoral nerve
(L2 to L4).

SUMMARY OF MUSCLES AFFECTING THE
SPINE

Table 4-2 provides a summary of the muscles that influ-
ence the spine. This table does not give a complcte
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account of all the points of origin and insertion of some
of the more complex muscles. A more detailed descrip-
tion of each muscle appears in the text of this chapter.
The box on pp. 106-107 organizes the muscles that
influence the spine according to the motion produced
by their contraction.
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CHAPTER 5

The Cervicalr‘.

Gregory D. Cramer

Characteristics of the Cervical Spine as a Whole
Cervical Curve (Lordosis)
Typical Cervical Vertebrae
External Aspect of the Occipital Bone
Squamous Part
Lateral Parts
Basilar Part
Atypical and Unique Cervical Vertebrac
Atlas (First Cervical Vertebra)
Axis (Second Cervical Vertebra)
Vertebra Prominens (Seventh Cervical Vertebra)
Carotid Tubercles (Sixth Cervical Vertebra)
Articulations of the Upper Cervical Region
Left and Right Atlanto-Occipital Articulations
Ligaments of the Cervical Region
Upper Cervical Ligaments
Lower Cervical Ligaments
Cervical Intervertebral Discs
Ranges of Motion of the Cervical Spine
Rotation with Lateral Flexion
Nerves, Vessels, Anterior Neck Muscles, and Viscera of the
Cervical Region
Vertebral Artery
Nerves of the Cervical Region
Muscles of the Anterior Neck
Vascular Structures of the Anterior Neck
Viscera of the Anterior Neck

The cervical region is possibly the most distinct region
of the spine. The fact that so many structures, spinal and
otherwise, are “packed” into such a small cylinder, con-
necting the head to the thorax, makes the entire neck an
outstanding feat of efficient design. The cervical spine is
the most complicated articular system in the body, com-
prising 37 separate joints (Bland, 1989). It allows for
more movement than any other spinal region and is sur-
rounded by a myriad of nerves, vessels, and many other

vital structures. All clinicians who have spent significant
time working with patients suffering from pain of cervi-
cal origin have been challenged and sometimes frus-
trated with this region of immense clinical importance.
Understanding the detailed anatomy of this area helps
clinicians make more accurate assessments of their pa-
tients, which in turn, results in the establishment of
more effective treatment protocols.

This chapter begins by covering the general charac-
teristics of the cervical spine as a whole. This is followed
by a discussion of the region’s typical and atypical verte-
brae. The external aspect of the occiput is included be-
cause of its intimate relationship with the upper two cer-
vical segments. The ligaments of the cervical region are
then covered, followed by a discussion of the cervical
spine’s ranges of motion. The most important structures
of the anterior neck and the cervical viscera are also in-
cluded.

CHARACTERISTICS OF THE CERVICAL
SPINE AS A WHOLE

Cervical Curve (Lordosis)

The cervical curve is the least distinct of the spinal
curves. It is convex anteriorly (lordosis) and is a sec-
ondary (compensatory) curvature (see Chapter 2). The
cervical curve begins to develop before birth and as
early as 9 weeks of prenatal life. Onset of fetal move-
ments plays an important role in the early development
of the cervical lordosis (Bagnall, Harris, & Jones, 1977,
Williams et al., 1989). However, the curve becomes
much more marked when the child begins to lift the
head at about 3 to 4 months after birth, and the curve
increases as the child begins to sit upright at about
9 months of age (Williams et al., 1989).

Some authors state that the cervical curve is actually
composed of two curves, upper and lower (Kapandji,
1974 Oliver & Middleditch, 1991). The upper cervical

109
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posterior (Fig. 5-1). The two roots end laterally as tuber-
cles (anterior and posterior). The two tubercles are
joined to one another by an intertubercular lamella,
which is less correctly known as a costotransverse
lamella (bar) (Williams et al., 1989). The distance be-
tween the tips of the tubercles of the left and right TPs
is greatest at Cl, and this same distance, although
smaller, remains relatively constant from C2 through C6,
then increases greatly at C7.

A gutter, or groove, for the spinal nerve is formed be-
tween the anterior and posterior roots of each TP (Fig.
5-2). This groove serves as a passage for exit of the
mixed spinal nerve and its largest branch, the anterior
primary division (ventral ramus). The gutters for the
mixed spinal nerves of C4 to C6 are the deepest. The in-
tertubercular lamellae of C3 and C4 have a rather
oblique course, descending from the anterior root and
passing laterally as they reach the posterior root of the
TP. Therefore the anterior tubercles (roots) of these ver-
tebrae are shorter than the posterior ones, and the
grooves for the spinal nerves are deeper posteriorly than
anteriorly. The left and right intertubercular lamellae of
C6 are wide (from left to right) and shallow (from supe-
rior to inferior) (Williams et al., 1989).

A dural root sleeve, which surrounds each mixed
spinal nerve, and its continuation as the epineurium of
the ventral ramus (anterior primary division) are held to
the gutter of the TP by fibrous tissue. This strong attach-
ment to the TP is unique to the cervical region
(Sunderland, 1974). A dorsal ramus leaves each mixed
spinal nerve shortly after its formation. The dorsal ramus
(posterior primary division) runs posteriorly and laterally
along the zygapophyseal joint (see next section), sup-
plying the joint with sensory innervation. The ramus
then passes posteriorly to supply the cervical parts of
the deep back muscles with motor, nociceptive, and
proprioceptive innervation and then continues posteri-
orly to reach the dermal and epidermal layers of the
back to supply them with sensory innervation. The
nerves of the cervical region are discussed in more de-
tail later in this chapter.

The anterior aspect of the TPs of C4 to C6 end in
roughened tubercles that serve as attachments for the
tendons of the scalenus anterior, longus colli (superior
and inferior oblique fibers), and longus capitis muscles.
The posterior tubercles extend further laterally and
slightly more inferiorly than their anterior counterparts
(except for C6, where they are level). The splenius cer-
vicis, longissimus cervicis, iliocostalis cervicis, levator
scapulae, and scalenus medius and posterior muscles at-
tach to the posterior tubercles.

As the name implies, the foramen of the TP is an open-
ing within the TP. This foramen is present in the left and
right TPs of all cervical vertebrae. It was previously
called the foramen transversarium, but the currently

preferred term is simply foramen of the transverse
Pprocess. The boundaries of this foramen are formed by
four structures: the pedicle, the anterior root of the TP,
the posterior root of the TP, and the intertubercular
lamella. The left and right foramina of the TPs of a single
vertebra frequently are asymmetric. Occasionally the
foramen of a single TP are double (Taitz et al., 1978).
The vertebral artery normally enters the foramen of the
TP of C6 and continues superiorly through the corre-
sponding foramina of C5 through Cl. The vertebral
artery of each side loops posteriorly and then medially
around the superior articular process of the atlas on the
corresponding side. The artery then continues superi-
orly to pass through the foramen magnum. The ventral
rami of the C3 to C7 spinal nerves pass posterior to the
vertebral artery as they exit the gutter (groove) for the
spinal nerve of the TP (Fig. 5-2).

Several vertebral veins on each side also pass through
the foramina of the TPs. These veins begin in the atlanto-
occipital region and continue inferiorly through the
foramina of the TPs of C1 through C7 and then enter the
subclavian vein. The vertebral veins receive branches
from both the epidural venous plexus and the external
vertebral venous plexus. In addition to the veins, a
plexus of sympathetic nerves also accompanies the ver-
tebral artery as it passes through the foramina of the TPs
of C1 through CG6 (see Fig. 5-19). The vertebral artery
and the sympathetic plexus associated with it are dis-
cussed in more detail later in this chapter.

As mentioned in Chapter 2, the vertebrae of each re-
gion of the spine possess specific sites that are capable
of developing ribs. Such regions are known as costal el-
ements, costal processes, or pleurapophyses. The cervi-
cal region is no exception. The costal process of a typi-
cal cervical vertebra makes up the majority of its TP. In
fact, all but the most medial aspect of the posterior root
of the TP participates in the formation of the costal
process. The costal processes may develop into cervical
ribs in some individuals (Williams et al., 1989). This
occurs most frequently at the level of C7. A cervical
rib at C7 may be present and may compress portions
of the brachial plexus and the subclavian artery. The
symptom complex that results from compression of
these structures is known as the thoracic outlet syn-
drome, and a cervical rib is one cause of this syndrome
(Bland, 1987). A cervical rib may develop as a very
small projection of the TP or may be a complete rib
that attaches to the manubrium of the sternum or the
first thoracic rib. However, the cervical rib is usually
incomplete, and a bridge of fibrous tissue connects the
tip of the cervical rib to either the manubrium or the
first thoracic rib. The osseous extension of the cervical
TP can be frequently detected on standard x-ray films,
but the fibrous band is much more difficult to evaluate
radiographically.



THE CERVICAL REGION 113
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IF1G. 5-2

Obliquely oriented cervical intervertebral foramina (IVFs). A, Close-up of several

cervical 1VFs. Notice that the superior lip (uncinate process) of a typical cervical vertebral

body helps to form the anterior border of the [VF.

Articular Processes and Zygapophyscal Joints
The general characteristics of the articular processes and
the zygapophyseal joints (Z joints) are discussed in
Chapter 2. The unique characteristics of the cervical Z
joints are discussed here. The superior articular pro-
cesses and their hyaline cartilage-lined facets face poste-
riorly, superiorly, and slightly medially (see Fig. 5-1). The
cervical Z joints lie approximately 45° to the horizon-
tal plane (Panjabi et al., 1991; White & Panjabi, 1990).
More specifically, the facet joints of the upper cervical
spine lie at approximately a 35° angle to the horizontal
plane, and the lower cervical Z joints form a 65° angle
to the horizontal plane (Oliver & Middleditch, 1991).

The appearance of the cervical Z joints changes sig-
nificantly with age. Before age 20 the articular cartilage
is smooth and approximately 1.0 to 1.3 mm thick, and
the subarticular bone is regular in thickness. The articu-
lar cartilage thins with age, and most adult cervical

Continued.

Z joints possess an extremely thin layer of cartilage
with irregularly thickened subarticular cortical bone.
These changes of articular cartilage and the subchondral
bone usually go undetected on computed tomography
(CT) and magnetic resonance imaging (MRI) scans.
Osteophytes (bony spurs) projecting from the articular
processes and sclerosis (thickening) of the bone within
the articular processes occur quite often in adult cervical
7 joints (Fletcher et al., 1990).

The articular capsules of the cervical region are quite
thin (Panjabi et al.,, 1991) and are longer and looser than
those of the thoracic and lumbar regions. The collagen
fibers, which make up the capsules, run from the region
immediately surrounding the articular facet of the infc-
rior articular process of the vertebra above to the corre-
sponding region of the superior articular process of the
vertebra below (Figs. 5-3, 5-11, and 5-15). The bands of
collagen fibers are approximately 9 mm long and run
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Intervertebral
foramen
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foramen

FlG. 5-2. cont'd. B, Standard parasagittal magnetic resonance imaging (MRI) scans of the
cervical region frequently show only the lower cervical IVFs. C, Because the cervical IVFs face
anteriorly as well as laterally, MRI scans taken at a 40° to 45° angle to a sagittal plane show the
cervical IVFs to better advantage. The insets of the two MRI scans show the plane in which

each scan was taken.

Anterior tubercle of

Lateral atlanto-axial
atlas (C1)

joint (Z joint)

Transverse process OF

Superior lip (uncinate atlas (C1)

process) of C5

Intervertebral foramen

(C4-C5)

Posterior tubercle of
transverse process of C5

Anterior tubercle of
transverse process of Cé

Vertebral body of Cé

FIG. 5-3  Anterior (A), lateral (B), and posterior (C) views of the cervical portion of the ver-
tebral column. A, Superior lips (uncinate processes) of the C3 to C6 vertebral bodies to ad-

vantage.
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Intervertebral foramen C7-T1

FIG. 5-3, cont'd
inferior articular processes.

perpendicular to the plane created by the Z joint
(Panjabi et al., 1991).

Z joint synovial folds (menisci) project into the Z
joints at all levels of the cervical spinc¢. Yu, Sether, and
Haughton (1987) found four distinct types of cervical Z
joint menisci (Tig. 5-4). Type I menisci are thin and pro-
trude far into the Z joints, covering approximately 50%
of the joint surface. They are found only in children.
Type 1l menisci
a significant distancc into the joint space and are found
almost exclusively at the lateral C1-2 Z joints. Type III
folds are rather small nubs and are found throughout the
C2-3 to C6-7 cervical Z joints of most healthy adults.
Type IV menisci are quite large and thick and are usually
only found in degenerative Z joints. Types Il and IV have
been seen on MRI scans.

When the individual vertebrae are united, the articular
processes of each side of the cervical spine form an ar-
ticular pillar that bulges laterally at the pediculolaminar
junction (Williams et al., 1989). This pillar is conspicu-
ous on lateral x-ray films. The cervical articular pillars

B, Note the articular pillar, formed by the C3 through C6 supertior and

Continued.

(left and right) help to support the weight of the head
and neck (Pal et al., 1988). Therefore, weight bearing in
the cervical region is carried out by a series of three lon-
gitudinal columns: one anterior column, which runs
through the vertebral bodies, and two posterior
columns, which run through the right and left articular
pillars (Louis, 1985; Pal et al., 1988).

Articular pillar fracture is fairly common in the cervi-
cal spine and frequently goes undetected (Renaudin &
Snyder, 1978). This type of fracture is usually a chip frac-
ture of a superior articular facet. The patient often ex-
periences transient radicular pain (see Chapter 11),
which is usually followed by mild to intense neck pain.
Persistent radiculopathy in such patients indicates dis-
placement of the fractured facet onto the dorsal root as
it exits the intervertebral foramen (Czervionke et al.,
1988) (Fig. 5-2).

Pain arising from pathologic conditions or dysfunction
of the cervical Z joints can refer to regions quite distant
from the affected joint (Bogduk, 1989b; Dwycr, Aprill,
& Bogduk, 1990). The two most common types of pain
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FIG. 5-3, cont'd

referral are neck pain and head pain (headache) arising
from the C2-3 Z joints, and neck pain and shoulder pain
arising
1988).

Laminac. The laminae of the cervical region are fairly
narrow from superior to inferior. Therefore, in a dried
specimen, a gap can be seen between the laminae of
adjacent vertebrae (Fig. 5-3, C). However, this gap is
filled by the ligamentum flavum in the living (see Fig.
7-20). The upper border of each cervical lamina is thin,
and the anterior surface of the inferior border is rough-
ened by the attachment of the ligamentum flavum. The
ligamentum flavum is discussed in detail later in this
chapter.

A vertebral foramen of a typical cer-
vical vertebra is rather triangular (trefoil) in shape (see
Fig. 5-1) It is also rather large, allowing it to accommo-
date the cervical enlargement of the spinal cord.

Recall that the collection of all the vertebral foramina
is known as the vertebral (spinal) canal. Therefore the
IVDs and ligamenta flava also participate in the forma-
tion of the vertebral canal.

The vertebral canal is fairly large in the upper cervical
region but narrows from C3 to C6. In fact, the spinal

Superior articular
process of atlas (C1)

Posterior tubercle

of atlas (C1)

Superior articular
facet of C3

Inferior articular
process of Cé

Spinous process of

vertebra prominens (C7)

C, Posterior view of the cervical portion of the vertebral column.

cord makes up 75% of the vertebral canal at the C6 level.
Table 5-1 summarizes the general characteristics of the

cervical vertebral canal. A variety of pathologicfremdihe C

tions can compromise the spinal cord within the verte-
bral canal, including IVD protrusion, spinal cord tumor,
posterior spondylosis of the vertebral body, Z joint hy-
pertrophy, ossification of the posterior longitudinal liga
ment, buckling of a ligamentum flavum in a congenitally
narrow vertebral canal, and a displaced fracture of a [am-
ina, pedicle, or vertebral body.

The critical anteroposterior dimension of the cervical
vertebral canal, before symptoms occur, is approxi-
mately 12 to 13 mm. A vertebral canal this narrow is usu-
ally the result of one of the previously mentioned patho-
logic conditions combined with a congenitally narrow
canal. Narrowing of the vertebral canal can lead to com-
pression of the cervical spinal cord, a condition known
as cervical myelopathy. Increased bone formation
(spondylosis) of the articular processes close to the
Z joint or to the uncovertebral “joints” can contribute
to this condition. When this is the case, the term cer-
vical spondylotic myelopathy is appropriate. Cervical
myelopathy usually is associated with diffuse neck pain
accompanied by varying degrees of neurologic deficit
(Cusick, 1988). Metrizamide myelography (injection
of radiopaque dye followed by x-ray examination)
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FIG. 5.4 Four types of menisci (feft and right).

A, Type I are washer shaped and are found in chil-
dren. B, l'ype 11 also extend into the joint spaces
and can be found in the lateral atlanto-axial joints
of adults. C, Type Il do not extend into the joint
spaces and are found in the typical C2-3 to C6-7
Z joints ot adults. D, Type IV are composed of col-
lagen, fat, and cartilage and may extend into de-
generated 7 joints. Righ/, Menisci from sagittal
sections of cadaveric cervical spines. (Yu et al.
[19871. Brain, 109, 259-278.)
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and computer-assisted myelography (injection of dye
followed by CT scanning) have been shown to be useful
in the evaluation of cervical spondylotic myelopathy
(Yu, Sether, & Haughton, 1987). Measurement (mor-
phometry) of the cervical cord by means of MRI has
been shown to correlate well with the severity of cord
compression (Fujiwara et al., 1988).

Spinous Process. The spinous process of a typical
cervical vertebra is short and bifid posteriorly. It is bifid
because it develops from two separate secondary cen-
ters of ossification. This morphology is unique to cervi-
cal spinous processes. “Terminal tubercles” of unequal
size allow for attachment of the ligamentum nuchae
(Williams et al., 1989) and many of the deep extensors
of the spine (semispinalis thoracis and cervicis, multifidi

cervicis, spinalis cervicis, and interspinalis cervicis
muscles).

Cervical spinous processes, as with spinous processes
throughout the spine, may deviate from the midline,
making the determination of structural defects, frac-
tures, and dislocations more challenging (Williams et al.,
1989). The length of the spinous processes decreases
from C2 to C4 and then increases from C4 to C7 (Panjabi
etal., 1991).

Intervertebral Foramina. The left and right inter-
vertebral foramina (1VFs) in the cervical region li¢ be-
tween the superior and inferior vertebral notches of
adjacent cervical vertebrae (Fig. 5-2). They face obliqucly
anteriorly at approximately a 45° angle from the mid-
sagittal plane. The IVFEs are also directed inferiorly at
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Table 5-1 General Characteristics of the Cervical
Vertebral Canal

Region Dimensions

Upper cervical
vertebral canal

Upper canal is infundibular in shape,
wider superiorly than inferiorly; less
than half the available space is occu-
pied by the spinal cord at C1.

C4 Narrowing of the vertebral canal begins.
C6 Cord occupies 75% of the vertebral canal.
CI1-C7 Critical anteroposterior dimension is

12-13 mm.

approximately a 10° angle to a horizontal plane passing
through the superior vertebral end plate. The specific
borders and contents of the IVF are discussed in Chapter
2. However, unique to the cervical region are the unci-
nate processes, which help to form the anterior border
of the IVFs. The cervical IVFs, as with those of the tho-
racic and lumbar regions, can best be considered as
neural canals since they are 4 to 6 mm in length. The cer-
vical IVFs are almost oval in shape. The vertical diameter
of each foramen is approximately 10 mm and the an-
teroposterior diameter 5 mm, although these dimen-
sions change during spinal movement (the anteroposte-
rior diameter decreases during extension).

Approximately one fifth of the IVF in the cervical re-
gion is filled by the dorsal and ventral roots (medially) or
the spinal nerve (laterally). When the spine is in the neu-
tral position, the dorsal and ventral roots are located in
the inferior portion of the IVF at or below the disc level
(Pech et al.,, 1985). Epidural fat and blood vessels are
found in the superior aspect of the IVF. The dorsal root
and dorsal root ganglion are located posterior to and
slightly above the ventral root. The dorsal root is also in
contact with the superior articular process. The dorsal
root ganglion is associated with a small notch on the an-
terior surface of the superior articular process. The ven-
tral root contacts the uncinate process, and the dorsal
and ventral roots are separated from each other by adi-
pose tissue (Pech et al., 1985). This adipose-filled region
between the dorsal and ventral roots has been called the
interradlicular foramen or cleft and can be seen on MRI
(Yenerich & Haughton, 1986). Hypertrophy of the supe-
rior and inferior articular processes secondary to degen-
eration (osteoarthritis) of the Z joints may result in com-
pression of the dorsal rootlets, dorsal root, or dorsal root
ganglion (Bland, 1989).

Kinalski and Kostro (1971) found the area of the cer-
vical IVFs (as recorded from plain oblique radiographs)
to correlate with age and patient symptoms. Individuals
20 to 40 years of age had larger IVFs than those older
than 40. Also, a smaller IVF size was found among pa-
tients with chronic neck pain.

An IVF may enlarge as a result of various pathologic
conditions. The most common cause of significant

pathologic enlargement of the IVF is the presence of a
neurofibroma. Less frequently, enlargement may be
caused by meningioma, fibroma, lipoma, herniated
meningocele, a tortuous vertebral artery (Danziger &
Bloch, 1975), congenital absence of the pedicle with
malformation of the TP (Schimmel, Newton, & Mani,
1976), and chordoma (Wang et al., 1984).

EXTERNAL ASPECT OF THE OCCIPITAL
BONE

The external surface of the occipital bone is so inti-
mately related to the spine (direct articulation and liga-
mentous attachments with the atlas and ligamentous at-
tachments with the axis) that it is included in this sec-
tion on the cervical region.

The external aspect of the occipital bone consists of
three different regions: squamous, left and right lateral,
and basilar. These three regions are discussed separately.

Squamous Part

The squamous part of the occipital bone (occipital
squama) is located posterior to the foramen magnum
(Fig. 5-5). The most prominent aspect of the occipital
squama is the external occipital protuberance (EOP).
This mound, whose summit is known as the inion,
serves as the attachment site for the medial insertion of
the trapezius muscle. The external occipital crest ex-
tends inferiorly from the EOP.

The squamous part of the occipital bone also has sev-
eral markings formed by muscular and ligamentous
attachments. Extending laterally from the EOP are two
pairs of nuchal lines. The first is only occasionally
present and is known as the highest (supreme) nuchal
line. The second is almost always present and is known
as the superior nuchal line. The highest nuchal line,
when present, extends superiorly and laterally from
the EOP. It is formed by attachment of the occipital
belly of the occipitofrontalis (epicranius) muscle. The
superior nuchal line extends almost directly laterally
from the EOP and is formed by the attachment of the
trapezius and the sternocleidomastoid muscles. A third
nuchal line called the inferior nuchal line extends later-
ally from the external occipital crest about midway
between the EOP and the foramen magnum. Several
muscles attach above and below the inferior nuchal
line (Table 5-2), and the posterior atlanto-occipital
membrane attaches to the most inferior aspect of the
occipital squama, which is the posterior border of the
foramen magnum.

Lateral Parts

The left and right lateral portions of the occipital bone
are located to the sides of the foramen magnum. They
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FIG. 5-5  Superior (A), or internal, and inferior (B), or external, views of the occiput.

C, Atlas articulating with the occiput.
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Table 5-2 Attachments to the Occiput

Region Muscles Attached

Squamous  Trapezius

Sternocleidomastoid

Occipital belly of occipitofrontalis
Splenius capitis

Semispinalis capitis

Obliquus capitis superior

Rectus capitis posterior major and minor
Posterior atlanto-occipital membrane
Rectus capitis lateralis

Rectus capitis anterior

Longus capitis

Superior constrictor

Anterior atlanto-occipital membrane
Apical ligament of the odontoid process
Superior (upper) band of the cruciform ligament
Tectorial membrane

Lateral
Basilar

include the left and right occipital condyles, jugular
processes, and jugular notches.

The two occipital condyles are convex structures lo-
cated on each side of the foramen magnum. Each
condyle follows the contour of the large foramen and
protrudes anteriorly and medially (Fig. 5-5). Each pos-
sesses a hyaline cartilage lined articular facet, which may
be constricted in the center and occasionally is com-
pletely divided. The left and right occipital condyles fit
snugly into the superior articular facets of the atlas, and
the left and right atlanto-occipital articulations allow for
flexion, extension, and lateral flexion of the occiput on
the atlas.

The jugular notch is a groove along the lateral margin
of each side of the occiput. This groove helps to form
the large jugular foramen of the same side by lying in reg-
ister with the jugular fossa of the temporal bone.

The jugular notch is bounded laterally by the jugular
process. The jugular process is an anterior projection on
the lateral aspect of each side of the occiput. Each one
helps to form the posterolateral margin of the jugular
foramen of the same side. The rectus capitis lateralis
muscle, which helps to laterally flex the occiput on the
atlas, attaches to this process.

Basilar Part

The basilar region of the occipital bone extends anteri-
orly from the foramen magnum. It meets the basilar por-
tion of the sphenoid bone, and together the two basilar
processes are known as the clivus.

The superior constrictor muscle of the pharynx at-
taches to the distinct pharyngeal tubercle, which is lo-
cated in the center of the external surface of the basioc-
ciput. The rectus capitis anterior muscle attaches just in

front of the occipital condyle, and the longus capitis
muscle attaches anterior and lateral to the pharyngeal
tubercle. The anterior atlanto-occipital membrane at-
taches just in front of the foramen magnum. The apical
ligament of the odontoid process attaches to the rim of
the foramen magnum, and the superior (upper) band of
the cruciform ligament attaches to the inner surface of
the clivus, covered posteriorly by the tectorial mem-
brane. The transition of the spinal dura to the meningeal
layer of the cranial dura occurs just posterior to the tec-
torial membrane.

ATYPICAL AND UNIQUE CERVICAL
VERTEBRAE

The atypical cervical vertebrae are C1 and C2. C7 is
unique. C6 is considered to have unique characteristics
but remains typical. The distinctive features of these
vertebrae are discussed in the following sections.

Atlas (First Cervical Vertebra)

The most superior atypical vertebra of the spine is the
first cervical vertebra (Fig. 5-6). Given the name atlas,
after the Greek god, this vertebra also functions to sup-
port a round sphere (the head). It develops from three
primary centers of ossification, one in each lateral mass
and one in the anterior arch. The centers located in the
lateral masses are the first to appear, being formed by ap-
proximately the seventh week after conception. These
centers develop posteriorly into the future posterior
arch of the atlas, where they usually unite with one an-
other by approximately the third or fourth year of life.
Occasionally, these ossification centers fail to unite pos-
teriorly, leaving a cartilaginous bridge. This cartilaginous
bridge appears as a radiolucency on standard x-ray films.
Such a radiolucency must be differentiated from a frac-
ture in trauma patients.

The fully developed atlas comprises two arches (ante-
rior and posterior) separated by two laterally placed
pieces of bone known as the lateral masses. The lateral
masses, in turn, have a TP projecting from their sides.

ops from a bridge of tissue that connects the two lateral
masses of the atlas in the embryo. This bridge is known
as the hypochordal arch, and although the hypochordal
arch is found throughout the spine embryologically, the
anterior arch of the atlas is the only place where it per-
sists into adulthood. The primary ossification center of
the anterior arch usually appears by the end of the first
year of postnatal life and fuses with the left and right lat-
eral masses between the ages of 6 and 8 years.

The anterior arch is the smaller of the two atlantal
arches (Fig. 5-6). It possesses an elevation on its anterior
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atlas.



122 CHARACTERISTICS OF THE SPINE AND SPINAL CORD

surface known as the anterior tubercle. This tubercle
serves as the attachment site for the anterior longitudinal
ligament centrally and the superior oblique fibers of the
longus colli muscle slightly laterally.

The posterior surface of the anterior arch (Fig. 5-6)
contains a smooth articulating surface known as the
facet for the dens (odontoid). This facet is covered with
hyaline cartilage and articulates with the anterior sur-
face of the odontoid process as a diarthrodial joint. Since
the atlas has no vertebral body, the odontoid process
of the axis occupies the region homologous to the
body of the atlas. Therefore the atlas is oval in shape and
can easily pivot around the odontoid process at the
diarthrodial joint between this process and the anterior
arch of C1.

The posterior arch is larger than the
anterior arch and forms approximately two thirds of the
ring of the atlas. The larger posterior arch contains an el-
evation on its posterior surface known as the posterior
tubercle. This tubercle may be palpated in some individ-
uals. It serves centrally as an attachment site for the liga-
mentum nuchae (Williams et al., 1989) and also as the
origin for the rectus capitis posterior minor muscle.

The first left and right ligamenta flava attach to the
lower border of the posterior arch of the atlas. The liga-
menta flava are discussed in more detail later in this
chapter. The lateral aspects of the superior surface pos-
terior arch are extremely thin and “dug out.” These dug-
out regions are known as the left and right grooves for
the vertebral arteries. Each groove allows passage of the
vertebral artery, vertebral veins, and the suboccipital
nerve of the same side. The suboccipital nerve is the dor-
sal ramus of Cl and is located between the vertebral
artery and the posterior arch. The groove for the verte-
bral artery has been found to be covered by bone in ap-
proximately 32% to 37% of subjects studied (Taitz &
Nathan, 1986; Williams et al., 1989). This results in the
formation of a foramen, sometimes referred to as the ar-
cuate or arcuale foramen. Each vertebral artery forms its
respective groove as it courses around the superior ar-
ticular process and comes to lie on top of the posterior
arch. The posterior atlanto-occipital membrane attaches
to each side of the groove, and it is the lateral edge of
this membrane that may ossify to create an arcuate fora-
men (see Fig. 5-10). When ossification occurs, the bone
bridge that is created is known as a posterior ponticle. A
study of 672 atlas vertebrae found that 25.9% had a par-
tial posterior ponticle and 7.9% had a complete posterior
ponticle (Taitz & Nathan, 1986). Interestingly, these au-
thors reported that a much higher number of atlases
| (57%) from a Middle Eastern population showed partial
or complete ponticle formation, possibly because this
population customarily carried heavy loads on their
| heads. However, these authors stated that further study

is necessary to determine with certainty the cause of the
high incidence of posterior ponticles in this population.

Qccasionally a bone bridge for the vertebralartery de-
velops laterally between the superior articular process of
the atlas and the TP. Such a process is known as a lateral
ponticle (ponticulus lateralis) (Buna et al., 1984). Taitz
and Nathan (1986) found such a ponticle in 3.8% of the
atlases they studied. Regardless of whether the ponticle
is posteriorly or laterally placed, they are usually more
than 12 mm in length and are usually thicker than 1 mm.
Some controversy surrounds whether posterior and lat-
eral ponticles are congenital or are a part of the aging
process. Taitz and Nathan (1986) found that partial
ponticles were predominant in the specimens of 10 to
30-year-old individuals, and complete posterior ponticles
were usually found in specimens from individuals 30 to
80 years of age. This would indicate that posterior pon-
ticles are created by ossification of the lateral-most por-
tion of the posterior atlanto-occipital membrane as some
people age. Even though these ponticles have been im-
plicated in some cases of vertebrobasilar arterial insuffi-
ciency (Buna et al., 1984), their clinical significance re-
mains a matter of debate.

1 Located between the anterior and
posterior arches are the left and right lateral masses.
Each mass consists of a superior articular process and an
inferior articular process and is oriented so that the an-
terior aspect is more medially positioned than the poste-
rior aspect. The medial surface of each lateral mass has a
small tubercle for attachment of the transverse atlantal
ligament. The anterior aspect of each lateral mass serves
as origin for the rectus capitis anterior muscle.

The superior articular process of each lateral mass is
irregular in shape. In fact, the hyaline-lined superior ar-
ticular facet has the appearance of a peanut. That is, it is
narrow centrally and may occasionally be completely di-
vided into two (Williams et al., 1989). The superior ar-
ticular process is quite concave superiorly and faces
slightly medially to accommodate the convex occipital
condyle of the corresponding side. The joint between
the occiput and the atlas is categorized as a condyloid,
diarthrodial joint, although some authors describe it as
being ellipsoidal in type because of its shape (Williams et
al.,, 1989). The primary motion at this joint is anteropos-
terior rocking (flexion and extension). In addition, a
small amount of lateral flexion occurs at this articulation.

The inferior articular process of each lateral mass of
the atlas presents as a regularly shaped oval. In fact, in
many cases it is almost circular. This process is flat or
slightly concave (Williams et al., 1989) and faces slightly
medially. Hyaline cartilage lines the slightly smaller
inferior articular facet of the articular process, which
articulates with the superior articular facet of C2. A
loose articular capsule attaches to the rim of the
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corresponding articular facets, surrounding the lateral
C1-2 joint. This loose capsule allows for 45° of unilateral
rotation to occur at each atlanto-occipital joint. This
joint is categorized as a planar diarthrodial articulation
(typical joint type for Z joints).

The large vertebral foramen of C1 usually has a greater
anteroposterior diameter than transverse diameter (Le
Minor, Kahn, & Di Paola, 1989). The anteroposterior di-
mensions of the C1 vertebral foramen can be divided
into thirds, with one third filled with the odontoid
process of C2, one third filled with the spinal cord and
one third being “free space.” The free space is actually
filled with epidural adipose tissue, vessels, ligaments, the
meninges, and the subarachnoid space. This division of
the vertebral foramen of the atlas into three parts is
sometimes known as Steele’s rule of thirds (Foreman &
Croft, 1992).

Transverse Processes. The left and right TPs of the
atlas are quite large and may be palpated between the
mastoid process and the angle of the mandible. Each
projects laterally from the lateral mass and acts as a lever
by which the muscles that attach to it may rotate the
head. Because of the large size of the TPs, the atlas is
wider than all the cervical vertebrae, except for C7. The
width ranges from approximately 65 to 76 mm in fe-
males and 74 to 90 mm in males (Williams et al., 1989).
Although they are composed of only a single lateral
process (rather than having anterior and posterior tu-
bercles, as is the case with typical cervical vertebrae),
the atlantal transverse processes are almost completely
homologous to the posterior roots, or bars, of the other
cervical vertebrae. In fact, the TP of the atlas can be con-
sidered to be composed of a posterior root and a small
portion of the intertubercular lamella (Williams et al.,
1989). A foramen for the vertebral artery, which also
provides passage for the vertebral veins and the verte-
bral artery sympathetic nerve plexus, is also found
within each transverse process. This foramen of the TP
of Cl is the largest of the cervical spine (Taitz et al.,
1978).

In addition to its relationship with the vertebral ves-
sels, each TP of the atlas is also the site of muscle at-
tachments. These muscles include the rectus capitis
lateralis, obliquus capitis superior, obliquus capitis in-
ferior, levator scapulae, splenius cervicis, and scalenus
medius muscles. Each TP is also related to the C1 spinal
nerve. Although the dorsal ramus of this spinal nerve
(the suboccipital nerve) provides motor innervation to
the suboccipital muscles, the ventral ramus passes lat-
erally around the lateral mass, remaining medial to the
vertebral artery and the rectus capitis lateralis muscle.
It courses between the rectus capitis lateralis and ante-
rior muscles and then descends anterior to the atlas and
is joined by the ascending branch of the ventral

ramus of C2. The nerves of the cervical region are dis-
cussed in more detail later in this chapter.

Axis (Second Cervical Vertebra)

The second cervical vertebra, the axis or epistropheus,
is also atypical. This vertebra develops from five primary
and two secondary centers of ossification (Williams et
al, 1989). The primary centers are distributed as fol-
lows: one in the vertebral body, two in the neural arch
(one on each side), and two in the dens (odontoid
process, see the following section). One secondary cen-
ter of ossification is associated with the odontoid
process and another is associated with the inferior as-
pect of the vertebral body.

The major distinguishing features of the axis are the
prominent odontoid process, the superior articular
processes, and the transverse processes (Fig. 5-7). In ad-
dition, the vertebral foramen of C2 is very large. These
distinguishing features are discussed in the following
sections.

Dens (Odontoid Process). Also known as the odon-
toid process, the dens develops from two laterally
placed primary centers of ossification and an apical
secondary center of ossification. The two primary
centers appear in utero and usually fuse in the midline
by the seventh fetal month (Fesmire & Luten, 1989).
The united primary ossification centers then normally
fuse along their inferior outer rim to the vertebral
body of C2 by approximately age 3 to 6 years. The
fusion line between the odontoid and the body of C2
is usually visible on x-ray film until about age 11, and
one third of individuals retain the line of fusion
throughout life. This line is frequently confused with
a fracture (Fesmire & Luten, 1989). Inside the rim of
attachment between the dens and the body of C2 a
small disc is present, which persists until late in life. This
disc can frequently be seen on sagittal MRI scans. This
area of fusion between the odontoid and the body of C2
is known as the subdental synchondrosis. Rarely, the
odontoid does not fuse with the body of C2 or it may be
united by only a rim of cartilage. Therefore its appear-
ance on x-ray film is that of a free and unattached odon-
toid. This unfused odontoid is known as an os odon-
toideum.

The apical secondary center of ossification first ap-
pears at 3 to 6 years of age. It is V or cunciform in shape,
forming a deep cleft between the primary centers of os-
sification. This secondary center unites with the remain-
der of the odontoid process usually by age 12. When
seen on x-ray film before fusion occurs or if fusion does
not occur, the small bone fragment is known as an os-
siculum terminale and can also be difficult to distinguish
from a fracture.



124  CHARACTERISTICS OF THE SPINE AND SPINAL CORD

Lamina

A .
Transverse Superlor
process articular facet
Lamina
Inferior
articular facet
B
Foramen of the
transverse process
Pedicle
Odontoid Groove for articulation
process with transverse ligament
C

Superior
articular facet

F1G. 5 Superior (A), inferior (B), and lateral (C) views of
the second cervical vertebra, the axis.



The fully developed odontoid process (dens) is peg
shaped with a curved superior surface. It is approxi-
mately 1.5 ¢cm in height (Williams et al., 1989). The dens
has a hyaline-lined articular facet on its anterior surface.
This facet articulates with the corresponding facet on
the posterior surface of the anterior arch of the atlas.
The posterior surface of the dens has a groove at its base
formed by the transverse atlantal ligament (transverse
portion of the cruciform ligament). The transverse liga-
ment forms a synovial joint with the groove on the pos-
terior surface of the dens. Together the complex of an-
terior and posterior joints between the atlas, odontoid,
and transverse ligament is classified as a trochoid (pivot)
diarthrodial joint. This joint allows the atlas to rotate on
the axis through approximately 45° of motion in each
direction (left and right). The sides of the odontoid
process above the groove formed by the transverse liga-
ment are flat and serve as attachment sites for the left
and right alar ligaments. The apical odontoid ligament at-
taches to the top of the odontoid process. The ligaments
of the cervical spine are discussed later in this chapter.

The body of C2 contains less compact bone than the
dens (Williams et al., 1989). The anterior surface of
the body is hollowed out because of the attachment of
the longus colli muscle. As occurs throughout the cervi-
cal spine, the anterior longitudinal ligament attaches to
the inferior border of the vertebral bocly of C2 in close
association with the attachment of the anterior fibers of
the anulus fibrosus. Another similarity of the inferior, or
discal border of C2 with the same border of the other
cervical vertebrae is that its anterior aspect projects in-
feriorly. The posterior aspect of the vertebral body
serves as an important attachment for the posterior lon-
gitudinal ligament and its superior continuation as the
tectorial membrane. Specifically, these structures attach
to the posterior and inferior borders of the vertebral
body. Also associated with the vertebral body is the first
IVD of the spine, which is found between the inferior
surface of the vertebral body of C2 and the superior sur-
face of the vertebral body of 3.

Pedicles. The pedicles of the axis are thick from
anterior to posterior and from superior to inferior (Fig.
5-7, B). The inferior vertebral notch is large, whereas the
superior vertebral notch is almost nonexistent.

Superior Articular Processes. The superior articu-
lar processes of the axis can be thought of as smoothed
out regions of the left and right pedicles of C2. That is,
the superior acticular processes do not project superi-
orly from the pediculolaminar junction, as occurs with
the typical cervical vertebrae. Instead, they lie almost
flush with the pedicle (Fig. 5-7). This configuration,
along with the very loose articular capsule at this
level, allows for much axial rotation (approximately
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45° unilaterally) to occur between C1 and C2. The artic-
ular cartilage of the superior acticular process of C2 is
convex superiorly, with a transverse ridge running from
medial to lateral along the central region of the process.
This ridge allows the anterior and posterior aspects of
the facet to slope inferiorly, aiding in more effective ro-
tation between C1 and C2 (Koebke & Brade, 1982) (see
Atlanto-Axial Articulations). The articulation between
the superior articular facet of C2 with the inferior artic-
ular facet of C1 is located anterior to the rest of the Z
joints of the cervical spine. Therefore the superior artic-
ular processes of C2 and the inferior articular processes
of C1 are not a part of the articular pillars, as is the case
with the lower cervical spine’s articular processes.

Laminae. The laminae of C2 are taller and thicker
than those found in the rest of the cervical vertebrae.
Because of the distinct architecture of the axis, the
forces applied to it from above (by carrying the head)
are transmitted from the superior articular processes to
both the inferior articular processes and the vertebral
body via the pedicle. Because the superior and inferior
facets of the axis are arranged in different planes, the
forces transmitted to the inferior articular processes are,
by necessity, transferred through the laminae. This is ac-
complished by a rather complex arrangement of bony
trabeculae (Pal et al., 1988). The laminae of the axis are
therefore quite strong compared with the laminae of the
rest of the cervical vertebrae.

Transverse Processes. The TPs of C2 are quite small
and, like the TPs of C1 but unlike those of the rest of the
cervical spine, do not possess distinct anterior and pos-
terior tubercles. Developmentally, they are considered
to be homologues of the posterior roots, or bars, of the
TPs, although minute homologues of the anterior tuber-
cles are associated with the junction of the anterior as-
pect of the TPs with the vertebral body of C2.

The small left and right transverse processes of C2
face obliquely superiorly and laterally. Each has a fora-
men of the TP that, at C2, is an angular canal with two
openings, one inferior and one lateral (Taitz et al., 1978).
Therefore the vertebral artery courses laterally from the
foramen of the TP of C2 to proceed to the more lateral
foramen of the TP of C1.

Even though they are very small, the TPs of the axis
serve as attachment sites for many muscles. Table 5-3
lists the muscles that attach to the transverse and spi-
nous processes of C2.

Spinous Process and Inferior Articular Pro-
cesses. The spinous process of C2 is more prominently
bifid than the other spinous processes of the cervical
vertebrae because of the many muscles attaching to it
(Table 5-3). The inferior articular processes of (2 are
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typical for the cervical region. They arise from the junc-
tion of the pedicle and lamina and face anteriorly, inferi-
orly, and laterally.

Vertebra Prominens (Seventh Cervical
Vertebra)

Spinous Process. The seventh cervical vertebra is
known as the vertebra prominens because of its very
prominent spinous process (Fig. 5-8). The spinous
process of C7 is the most prominent of the cervical re-
gion, although occasionally C6 is more prominent (CG is
the last cervical vertebra with palpable movement in
flexion and extension). Also, the spinous process of T1
may be more prominent than that of C7 in some indi-
viduals. The spinous process of C7 usually projects di-
rectly posteriorly. Unlike typical cervical vertebrae, the
spinous process of C7 is not bifid. The funicular portion
of the ligamentum nuchae attaches to the single poste-
rior tip of the spinous process of C7. This ligament is dis-
cussed in more detail later in this chapter.

Because of its large spinous process and its location at
the base of the neck, C7 serves as an attachment site for
many muscles. Table 5-4 lists the muscular attachments
of C7.

Transverse Processes. The TPs of C7 are also
unique. The anterior tubercle of each TP of C7 is small
and short. The posterior tubercle is quite large, making
the entire TP large. The anterior tubercle is the costal el-
ement of C7. The anterior tubercle is unique because it
develops from an independent primary center of ossifi-
cation. This center usually unites with the TP by the fifth
or sixth year of life. However, it may remain distinct and
develop into a cervical rib. The formation of a cervical

rib may also occur at C4 to C6 by the same mechanism,
although this is less common. The intertubercular
lamella is usually grooved by the ventral ramus of C7
anterior and lateral to the foramen of the TP (Williams

Table 5-3 Muscular Attachments to the Axis

Muscles Attached

Region

Transverse processes  Levator scapula

Scalenus medius

Splenius cervicis

Intertransversarit (to upper and lower
surfaces)

Longissimus cervicis

Obliquus capitis inferior

Rectus capitis posterior major

Semispinalis cervicis

Spinous process

Notch of spinous

process Spinalis cervicis
Interspinalis cervicis
Multifidus (also ligamentum nuchae,
when present)
Table 5-4 Muscular Attachments of C7
Region Muscles Attached
Spinous Trapezius
process Rhomboid minor
Serratus posterior superior
Splenius capitis
Spinalis cervicis
Semispinalis thoracis
Multifidus thoracis
Interspinales
Transverse Middle scalene
process Levator costarum (1st pair) (also the suprapleu-

ral membrane [cupolal|)

Spinous process

Superior articular
process

Vertebral foramen

Lamina
Transverse

process

Foramen of the
transverse process

Pedicle

Superior vertebral
notch

Transverse
process

Spinous
process

x{,fuﬂ-«r»-:? 72

Inferior
vertebral notch

Vertebral body

FIG. 5-8
prominens.

Superior (A) and lateral (B) views of the seventh cervical vertebra, the vertebra



et al.,, 1989). The suprapleural membrane, or cupola,
which is the protective layer of connective tissue that re-
inforces the apical pleura of each lung, is attached to the
posterior tubercle of the C7 TP.

Similar to the rest of the cervical region, the left and
right C7 TPs contain a foramen. This foramen is usually
the smallest of the cervical spine. Occasionally a double
foramen is found in one of the TPs of C7 (Taitz et al.,
1978). Frequently, branches of the stellate ganglion run
through the foramen of the TP of C7, although normally
the only structures that course through this opening are
accessory arteries and veins (Jovanovic, 1990). The ac-
cessory vessels comprise branches of the deep or as-
cending cervical arteries and their accompanying veins.
The remainder of the C7 TP foramen is filled with areo-
lar connective tissue. Recall that the vertebral artery
and its associated sympathetic plexus run with the ver-
tebral veins through the C6 TP foramen and the more su-
perior vertebrae. Approximately 5% of the time, the ver-
tebral artery and vein(s) traverse the foramen of the C7
TP (Jovanovic, 1990).

Carotid Tubercles (Sixth Cervical Vertebra)

Although the C6 vertebra is considered typical, its left
and right anterior tubercles of the TPs are unique. These
tubercles are very prominent and are known as the
carotid tubercles. This is because each is so closely re-
lated to the overlying common carotid artery of the cor-
responding side. The common carotid artery may be
compressed in the groove between the carotid tubercle
and the vertebral body of C6 (Wiliams et al., 1989).

ARTICULATIONS OF THE UPPER CERVICAL
REGION

The Z joints of the cervical region are covered earlier in
this chapter. The atlanto-occipital and atlanto-axial joints
are discussed here.

The articulations (joints) of the upper cervical spine
are extremely important. These joints allow much of the
flexion and extension that occurs in the cervical region
and at least one half of the axial (left and right) rotation
of the cervical spine. In addition, the proprioceptive in-
put from the atlanto-occipital and atlanto-axial joints, as
well as proprioception from the suboccipital muscles, is
responsible for the control of head posture (Panjabi et
al., 1991).

Left and Right Atlanto-Occipital
Articulations

The joints between the left and right superior articular
surfaces of the atlas and the corresponding occipital
condyles have been described as ellipsoidal (Williams et
al., 1989) and condylar (Gates, 1980) in shape and type.
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The superior articular processes of the atlas are concave
superiorly and face medially (Fig. 5-6). Recall that the
facets are narrow in their center, resulting in their
peanut shape. The occiput and the atlas are connected
by articular capsules and the anterior and posterior at-
lanto-occipital membranes (Figs. 5-10 and 5-14). The fi-
brous capsules surround the occipital condyles and the
superior articular facets of the atlas. These capsules are
thickest posterolaterally. Each capsule is further rein-
forced in the posterolateral region by a ligamentous
band that passes between the jugular processes of the
occiput and the lateral mass of the atlas. This band has
been referred to as the lateral atlanto-occipital ligament
(Oliver & Middleditch, 1991). The atlanto-occipital joint
capsules are thin and sometimes completely nonexistent
medially. When present, this medial deficiency fre-
quently allows the synovial cavity of the atlanto-occipital
joint to connect with the bursa or joint cavity between
the dens and the transverse atlantal ligament (Cave,
1934; Williams et al., 1989).

The atlas and axis ar-
ticulate with one another at three synovial joints: two
lateral joints and a single median joint complex (Fig.
59, B).

Lateral atlanto-axial joints. The lateral atlanto-
axial joints are planar joints that are oval in shape. The
atlantal surfaces are concave, and the axial surfaces are
convex. The fibrous capsule of each lateral joint is thin
and loose and attaches to the outermost rim of the ar-
ticular margins of the atlas and axis (inferior articular
facet of atlas and superior articular facet of the axis).
Each capsule is lined by a synovial membrane. A pos-
teromedial accessory ligament attaches inferiorly to the
body of the axis near the base of the dens and courses
superiorly to the lateral mass of the atlas near the at-
tachment site of the transverse ligament. This ligament is
known as the accessory atlanto-axial ligament (see
Ligaments of the Cervical Region).

Median atlanto-axial joint. The median atlanto-
axial joint is a pivot (or trochoid) joint between the dens
and a ring of structures that encircles the dens. These
structures are the anterior arch of the atlas anteriorly and
the transverse ligament posteriorly. The joint possesses
two synovial cavities, one anterior and one posterior,
which act together to allow movement. The facet on the
anterior surface of the dens articulates with the posterior
aspect of the anterior arch of the atlas. This articulation
has a weak, loose capsule lined by a synovial membrane.
The posterior joint cavity is the larger of the two. It is fre-
quently described as a synovial cavity, although some-
times as a bursa. In either case it is located between
the anterior surface of the transverse ligament and the
posterior grooved surface of the odontoid process. This
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Axis (C2)
Superior articular  Odontoid Foramen of the
facet process transverse process

A

Superior Foramen of Superior lip Anterior root Inferior articular ~ Anterior  Foramen of the

articular  the transverse (uncinate (bar) of transverse facet tubercle  transverse process

facet process process) of process
vertebral
body Atlas (C1)
c3
Superior Superior lip {uncinate Odontoid Superior articular
articular process process) of C3 process (dens) process of atlas (C1)

B

Foramen of the
transverse process of C1

FIG. 5-9 A, Inferior view of the atlas and a superior view of the axis and third cervical ver-
tebra. B, Atlas and axis in typical anatomic relationship, with C3 to the side.



posterior joint is often continuous with one of the at-
lanto-occipital joints (Williams et al., 1989).

CLINICAL APPLICATIONS

Children frequently have increased ligamentous laxity,
which leads to increased spinal motion. This occurs
most often in the cervical region. Increased motion seen
during physical or x-ray examination should be differen-
tiated from pathologic subluxation (Fesmire & Luten,
1989). For example, the space between the anterior
arch of the atlas and the odontoid process, known as
the predental space, usually should not exceed 3 mm. A
predental space greater than 3 mm is generally consid-
ered to indicate a tear of the transverse ligament (see
later discussion) or pathologic subluxation of C1 on C2.
However, a 3 mm or greater predental space has been
found in 20% of normal patients less than 8 years of age
(Fesmire & Luten, 1989). Although a space of greater
than 3.5 mm is usually considered abnormal in children,
spaces of up to 5 mm have beenseen in normal children
(Fesmire & Luten, 1989). Therefore, x-ray evaluation of
atlanto-axial stability in children should be tempered
with sound clinical judgment.

Pathologic subluxation of the atlas on the axis result-
ing in compromise of the spinal cord (compressive
myelopathy) has been frequently associated with
rhcumatoid arthritis (Kaufman & Glenn, 1983) and less
frequently with ankylosing spondylitis. Displacement of
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the atlas on the axis has also been found in 9% of Down
syndrome patients ages 5 to 21. In addition, significant
degeneration of the entire cervical spine with osteo-
phyte formation, narrowing of foramina, and narrowing
of the disc space has been found with increasing in-
cidence in the adult Down syndrome population. The
premature aging process that occurs in individuals with
this syndrome may be one possible explanation for this
latter finding (Van Dyke & Gahagan, 1988).

LIGAMENTS OF THE CERVICAL REGION

The ligaments of the cervical region can be divided
into upper and lower cervical ligaments. The upper
ligaments are those associated with the occiput, atlas,
and the anterior and lateral aspect of the axis. The lower
cervical ligaments encompass all other ligaments of the
cervical region. The ligaments of both categories are dis-
cussed in the following sections. The points of insertion
and the function of each are discussed, beginning with
those located most posteriorly and progressing to those
located most anteriorly.

Upper Cervical Ligaments

Posterior Atlanto-Occipital Membrane. The poste-
rior atlanto-occipital membrane is a rather thin structure
that attaches to the posterior arch of the atlas and the
posterior rim of the foramen magnum (Fig. 5-10). The

Third part of

. vertebral arter
Mastoid y

process

Second part of
vertebral artery

Ligamentum
flavum

e A

Posterior stlanto-occipital
membrane

Transverse
process

s
Lgs>»
Articular capsule of
C1-C2 Zjoint

Foramen of transverse
process of C2

FIG. 5-10  Posterjor ligaments of the upper cervical region.
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posterior atlanto-occipital membrane functions to limit
flexion of the occiput on the atlas. The ligament is so
broad from left to right that the term membrane applies
It spans the distance between the left and right lateral
masses. Laterally this ligament arches over the left and
right grooves for the vertebral artery on the posterior
arch of the atlas (Fig. 5-10). This allows for passage of
the vertebral artery, vertebral veins, and the suboccipital
nerve. These structures are covered in more detail later
in this chapter. This lateral arch of the posterior atlanto-
occipital membrane occasionally ossifies, creating a fora-
men for the previously mentioned structures. (See pre-
vious section on the atlas for elaboration on the arcuate,
or arcuale, foramen created by the ossified posterior
atlanto-occipital membrane.)

Tecterial Membrane. The tectorial membrane is
the superior extension of the posterior longitudinal liga-
ment (Fig. 5-11). It begins by attaching to the posterior
aspect of the vertebral body of C2. It then crosses over
the odontoid process and inserts onto the anterior rim of
the foramen magnum (specifically, the upper region of
the basilar part of the occipital bone). The tectorial

Lateral part of
occipital bone

Accessory atlanto-axial
ligament

Tectorial membrane

Posterior |on?itudin0|
igament

membrane has superficial and deep fibers. The deep
fibers have a median band that extends all the way to the
basilar portion of the occipital bone. Two lateral bands
of deep fibers pass medial to the atlanto-eccipital joints
before attaching to the occiput. The superficial fibers ex-
tend even more superiorly than the deep fibers and
blend with the cranial dura mater at the upper region of
the basilar part of the occipital bone. This ligament lim-
its both flexion and extension of the atlas and occiput
(Williams et al., 1989).

Accessory Atlanto-Axial Ligaments. Each of the ac-
cessory atlanto-axial ligaments (left and right) course
from the base of the odontoid process to the inferome-
dial surface of the tateral mass of the atlas on the same
side (Figs. 5-11 and 5-12). They help to strengthen the
posteromedial aspect of the capsule of the lateral atlanto-
axial joints. They are considered to be deep fibers of the
tectorial membrane.

Cruciferm Ligamenti. The cruciform ligament is
named such because of its cross shape. It may actually be
divided into several parts: a large transverse ligament, a

Articular capsule of
atlanto-occipital joint

N

Transverse process

of the atlas (C1])

Foramen of the
transverse process

of the axis (C2)

Cut lamina
of C3

FIG. 5-11

Posterior aspect of the occiput, posterior arch of the atlas, laminae and spinous

processes of C2 and C3, neural elements, and meninges have all been removed to show the
ligaments covering the anterior aspect of the upper cervical vertebral canal and foramen mag-

num.



superior band, and an inferior band (Fig. 5-12). Each por-
tion is discussed next.

Transverse ligament. The transverse ligament has
been called the most important ligament of the oc-
ciput-C1-2 complex of joints (White & Panjabi, 1990).
It is a strong ligament that runs from a small medial
tubercle of one lateral mass of the atlas to a similar
tubercle on the opposite side. The transverse ligament
lies in the horizontal plane. However, approximately a
21° angle with the frontal (coronal) plane is created
from the origin of the transverse ligament to the region

e

Alar ligament

Accessory atlanto-axial
ligament

Cut lamina of axis (C2)

FIG. 5-12
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where it passes behind the odontoid process (Panjabi,
Oxland, & Parks, 1991a). The superoinferior width of
this ligament is greatest at its center, where it passes
posterior to the odontoid process. Anteriorly, the trans-
verse ligament is lined by a thin layer of cartilage
(Williams et al., 1989). This enables it to form a di-
arthrodial joint with the odontoid as it passes posterior
to this structure.

The transverse ligament allows the atlas to pivot on
the axis. It also holds the atlas in its proper position,
thereby preventing compression of the spinal cord dur-
ing flexion of the head and neck. Because the transverse

Superior longitudinal band
of cruciform ligament

Transverse ligament
of the atlas

Inferior longitudinal band
of cruciform ligament

Body of
axis (C2)

Spinous process

of C3

Anteriot aspect of the vertebral canal and foramen magnum as seen from behind.

The rectorial membrane has been removed, and many of the upper cervical ligaments can be
seen. Notice the centrally located cruciform ligament with its narrow superior and inferior lon-
gitudinal bands and its stout transverse ligament. The alar and accessory atlanto-axial ligaments

can also be seen.
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ligament fits into the groove on the posterior surface of
the odontoid, it holds the atlas in proper position even
when all other ligaments are severed (Williams et al.,
1989). Panjabi and colleagues (1991a) found that this lig-
ament appears to exist in two distinct layers, superficial
and deep.

Superior longitudinal band. The superior longitu-
dinal band of the cruciform ligament runs from the
transverse ligament to the anterior lip of the foramen
magnum (Fig. 5-12). More specifically it attaches to the
superior aspect of the basilar part of the occipital bone.
It is interposed between the apical ligament of the odon-
toid process, which is anterior to it, and the tectorial
membrane, which is posterior to it. Although it may limit
both flexion and extension of the occiput, its primary
function may be to hold the transverse ligament in its
proper position, thus aiding the transverse ligament in
holding the atlas against the odontoid process.

Inferior longitudinal band. The inferior longitudi-
nal band of the cruciform ligament attaches the trans-
verse ligament to the body of C2, preventing the trans-
verse ligament from riding too far superiorly (Fig. 5-12).
It also helps to limit (with the aid of the superior band
and the transverse ligament) flexion of the occiput and
atlas on the axis.

The leftand right alar ligaments orig-
inate from the posterior and lateral aspect of the odon-
toid process with some of the fibers covering the entire
posterior surface of the dens (Panjabi et al., 1991a). Each
alar ligament passes anteriorly and superiorly to insert
onto a roughened region of the medial suiface of the
occipital condyle of the same side (Figs. 5-12 and 5-13).
The alar ligaments are about the width of a pencil and
are very strong.

The functions of the alar ligaments are rather complex
and are not completely understood. However, each alar
ligament limits contralateral axial rotation (Dvorak &
Panjabi, 1987). For example, the left alar ligament pri-
marily limits right rotation. More specifically, the fibers
of the left alar ligament, which attach to the odontoid
process posterior to the axis of movement, act in con-
cert with those fibers of the right alar ligament, which at-
tach to the odontoid in front of the axis of movement.
Both of these segments of the alar ligaments act together
to limit right axial rotation. The opposite is also true:
right posterior odontal fibers and left anterior odontal
fibers limit left rotation (Williams et al., 1989). Because
the alar ligaments limit or check rotation, they are also
known as the check ligaments.

The alar ligaments also limit flexion of the upper
cervical spine after the tectorial membrane and cruci-
form ligaments have torn. The alar ligaments are them-

| selves most vulnerable to tearing during the combined

movements of axial rotation and flexion. This combina-
tion of movements may occur during a motor vehicle ac-
cident (hit from the front while looking in the rearview
mirror) (Foreman & Croft, 1992). Injury as a result of this
same pair of movements can also irreparably stretch the
alar ligaments while sparing the cruciform ligament.
When an alar ligament is torn or stretched, increased ro-
tation occurs at the occipito-atlantal and atlanto-axial
joint complexes, and increased lateral displacement oc-
curs between the atlas and the axis during lateral flexion
(Dvorak & Panjabi, 1987).

Dvorak and Panjabi (1987) found that in addition to
attaching to the occipital condyle of the same side, a
portion of each alar ligament usually attaches to the
lateral mass of the atlas on the same side (Fig. 5-13).
They also occasionally found fibers running from the
odontoid process to the anterior arch of the atlas. They
named these latter fibers the anterior atlanto-dental liga-
ment and believed that this ligament, when present,
would give functional support to the transverse liga-
ment. They stated that the alar ligaments also help to
limit lateral flexion at the atlanto-occipital joint. The at-
lantal fibers of the alar ligament on the side of lateral flex-
ion tighten first during this motion, followed by tighten-
ing of the occipital fibers of the alar ligament on the op-
posite side.

The api-
cal ligament of the odontoid process is thin, approxi-
mately 1 inch in length and runs from the posterior and
superior aspects of the odontoid process to the anterior
wall of the foramen magnum (Fig. 5-13). Its fibers of in-
sertion blend with the deep fibers of the superior band
of the cruciform ligament. Its course from the odontoid
to the clivus results in approximately a 20° anterior tilt
of the apical odontoid ligament. Its insertion is wider
than its origin, giving it a V shape (Panjabi et al., 1991).
Embryologically, this ligament develops from the core of
the centrum of the proatlas (see Chapter 12) and con-
tains traces of the notochord (Williams et al., 1989). The
apical odontoid ligament probably functions to prevent
some vertical translation and anterior shear of the oc-
ciput (Panjabi et al., 1991a).

' O The ante-
rior atlanto-occipital membrane is located in front of the
apical odontoid ligament and runs from the superior as-
pect of the anterior arch of the atlas to the anterior mar-
gin of the foramen magnum (Fig. 5-14). It is composed
of densely woven fibers (Williams et al., 1989) and is so
broad that it can best be described as a membrane. The
anterior atlanto-occipital membrane blends laterally with
the capsular ligaments of the atlanto-occipital articula-
tion (Fig. 5-14). It functions to limit extension of the oc-
ciput on Cl. Fibers continuous with the anterior longi-
tudinal ligament strengthen the anterior atlanto-occipital
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Alar and apical odontoid ligaments. This is the same view as that of Figs. 5-11 and
3-12. The tectorial membrane and cruciform ligament have been removed. Notice that some
fibers of each alar ligament attach to the fateral mass of the atlas. These fibers have been de-
scribed by Dvorak and Panjabi (1987).
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FlG. 5-1¢  Anterior view of the occiput, atlas, axis, and related ligaments. The anterior fon-
gitudinal ligament narrows considerably between the atlas and the occipital bone and blends
with the anterior atlanto-occipital membrane. The articular capsules of the atlanto-occipital
and lateral atlanto-axial joints are also clearly seen in this figure.
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ligament medially and form a tough central band be-
tween the anterior tubercle of the atlas and the occiput
(Williams et al., 1989) (Fig. 5-14). The anterior longitu-
dinal ligament is discussed in more detail in the follow-
ing section.

Lower Cervical Ligaments

The anterior lon-
gitudinal ligament (ALL) is quite wide and covers the
anterior aspect of the vertebral bodies and IVDs from
the occiput to the sacrum. Superiorly the ALL thickens
medially to form a cord that attaches to the body of the
axis and the anterior tubercle of the atlas (Fig. 5-14).
Some of the atlantal fibers diverge laterally as the ALL
fibers attach to the inferior aspect of the anterior arch of
the atlas. Further superiorly the ALL becomes continu-
ous with the medial portion of the anterior atlanto-
occipital membrane (see previous discussion). The ALL
is approximately 3.8 mm wide at C1-2, is somewhat
wider at C2-3, and increases in width to 7.5 mm from
C3 to T1. Panjabi, Oxland, and Parks (1991b) state the
ALL has a rather strong attachment to both the vertebral
bodies and the IVDs, whereas Bland (1989) states the
discal attachment is weak. Laterally, this ligament is
sometimes difficult to distinguish from the anterolateral
fibers of the anulus fibrosus.

The ALL has several layers associated with it. The su-
perficial fibers span several vertebrae, whereas the deep
fibers run from one vertebra to the next. This ligament
tends to be thicker from anterior to posterior in the re-
gions of the vertebral bodies rather than the areas over
the 1VDs. Therefore the ALL helps to smooth the con-
tour of the anterior surface of the vertebral bodies by fill-
ing the natural concavity of the anterior vertebral bodies.
The ALL functions to limit extension and is frequently
damaged in extension injuries to the cervical region
(Bogduk, 1986b).

The posterior
longitudinal ligament (PLL) is the inferior continuation
of the tectorial membrane (see Fig. 5-11). It runs from
the posterior aspect of the body of C2, inferiorly to the
sacrum, and possibly to the coccyx (Behrsin & Briggs,
1988). The PLL is quite wide and regularly shaped in the
cervical and upper thoracic regions and is also three to
four times thicker, from anterior to posterior, in the cer-
vical region than in the thoracic or lumbar regions
(Bland, 1989). Its superficial fibers span several verte-
brae, and its deep fibers run between adjacent vertebrae.
Panjabi and colleagues (1991b) found the cervical PLL to
be firmly attached to both the vertebral bodies and the
IVDs, whereas Bland (1989) found the PLL to have a
stronger discal attachment. In either case, the PLL prob-
ably functions to help prevent posterior IVD protrusion.
The PLL is more loosely attached to the central region of

the vertebral bodies to allow the exit of the basivertebral
veins from the vertebral bodies (Williams et al., 1989).
The PLL in the middle and lower thoracic and lumbar re-
gions differs from the PLL in the cervical region in that it
becomes narrow over the vertebral bodies and then
widens considerably over the IVDs in the thoracic and
lumbar areas.

The PLL may occasionally ossify. This occurs most fre-
quently in the cervical region and occasionally occurs in
the lumbar region. (Do not confuse this with ossification
of the ligamenta flava, which occurs most frequently in
the thoracic region.) Ossification of the PLL is clinically
relevant because it may be a source of compression of
the spinal cord in the cervical region, and it has been as-
sociated with radicular symptoms in the lumbar region
(Hasue et al., 1983).

The ligamenta flava (sing, liga-
mentum flavum) are paired ligaments (left and right) that
run between the laminae of adjacent vertebrae (see Fig.
5-10). They are found throughout the spine beginning
with C1-2 superiorly and ending with L5-S1 inferiorly.
The posterior atlanto-occipital membrane is the homo-
logue of the ligamenta flava at the level of occiput-Cl.
Each ligamentum flavum is approximately 5 mm thick
from anterior to posterior (Panjabi et al., 1991b). These
ligaments are thinnest in the cervical region, become
thicker in the thoracic region, and are thickest in the
lumbar region.

Each ligament runs from the anterior and inferior as-
pect of the lamina of the vertebra above to the posterior
and superior aspect of the lamina of the vertebra below.
The ligamenta flava increase in length from C2-3 to
C7-T1. This implies that the distance between the
laminae also increases in a similar manner. Laterally,
each ligamentum flavum helps to support the anterior
aspect of the Z joint capsule. Although each ligament
is considered to be distinct, a ligamentum flavum fre-
quently blends with the ligamentum flavum of the op-
posite side (Panjabi et al., 1991b) and also blends with
the interspinous ligament. Small gaps exist between the
left and right ligamenta flava, allowing for the passage of
veins that unite the posterior internal (epidural) verte-
bral venous plexus with the posterior external vertebral
venous plexus.

The ligamentum flavum between Cl and C2 is usually
thin and membranous and is pierced by the C2 spinal
nerve. In fact, Panjabi and colleagues (1991b) were un-
able to find tigamenta flava between C1 and C2 in their
study of six cervical spines.

The ligamentum flavum is unique in that it contains
yellow-colored elastin, which causes it to constrict nat-
urally. Therefore, this ligament may actually do work;
that is, it may aid in extension of the spine. 1t also
slows the last few degrees of spinal flexion. However,
the most important function of the elastin may be to
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prevent buckling of the ligamentum flavum into the
spinal canal during extension.

The ligamentum flavum may undergo degeneration
with age or after trauma. Under such circumstances, it
usually increases in thickness and may calcify or become
infiltrated with fat (Ho et al.,, 1988). These changes may
cause the ligament to lose its elastic characteristics,
which can result in buckling of the thickened ligamen-
tum flavum into the vertebral canal or medial aspect of
the IVE. This further results in narrowing of these re-
gions, which can compromise the neural elements run-
ning within them (spinal cord, cauda equina [lumbar re-
gion], or exiting nerve roots). Ossification of the liga-
mentum flavum is reported to occur most often in the
thoracic and thoracolumbar regions of the spine, where
it may compress either the posterior aspect of the spinal
cord or the exiting nerve roots (Hasue et al., 1983).

Interspinous  Ligaments. The interspinous liga-
ments are a series of ligaments that run between the
spinous processes of each pair of vertebrae from C2-3
to L4-5. Some authors consider this ligament to be
the anterior aspect of the ligamentum nuchae in the cer-
vical region (see following discussion). The interspinous
ligaments are poorly developed in the cervical region,
consisting of a thin, membranous, translucent septum
(Panjabi et al., 1991). They are short from superior to in-
ferior and broad from anterior to posterior in the tho-
racic region and more rectangular in shape in the lumbar
region (Williams et al., 1989). Because these ligaments
are more fully developed in the thoracic region, they are
discussed in more detail in Chapter 6.

Ligamentun Nuchae. The ligamentum nuchae is a
flat, membranous structure that runs from the region be-
tween the cervical spinous processes anteriorly to the
skin of the back of the neck posteriorly (Fig. 5-15) ancl
spans the region between the occiput superiorly to the
spinous process of C7 inferiorly. The posterior portion is
its thickest and most distinct part and is sometimes re-
ferred to as the funicular portion of the ligamentum
nuchae. This funicular part extends from the external
occipital protuberance to the spinous process of C7. The
thinner, larger, and more membranous anterior portion
of this ligament can be extremely thin and, in some in-
stances, is no more than an intermuscular septum be-
tween the left and right semispinalis capitis muscles.
This thinner anterior part is sometimes known as the
lamellar portion. The ligamentum nuchae is considered
to be the homologue of the supraspinous and inter-
spinous ligaments of the thoracic and lumbar regions.

Intertransverse  Ligaments. Each intertransverse
ligament runs from one transverse process to the trans-
verse process of the vertebra below. These ligaments
are not well defined in the cervical region and are

frequently replaced by the posterior intertransverse
muscles. The thoracic intertransverse Jigaments are
rounded cords closely related to the deep back mus-
cles (Williams et al., 1989). Some authors describe the
lumbar intertransverse ligaments as being thin membra-
nous bands. Others consider them to be rather discrete
and well defined. Still others consider them to consist of
two distinct lamellae (Bogduk & Twomey, 1991) (see
Chapter 7).

CERVICAL INTERVERTEBRAL DISCS

The IVDs of the cervical spine make up more than 25%
of the superior-to-inferior length of the cervical spine.
These important structures help to allow the large
amount of motion that occurs in this region. Recall that
there are no IVDs between the occiput and atlas and be-
tween the atlas and axis. The C2-3 interbody joint is the
first such joint to possess an IVD. Therefore the C3
spinal nerve is the most superior nerve capable of being
affected by IVD protrusion.

Mendel and colleagues (1992) studied the innervation
of the cervical IVDs and found sensory nerve fibers
throughout the anulus fibrosus. No nerves were found in
the nucleus pulposus. The sensory fibers were most nu-
merous in the middle third (from superior to inferior) of
the anulus. The structure of many of the nerve fibers and
their end receptors was consistent with those that trans-
mit pain. In addition, pacinian corpuscles and Golgi ten-
don organs were found in the posterolateral aspect of
the disc. These authors’ findings help to confirm that the
anulus fibrosus is a pain-sensitive structure. Further,
their findings indicate that the cervical discs are involved
in proprioception, thereby enabling the central nervous
system to monitor the mechanical status of the IVDs.
These authors hypothesized that the arrangement of the
sensory receptors may allow the IVD to sense peripheral
compression or deformation and also alignment be-
tween adjacent vertebrae.

The IVDs in the cervical region become thinner with
age, whereas the uncinate processes continue to en-
large. As a result, by age 40 the uncinate processes cre-
ate a substantial barrier that prevents lateral and pos-
terolateral herniation of the IVD (Bland, 1989).

Bland (1989) believes that the cervical IVDs dehydrate
earlier in life than those of the thoracic and lumbar re-
gions. He states that virtually no nucleus pulposus exists
in the cervical spine beyond age 45, and therefore be-
lieves that [VD protrusion has been overdiagnosed in the
cervical region. However, this stance is somewhat con-
troversial, and further investigation of the incidence of
cervical IVD protrusion is necessary.

MRI has been shown to be effective in evaluating
the status of the IVD (Forristall, Marsh, & Pay, 1988).
Viikari-Juntara and colleagues (1989) also found that ul-
tra-low-field MRI is useful in identifying posterior disc
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displacement below the level of C4. These MRI units
are less expensive, and as resolution improves, they may
be more frequently used in place of standard x-ray
procedures.

The basic anatomy of the cervical IVDs is similar to
that of IVDs throughout the spine. Those interested in
the detailed anatomy of the 1VDs should refer to the sec-
tions of Chapters 2 and 13 devoted to the gross and mi-
croscopic anatomy of these clinically relevant structures.

RANGES OF MOTION OF THE CERVICAL
SPINE

Atlanto-Occipital Joint. The right and left atlanto-
occipital joints together form an ellipsoidal joint that

Posterior tubercle
of the atlas

Ligamentum nuchae-
funicular part

Ligamentum (fascia)

nuchae-lamellar part i

Spinous
process of C5

Articular capsule

FIG. 5-15
cig) nuchae and the articular capsules of the Cl

allows movement in flexion, extension, and to a lesser
extent, left and right lateral flexion (see Table 5-5). A lit-
tle rotation also occurs between occiput and atlas
(Williams et al., 1989). Extension is limited by the oppo-
sition of the posterior aspect of the superior articular
Approximate Ranges of Motion at the
Atlanto-Occipital Joints

Table 5-5

of C6-C7 Z joint | Il“ e

.‘/ 141/’” : '

Direction Amount
Combined flexion and extension 25°
Unilateral lateral flexion 5°

Unilateral axial rotation 5°

From White & Panjabi (1990). Clinical l;mmechmum oj the spine.
Philadelphia: JB Lippincott.

Vertebral a.

,— M (third part)

_ Vertebral a.
(second part from C6-Ct)

Vertebral a.
(first part to Cé)

Lateral view of the cervical portion of the vertebral column. The ligamentum (fas-
-2 through CO0-7 Z joints are seen. The verte-

bral artery can be seen entering the foramen of the transverse process (TP) of C6 and ascend-
ing through the remaining foramina of the TPs of C5 through CI. It can then be seen passing
around the superior articular process of C1. The vertebral artery disappears from view as it
courses beneath the posterior atlanto-occipital membranc.



processes of the atlas with the bone of the occiput’s
condylar fossa. Flexion is limited by soft tissue “stops,”
such as the posterior atlanto-occipital membrane.

Table 5-6 lists the muscles that produce the most flex-
ion, extension, and lateral flexion between the occiput
and atlas and between the atlas and axis.

Motion occurs at all three (me-
dian and left and right lateral) atlanto-axial joints simul-
taneously. Most motion is axial rotation (see Table 5-7),
which is limited by the alar ligaments (see earlier discus-
sion). Since the superior articular process of C2 is con-
vex superiorly and the inferior articular facet of Cl is
slightly concave inferiorly, anterior and posterior gliding
is accompanied by descent of the atlas. This moves the
upper joint surface inferiorly, which conserves the
amount of capsule necessary to accommodate the large
amount of unilateral axial rotation that can occur at this
joint. In addition, the descent of the atlas, as its inferior
articular processes move along the superior articular
processes of the axis, allows for added rotation to occur
between the two segments (Williams et al., 1989).

Muscles that produce rotation at this joint include the
following: obliquus capitis inferior, rectus capitis poste-
rior major, splenius capitis, and the contralateral sterno-
cleidomastoid.

The ranges of motion for the
cervical region from C2-3 through C7-T1 are given in
Table 5-8.

Usually, extension is somewhat greater than flexion.
[ixtension is limited below by the inferior articular
processes of C7 entering a groove below the superior ar-
ticular processes of T1. Flexion is limited by the lip on
the anterior and inferior aspects of the cervical vertebrae

Table 5-6  Muscles Producing Flexion, Extension,
and Lateral Flexion at Occiput-C1-2

Movement Muscles

Flexion Longus capitis
Rectus capitis anterior
Extension Rectus capitis posterior major and minor

Obliquus capitis superior
Semispinalis and spinalis capitis
Longissimus capitis
Splenius capitis
Trapezius
Sternocleidomastoid
Rectus capitis lateralis
Semispinalis capitis
Longissimus capitis
Splenius capitis
Sternocleidomastoid
Trapezius

Lateral tflexion
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pressing against the beveled surface of the anterior and
superior aspects of the vertebral bodies immediately
below (Williams et al., 1989).

Rotation with Lateral Flexion

Lateral flexion of the cervical spine is accompanied by
rotation of the vertebral bodies into the concavity
formed by the lateral flexion (vertebral body rotation to
the same side as lateral flexion). For example, right lat-
eral flexion of the cervical region is accompanied by
right rotation of the vertebral bodies. This phenomenon
is known as coupled motion and occurs because the su-
perior articular processes of cervical vertebrae face not
only superiorly, but also are angled slightly medially.
This arrangement forces some rotation with any attempt
at lateral flexion.

NERVES, VESSELS, ANTERIOR NECK
MUSCLES, AND VISCERA OF THE CERVICAL
REGION

Vertebral Artery

The vertebral artery is so closely related to the cervical
spine that it is discussed before the nerves of the neck.
The remaining arteries of the neck are covered later in
this chapter.

The vertebral artery is the first branch of the subcla-
vian artery. It enters the foramen of the TP of C6 and
ascends through the remaining foramina of the TPs of
the cervical vertebrae (Figs. 5-15 and 5-16). Continuing,
it passes through the foramen of the TP of C1, winds

Table 5-7 Approximate Ranges of Motion at the
Atlanto-Axial Joint

Direction

Amount

Combined flexion and extension 20°
Unilateral lateral flexion 5°

Unilateral axial rotation 40°

From White & Panjabi (1990). Clinical biomechanics of the spine.
Philadelphia: JB Lippincott.

Table 5-8 Total Range of Motion of Cervical
Vertebrae (C2-T1)*

Direction Amount

Flexion/extension 91°
Lateral/flexion 51° (unilateral)
Axial rotation 33° (unilateral)

Values calculated frem White & Panjabi (1990). Clinical biomechanics
of the spine. Philadelphia: JB Lippincett.

“Ranges are for C2-3 through C7-T1 and do not include occiput-C1 and
C1-2 (see Tables 5-5 and 5-7 for upper cervical ranges of motien).
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Level of C1

Level of C1

Level of C2 Vertebral a. Basilar a.

Posterior cerebral a.

Vertebral a.

(level of C2)

Basilar a.

FIG. 5-16 Posteroanterior (A) and lateral
(B) angiograms of the right vertebral artery.
A radiopaque dye has been injected into the
vertebral artery, and x-ray films have been
taken. The vertebral artery can be secn as it
courses superiorly through the foramina of
the TPs of C6 through C1. Notice the nor-
mal tortuosity seen as the vertebral artery
passes laterally at C2 to reach the foramen
of the TP of C1. The vertebral artery is also
quite tortuous as it passes around the supe-
rior articular process of C1 and then passes
superiorly to enter the foramen magnum. It
then unites with the vertebral artery of the
opposite side to form the basilar artery
Several branches of the basilar artery can be
seen, and its termination as the posterior
cerebral arteries can also be seen.




medially around the superior articular process of the
atlas, and passes beneath the posterior atlanto-occipital
membrane (see Fig. 5-10). The vertebral artery then
pierces the dura and arachnoid and courses superiorly
through the foramen magnum to unite with the verte-
bral artery of the opposite side. The union of the two
vertebral arteries forms the basilar artery.

The vertebral artery can be divided into four parts
(Williams et al., 1989). The iirst part of the vertebral
artery begins at the artery’s origin from the subclavian
artery and continues until it passes through the foramen
of the TP of C6. The first part courses between the
longus colli and scalenus anterior muscles before reach-
ing the TP of C6. In a study of 36 vertebral arteries, Taitz
and Arensburg (1989) found that 18 (50%) were tortu-
ous to some degree in the first segment. Currently there
is debate as to whether or not tortuosity of a vertebral
artery may cause a decrease in flow to the structures sup-
plied by it. However, to date no clinical significance has
been ascribed to mild-to-moderate tortuosity of the ver-
tebral artery.

The first part of the vertebral artery is joined by sev-
eral venous branches that become the vertebral vein in
the lower cervical region. It is also joined by a large
branch ancl several small branches from the more poste-
viorly located inferior cervical ganglion or, when pres-
ent, the cervicothoracic ganglion (present 80% of the
time). These branches form a plexus of nerves around

Superior articular
process of atlas (C1)

Vertebral a.
(fourth part)

THE CERVICAL REGION 139

the vertebral artery. This plexus is discussed in more
detail later in this chapter.

The second part of the vertebral artery is the region
that passes superiorly through the foramina of the
transverse processes of C6 to C1 (Figs. 5-15, 5-16, and
5-17). This part is accompanied by the vertebral veins
and the nerve plexus derived from the sympathetic
chain. The second part of the vertebral artery passes
anteriorly to the C2 to C6 cervical ventral rami, which
course from medial to lateral in the grooves (gutters)
for the spinal nerves of their respective cervical TPs
(see Fig. 5-20). The vertebral artery makes a rather
dramatic lateral curve (45°) after passing through the
transverse foramen of the axis (Figs. 5-10 and 5-17). This
allows the artery to reach the more laterally placed TP
of the atlas. Taitz and Arensburg (1989) found that 4
of 36 vertebral arteries (11%) showed marked kinking
or tortuosity at the foramen of the TP of the axis. The
vertebral artery can be quite tortuous in some indi-
viduals. Whether this tortuosity is congenital, acquired
(secondary to atherosclerosis), or a combination of
both has yet to be determined (Taitz & Arensburg,
1989).

Extension combined with rotation of the head to one
side - normally impairs blood flow through the second
part of the vertebral artery of the opposite side. The con-
striction occurs between the axis and atlas (Taitz et al.,
1978).

Median
atlanto-axial joint

Vertebral a.

(third part)

FIG. 5-17 The second,
third, and fourth parts of the
left and right vertebral arter-
ies. Notice that cach vertebral
artery courses laterally be-
tween C2 and Cl. It then
courses posteriorly and medi-
ally at the level of C1, and fi-
nally passes superiorly and
medially to reach the foramen
magnum,

Vertebrdl a.
(second part)
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The third part of the vertebral artery begins as the
artery passes through the foramen of the TP of the atlas
(Fig. 5-17). Here it is located posterior and medial to
the rectus capitis lateralis. lmmediately the vertebral
artery curves farther posteriorly and medially around the
superior articular process of C1. It reaches the posterior
arch of the atlas, where it lies in the groove for the ver-
tebral artery of the posterior arch. The dorsal ramus of
the first cervical nerve (suboccipital nerve) passes be-
tween the vertebral artery and the posterior arch of the
atlas in this region. The artery then passes inferior to the
posterior atlanto-occipital membrane (see Fig. 5-10).
This membrane may form an ossified bridge for the
artery, which, when present, runs from the posterior
arch of the atlas to the lateral mass. This bony bridge is
known as a posterior ponticle and is discussed earlier in
this chapter.

The fourth part of the vertebral artery begins as the
artery passes beneath the bridge of the posterior atlanto-
occipital membrane. The artery then runs medially to
pierce the dura mater and arachnoid mater and courses
superiorly to pass through the foramen magnum. Once
above the foramen magnum, it courses within the sub-
arachnoid space along the clivus until it meets the ver-
tebral artery of the opposite side to form the basilar
artery. The basilar artery is formed in the region of the
inferior pons (Williams et al., 1989).

The fourth part of the vertebral artery has several
branches. Each vertebral artery gives off a branch that
unites with its pair from the opposite side to form a sin-
gle anterior spinal artery. The anterior spinal artery sup-
plies the anterior aspect of the spinal cord throughout its
length. Each vertebral artery then gives off a posterior
spinal artery. The left and right posterior spinal arteries
remain separate as they course along the posterior as-
pect of the spinal cord (see Chapter 3 for both anterior
and posterior spinal arteries). Each vertebral artery then
gives off a posterior inferior cerebellar artery that sup-
plies the inferiov aspect of the cerebellum and a portion
of the medulla.

The right and left vertebral arteries unite at the level
of the pons to form the basilar artery. The basilar artery
gives off anterior inferior cerebellar, labyrinthine (inter-
nal audlitory), pontine, and superior cerebellar arteries
before ending by dividing into the posterior cerebral
arteries. The posterior cerebral arteries participate in
the cerebral arterial circle (of Willis) and then continue
posteriorly to supply the occipital lobes of the cerebral
cortex and the inferior portion of the temporal lobes.

Nerves of the Cervical Region

A thorough understanding of patients presenting with
neck pain can only be achieved if clinicians know those
structures capable of nociception (pain perception).
Also, clinicians first must understand how pathologic

conditions, aberrant movement, or pressure affecting
these structures can result in nociception, and then how
the patient perceives that nociception. A knowledge of
the innervation of the cervical region gives clinicians an
understanding of the structures that are pain sensitive
and the way in which this nociceptive information is
transmitted to the central nervous system This topic is
of significance to clinicians dealing with pain of cervical
origin.

Rootlets, Roots, Dorsal Root Ganglia, Mixed
Spinal Nerves, and Rami. The dorsal and ventral
rootlets of the cervical region leave the spinal cord
and unite into dorsal and ventral roots (see Chapter 3).
The dorsal and ventral roots unite within the region of
the IVF to form the mixed spinal nerve (Fig. 5-18). The
mixed spinal nerve is short and almost immediately di-
vides into a dorsal ramus (posterior primary division)
and a ventral ramus (anterior primary division).

Unique rootlets, roots, and dorsal root ganglia.
The posterior rootlets of Cl are unique. They are so thin
that they are frequently mistaken for arachnoidal strands
during dissection (Edmeads, 1978). Stimulation of the Cl
rootlets has been found to cause orbital pain (superior
rootlets of C1), frontal pain (middle rootlets), and vertex
pain (lower rootlets). Conditions such as tumors of the
posterior cranial fossa, herniations of the cerebellar ton-
sils through the foramen magnum, bony anomalies of
the craniovertebral junction, and possibly prolonged
muscle tightness can cause irritation of the sensory
rootlets or root of C1. Irritation of these rootlets or root
may, in turn, refer pain to the regions just mentioned
(Darby & Cramer, 1994; Edmeads, 1978).

Great variation exists in the distribution of rootlets in
the cervical region. More specifically, anastomoses fre-
quently exist between rootlets of adjacent spinal cord
segments. These anastomoses occur 61% of the time in
the cervical spinal cord, compared with 7% in the tho-
racic region and 22% in the lumbar cord (Moriishi, Otani,
Tanaka, & Inoue, 1989). This is clinically significant be-
cause sensory impulses conducting nociceptive (pain)
sensations through the dorsal root ganglion at one verte-
bral level may enter the spinal cord at the next spinal
cord segment above or below. The pain sensations in
such cases may be perceived one segment “olf,” adding
to the body’s already difficult task of pain localization
(Darby & Cramer, 1994). These anastomoses would also
complicate the presentation of radicular pain by disrupt-
ing the normal dermatomal pattern of innervation by
dorsal roots and dorsal root ganglia (see Chapter 11).

Recall that the cell bodies of all afferent nerve fibers
are located in the dorsal root ganglia (DRG), which are
also known as the spinal ganglia. These ganglia, with the
exception of those of the C1 and C2 cord segments, are
located within the T'VFs. The C1 DRG may be absent;
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Superior view of a typical cervical segment showing the neural elements. Notice

the dorsal and ventral roots, the mixed spinal nerve, and the posterior and anterior primary di-
visions (dorsal and ventral rami). The posterior primary division can be seen dividing into a
medial and a lateral branch. The recurrent meningeal nerve is shown entering the interverte-
bral foramen. Fibers arising from the middle cervical ganglion and the gray communicating ra-
mus ace also shown. Notice that these fibers supply the anterior and lateral aspects of the in-
tervertebral disc, the vertebral body, and the anterior longitudinal ligament. The sympathetic
plexus that surrouncls the vertebral artery is shown in Fig. 5-19.

however, when present, it usually is found lying on the
posterior arch of the atlas (Williams et al., 1989). The
C2 DRG is located between the posterior arch of the
atlas and the lamina of C2; more exactly, it is located
posterior and medial to the lateral atlanto-axial joint. It
contains the cell bodies of sensory fibers innervating the
median atlanto-axial joint, the lateral atlanto-axial joint,
and a large part of the neck and scalp, extending from
the posterior occipital region to the vertex and occa-
sionally even to the coronal suture of the skull (Bogduk,
1982). Another unique characteristic of the C2 DRG is
that it is the only such ganglion normally located outside
the dura. Its prominent and predictable location has en-
abled investigators to study the effects of localized anes-
thesia on the C2 DRG (Bogduk, 1989a), allowing for a

better understanding of the importance of the second
cervical nerve in suboccipital headaches.

Dorsal rami. The dorsal rami (posterior primary di-
visions) are generally smaller than the ventral rami (an-
terior primary divisions). Recall that each dorsal ramus
exits the mixed spinal nerve just lateral to the IVF (Fig.
5-18). After exiting the 1VF, the dorsal ramus curves pos-
teriorly, close to the anterolateral aspect of the articular
pillar. In fact, the dorsal rami of C4 and CS produce a
groove on the lateral aspect of the articular pillars of the
C4 and C5 vertebrae. On reaching the posterior and lat-
eral aspect of the superior articular process, each dorsal
ramus quickly divides into a medial and lateral branch
(Fig. 5-18).
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Some of the most important structures innervated by
the dorsal rami are the deep back muscles. The deeper
and more segmentally oriented transversospinalis mus-
cles receive innervation from the medial branch of the
dorsal rami. The longer and more superficial erector
spinae muscles are innervated by the lateral branch of
the dorsal rami. Other structures innervated by the me-
dial branch include the Z joints and the interspinous lig-
aments. The lateral branch of the dorsal rami of the up-
per cervical nerves (except C1) continue posteriorly, af-
ter innervating the erector spinae and splenius capitis
and cervicis muscles, to supply sensory innervation to
the skin of the neck. The dorsal rami of C6, C7, and C8
usually do not have cutaneous branches (Kasai et al.,
1989).

The dorsal ramus of the C1 spinal nerve is unique. The
C1 nerve exits the vertebral canal by passing above the
posterior arch of the atlas. It quickly divides into a ven-
tral and dorsal ramus. The dorsal ramus (suboccipital
nerve) runs between the posterior arch of the atlas and
the vertebral artery. It does not divide into a medial and
lateral branch, but rather curves superiorly for a short
distance (about 1 cm) and terminates by providing mo-
tor innervation to the suboccipital muscles. It also sends
a communicating branch to the dorsal ramus of C2.
Some authors have described an inconsistent cutaneous
branch that runs to the posterolateral scalp (Williams et
al,, 1989), although other detailed studies have not re-
produced this finding (Bogduk, 1982).

The C2 spinal nerve branches into a dorsal and ventral
ramus posterior to the lateral atlanto-axial joint. The dor-
sal ramus loops superiorly around the inferior border of
the obliquus capitis inferior muscle and then divides into
medial, lateral, superior communicating, inferior com-
municating, and a branch to the obliquus capitis inferior.
The lateral branch of the dorsal ramus of C2 helps to sup-
ply motor innervation to the longissimus capitis, sple-
nius capitis, and semispinalis capitis muscles (Bogduk,
1982). The medial branch of the dorsal ramus of C2 is
large and is known as the greater occipital nerve. This
nerve receives a communicating branch from the third
occipital nerve before piercing the large semispinalis
capitis muscle. The greater occipital nerve, accompa-
nied by the occipital artery, reaches the scalp by passing
through a protective aponeurotic sling. This sling is as-
sociated with the insertions of the trapezius and stern-
ocleidomastoid muscles onto the superior nuchal line
(Bogduk, 1982). The aponeurotic sling actually prevents
the greater occipital nerve from being compressed dur-
ing contraction of these muscles. After passage through
the sling, the greater occipital nerve courses superiorly
and divides into several terminal branches. These
branches provide a broad area of sensory innervation ex-
tending from the occipital region medially to the region
superior to the mastoid process and posterior to the ear
laterally. Superiorly, they supply sensory innervation to

the scalp from the region of the posterior occiput to
as far as the skull’s coronal suture (Bogduk, 1982).
Terminal branches of the greater occipital nerve also
provide sensory branches to the occipital and transverse
facial arteries.

Disorders of the upper cervical spine, including irrita-
tion of the greater occipital nerve or the C2 ganglion,
can definitely cause headaches (Bogduk, 1986¢; Bogduk,
1989a; Bogduk et al., 1985; Edmeads, 1978). Causes of ir-
ritation to the nerve or ganglion include direct trauma to
the posterior occiput and entrapment between trauma-
tized or hypertonic cervical muscles, particularly the
semispinalis capitis (Edmeads, 1978). Hyperextension
injuries to the neck, especially during rotation, can also
compress the C2 ganglion between the posterior arch of
the atlas and the lamina of the axis.

The C3 spinal nerve is the most superior nerve to
pass through an IVF. Within the lateral aspect of the IVF
the C3 nerve branches into a dorsal and ventral ramus.
The dorsal ramus of C3 passes posteriorly between the
C2 and C3 TPs, where it divides into deep and superfi-
cial medial branches, a lateral branch, and a communi-
cating branch with the C2 dorsal ramus (Bogduk, 1982).
The superficial medial branch of the dorsal ramus is
known as the third occipital nerve. This nerve courses
around the lower part of the C2-3 Z joint from anterior
to posterior. The deep surface of the third occipital
nerve provides articular branches to the C2-3 Z joint
(Bogduk & Marsland, 1986). Because of its close rela-
tionships with the bony elements of the C2-3 IVF, the
third occipital nerve has been implicated by one investi-
gator as the cause of the headaches that frequently ac-
company generalized osteoarthritis of the cervical spine
(Trevor-Jones, 1964). After supplying the C2-3 Z joint,
the third occipital nerve courses superiorly; pierces
the semispinalis capitis, splenius capitis, and trapezius
muscles; then assists the greater occipital nerve (C2) in
its sensory innervation of the suboccipital region
(Bogduk, 1982).

The deep medial branch of the C3 dorsal ramus helps
to supply the uppermost multifidus muscles. The lateral
branch of the C3 dorsal ramus helps supply the more su-
perficial neck muscles (longissimus capitis, splenius
capitis, semispinalis capitis). In addition, the C3 dorsal
ramus also helps to supply the C2-3 (via dorsal ramus it-
self, the third occipital nerve, or a communicating
branch) and the C3-4 (via the deep medial branch) Z
joints. The atlanto-occipital joints and the median and
lateral atlanto-axial joints are innervated by the C1 and
C2 ventral rami, respectively (Bogduk, 1982). Bogduk
and Marsland (1986) reported on the relief of occipital
and suboccipital headaches by local anesthetic block of
the third occipital nerve in 10 consecutive patients with
headaches of suspected cervical origin. They suggested
that the cause of the headaches was traumatic arthropa-
thy or degenerative joint disease of the C2-3 Z joints and



stated that their findings “may reflect an actual high in-
cidence in the community of a condition that has re-
mained unrecognized by specialists dealing with head-
ache, and perhaps misdiagnosed as tension headache.”
They also mentioned that C1-2 joints may be another
cause of cervical headache but thought further investi-
gation was required before differentation between C1-2
and C2-3 headaches could be accurately performed.

Injury to structures of the upper cervical spine can re-
sult in pain referral to the occipital regions innervated by
the dorsal rami of the upper three cervical nerves. Upper
cervical injury can also refer to regions of the head in-
nervated by the trigeminal nerve. This is possible be-
cause the central processes of the upper three cervical
sensory nerves enter the upper cervical spinal cord and
converge on neurons of the spinal tract and spinal nu-
cleus of the trigeminal nerve. This region has been called
the trigemino-cervical nucleus (Bogduk et al., 1985). The
specific location of pain referral depends on the central
neurons stimulated by the incoming cervical fibers.
Therefore, after injury to the upper cervical region, pain
can be interpreted as arising from as far away as the an-
terior aspect of the head (trigeminal nerve, C2 ventral ra-
mus) or the suboccipital region to the scalp above the
vertex of the skull (region innervated by [C1] C2 and C3
dorsal rami).

The spinal nerves of C4 through C8 exit through their
respective IVFs (e.g.,, C4 through the C3-4 IVF, C8
through the C7-T1 IVF). The dorsal rami are quickly
given off and pass posteriorly, medial to the posterior
intertransversarii muscles, which they supply. They then
divide into medial and lateral branches. The medial
branches of C4 and C5 (occasionally C6) divide into a su-
perficial and deep branch. The dorsal rami of (C6) C7
and C8 do not divide and only have deep medial
branches. The superficial branches help to supply the
semispinalis cervicis and capitis muscles and then send
cutaneous fibers to provide sensory innervation to the
skin of the posterior neck. The deep medial branches of
the dorsal rami run to the multifi muscles, where they
provide a very specific innervation. Each nerve supplies
those muscle fibers that attach to the spinous process of
a segmental level numbered one less than the nerve.
Therefore the C5 deep medial branch supplies those
multifidus fibers that insert onto the C4 spinous process
(Bogduk, 1982). The deep medial branches of C4 to C8
also supply the Z joints. Each deep medial branch sends
a rostral branch to the Z joint above and a caudal branch
to the Z joint below. These branches run along the dor-
sal aspect of the joints within the pericapsular fibrous tis-
sue (Bogduk, 1982). The lateral branches of the C4 to C8
dorsal rami help to supply the semispinalis capitis,
longissimus cervicis, splenius cervicis, and iliocostalis
cervicis muscles (C8).

Since many stiructures of the cervical region that can
produce pain receive their sensory supply from dorsal

THE CERVICAL REGION 143

rami, certain diagnostic procedures and therapies for
neck and head pain have been directed specifically at
these nerves (Bogduk, 1989a; Bogduk, 1989b).

Ventral rami. Each ventral ramus of the cervical re-
gion leaves its mixed spinal nerve of origin and then ex-
its the spine by passing posterior to the vertebral artery
and then between the anterior and posterior intertrans-
wversarii muscles. The cervical ventral rami innervate the
anterior muscles of the cervical spine, including the
longus capitis, longus colli, and rectus capitis anterior
and lateralis muscles. The atlanto-occipital joints and the
median and lateral atlanto-axial joints are innervated by
the C1 and C2 ventral rami, respectively (Bogduk, 1982).

Bogduk (1986a) stated that abnormal position (sub-
luxation) of a lateral atlanto-axial joint, compressing the
C2 ventral ramus, is the most likely cause of neck-tongue
syndrome. This syndrome includes suboccipital pain
with simultaneous numbness of the tongue on the same
side. The author explained the tongue numbness by the
fact that some proprioceptive fibers to the tongue ac-
company the hypoglossal nerve and then pass through
the ventral ramus of C2. Such “numbness” is analogous
to that reported in Bell's palsy, in which the proprio-
ceptive fibers of the seventh cranial nerve give the sen-
sation of numbness over a region of the face that re-
ceives its sensory innervation from the trigeminal nerve.

The cervical ventral rami also help to supply the
vertebral bodies, anterior longitudinal ligament, and
anterior aspect of the IVD with sensory innervation.
These latter structures also receive sensory innervation
from fibers arising from the sympathetic chain (Fig. 5-18)
and from the autonomic fibers associated with the ver-
tebral artery (Bogduk et al, 1988; Groen, Baljet, &
Drukker, 1990). A thorough understanding of the spe-
cific sensory innervation to the anterior structures of the
spine is important because these structures can be dam-
aged during an extension injury or during the accelera-
tion portion of an acceleration/deceleration injury
(Foreman & Croft, 1992). Therefore the autonomic
fibers associated with the recurrent meningeal nerve,
the sympathetic chain itself, and the vertebral artery are
listed in the following discussion.

The ventral rami of cervical spinal nerves also form
the cervical and brachial plexuses, which innervate the
anterior neck and upper extremities. These neural ele-
ments are discussed at the end of this section.

Recurrent Meningeal Nerve. The recurrent men-
ingeal nerves are also known as the sinuvertebral nerves.
In the cervical region, each nerve originates from the
ventral ramus and then receives a contribution from the
gray communicating ramus and other sympathetic
nerves that run with the vertebral artery (Groen et al.,
1990) (Figs. 5-18 and 5-19). The recurrent meningeal
nerve then courses medially, through the medial aspect
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of the IVF and anterior to the spinal dura. This nerve sup-
plies the posterior aspect of the IVD, the posterior lon-
gitudinal ligament, the anterior spinal dura mater
(Williams et al., 1989), the posterior vertebral bodies,
and the uncovertebral joints (Xiuqing, Bo, & Shizhen,
1988). Usually the recurrent meningeal nerve supplies
these structures at the level where it enters the vertebral
canal and then continues superiorly to innervate the
same structures at the vertebral level above, although
the distribution varies (Groen et al., 1990).

More than one recurrent meningeal nerve is usually
present at each vertebral level (Groen et al., 1990). The
recurrent meningeal nerves of the cervical region prob-
ably carry both vasomotor fibers, derived from the sym-
pathetic contribution, and general somatic afferent
fibers (including nociceptive fibers), arising from the
ventral rami (Bogduk et al., 1988).

The recurrent meningeal nerves of C1, C2, and C3
have relatively large meningeal branches that ascend to
the posterior cranial fossa. As they course superiorly to
reach the posterior cranial fossa, they supply the atlanto-
axial joint complex (also supplied by the ventral ramus
of C2), the tectorial membrane, components of the cru-
ciate ligament, and the alar ligaments (Bogduk et al.,
1988). Once in the posterior cranial fossa, they help to
supply the cranial dura mater, including the region of
the clivus, which is supplied by the recurrent meningeal
nerve of C3 (Bogduk et al., 1988). These meningeal
branches probably are related to the pain referral pat-
terns associated with disorders of the upper cervical
spine and occipital headache (Williams et al., 1989).

This section focuses on
those aspects of the sympathetic nervous system most
closely related to the general anatomy of the cervical
spine. The specific anatomy of the cervical sympathetics
is discussed in Chapter 10. The cervical sympathetic
chain lies anterior to the longus capitis muscle. It is com-
posed of three ganglia: superior, middle, and inferior.
The superior ganglion is by far the largest, and it is posi-
tioned inferior to the occiput and anterior to the TPs of
C2 and C3. The middle cervical ganglion is not always
present. When it is present, it lies anterior to the TP of
CG6. Usually the inferior ganglion unites with the first tho-
racic ganglion to form the cervicothoracic (stellate) gan-
glion, located just inferior to the TP of C7.

The relationships at the sympathetic plexus surround-
ing the vertebral artery are rather complex (Fig. 5-19).
Because of the intimate relationship of this plexus with
the vertebral artery and the spinal structures innervated
by this plexus, it is discussed here. Chapter 10 also dis-
cusses this plexus in the context of the entire autonomic
nervous system.

The plexus surrounding the vertebral artery has been
referred to as the vertebral nerve (Edmeads, 1978).
Other authors (Gayral & Neuwirth, 1954; Xiuqing et al.,

1988) state that of the nerves surrounding the vertebral
artery, the vertebral nerve is the largest of the several
branches that arise from the cervicothoracic (stellate)
ganglion to follow the vertebral artery through the fora-
men of the TP of CG6. This discussion uses the term ver-
tebral nerve only when discussing the previously men-
tioned large branch of the stellate ganglion. The term
vertebral plexus of nerves is used to refer to the neural
network surrounding the vertebral artery.

In addition to the branches of the cervicothoracic gan-
glion that reach the vertebral artery, a branch (or
branches) from the middle cervical ganglion and some-
times branches from intermediate ganglia join the verte-
bral plexus of nerves above the level of C6 (Xiuqing et
al., 1988). The branch from the middle cervical ganglion
runs lateral to either the C5-6 or C4-5 uncovertebral joint
before reaching the vertebral artery. The superior part of
the plexus surrounding the vertebral artery is joined by
branches directly from the ventral rami of Cl and C2
(Bogduk, Lambert, & Duckworth, 1981) and C3 (Xiuging
et al., 1988). Most of the large nerves accompanying the
vertebral artery are gray rami communicantes that follow
the artery superiorly to join the ventral rami of C3 to C6
(Fig. 5-19). Other branches of the vertebral artery nerve
plexus supply sensory innervation to the lateral aspects
of the cervical IVDs (Bogduk, Windsor, & Inglis, 1988).
A deeper and more dense plexus of nerves also sur-
rounds the vertebral artery. This deeper plexus is de-
rived from smaller branches of the vertebral nerve, the
stellate, middle and intermediate cervical ganglia, and
cervical ventral rami. These fibers form vascular
branches that create a dense neural plexus around the
vertebral artery. The vertebral arteries themselves have
been found to be capable of producing pain. The affer-
ents for their nociceptive sensation run with the auto-
nomic fibers. Therefore, irritation of these fibers by de-
generative spur formation of the upper cervical un-
covertebral or Z joints may be a cause of headaches
(Edmeads, 1978).

. This section and the
sections that follow discuss the neural, muscular, vascu-
lar, and visceral structures of the anterior neck. Even
though an extensive description of the anatomy of this
region is beyond the scope of this text, the previously
mentioned structures of the neck are so intimately re-
lated to the cervical spine that covering them in ade-
quate detail is important. Also, flexion and cxtension
injuries to the cervical region, commonly known as
“whiplash injuries,” are quite prevalent (Foreman &
Croft, 1992). Such injuries vary considerably in scver-
ity and can result in damage to a variety of anatomic
structures. Injury to the anterior longitudinal ligament,
posterior longitudinal ligament, interspinous ligament
(ligamentum nuchae), IVDs, vertebral end plates, odon-
toid process, spinous processes, Z joints, muscles,
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FIG. 5-19  Sympathetic plexus surrounding the vertebral artery. The pedicles have been cut coronally, and the vertebral bodies
and transverse processes have been removed to reveal an anterior view of the neural elements. Right, One vertebral artery was
spared. Notice several branches from the stellate ganglion coursing to this vertebral artery. The largest of these branches is some-
times known as the vertebral nerve. Also, notice several gray communicating rami (GR) contributing to the vertebral artery sym-
pathetic plexus. Left, Components of this ptexus after the vertebral artery has been removed. Notice that the GR branch consid-
erably and send twigs to join branches of adjacent GR. In addition, the GR sends twigs to ventral rami of the same level, the level
above, and the level below. Other twigs of the plexus unite with branches of the ventral rami to form recurrent meningeal nerves.
The recurrent meningeal nerves, in turn, course medlially to enter the vertebral canal. Branches of the plexus also innervate the
vertebral artery itself by passing into the arterial walls (see text for further details). The ventral rami of the mixed spinal nerves
can be seen uniting to form the cervical and brachial plexuses on the right side of the illustration. Notice that the vertebral wtery
is sending a small arterial branch to the C2 spinal nerve. This branch can be seen dividing into anterior and posterior radicular ar-
teries. These branches, which are normally found at each vertebral level, have been removed from the remaining levels to display
the neural elements more clearly.
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esophagus, sympathetic trunk, temporomandibular
joint, cranium, and brain have all been reported, either
through experimental studies or during clinical exami-
nation, after flexion and extension injury to the cervical
region (Bogduk, 1986b). In addition, proper examina-
tion of the cervical region includes an examination of
the anterior neck. Therefore the following sections de-
scribe the most clinically relevant relationships of the an-
terior neck, beginning with the nerves.

The nerves of the anterior neck include the ventral
rami of the cervical nerves. These ventral rami make up
the cervical and brachial (including T1) plexuses (Fig.
5-20). Also, several cranial nerves (CNs) are found in the
anterior neck. These include the glossopharyngeal (CN
1X), the vagus (CN X), the accessory (CN XI), and the hy-
poglossal (CN XII) nerves. The cervical and brachial
plexuses are discussed in modest detail, and the most
relevant points of CNs IX through XII are covered.

Ventral ramus of C1. This ramus passes laterally
around the superior articular process of the atlas. It lies
anterior to the vertebral artery in this region and runs
medial to the artery as the nerve passes medial to the rec-
tus capitis lateralis muscle (which it supplies) to exit
above the TP of the atlas. The ventral ramus of Cl1 re-
ceives some fibers from the ventral ramus of C2, and to-
gether these fibers join the hypoglossal nerve. Some
fibers of the ventral ramus of C1 follow the hypoglossal
nerve proximally and help provide sensory innervation
to the dura mater of the posterior cranial fossa. (Agur,
1991). However, most fibers of the ventral ramus of C1
continue distally along CN XII[ and then give several
branches that leave CN XII. The first such branch partic-
ipates in the ansa cervicalis and is known as the superior
(upper) root of the ansa cervicalis (descendens hy-
poglossi). The next branch is the nerve to the thyrohy-
oid, which innervates the thyrohyoid muscle. The nerve
to the geniohyoid is the last branch. It innervates the
muscle of the same name.

Cervical plexus. The cervical plexus can be divided
into a sensory and motor portion. The sensory portion of
the cervical plexus is more superficially placed than the
motor portion. The named nerves of the sensory portion
(Fig. 5-20) are formed deep to the sternocleidomastoid
muscle (SCM) by the union of individual C2 to C4 ven-
tral rami. The named nerves course around the posterior
surface of the SCM and emerge from behind its midpoint
in proximity to one another. They then proceed in dif-
ferent directions to reach their respective destinations.
The named nerves of the sensory (superficial) part of the
cervical plexus and their ventral rami of origin are re-
viewed in Table 5-9 (and Fig. 5-20).

The motor portion of the cervical plexus lies deep to
the sensory portion and is located within the anterior tri-
angle. The motor portion makes up the ansa cervicalis

(Fig. 5-20). The two limbs (roots) of the ansa cervicalis
are the following:
¢ C1 ventral ramus (see preceding discussion): pro-
vides separate motor innervation to the thyrohyoid
and geniohyoid muscles and also forms the superior
root of the ansa cervicalis (descendens hypoglossi)
¢ C2 and C3 rami: combine to form the inferior root
of the ansa cervicalis (descendens cervicalis)
Together the superior and inferior roots combine to
form the ansa cervicalis. Branches of this neural loop
provide motor innervation to all of the infrahyoid (strap)
muscles (i.e., both bellies of the omohyoid, the ster-
nohyoid, and the sternothyroid), except the thyrohyoid
muscle, which is supplied by the ventral ramus of CI.
The phrenic nerve is also considered to be a part of
the cervical plexus. It arises from the ventral rami of C3,
C4, and C5, with C4 providing the most significant con-
tribution. The phrenic nerve provides motor and sen-
sory innervation to the diaphragm. Occasionally an ac-
cessory phrenic nerve arises from the ventral rami of C5
and C6. When present, the accessory phrenic nerve
branches from the nerve to the subclavius and courses
to the diaphragm.

Brachial plexus. The brachial plexus (Fig. 5-20) is
formed by the ventral rami of C5 through T1. The ven-
tral rami that participate in forming the brachial plexus
are referred to as the “roots” of the brachial plexus. The
ventral rami (or roots of the plexus) form trunks, the
trunks form anterior and posterior divisions, the divi-
sions form cords, and the cords end as terminal
branches. The brachial plexus is discussed in more detail
in the following section. Where appropriate, the spinal
cord segments that contribute to the formation of the in-
dividual named nerves are included in parentheses fol-
lowing the named nerves, for example, radial nerve
(C5,6,7,8,TD.

The ventral rami of C5 and C6 form the upper trunk of
the brachial plexus. The ventral ramus of C7 remains
free of the complex relationships seen in the other rami
and forms the middle trunk by itself. The C8 and T1 ven-
tral rami converge to form the lower trunk. A few

Table 5-9 Scnsory Portion of Cervical Plexus

Nerve Cord segments  Dcstination

Lesser occipital C2(C3) Mastoid region and supe-
nerve rior aspect of ear

Great auricular C2, C3 Ear and region overlying
nerve angle of mandible

Transverse C2,C3 Anterior neck
cervical nerve
Supraclavicular C3, C4 Medial, intermediate, ancl

nerve lateral branches to skin
over clavicle and del-
toid muscle
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FIG. 5-20 Nerves of the cervical region, including the cervical plexus and the brachial plexus. Notice that the anterior primary
divisions (ventral rami) exit posterior to the vertebral artery. The anterior primary divisions of Cl through C4 (with a contribution
from CS to the phrenic nerve) form the cervical plexus, and the anterior primary divisions of C5S through T1 form the roots of the
brachial plexus. The following structures are identified: a, anterior primary division (ventral ramus) of C1, uniting with the hy-
poglossal nerve; b, lesser occipital nerve; ¢, great auricular nerve (receives contributions from both C2 and C3 ventral rami);
d, transverse cervical nerve, also known as the transverse cutaneous nerve of the neck (also receives contributions from both C2
and C3 ventral rami); e, supraclavicular nerve (common trunk of origin for lateral, intermediate, and medial supraclavicular nerves);
f, dorsal scapular nerve from CS ventral ramus would be given off here; g, upper trunk of the brachial plexus; A, middle trunk;
1, lower trunk; j, suprascapular nerve; k, anterior division of upper trunk of the brachial plexus; {, anterior division of middle
trunk; m, anterior division of lower trunk; 72, posterior division of upper trunk of the brachial plexus; o, posterior division of mid-
dle trunk; p, posterior division of lower trunk; ¢, lateral cord of the brachial plexus; r, posterior cord; s, medial cord; ¢ lateral pec-
toral nerve; u, contribution of the lateral cord to the median nerve; v, contribution of the medial cord to the median nerve; w, vari-
ant additional contribution of medial cord to the median nerve; x, medial brachial cutaneous nerve (medial cutaneous nerve of the
arm), ¥, medial antebrachial cutaneous nerve (medial cutaneous nerve of the forearm); z, ulnar nerve. The medial pectoral nerve
is shown arising from the inferior aspect of the medial cord (s). From proximal to distal, the upper subscapular, thoracodorsal, and
lower subscapular nerves are shown arising from the posterior cord (r). The long thoracic nerve, which arises from the ventral
rami of CS, C6, and C7, is not shown in this illustration.
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important branches arise from the ventral rami before
they form trunks. The first is the dorsal scapular nerve,
which branches from the C5 ramus and provides motor
innervation to the rhomboid major and minor muscles
and occasionally to the levator scapulae muscle.
Branches of the ffth, sixth, and seventh ventral rami
form the long thoracic nerve (of Charles Bell), which in-
nervates the serratus anterior muscle.

The suprascapular nerve branches from the upper
trunk (it is therefore derived from C5 and C6). It courses
through the scapular notch (beneath the superior trans-
verse scapular ligament) to innervate the supraspinatus
and infraspinatus muscles. The suprascapular nerve also
sends articular twigs to the shoulder joint and the
acromioclavicular joint. The nerve to subclavius muscle
(C5,6), which also branches from the upper trunk (C5
and C06), supplics the small muscle of the same name.
The nerve to the subclavius usually sends a communi-
cating branch to the phrenic nerve (usually from the C5
contribution).

The trunks divide into anterior and posterior divisions.
The anterior divisions of the upper and middle trunks
unite to form the lateral cord. The anterior division of
the lower trunk remains alone to form the medial cord,
and all the posterior divisions unite to form the posterior
cord.

The cords of the brachial plexus are named according
to their anatomic relationship to the axillary artery (i.e.,
lateral cord is lateral to artery, etc.). The cords them-
selves have branches. The lateral cord has a branch
called the lateral pectoral nerve (C5,6,7), which inner-
vates both the pectoralis major and minor muscles.
The medial cord gives off the medial pectoral nerve
(C8,T1), which innervates the pectoralis minor mus-
cle, and a few branches may help to supply the pec-
toralis major (Williams et al., 1989). The posterior
cord gives off the superior or upper (C5,6) and inferior
or lower (C5,6) subscapular nerves and the thora-
codorsal (middle subscapular) nerve (C6,7,8). The upper
subscapular nerve supplies the snbscapularis muscle.
The thoracodorsal nerve supplies the latissimus dorsi
muscle, and the inferior subscapular nerve supplies the
teres major muscle and helps to supply the subscapu-
laris muscle.

The cords end as terminal branches of the brachial
plexus. The lateral cord clivides into the musculocuta-
neous nerve (C5,6,7) and a large contributing branch to
the median nerve (C[5],6,7). The musculocutaneous
nerve provides motor innervation to the flexor muscles
of the arm and sensory innervation to the lateral forearm.
The median nerve is discussed in more detail in the fol-
lowing section.

The medial cord provides the medial brachial (C8,T1)
and medial antebrachial (C8,T1) cutancous nerves (sen-
sory to arm and forearm, respectively) before dividing
into the ulnar nerve (C[7],8,T1) and the medial cord

contribution to the median (C8,T1) nerve The ulnar
nerve sends articular branches to the elbow and wrist,
motor fibers to one and a half muscles of the forearm,
and the majority of the intrinsic muscles of the palm.
The ulnar nerve is also sensory to the medial distal fore-
arm and medial band (medial palm, fifth digit, ulnar side
of the fourth digit).

Recall that both the lateral and the medial cords par-
ticipate in the formation of the median nerve
(C[51,6,7,8,T1). This nerve provides articular branches
to the elbow and wrist joints, motor innervation to the
majority of the muscles of the anterior forearm, and in-
nervation to five muscles of the palm (three thenar mus-
cles, first two lumbricals). In addition, the median nerve
provides sensory innervation to the lateral aspect (radial
side) of the palm, the anterior aspect of the first three
and a half digits, and the distal aspect of the posterior
surface of the first three and a half digits. However, the
sensory innervation to the hand is subject to significant
variation.

The posterior cord ends by dividing into the axil-
lary (C5,6) and radial nerves (C5,6,7,8,T1). The axillary
nerve courses through the quadrangular space (space
between the teres minor, teres major, long head of
the triceps muscles, and surgical neck of the humerus),
supplying motor innervation to the teres minor and
the deltoid muscles. In addition, the axillary nerve pro-
vides sensory innervation to the upper lateral aspect of
the arm.

The radial nerve provides motor and sensory inner-
vation to the posterior arm and forearm. It also gives
articular branches to the elbow and wrist joints. In addi-
tion, the radial nerve provides sensory innervation to the
lateral aspect of the dorsum of the hand and the dorsal
aspect of the first two and a half digits (except for the
distal portions of these digits that are innervated by the
median nerve). Chapter 9 provides additional informa-
tion on the large terminal branches of the brachial
plexus.

Vagus nerve. The vagus nerve exits the jugular fora-
men of the posterior cranial fossa and courses inferiorly
throughout the entire length of the neck. Accompanying
the vagus nerve in its course through the neck are the in-
ternal jugular vein and the internal and common carotid
arteries. These structures are wrapped in a fibrous tissue
sheath known as the carotid sheath. The vagus nerve is
located within the posterior aspect of the carotid sheath
between the internal jugular vein, which is lateral to it,
and the internal carotid artery, which is medial to it.
Inferiorly, the vagus nerve lies between the internal
jugular vein and the common carotid artery.

The vagus nerve has several branches in the neck:
¢ Pbaryngeal branch. This nerve participates in the

pharyngeal plexas, which supplies motor and sensory

innervation to the pharynx.



o Superior layvyngeal nerve. This nerve divides into two
branches. The frst, the internal laryngeal nerve,
pierces the thyrohyoid membrane to provide sensory
innervation to laryngeal structures above the true vo-
cal folds. The second branch, the external laryngeal
nerve, runs inferiorly to innervate the cricothyroid
muscle and also helps to supply the inferior constric-
tor muscle with motor innervation.

¢ Nerve to the carotid body. This nerve supplies sen-
sory innervation to the chemoreceptor of the same
name. It also may help to innervate the carotid sinus,
the baroreceptor located at the bifurcation of the
common carotid artery into the internal and external
carotid arteries.

o Cardiac nerves. Several cardiac nerves enter the tho-
rax and participate in the cardiac plexus of nerves.
The cervical cardiac nerves of the vagus provide
parasympathetic innervation to the heart.

¢ Recurrent laryngeal nerve. This nerve loops around
the subclavian artery (from anterior to posterior) on
the right to run in the groove between the trachea and
the esophagus (tracheo-esophageal groove). It pro-
vides motor innervation to all the muscles of vocaliza-
tion with the exception of the cricothyroid muscle,
which is innervated by the external laryngeal nerve.
The left recurrent laryngeal nerve wraps around the
arch of the aorta (from anterior to posterior) just lat-
eral to the ligamentum arteriosum and continues su-
periorly in the left tracheo-esophageal groove.

Cranial nerves IX, XI, XII. As with the vagus nerve,
the glossopharyngeal nerve (CN IX) exits the posterior
cranial fossa by passing through the jugular foramen. It
courses along the posterior pharynx just lateral to the
stylopharyngeus muscle, which it supplies. CN IX enters
the pharynx together with the stylopharyngeus muscle
by passing between the superior and middle constrictor
muscles and terminates on the posterior third of the
tongue. This branch supplies both general sensation and

Table 5-10  Infrahyoid Muscles and SCM

Muscle Origin Insertion

Nerve
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taste sensation to this region of the tongue. The glos-
sopharyngeal nerve also participates in the pharyngeal
plexus of nerves. This plexus supplies both motor and
sensory innervation to the pharynx. In addition, CN IX
with the vagus supplies sensory fibers to the carotid
body and sinus. It also provides the parasympathetic
fibers that eventually become the lesser petrosal nerve.
This nerve synapses in the otic ganglion, and the post-
ganglionic fibers supply secretomotor fibers to the
parotid gland.

The accessory and hypoglossal nerves (CNs XI and
XID are located in the superior neck just behind the
posterior belly of the digastric muscle. The accessory
(spinal accessory) nerve enters the carotid triangle by
coursing behind the posterior belly of the digastric and
enters the posterior aspect of the SCM. It innervates this
muscle before continuing posteriorly to supply the
trapezius muscle.

The hypoglossal nerve (CN XII) enters the neck dorsal
to the posterior belly of the digastric, courses anteriorly
and slightly inferiorly, and then exits the neck by passing
medial to the intermediate tendon of the digastric mus-
cle. It continues deep to the mylohyoid muscle and sup-
plies the intrinsic and extrinsic (except the palatoglossus
muscle, supplied by CN X-pharyngeal branch) muscles
of the tongue.

Muscles of the Anterior Neck

The muscles of the anterior neck (Fig. 5-21) cun conve-
niently be divided into those below the hyoid bone (in-
frahyoid muscles) and those above the hyoid bone
(suprahyoid muscles). The salient features of these
two groups of muscles are listed in Table 5-10 and Table
S-11 for easy reference.

In addition to the infrahyoid and suprahyoid muscles,
the SCM and the scalene muscles are also associated
with the anterior aspect of the cervical spine and neck.
The principal features of the scalene muscles are listed

Function Notes

Sternocleidomastoid  Manubrium, proximal  Mastoid

Accessory (CN XI), Bilaterally flex neck,

Unilaterally, Luerally

clavicle process ventral rami extend head flex same side, rotite
(C2,3[4D head to opposite side
Omohyoid Scapular notch Hyoid bone  Ansa cervicalis Depress hyoid bone  Superior and inferior
(C1-C3) bellies divided by
intermediate tendon
Sternohyoid Posterior manubrium  Hyoid bone  Ansa cervicalis Depress or stabilize —
(C1-C3) hryoid bone
Sternothyroid Posterior manubrium  Thyroid Ansa cervicalis Depress or stabilize —
cartilage (CI1-C3) thyroid cartilage
Thyrohyoid Thyroid cartilage Hyoid bone Cl1 Elevate thyroid car- .

tilage, depress
hyoid bone
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Anterior belly of
digastric m.

Submandibular
gland

Thyrohyoid m.

Sternothyroid m.

Mylohyoid m.

Superior belly
of omohyoid m.

Sternohyoid m.

Sternocleidomastoid m.

FIG. 5-21

Anterior dissection of the neck. The suprahyoid and infrahyoid muscles are

shown. The sternohyoid muscle has been removed on the right side of the cadaver to demon-
strate the sternothyroid and thyrohyoid muscles more clearly.

Table 5-11 Suprahyoid Muscles

Muscle Origin Insertion Nerve Function Notes

Digastric Mastoid Digastric fossa of  Posterior belly-CN VII; Elevate hyoid, move hyoid Anterior and posterior
process mandible anterior belly-CN V3 anteriorly or posteriorly bellies separated by

(nerve to mylohyoid) an intermediate
tendon

Mylohyoid = Mylohyoid line  Median raphe, CN V3 (nerve to mylo- Elevate hyoid and floor of —
of mandible hyoid bone hyoid) oral cavity

Geniohyoid Genial spine of Hyoid bone Ventral ramus C1 Elevate hyoid bone —
mandible

in Table 5-12. Because of its importance, the SCM is
discussed next.

Sternocleidomuastoid Muscle, The sternocleidomas-
toid (SCM), or sternomastoid muscle is a prominent and
important muscle of the cervical region. Its origin, inser-
tion, innervation, and function are listed in Table 5-10.
As shown in the table, when it contracts unilaterally, the
SCM laterally flexes the neck to the same side and rotates
the face to the opposite side. Occasionally this muscle
becomes abnormally tight, holding the neck in the later-
ally flexed and contralaterally rotated position. This is

known as torticollis, or “wry neck.” Torticollis is caused
by a variety of factors, including prolonged exposure
(e.g., a night of sleep) in the presence of a cool breeze,
congenital torticollis, neurologic torticollis, and un-
known causes (idiopathic).

In addition to its innervation from the accessory
nerve (CN XlI), the SCM receives some fibers of innerva-
tion from the ventral rami of C2-C4. These are thought
to be primarily proprioceptive, although some authors
believe that a small proportion of motor fibers may
also be present. The presence of motor fibers from cer-
vical ventral rami would explain reports of individuals
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Table 5-12  Scalene Muscles

Origin Insertion Nerve

Function Notes

Anterior scalene

Anterior tubercles of

C3-C6 TPs first rib (scalene of C4-C6

tubercle)

Middle scalene

TP of C2 (sometimes
1), posterior tu- first rib, poste-
bercles of C3-C7 rior to insertion
TPs of antetior

scalene

of C3-C8

Posterior scalene

Posterior tubercles
of C4-COHTPs

Lateral aspect of

second rib of C6-C8

Anterior aspect of  Anterior primary divisions Combination of flexion

Anterior aspect of  Anterior primary divisions Combination of flexion

Anterior primary divisions  Lateral flexion of neck, el-

Subclavian vein passes un-
and lateral flexion of terior to this muscle
neck, rotate neck to op-
posite side, elevate first

rib

Largest of scalcne muscles;
subclavian artery and
neck, retate neck to op- roots of brachial plexus

posite side, elevate first pass between this
rib muscle and anterior
scalene

and lateral flexion of

Smallest of scalene
muscles

evate second rib

TPs. Transverse processes

retaining some SCM function after their CN XI had been
severed.

Vascular Structures of the Anterior Neck

I ymphatics of the Head and Neck. Lymphatics of
the face and head drain inferiorly into the pericervical
lymphatic collar. This collar consists of a series of con-
nected lymph nodes, which form a chain that encircles
the junction of the head and the neck. The collar con-
sists of the following groups of nodes (from posterior to
anterior): occipital, postauricular (retroauricular), preau-
ricular, submandibular, and submental. These lymph
nodes are drained by lymphatic channels, which eventu-
ally drain into the deep cervical lymph nodes, located
along the internal jugular vein. The deep cervical lymph
nodes empty into the thoracic duct on the left side and
the right lymphatic duct on the right side.

Major Arteries of the Anterior Neck. The major
arteries of the anterior neck (Fig. 5-22) begin in the
base (root) of the neck. The root of the neck lies be-
tween the neck and the thorax. This region is bounded
by the first thoracic vertebra, the first rib, and the
manubrium of the sternum. The principal arteries of
this region are the right and left subclavian and the right
and left common carotid. The right subclavian and right
common carotid arteries are branches of the brachio-
cephalic trunk from the aortic arch. The left subclavian
and left common carotid arteries branch directly from
the aortic arch.

Subclavian arteries. The branches of the first part
of the subclavian artery (from its origin to the medial
border of the anterior scalene muscle) are listed next.
1. Vertebral artery. This artery enters the foramen of

the TP of C6 and ascends the cervical region through

the foramina of the TPs of the remaining five cervical
vertebrae. This artery is discussed in detail earlier in
this chapter.

2. Internal thoracic artery. This artery passes inferiorly
into the thorax along the posterior aspect of the an-
terior thoracic wall.

3. Thyrocervical trunk. This artery has several
branches:

a. Inferior thyroid artery. This branch provides the
ascending cervical artery before supplying the
inferior aspect of the thyroid gland. The ascend-
ing cervical artery helps to supply the neck mus-
culature and the posterior elements of the cervical
vertebrae.

b. Superficial (transverse) cervical artery. This
artery supplies the superficial and deep back mus-
cles of the cervical and upper thoracic regions.

c. Suprascapular artery. This artery supplies several
muscles of the scapula.

The following are branches of the second part of the
subclavian artery (between the medial and lateral bor-
ders of the anterior scalene muscle).

4. Costocervical trunk. This short artery divides into
two branches:

a. Deep cervical artery. This branch helps to supply
the posterior neck musculature and the posterior
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Facial a.
QOccipital a.
Hypoglossal n.
Stylohyoid m. Internal
jugular v.
A Lingual a.
Superior Carotid sinus
thyroid a.

Thyrohyoid m.
Ansa cervicalis

Sternohyoid m.

FIG. 5-22  Aaterolateral dis-
section of the neck showing
the internal jugular vein,
common carotid artery, and
external carotic! artery and
several of its branches. The
internal jugular vein has been
moved laterally in B to reveal
Occipito| qa. the left vagus nerve, which

Hypoglossal n.

Lingual a. lies between the internal

jugular vein and the common

Internal carotid artery Superior to the

|aryngeo| n bifurcation of the common

carotid artery, the vagus

nerve lies between the inter-

. Internal . . )

Supgrlor Lavlar v nal jugular vein and the inter-

thyroid a. jogeiary. nal carotid artery. The ansa

cervicalis can be seen loop-

) ing across the internal jugular

Thyrohyoid m. vein in both A and B.

iy e
cervicalis

Vagus n.
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arches of the cervical vertebrae.
b. Highest intercostal artery. This branch runs to the
first two intercostal spaces.

S. Dorsal scapular artery. This is a branch from the
third part of the subclavian (between the lateral as-
pect of the anterior scalene muscle and the first rib)
and is only present when there is no deep branch of
the superficial (transverse) scapular artery. It supplies
the superficial and deep back muscles of the upper
thoracic region.

Caretid arteries. The common carotid artery di-
vides into the internal and external carotid arteries (Fig.
5-22). Before its bifurcation, the common carotid artery
expands to form the carotid sinus, which contains
baroreceptors to monitor blood pressure. At the bifurca-
tion of the common carotid artery into its internal and
external branches, the carotid body is found. The carotid
body is responsible for monitoring oxygen and carbon
dioxide concentration in the blood. The carotid sinus
and body are innervated by CNs IX and X.

Each internal carotid artery ascends the neck to enter
the cranial cavity via the carotid foramen (canal). The in-
ternal carotid artery then supplies the orbit, pituitary
gland, and a large part of the frontal, parietal, and tem-
poral lobes of each cerebral hemisphere.

The external carotid artery is responsible for the
blood supply to the neck and face (both the superficial
and dcep face) (Fig. 5-22) The branches of the external
carotid artery are listed next.

1. Superior thyroid artery. This artery courses to the
thyroid gland. The superior laryngeal artery branches
from the superior thyroid artery. This artery pierces
the thyrohvoid membrane with the internal laryngeal
nerve and helps supply the larynx.

2. Ascending pbaryngeal artery. This is a long artery of
small diameter that ascends between the internal and
external carotid arteries and supplies the pharynx.

3. Lingual artery. This is a tortuous artery that runs to
the tongue by passing deep to the mylohyoid and
hyoglossus muscle.

4. Facial artery. This is another tortuous artery that
courses to the anterior face; it runs deep to the sub-
mandibular gland. (Wote: Sometimes the lingual and
facial arteries arise from a common faciolingual (lin-
guofacial] trunk.)

S. Occipital artery. This branch courses to the occiput.
It is “held” against the external carotid artery by the
hypoglossal nerve (CN XII).

6. Posterior auricular artery. This artery runs to and
supplies the region posterior to the ear.

The external carotid artery ends by dividing into the:

7. Superficial temporal artery. This large artery courses
superiorly to the temporal region and divides into
frontal and parietal branches.

8. Maxillary artery. This artery supplies the structures
within the infratemporal fossa (deep face), nasal
cavity, palate, maxilla, and superior aspect of the
pharynx.

A large part of
the scalp and the superior and lateral face is drained by
the external jugular vein. This vein is formed by the
union of the posterior auricular vein and the posterior di-
vision of the retromandibular vein. The external jugular
vein empties into the subclavian vein.

The central region of the face and the deep structures
of the head and neck drain into the internal jugular vein
(Fig. 5-22). This vein is formed at the jugular foramen by
the union of the sigmoidal and the inferior petrosal dura
mater venous sinuses of the cranial cavity.

More specifically, the central region of the face is
drained by the facial vein (anterior facial vein). This vein
ends by passing in front of the submandibular gland to
join the anterior branch of the retromandibular vein
(posterior facial vein). The union of these two veins
forms the common facial vein. The common facial vein,
in turn, empties into the internal jugular vein. The inter-
nal jugular vein joins the subclavian vein to form the bra-
chiocephalic vein. The right and left brachiocephalic
veins then unite to form the superior vena cava, which
empties into the right atrium.

The anterior jugular veins (right and left) drain the an-
terior neck. They may communicate in the midline low
in the neck close to the region between the left and right
clavicular heads (the jugular fossa). The anterior jugular
vein drains into either the external jugular or the subcla-
vian vein.

Viscera of the Anterior Neck

The pharynx and esophagus lie in the midline and allow
for passage of food from the oral cavity through the tho-
rax and eventually to the abdomen. The larynx and tra-
chea lie anterior to the esophagus and function in vocal-
ization and passage of air to and from the lungs.

The thyroid gland lies in contact with the anterolat-
eral aspect of the inferior larynx and the superior tra-
chea. This gland has two lobes, a right and a left, which
are united in the midline by the isthmus. The isthmus
covers the anterior aspect of the second to fourth tra-
cheal rings. The superior and inferior thyroid arteries
provide the blood supply to the thyroid gland.
Sympathetics (vasomotor) reach the gland via the middle
cervical ganglion. Parasympathetics (uncertain function)
are supplied by the laryngeal branches of the vagus
nerve.

The small parathyroid glands, four in number (two on
each side), are located on the posterior aspect of the thy-
roid gland.



154 CHARACTERISTICS OF THE SPINE AND SPINAI. CORD

REFERENCES

Apur, AM. (1991) Grant's atlas of anatomy (9th ed.). Philadelphia:
Williams & Wilkins.

Bagnall, K.M., Harris, P F.. & Jones, P R.M. (1977). A radiographic study
of the human fetal spine. 2. The sequence of development of ossifi-
cation centres in the vertebral column. J Anat, 124, 791-802.

Behrsin, J. & Briggs. C. (1988). Ligaments of the lumbar spine: A re-
view. Surg Radiol Anat, 10, 211-219.

Bland, J. (1987). Disorders of the cervical spine. Philadelphia: WB
Saunders.

Bland, 1. (1989). The cervical spine: From anatomy to clinical care.
Med Times, 117, 15-33.

Bogduk, N. (1982). The clinical anatomy of the cervical dorsal rami.
Spine. 7, 319-330

Bogduk, N. (1986a). An anatomical basis tor the neck-tongue syn-
drome. J Newrol Newrosurg Psychiatry, 44, 202-208.

Bogduk, N. (198Gb). The anatomy and pathophysiology of whiplash.
Clin Biomech, 1, 92-101.

Bogduk, N. (1986¢). Headaches and the cervical spine (cditorial).
cephalalgia 4, 7-8.

Bogduk, N. (1989a) Local anesthetic blocks of the second cervical gan-
glion: A technique  with  application in  occipital headache.
Cepbalalgia, 1, 41-50

Bogduk, N. (1989Dh). The vationale for patterns of neck and back pain.
Patient Management, 13, 17-28.

Bogduk, N. & Marsland. A (1986). On the concept of third occipital
headache. J Newurol Neurosurg Psychiatry, 49, 775-780.

Bogduk, N. & Marsland, A. (1988) The cervical zygapophysial joints as
a source of neck pain. Spine, 13, GLO-617.

Bogduk, N. & Twomey. LT. (199 D). Clinical anatomy of the linmbar
spine. London: Churchill Livingstone.

Bogduk, N., Lambert G., & Duckworth, J. (1981). The anatomy and
physiology ot the vertebral nerve in relation to cervical migraine.
Cepbalalgia, 1, 11-24.

Bogduk. N.. Windsor, M., & Inglis, A. (1988). The innervation of the
cervicadl intervertebral discs. Spine, 13, 2-8.

Bogduk, N. ¢t al. (1985). Cervical headache. Mecl J Aust, 143, 202-207.

Buna, M. et al. (1984). Ponticles of the atlas: A review and clinical pec-
spective. J Manipulative Physiol Ther, 7, 261-260.

Cave, A LE. (1934). On the occipito-atlanto-axial articulations. J Anat,
68, 416423

Cave, A JLE., Griffiths, J.D., & Whiteley, M.M. (1955). Ostco-arthritis de-
formans of Luschka joints. Lancet, 1, 176-179.

Cusick, J. (1988). Monitoring of cervical spondylotic myelopathy.
Spine, 13, 877-880.

Czervionke, [ ¢t al. (1988). Cervical neural foramina: Correlative
anatomic and MR imaging study. Radiology, 169, 753-759.

Danziger, ). & Bloch, S. (1975). The widened cervical intervertebral
foramen. Radiology, 116, 671-674.

Darby, §. & Cramer, G. (1994). Pain generators and pain pathways of
the head and neck. In D. Curl (Ed.), Chiropractic approach to bead
pain. Baltimore: Williams & Wilkins.

Dupuis, P.R., et al. (1985). Radiologic diagnosis of degenerative lumbar
spinal instability. Spine, 10, 262-270.

Dvorak, J. & Panjabi, M. (1987). Functional anatomy of the alac liga-
ment. Spine, 12, 183-189.

Dwyer, A, Aprill, C., & Bogduk, N. (1990). Cervical zygapophyscal
joint pain patterns. 1. A study in normal volunteers. Spine, 15, 453-
457

Edmeads, J. (1978). Headaches and head pains associated with diseases
of the cervical spine. Med Clin North Am, 62, 533-544

Fesmire, F. & Luten, R. (1989). The pediatric cervical spine: De-
velopment anatomy and clinical aspects. / Emerg Med, 7, 133-142.

Fletcher, G. et al. (1990). Age-related changes in the cervical facet
joints: Studies with coyomicrotomy, MR and CT. AJNR, 11, 27-30.

Foreman, S.M. & Croft, A.C. (1992). Whiplash injuries: The cervical
acceleration/deceleration  syndrome.  Ballimore:  Williams &
Wilkins.

Forristall, R., Marsh, I, & Pay, N. (1988) Magnctic resonance imag-
ing and contrast CT of the Jumbar spine: Comparison of diag-
nostic methods of correlation with surgical findings. Spine, 13,
1049-1054.

Fujiwara, K. ¢t al. (1988). Morphomety of the cervical spinal cord and
its relation to pathology in cases with compression myelopathy.
Spine, 13, 1212-1216.

Gates, D. (1980). Correlative spinal anatomy. Lakemont, Ga: CHB
Printing and Binding

Gayral, L. & Neuwirth, E. (1954). Oto-ncuro-ophthalmologic manifes-
tations of cervical origin, posterior cervicdl sympathetic syndrome of
Barcé-Licou. VY State | Med, 54, 1920-19206.

Groen, G., Baljet, B., & Drukker, J. (1990). Nerves and nerve plexuses
of the human vertebral column. Am J Anat, 188, 282-296.

Hasue, M. ct al. (1983). Anatomic study of the interrelation between
lumbosacral nerve roots and their surrounding tissues. Spine, 8,
50-58

Ho, PS. et al. (1988). Ligamentum flavum: Appearance on sagittal and
coronal MR images. Radiology, 168, 469-472.

Jovanovic, M. (1990). A comparative study of the foramen transversar-
ium of the sixth and seventh cervical vertebrae. Surg Radiol Anal,
12, 167-172.

Kapandiji, LA, (1974). The physiology of the joints. Annotaled dia-
grams of the mechanics of the brunan joints (2nd ¢d.). Edinburgh:
Churchill Livingstone.

Kasai, T. et al. (1989). Cutancous branches from the dorsal rami of the
cervical nerves, with emphasis on their positional relations to the
semispinalis cecrvicis. Okajimas Folia Anat Jpn, 66, 153-160.

Kaufman, R. & Glenn, W. (1983). Rheumatoid cervical myelopathy
evaluation by computerized torography with multiplanar recon-
struction. / Rbewrmatol, 10, 42-54.

Kinalski, R. & Kostro, B. (1971). Planinietric measurements of inter-
vertebral foramina in cervical spondylosis. Polish Med [, 10. 737-
742.

Kissel, P. & Youmans, J. (1992). Post-traumatic anterior cervical osteo-
phyte and dysphagia: Surgical report and literature review. / Spin
Disorders, 5, 104-107.

Koebke, J. & Brade, H. (1982). Morphological and functional studies on
the latcral joints of the first and second cervical vertebrae in man.
Anat Enibryol, 161, 265-275.

Le Minor, J., Kahn, E., & Di Paoli, R. (1989). Ostcometry by computer
aided image analysis: Application to the human atlas. Gegenbaurs
morphol. jahrb. Leipzig, 135, 865-874.

Louis, R. (1985). Spinal stability as defined by the three column spine
concept. Anat Clin, 7, 33-42

Mendel, T. et al. (1992). Neural elements in human cervical interverte-
bral discs. Spine, 17, 132-135

Miles, KA. & Finlay, D. (1988). Is prevertebral soft tissuc swelling a
useful sign in injury of the cervical spine? /njury, 19, 177-179

Moriishi, J., Otani, K , Tanaka, K . & Inoue, S. (1989). The intersegmen-
tal anastomoses between spinal nerve roots. Anat Rec, 224, 110-1 16

Oliver, J. & Middleditch, A. (1991). Functional anatom)y of the spine.
Oxford: Butterworth Heinemann

Orofino, C, Sherman, M.S., & Schecter, D. (1960) Luschka's joint: A
degenerative phenomenon / Bone foint Surg, 424, 853-858.

Pal, G.P. et al. (1988). Trajectory architecture of the trabecular bone
between the body and the neural arch in human vertebrae. Anat
Rec, 222, 418-425.

Panjabi, M., Oxland, T.. & Parcks, E. (1991a). Quantitative anatomy of
cervical spine ligaments. Part [ Upper cervical spine. / Spin
Disorders, 4, 270-276



Panjabi, M., Oxland, T., & Parks, E. (1991b). Quantitative anatomy of
cervical spine ligaments. Part 11. Middle and lower cervical spine. /
Spin Disorders, 4, 277-285.

Panjabi, M. et al. (1991). Flexion, extension, and lateral bending of the
upper cervical spine in response to alar ligament transections. J Spin
Disorders, 4, 157-167.

Pech, P. et al. (1985). The cervical neural foramina: Correlation on mi-
crotomy and CT anatomy. Radiology, 155, 143-146.

Renaudin, J. & Snyder, M. (1978). Chip fracture through the superior
articular facet with compressive cervical radiculopathy. J Trauma,
18, 66-67.

Schimmel, D., Newton, T., & Mani, J. (1976). Widening of the cervical
intervertebral foramen. Neuroradiology, 12, 3-10.

Schultz, G. Personal communication, 1994.

Sunderland, S. (1974). Meningeal neural relations in the intervertebral
foramen. J Neurosurg, 40, 756-763.

Taitz, C., Nathan, H,, & Arensburg, B. (1978). Anatomical observations
of the foramina transversaria. / Neurol Neurosurg Psychlatry, 41,
170-176.

Taitz, C. & Arensburg, B. (1989). Crosion of the foramen transversar-
ium of the axis. Acta Anat, 134, 12-17.

Taitz, C. & Nathan, H. (1986). Some observations on the posterior and
lateral bridge of the atlas. Acla Anat, 127, 212-217.

Tondury, G. (1943). Zur anatomie der Halswirbelsaute. Gibt es
Uncovertebralgelenke? Z Anat EntwGesch, 112, 448-459

THE CERVICAL REGION 155

Trevor-Jones, R. (1964). Osteo-arthritis of the paravertebral joints of
the second and third cervical vertebrae as a cause of occipital
headaches. S Afr Med ], May, 392-394.

Van Dyke, D. & Gahagan, C. (1988). Down’s syndrome cervical spine
abnormalities and problems. Clin  Pediatr, 27, 415-418.

Viikari-Juntara, E. etal. (1989). Evaluation of cervical disc degeneration
with ultralow field MRI and discogrophy: An experimental study on
cadavers. Spine, 14, 616-619.

Wang, A. et al. (1984). Cervical chordoma presenting with interverte-
bral foramen enlargement mimicking neurofibroma CT findings. /
Comput Assist Tomogr, 8, 529-532

White & Panjabi. (1990). Clinical biomechanics of the spine.
Philadelphia: JB Lippincott

Williams, P.L. et al. (1989). Gray’s anatomy (37th ed.). Edinburgh:
Churchill Livingstone.

Xiuging, C, Bo, S., & Shizhen, Z. (1988). Nerves accompanying the
vertebral artery and their clinical relevance. Spéne, 13, 1360-1364.
Yenerich, D.O. & Haughton, V.M. (1986) Oblique plane MR imaging

of the cervical spine. / Comput Assist Tomogr, 5, 823-820.

Yu, S., Sether, L., & Haughton, V.M. (1987). Facet joint menisci of the
cervical spine: Correlative MR imaging and cryomicrotomy study.
Radiology, 164, 79-82

Yu, Y. et al. (1986) Computer-assisted myelography in cervical
spondylotic myelopathy and radiculopathy: Clinical correlations and
pathogenetic mechanisms. Brain, 109, 259-278.



The Thoracic E

Gregory D. Cramer

Thoracic Curve (Kyphosis)
Typical Thoracic Vertebrac, Ribs, and Sternum
Typical Thoracic Vertebrae
Thoracic Cage
Ribs
Sternum
Unique Thoracic Vertebrae
First Thoracic Vertebra
Ninth Thoracic Vertebra
Tenth Thoracic Vertebra
Eleventh Thoracic Vertebra
Twelfth Thoracic Vertebra
Thoracolumbar Junction
Ligaments and Joints of the Thoracic Region
Thoracic Intervertebral Discs
Interspinous Ligaments
Supraspinous Ligament
Costovertebral Articulations
Sternocostal and Interchondral Articulations
Ranges of Motion in the Thoracic Spine
Vertebral Motion
Morion of the Ribs
Lateral Curvature of the Spine
Nerves, Vessels, and Viscera Related to the Thoracic Spine
Posterior Primary Divisions (Dorsal Rami)
Intercostal Nerves, Arteries, and Veins
Thoracic Duct
Aortic Arch and Thoracic Aorta
Esophagus
Trachea
Vagus Nerves
Thoracic Sympathetic Chain
Splanchnic Nerves

The thoracic region contains the most vertebrae (12) of
any of the movable regions of the spine. Consequently,
it is the longest region of the spine. However, because of
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its relationship with the ribs, which attach anteriorly to
the sternum, the thoracic region has relatively little
movement. Many of the unique characteristics of the
thoracic region result from its anatomic relationship
with the ribs. The typical thoracic vertebrae are T2
through T8. T1, T9 (occasionally), T10, T11, and T12
can perhaps best be described as unique rather than
“atypical.” The size of the thoracic vertebrae generally
increases from the superior vertebrae to the inferior
ones, just as the load they are required to carry increases
from superior to inferior.

This chapter first discusses the typical thoracic ver-
tebrae, ribs, and sternum. This is followed by a dis-
cussion of the thoracic vertebrae that have unique fea-
tures (T1, T9 to T12). Next, ligaments with distinctive
features in the thoracic region are covered. Many liga-
ments are described with the cervical region in Chapter
S and are not covered again here. This chapter also
includes a brief discussion of lateral curves that may
develop in the thoracic region (scoliosis). The last sec-
tion is devoted to nerves, vessels, and visceral struc-
tures associated with the thoracic vertebrae and the
thoracic cage.

THORACIC CURVE (KYPHOSIS)

As stated in Chapter 2, the normal thoracic curve is a
rather prominent kyphosis, which extends from T2 to
T12. It is created by the larger superior-to-inferior di-
mensions of the posterior portion of the thoracic verte-
brae. Occasionally the thoracic kyphosis is almost com-
pletely absent. This is logically referred to as the straight
back syndrome. This syndrome is associated with sys-
tolic heart murmurs and a distorted cardiac silhouette on
x-ray film, and as a result, it can simulate organic heart
disease. The straightening of the thoracic kyphosis re-
sults in a narrowing of the anterior-to-posterior dimen-
sion of the thoracic cage, which decreases the space



available for the heart. The heart is forced to shift to the
left, which leads to kinking of the great vessels. This re-
sults in a variety of heart murmurs. The straight back syn-
drome has also been associated with idiopathic mitral
valve prolapse, a potentially life-threatening condition
(Spapen et al., 1990).

TYPICAL THORACIC VERTEBRAE, RIBS,
AND STERNUM

Typical Thoracic Vertebrae

The vertebral bodies of the typical
thoracic vertebrae (T2 to T8) are larger than those of the
cervical region (Fig. 6-1). They appear to be heart
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shaped when viewed from above, and their anteropos-
terior dimensions are approximately equal to their lat-
eral dimensions. Dupuis and colleagues (1985) report
that the posterior edge of the superior surface of upper
thoracic vertebral bodies exhibit small remnants of the
cervical uncinate processes.

The T2 vertebral body is somewhat cervical in ap-
pearance, being slightly larger in transverse diameter
than in anteroposterior diameter. The body of the T3
vertebra is the smallest of the thoracic region, and below
this level the vertebral bodies gracually increase in size.
The vertebral bodies of TS through T8 become more and
more heart shaped. This means that the concavity of the
posterior aspect of the vertebral bodies becomes more
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Typical thoracic vertebra. A, Superior view. B, Lateral view.



158 CHARACTERISTICS OF THE SPINE AND SPINAL CORD

prominent. The heart-shaped appearance is also accen-
tuated because the anteroposterior dimension of the ver-
tebral bodies increases, whereas the transverse dimen-
sion remains about the same. Typical thoracic vertebrae
are also more flattened on their left surfaces than on
their right because of pressure from the thoracic aorta.
The T9 through T12 vertebral bodies begin to acquire
lumbar characteristics (see following discussion) and to
enlarge more in their transverse diameter than in the an-
teroposterior dimension. The T12 vertebral body is sim-
ilar in shape to that of a lumbar vertebra. Experimental
studies have shown that the vertebral bodies of the tho-
racic vertebrae become stronger from upper to lower
thoracic vertebrae. This is due to an increase in bone
density. This increase is probably a response to the in-
crease in compressive forces placed on the successively
lower vertebral bodies (Humzah & Soames, 1988).

Typical thoracic vertebral bodies have four small
facets, two on each side, for articulation with the heads
of two adjacent ribs. These facets are known as costal
demifacets (literally, “half-facets”) because the head of
each rib articulates with both the superior demifacet of
the vertebra with the same number and the inferior
demifacet of the vertebra above (Fig 6-5). For example,
the head of the sixth rib articulates with the superior
demifacet of T6 and the inferior demifacet of T5. A ridge
on the head of each rib, known as the crest of the head,
is located between the two articular surfaces of the rib
head. The crest of the head of each rib has a ligamentous
attachment (intraarticular ligament) to the intervertebral
disc IVD) between adjacent thoracic vertebrae. A 6-
brous capsule surrounds each vertebral demifacet and
continues to the rib surrounding the articular surface on
the corresponding half of the rib head. The capsule is
lined by synovium, making the costovertebral joint (cos-
tocorporeal joint) a synovial joint (diarthrosis). The radi-
ate ligament extends from the head of each rib to the
adjoining vertebral bodies and the surface of the inter-
vening IVD (see Ligaments of the costocorporeal articu-
lation).

Several structures attach to the thoracic vertebral bod-
ies. Table 6G-1 summarizes these attachments.

Pedicles. The pedicles of the thoracic spine are rather
long and stout. They become larger on their inferior sur-
face from T1 to T12. Unlike the cervical pedicles, which
attach at a significant lateral angle with the cervical ver-
tebral bodies, the thoracic pedicles form only a slight lat-
eral angle in the transverse plane with the thoracic ver-
tebral bodies (with the exception of T12, which forms
no angle with the vertebral body in this plane). The tho-
racic pedicles incline slightly superiorly in the sagittal
plane (Marchesi et al., 1988). They also attach very high
on their respective vertebral bodies, and as a result,
no superior vertebral notch is associated with typical
thoracic vertebrae. T1, which is atypical, does have a

superior vertebrae notch (see unique thoracic verte-
brae). On the other hand, the inferior vertebral notches
of the typical thoracic vertebrae are very prominent.

Transverse Processes. The transverse processes
(TPs) of typical thoracic vertebrae project obliquely pos-
teriorly (see Chapter 2). They also lie in a more posterior
plane than those of the cervical or lumbar regions, being
located behind the pedicles, intervertebral foramina, and
articular processes of the thoracic vertebrae (Williams et
al.,, 1989). The TPs also become progressively shorter
from T1 to T12.

Each thoracic TP possesses a facet for articulation
with the articular tubercle of the corresponding rib (e.g.,
the TP of TG articulates with the sixth rib). This facet
is appropriately named the transverse costal facet, or
costal facet of the transverse process, and is located on
the anterior surface of the TP.

The first six transverse costal facets are rather concave
and face not only anteriorly but also slightly laterally.
The transverse costal facets inferior to TG are more pla-
nar (flatter) in shape, and they face anteriorly, laterally,
and superiorly. The forces applied to the ribs during
movements, load carrying, or muscular contraction are
transmitted through the TPs to the laminae of the tho-
racic vertebrae (Pal et al., 1988).

The TPs serve as attachment sites for many muscles
and ligaments. Table G-2 lists the most important attach-
ments to the TPs of thoracic vertebrae.

The distance between the tips of the left and right TPs
is the greatest at T1 and then decreases incrementally
until T12, where the TPs are quite small. This distance
then increases in the lumbar region (see Chapter 7).

Articular Processes. The superior articular pro-
cesses of the thoracic spine are small superior projec-
tions of bone oriented in a plane that lies approximately
60° to the horizontal plane (White & Panjabi, 1990). This
makes them much more vertically oriented than the cer-
vical superior articular processes. The superior thoracic
processes face posteriorly, slightly superiorly, and later-
ally (Fig. 6-1). The inferior articular processes and their
facets face anteriorly, slightly inferiorly, and medially.
The orientation of the thoracic articular processes and
their articulating facets allows for a significant amount of

Table 6-1 Attachments to Thoracic Vertebral
Bodies

Region Structure(s) attached

Anterior surface Anterior longitudinal ligament, origin of
longus colli muscle (T1, T2, T3, lateral to
anterior longitudinal ligament)

Posterior surface Posterior longitudinal ligament

Lateral surface Origin of psoas major and minor muscles
from T12



rotation to occur in this region (see section on ranges of
motions). Flexion, extension, and lateral flexion are all
quite limited, partly because of the orientation of the
thoracic facets. However, the firm attachment of the tho-
racic vertebrae to the relatively immobile thoracic cage,
by means of the costocorporeal and costotransverse ar-
ticulations, is the primary reason movement of the tho-
racic spine is so limited.

Laminac. The laminae in the thoracic region are short
from medial to lateral, broad from superior to inferior,
and thick from anterior to posterior. They completely
protect the vertebral canal from behind. Therefore no
space exists between the laminae of adjacent vertebrae
in a dried preparation. This is unique to thoracic verte-
brae. The rotators longus and brevis muscles partially in-
sert on the laminae of the thoracic vertebrae.

Vertebral Canal. The vertebral canal in the thoracic
region is more smoothly rounded in shape than any
other region. It is also smaller in the thoracic region than
either the cervical or the lumbar regions. The thoracic
spinal cord is also smaller than the other regions of the
spinal cord.

Spinous Processes. The spinous processes of tho-
racic vertebrae are generally quite large. The upper four
thoracic spinous processes project almost directly pos-
teriorly. The next four (TS through T8) project dramati-
cally inferiorly. The spinous process of T8 is the longest
of this group. The last four thoracic spinous processes
begin to acquire the characteristics of lumbar spinous
processes by projecting more directly posteriorly and
being larger in their superior-to-inferior dimension (see
Unique Thoracic Vertebrae). The spinous processes of
thoracic vertebrae serve as attachment sites for many
muscles and ligaments. Because of the length of the

Table 6-2 Attachments to Thoracic Transverse
Processes

Region Structure(s) attached
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thoracic region, attachments vary somewhat from the
upper to lower thoracic vertebrae. Table 6-3 lists the at-
tachments to the spinous processes of the upper and
lower thoracic spinous processes.

Intervertebral Foramina. The intervertebral foram-
ina (IVFs) are covered in detail in Chapter 2. The IVFs in
the thoracic region differ from those of the cervical re-
gion by facing directly laterally rather than facing
obliquely anterolaterally. The lateral orientation of the
thoracic IVFs is similar to that found in the lumbar
region.

Unique to the thoracic region is that the T through
T10 IVFs are associated with the ribs. The eleventh and
twelfth ribs are not directly associated with IVFs. More
precisely, the following structures are associated with
the T1 through T10 IVFs: the head of the closest rib
(e.g., T5-6 IVF associated with head of sixth rib), the ar-
ticulation of the rib with the demifacets of the vertebral
bodies, including the associated ligamentous and capsu-
lar attachments with the vertebral bodies and the inter-
posed IVD (see Costocorporeal Articulations). All these
structures help to form the anterior and inferior bound-
ary of the first 10 thoracic IVFs. Pathologic conditions of
these articulations may compromise the contents of the
thoracic IVFs (Williams et al., 1989).

About one twelfth of the IVF contains spinal nerve in
the thoracic region, whereas approximately one fifth of
the IVF contains spinal nerve in the cervical region, and
approximately one third of the IVF is filled with spinal
nerve in the lumbar region. This may be one reason why
radiculopathy as a result of [VD protrusion is much less
common in the thoracic region than in the lumbar or
cervical areas. Thoracic disc protrusion is also less com-
mon than cervical or lumbar disc protrusion. One reason
may be that the thoracic spine is rendered less movable
than the cervical and lumbar regions. This is because the

Table 6-3 Attachments to Thoracic Spinous
Processes

Region Structure(s) attached

Anterior surface
(medial to trans-
verse costal facet)

Apex Lateral costotransverse ligament
Posterior apex Levator costarum muscle

Inferior surface Superior costotransverse ligament

Superior border Intertransversarius muscle (or remnant)

Inferior border Intertransversarius muscle (or remnant)

Posterior surface Deep back muscles (longissimus tho-

racis, semispinalis thoracis and cervi-
cis, multifidus thoracis, rotatores tho-
racis longus and brevis)

Costotransverse ligament

Data from Williams et al. (1989). Gray’s anatomy (37th ed).
Edinburgh: Churchill Livingstone.

Upper thoracic region Ligaments: supraspinous, inter-
spinous

Muscles: trapezius, rthomboid major
and minor, serratus posterior Sti-
perior, deep back muscles (erec-
tor spinae and transversospinalis)

Ligaments: supraspinous, inter-
spinous

Muscles: trapezius, latissimus dorsi,
serratus posterior inferior, deep
back muscles (erector spinae and
transversospinalis)

Lower thoracic region

Data from Williams ¢t al. (1989). Gray’s anatomy (37th ed.).
Edinburgh: Churchill Livingstone.
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thoracic region is strongly supported by the ribs and
sternum. The reduced motion may result in a reduction
of stress on the thoracic IVDs.

Thoracic Cage

Since the bony elements of the thoracic cage are so inti-
mately involved with the thoracic vertebrae, it is appro-
priate to discuss them here. However, because the pri-
mary focus of this book is the spine, the ribs and ster-
num are not discussed in as much detail as the vertebrae.
The intercostal muscles of the thoracic wall are covered
in Chapter 4.

Components of the Thoracic Cage. The compo-
nents of the thoracic cage (Fig. 6-2) include the fol-
lowing;:

¢ Anteriorly: sternum, costal cartilages

e Laterally: ribs

¢ Posteriorly: T1 through T12

Thoracic Inlet. The thoracic cage is bounded superi-
orly by the superior thoracic aperture and inferiorly by
the inferior thoracic aperture. The superior thoracic
aperture (thoracic inlet) is bounded by the following:
T1, frse ribs (left and right), and superior aspect of the
sternum. The superior thoracic aperture allows ana-
tomic structures of the thorax and the neck to connect.

Clinically, the term thoracic inlet has a slightly differ-
ent meaning. It refers to the superior thoracic aperture,
the region just above the first rib, and the opening be-
tween the clavicle and the first rib. Ironically, the term
thoracic outlet syndrome is frequently used to describe
symptoms and signs arising from compromise of the
neural or vascular structures as they pass through the re-
gion of the thoracic inlet. The symptoms associated with
this syndrome are typically felt in the distal aspect of the
upper extremity rather than the area of neurovascular
compromise (Bland, 1987). The occurrence of thoracic
outlet syndrome remains a matter of clinical debate,
with some authorities stating that true compression of
these structures is extremely rare. Others are convinced
that such compression is rather common. This section
discusses the areas and structures typically associated
with the thoracic outlet syndrome.

The right and left subclavian arteries and veins pass
through the superior thoracic aperture. These vessels
may be compromised by pathologic conditions of the
lower cervical or upper thoracic viscera. Examples in-
clude lymphosarcoma affecting the lymphatics of the
thoracic inlet (Moore, 1992) and tumors of the apex of
the lung (Pancoast tumor), the esophagus, and the thy-
roid gland.

As the subclavian arteries and veins exit the superior
thoracic aperture, they are met by the inferior structures

of the brachial plexus. These neural structures include
the anterior primary divisions of C8 and T1 and their
union as the inferior trunk of the brachial plexus. All
these vascular and neural structures pass over the first
rib. The subclavian artery and the inferior trunk of the
brachial plexus course directly across the first rib be-
tween the insertions of the anterior and middle scalene
muscles. The subclavian vein passes over the first rib an-
terior to the anterior scalene muscle. The inferior trunk
of the brachial plexus and the subclavian artery are
thought to be wulnerable in this region. Anomalous in-
sertion of the scalenes or an inferior trunk of the brachial
plexus, which pierces either the anterior or the middle
scalene muscles, may provide the means by which these
structures may become entrapped. Extension of the
neck and rotation to the same side closes the interval be-
tween the anterior and middle scalene muscles, provid-
ing another possible mechanism of compromise. An
elongated TP of C7 or a cervical rib (see Chapter 5) can
dramatically crowd this region, and many believe that
either one is a significant contributor to thoracic out
let syndrome (Bland, 1987; Foreman & Crofts, 1988).
Cervical ribs range considerably in size, and even the
smallest cervical rib can be associated with fibrous bands
running from the cervical rib to the first rib or sternum.
Any or all of these structures could restrict the subcla-
vian vessels and the inferior trunk of the brachial plexus.

F1G. 6-2  Anterior view of the thoracic cage. A "window™ has
been removed (left side of thorax) to show ro better advantage
the relationship between the ribs and vertebrae.



The subclavian artery becomes the axillary artery at
the lateral border of the first rib. Surrounding the transi-
tion region of the subclavian artery to the axillary artery
are the divisions of the brachial plexus, which soon com-
bine into the cords of the plexus. The divisions and
cords pass beneath the clavicle and can be compressed
between the clavicle and the first 1ib.

The axillary artery is surrounded by the cords of the
brachial plexus as the artery passes beneath the coracoid
process of the scapula. The axillary vein accompanies
the artery in this region. The pectoralis minor muscle
passes anterior to these structures as it inserts onto the
coracoid process. The axillary artery, axillary vein, and
the cords of the brachial plexus may be compressed
against the coracoid process and the tendon of the pec-
toralis minor muscle during abduction and lateral rota-
tion of the arm.

The inferior thoracic
aperture (thoracic outlet) is bounded by the following:
T12, 12th ribs, anterior costal margins, and the xiphi-
sternal joint. The inferior thoracic aperture contains the
diaphragm, which serves as the boundary between the
thorax and the abdomen.

( . The
thoracic cage functions to protect underlying structures,
support underlying structures (e.g., pericardium via
sternopericardial ligaments), support overlying muscles
and skin, and assist in respiration.

The adult thorax is wider from side to side than front
to back. During inspiration the anteroposterior diameter
increases. This is quite different than a child’s thorax,
which is circular in shape and therefore does not allow
change to occur during inspiration. In contrast to adults,
children rely almost completely on the excursions of the
diaphragm for respiration.
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Ribs

Certain groups of cells throughout the spine, known as
the costal elements, have the ability to develop into ribs
(see Chapter 2) and do so in the thoracic region. These
thoracic costal elements push through the ventral my-
otomal plates, which form the intercostal muscles. The
costal elements further develop to become precartilagi-
nous ribs, which, after undergoing chondrification and
then ossification, become the ribs themselves. The TPs
of the thoracic vertebrae grow behind the proximal ends
of the developing ribs and are united to them by mes-
enchyme. This mesenchyme forms the articulations and
the ligaments of the costocorporeal and the costotrans-
verse joints. The fully developed ribs serve to protect the
underlying thoracic viscera while at the same time they
provide attachment sites for a wide variety of muscles
(Table 6-4).

The typical ribs are ribs three through
nine. Each consists of a head, neck, tubercle, and shaft

(Fig. 6-3).

Table 6-4 Relationships of the Thoracic Cage

Region Structure(s) attached

Sternocleidomastoid, sternohyoid, sternothy-
roid, and anterior, middle, and posterior sca-
lene muscles

Pectoralis major and minor muscles, mammary
glands

Serratus posterior superjor and inferior, and
deep back muscles; trapezius, rhomboid mi-
nor and major, scapula and all muscles re-
lated to it rest against the thoracic cage

Serratus anterior muscles

Abdominal muscles attaching
(i.e., rectus abdominis, external and internal
abdominal oblique, transversus abdominis)

Superiorly

Anteriorly

Posteriorly

Laterally
Inferiorly

FIG. 6-3

Three views of a typical rib. A, Superior view

Continued.



162 CHARACTERISTICS OF THE SPINE AND SPINAL CORD

Articular
facet of head

Crest of head
B Neck

Articular facet
of tubercle

Costal groove

Neck

Articular part
of tubercle

Nonarticular part
of tubercle

Costal groove |

FIG. 6-3, cont’d.

The head of a typical rib articulates with two adjacent
vertebral bodies (see Vertebral Bodies). Inferior and su-
perior articular facets of the rib head articulate with the
superior costal demifacet of the same-number vertebra
as the rib and with the inferior costal demifacet of the
vertebra above, respectively. The crest of the head is a
ridge that runs between the two articular surfaces of
the rib head. The crest is joined by the intraarticular
ligament to the adjacent IVD. This creates the two sep-
arate components of the costocorporeal joints, one su-
perior to the crest of the head of the rib, and one infe-
rior to the crest (see Costocorporeal Articulations and
Fig. 6-5).

The neck of a typical rib is located between its head
and tubercle. The neck serves as the attachment site for
the costotransverse ligament and the superior costo-
transverse ligament.

Crest of the head

Articular facet

of the head

B, The head, angle, and shaft of a rib. C, Close-up of the head and neck

The tubercle of a rib is a process that forms the lat-
eral boundary of the neck and the beginning of the
shaft. It possesses an articular facet (articular portion)
for articulation with the transverse costal facet on the TP
of a typical thoracic vertebra. The tubercle of a rib artic-
ulates with the same-number vertebra as the rib (e.g.,
fourth rib articulates with TP of T<). The tubercle also
contains a nonarticular part lateral to the articular por-
tion. The nonarticular region serves as an attachment
site for the lateral costotransverse ligament.

The shaft of a rib begins at the articular tubercle and
extends distally to the end of the rib at its articulation
with the costal cartilage. The typical ribs curve inferiorly
and anteriorly. Much of this anterior curve is achieved at
the angle of the rib. The angle of the rib is located a few
centimeters distal to the articular tubercle and is where
the shaft makes the sharpest anterior bend.
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A costal depression or groove, located on the inferior
aspect of each rib, shelters (from superior to inferior)
the intercostal vein, artery, dnd nerve.

Anteriorly, each typical rib attaches to the costal carti-
lage. The costal cartilage, in turn, joins each of the first
through seventh ribs with the sternum. The eighth
through tenth costal cartilages articulate with the costal
cartilage immediately above. The xiphoid process, sev-
enth costal cartilage, and the union of the eighth
through tenth costal cartilages together form the sub-
sternal angle.

The first, second, tenth, eleventh,
and twelfth ribs all have special features (Williams et
al., 1989). The first rib is short, flat, and strong. It lies
almost completely in the horizontal plane and does
not angle inferiorly as do typical ribs. Its superior surface
is marked by a scalene tubercle (for insertion of the
anterior scalene muscle). The subclavian vein runs ante-
rior to the scalene tubercle (and the anterior scalene
muscle), and the subclavian artery and inferior trunk
of the brachial plexus run posterior to this tubercle.
The first rib usually articulates with only one vertebra
(T1). Occasionally the head also articulates with the
body of C7.

The second rib is much more typical than the first and
is almost twice its size. The major distinguishing charac-
teristic of the second rib is a tuberosity on its superior
surface, which serves as the partial origin of the serratus
anterior muscle.

The tenth rib has only a single facet, and no crest, on
its head. The head articulates with the large, single costal
facet on the lateral aspect of the body (close to the pedi-
cle) of T10. Sometimes the head of the tenth rib also ar-
ticulates with the IVD between T9 and T10.

The eleventh and twelfth ribs are quite short, and nei-
ther possesses a neck or tubercle. They are considered
to be free, or floating ribs because they do not attach to
costal cartilage anteriorly. As with the first and tenth
ribs, the eleventh and twelfth each articulate with only
one vertebra (T11 and T12, respectively).

Sternum

The sternum develops from left and right bars of mes-
enchyme that migrate to the midline and eventually fuse.
The fully developed sternum is composed of a
manubrium, body, and xiphoid process. The superior as-
pect of the manubrium is at the level of the T2-3 IVD.
The manubrium possesses a superior concavity known
as the jugular notch (Fig. 6-2). Lateral to the jugular
notch is the clavicular notch, which projects superolat-
erally, allowing its concavity to articulate with the clavi-
cle. The apex of the lung extends above the sternocla-
vicular joint and the clavicle. The lung is vulnerable here

| and may be punctured from the anterior in this region.
Inferior to the clavicular notch, on the lateral aspect of
the manubrium, is the articulation with the first costal
cartilage (Fig. 6-2).

The inferior margin of the manubrium joins the
body of the sternum. The manubriosternal joint is
usually a symphysis, although occasionally it may de-
velop a joint cavity, giving it characteristics of a syn-
ovial joint. The sternal angle (of Lewis) is formed by
the angle between the manubrium and the body of
the sternum at the manubriosternal symphysis (Fig.
6-2). This angle makes the sternum slightly convex an-
teriorly. The second costal cartilage articulates with
the sternum at this angle. The sternal angle is located
on a horizontal plane that posteriorly passes approxi-
mately through the level of the T4-5 IVD (this level
varies from the vertebral bodies of T4 to T6; see Chap-
ter 1). Other anatomic structures are present at the
general level of this plane. These include the bifurca-
tion of the trachea into primary (mainstem) bronchi,
the hilus of the lung, and the superior extent of the

aortic arch.

The body of the sternum is formed by the union of
four segments known as sternebrae. The lateral margin
is notched for articulation with costal cartilages of ribs.
The inferior process of the sternum is the xiphoid
process. It is joined with the body of the sternum by a
symphysis that usually ossifies by 4@ years of age. The
xiphoid process also articulates with the costal cartilage
of the seventh rib.

L 4 L 4 L g

The thoracic cage serves as an attachment site for a va-
riety of structures. See Table 6-4 for structures associated
with various regions of the thoracic cage.

UNIQUE THORACIC VERTEBRAE

Several thoracic vertebrae have distinct characteristics:
T1, T9 (occasionally), T10, T11, and T12. They can best
be considered as unique, not atypical, thoracic verte-
brae.

First Thoracic Vertebra

T1 possesses two characteristics associated with cervical
vertebrae but not normally found on typical thoracic ver-
tebrae: the presence of uncinate processes on T1 and
the presence of superior vertebral notches above the
pedicles of T1. In addition, the vertebral body of T1 re-
sembles that of a cervical vertebra, being rectangular in
shape instead of heart shaped, with the transverse diam-
eter greater than the anteroposterior diameter.

The superior facet on the vertebral body for articula-
tion with the head of the first rib is usually a full facet
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(not a demifacet). Occasionally the superior facet is a
demifacet, allowing the first rib to attach to both T1 and
C7 vertebral bodies and the intervening IVD. Frequently
a deep depression can be found on the vertebral body
just inferior to the superior costal facet of T1 (Williams
et al.,, 1989). The inferior demifacet of T1 is typical. The
spinous process of T1 is quite large, projects directly
posteriorly, and is often as long and sometimes longer
than the spinous process of C7.

Ninth Thoracic Vertebra

Occasionally the tenth rib does not articulate with the
T9, resulting in the absence of an inferior demifacet on
T9. The other characteristics of T9 conform to those of
typical thoracic vertebrae.

Tenth Thoracic Vertebra

The vertebral body of T10 contains only a single facet on
each side for articulation with the head of each tenth rib.
As stated previously, typical thoracic vertebrae possess
two demifacets on each side for articulation with the rib
of the same number and with the rib below. The single
facet is usually oval or semilunar in shape. The precise
shape depends on whether the tenth rib articulates
with just the body of T10 or also with the body of T9
and the IVD between the two. The former results in an
oval-shaped facet, and the latter results in a semilunar-
shaped facet. The TP of T10 does not always have a
facet for articulation with the articular tubercle of the
tenth rib.

Eleventh Thoracic Vertebra

T11 also has only a single facet on each side for articula-
tion with the head of the eleventh rib. However, each
facet is located on the pedicle. There is also no articular
facet on the TP for articulation with the articular tuber-
cle of the rib. Therefore the eleventh rib does not artic-
ulate with the TP of T11. The vertebral body of T11 also
resembles that of a lumbar vertebra. The spinous pro-
cess of T11 is almost triangular in shape with a blunt
apex (Williams et al., 1989).

The superior articular processes of T11 resemble
those of other thoracic vertebrae. However, usually T11
represents the transition of thoracic-type articular
processes to the lumbar type. Therefore the inferior ar-
ticular processes are usually convex and face anteriorly
and laterally. The articular processes of thoracic verte-
brae allow for rotation to be the primary movement,
whereas the lumbar articular processes limit rotation but
encourage flexion and some extension. This transition of
facet type can also occur at T12 or occasionally T10.

Twelfth Thoracic Vertebra

The vertebral body of T12 is quite large, but the TPs are
quite small. In fact, each TP is actually replaced by three
smaller processes (Williams et al., 1989). One process
projects laterally and is the equivalent of a thoracic TP
except it is small. The largest of the three processes pro-
jects posteriorly and superiorly and is the homologue of
the mamillary process of a lumbar vertebra. However,
this mamillary process is not as closely related to the su-
perior articular process as it is in the lumbar region.
Finally, a small process that is homologous to the acces-
sory process of lumbar vertebrae projects posteriorly
and slightly inferiorly. T12 also has a single facet on each
side for articulation with the head of the corresponding
twelfth rib. The facetis circular and is located primarily
on the pedicle but may extend onto the vertebral body.
The small TP has no facet for articulation with the
twelfth rib.

Thoracolumbar Junction

The left and right zygapophyseal (2) joints between the
T12 vertebra and the L1 vertebra are unique. At this joint
the mamillary process (see Chapter 7) of each side over-
laps the posterior aspect of the inferior articular process
of T12. This usually occurs to a greater degree between
these two vertebrae than at any other level. The result is
that each inferior articular process of T12 fits closely into
the superior articular process and overlying mamillary
process of L1, much like a well made carpenter’s joint
(e.g., mortice and tenon joint). This prevents almost any
movement except flexion from occurring at this articu-
lation (Singer & Giles, 1990; Singer, Giles & Day, 1990).
Singer and colleagues (1990) have shown large Z joint
synovial folds (Chapter 2) protruding into this joint (Fig.
6-4). They also emphasize that normally almost no rota-
tion occurs at this articulation.

LIGAMENTS AND JOINTS OF THE
THORACIC REGION

Several ligaments found in the thoracic spine are also
present in the cervical spine and are discussed in
Chapter 5. These include the ligamenta flava, the ante-
rior longitudinal ligament, the posterior longitudinal lig-
ament, and the interspinous ligaments. The anterior lon-
gituclinal ligament in the thoracic region (see Figs. 6-7,
68, and 6-9, B) is thicker from anterior to posterior and
thinner from side to side than in either the cervical or
the lumbar regions. Also, the ligamenta flava in the tho-
racic region and the thoracolumbar junction may ossify
in rare instances. Such ossification may result in com-
pression of the spinal cord from behind (Hasue et al.,
1983).
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FIG. 6-4  Photomicrograph of the left Z joint at the thora-
columbar junction. L1 represents the superior articular process
of L1. Notice that the mamillary process of L1 (MP) protrudes
medially to overlap the inferior articular process of T12. Also
notice the 7 joint synovial fold (arrow) protruding into the
joint space from the ligamentum tlavum (LF). (Courtesy of
Singer et al., 1990)

Since the interspinous ligaments in the thoracic region
are somewhat different than those in the cervical region,
they are discussed in this section. The supraspinous lig-
ament and thoracic intervertebral discs are also dis-
cussed here. Since the joints between the thoracic ver-
tebrae and the ribs are unique to this region, much of
this section on ligaments and joints of the thoracic re-
gion is devoted to these interesting and important artic-
ulations and the ligaments that support them. This sec-
tion concludes with a discussion of the sternocostal and
interchondral articulations.

Interspinous Ligaments

These ligaments run between adjacent spinous pro-
cesses, filling the gap along the length of these pro-

cesses. Anteriorly each interspinous ligament is continu-
ous with the ligamenta flava, and posteriorly each is con-
tinuous with the supraspinous ligament. Even though
the thoracic interspinous ligaments are rather thin and
membranous in structure, they are more fully developed
in the thoracic region than in the cervical region. Some
authors dispute their existence in the cervical region al-
together, stating that they are simply thin, fascial, ante-
rior extensions of the ligamentum nuchae (Williams et
al., 1989). Controversy also surrounds the precise orien-
tation of these ligaments (Behrsin & Briggs, 1988;
Williams et al., 1989). Some authors believe the fibers of
the interspinous ligament run from anterosuperior to
posteroinferior, and others believe the fibers making up
this ligament run from posterosuperior to anteroinferior
(Paris, 1983; Scapinelli, 1989). The latter scenario is
more likely. These interspinous ligaments have been
studied more fully in the lumbar region, where they are
better developed (see Chapter 7).

Supraspinous Ligament

The supraspinous ligament limits flexion of the spinc. It
is classically described as forming a continuous band that
passes from the spinous process of C7 to the sacrum
(Williams et al., 1989). However, disagreement exists as
to whether or not it extends all the way to the sacrum.
Some investigators believe it is almost nonexistent in the
lumbar region (Behrsin & Briggs, 1988). Some authors
state that it is divided into layers, with the deeper fibers
running between adjacent vertebrae and the more su-
perficial fibers spanning several (up to four) vertebrae
(Williams et al., 1989). All the authors seem to agree that
the deepest fibers of the thoracic supraspinous ligament
become continuous with the interspinous ligaments.
The supraspinous ligament seems to warrant further in-
vestigation.

Thoracic Intervertebral Discs

The thoracic I'VDs have the thinnest superior-to-inferior
dimension of the spine. Also, the discs of the upper tho-
racic region are narrower than those of the lower tho-
racic region. The upper thoracic region is also the least
movable area of the thoracic spine. In contrast to the
cervical and Jumbar IVDs, which are thicker anteriorly
than posteriorly, the thoracic IVDs are of more equal
thickness in their anterior and posterior regions.
Calcification of the IVD is found with greater fre-
quency in the thoracolumbar region than in any other re-
gion of the spine. Radiographic surveys have found tho-
racolumbar TVD calcification in 5% to (% of adults.
Postmortem examinations have found such calcification
in up to 70% of adults. Disc calcification is usually asymp-
tomatic unless it is associated with protrusion into the
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vertebral canal, in which case neurologic compression
symptoms result (Lipson & O’Connell, 1991).

Thoracic IVD protrusion is rather infrequent, ac-
counting for only 0.15% to 1.8% of all disc protrusions
(Alvarez, Roque, & Pampati, 1988; Bauduin et al., 1989).
However, they may be more common than previously
believed (Vernon, Dooley, & Acusta, 1993). When pre-
sent, this condition usually affects the lower thoracic
discs of individuals primarily between 30 and 60 years of
age (Otani et al.,, 1988). Symptoms vary dramatically
from none at all to motor and sensory deficits resulting
from spinal cord compression (myelopathy). Pain, mus-
cle weakness, and spinal cord dysfunction are the most
common clinical symptoms. Computed tomography
(CT), in conjunction with contrast enhancement of the
subarachnoid space (CT myelography), and magnetic
resonance imaging (MRI) are useful in the detection of

Bauduin et al,, 1989; Vernon et al., 1993). These modali-
ties may allow for more frequent detection of thoracic
IVD protrusion in the future.

Costovertebral Articulations

The ribs and vertebrae articulate in two locations. The
first is the joint complex between the head of a rib and
the adjacent vertebral bodies, known as the costocorpo-
real articulation. The second costovertebral articulation
is between one rib and the TP, known as the costotrans-
verse articulation.

The joint between
the head of a rib and the adjoining typical thoracic
vertebrae consists of articulations with the two adjacent
vertebral bodies and the interposed IVD (Fig. 6-5). The
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same-number vertebra and with the inferior demifacet of
the vertebra above (e.g., seventh rib articulates with su-
perior demifacet of T7 and inferior demifacet of TG). The
crest of the rib head is attached to the adjacent IVD by
an intraarticular ligament. This short, flat ligament cre-
ates two distinct articular compartments (upper and
lower) within the costocorporeal articulation. Both of
these compartments are surrouncled by a fibrous articu-
lar capsule lined with a synovial membrane. These sy-
novial joints can best be classified as having ovoid artic-
ular surfaces, and the fibrous capsule extends around the
ovoid articular surfaces of both the demifacet and the ad-
jacent articular half of the rib head (Fig. 6-5). The cap-
sule extends to the intraarticular ligament between the
upper and lower compartments. The inferomedial fibers
of the fibrous capsule blend with the IVD, and the pos-
terior fibers blend with the costotransverse ligament.
The heads of the first, tenth (occasionally), eleventh, and
twelfth ribs form single ovoid synovial articulations with
their respective ribs.

The ligaments of this compound joint include the cap-
sular, intraarticular (both described previously), and ra-
diate. Each radiate ligament (Fig. 6-5) associated with
typical vertebrae attaches to the anterior aspect of the
head of the articulating rib and the two vertebrae to
which the head uattaches. In addition, the radiate liga-
ment attaches by horizontal fibers to the IVD between
the two vertebrae. The superior fibers attach just above
the supcrior demifacet and ascend to the vertebral body
of the superior vertebra. Likewise, the inferior fibers at-
tach just below the inferior demifacet and descend to
the inferior vertebral body. The radiate ligament of the
first rib has some superior fibers that attach to C7. The
radiate ligaments of the tenth through twelfth ribs attach
to only the vertebra with which the rib head articulates.

This joint is com-
posed of the costal (articular) tubercle of the rib articu-
lating with the transverse costal facet (Fig. 6-5).
Exceptions to this are the eleventh and twelfth ribs,
which do not articulate with the TPs of their respective
vertebrae. The joint surfaces of the upper five or six cos-
totransverse joints are curved, with the transverse costal
facet being concave and the articular tubercle convex.
The remaining joints are more planar in configuration
(Williams et al., 1989). A thin, fibrous capsule lined by a
synovial membrane attaches to the two adjacent articu-
lar surfaces. A costotransverse foramen is found be-
tween the TP and the rib between the costotransverse
and costocorporeal articulations. This foramen is filled
by the costotransverse ligament. The costotransverse lig-
ament passes from the posterior aspect of the rib neck
to the anterior aspect of the adjacent TP (Fig. 6-5). For
example, the costotransverse ligament of the sixth rib at-
taches to the posterior aspect of the sixth rib and to the
anterior aspect of the TP of TG6.
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The ligaments of the costotransverse articulation in-
clude the articular capsule, costotransverse ligament
(both described previously), superior costotransverse
ligament, and lateral costotransverse ligament (Fig. 6-5).
The strong but short lateral costotransverse ligament
runs directly laterally from the lateral margin of the TP
to the nonarticular region of the costal tubercle of the
adjacent rib (Fig. 6-5). This ligament is found at every
thoracic segment. The ligaments of the upper thoracic
vertebrae run slightly superiorly, as well as laterally,
whereas the lower ones run slightly inferiorly, as well as
laterally.

A superior costotransverse ligament courses between
the neck of each rib, except for the first, and the TP of
the vertebra above. This ligament is divided into two
parts, anterior and posterior. Both parts course superi-
orly from a rib neck to the inferior border of the TP
immediately above. The anterior layer angles slightly lat-
erally as it ascends and blends with the posterior inter-
costal membrane (see Fig. 6-8, B). The posterior layer an-
gles slightly medially. Because it is more posteriorly
placed, this ligament blends with the external intercostal
muscle laterally. The intercostal vein, artery, and nerve
run across the anterior surface of these ligaments. An ac-
cessory ligament is normally found medial to the supe-
rior costotransverse ligament. This accessory ligament is
separated from the superior costotransverse ligament by
a gap that is filled by the posterior primary division as it
leaves the mixed spinal nerve to reach the more poste-
rior structures of the spine. More specifically, the acces-
sory ligament originates medial to the costal tubercle
and runs superiorly to the inferior articular process of
the vertebra above, although some fibers reach the TP.
A lumbocostal ligament runs from the inferior border
of the twelfth rib shaft to the superior surface of the TP
of L1.

Sternocostal and Interchondral
Articulations

The costal cartilages of the first through seventh ribs ar-
ticulate directly with the sternum at the sternocostal
joints (see Fig. 6-2). The costal cartilages of the eighth
through tenth ribs attach to the costal cartilage of the rib
above at articulations known as the interchondral joints.

sternocostal A rather complex type of
synarthrosis exists between the first costal cartilage and
the manubrium. A thin piece of fibrocartilage is inter-
posed between the two surfaces and is tightly adherent
to both (Williams et al., 1989). A radiate ligament also
unites the two surfaces. The joint between the second
costal cartilage and the sternum is synovial and is sepa-
rated into two compartments by an intraarticular liga-
ment. Small synovial joints are located between the
costal cartilages of the third through seventh ribs and
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the sternum. The costal cartilages and the sternum are
united by the fibrous capsules of the joints and radiate
ligaments that run from the anterior and posterior sur-
face of each costal cartilage to the sternum. A small
amount of rotation occurs at these joints. This rotation
allows for the thorax to expand and contract during in-
spiration and expiration, respectively.

Interchondral Joints. As mentioned, the eighth
through tenth costal cartilages articulate with the costal
cartilage immediately above. Small synovial joints are
formed at the attachment sites for the eighth and ninth
ribs. The costal cartilage of the tenth rib is usually con-
tinuous with the costal cartilage of the ninth rib, and no
true joint unites the two. Occasionally, no attachment
exists between the tenth rib and the costal cartilage of
the ninth rib. Although both the sixth and the seventh
costal cartilages attach directly to the sternum, their
most distal portions also contact one another. Small sy-
novial joints are also located where these cartilages are
in contact with one another.

RANGES OF MOTION IN THE THORACIC
SPINE

Vertebral Motion

As stated previously, the facets of the thoracic vertebrae
are oriented 6GO° to the horizontal plane. Therefore they
are more vertically oriented than the articular processes
of the cervical region. This vertical orientation dramati-
cally limits forward flexion. Extension is limited by the
inferior articular processes contacting the laminae of the
vertebrae below and also by contact between adjacent
spinous processes. Rotation is the dominant movement
in the thoracic region. However, the vertebrae are a part
of the entire thoracic cage and even this motion is lim-
ited considerably. This may help to explain why the
lower thoracic region, with its relation to floating ribs
and ribs with only an indirect attachment to the ster-
num, is the most mobile part of the thoracic spine.
Ranges of motion of the thoracic spine include the fol-
lowing:

Combined flexion and extension 34°
Unilateral lateral flexion 15°
Unilateral axial rotation 35°

Motion of the Ribs

Motion of the ribs at the costocorporeal and costotrans-
verse articulations is primarily one of rotation with a
slight gliding motion. Motion is quite limited because of
the strong ligamentous attachments. Upward and down-
ward rotation is the primary movement of the upper six
ribs, accompanied by slight superior and inferior gliding.
Rotation of the seventh through tenth ribs is accompa-
nied by more gliding than in the ribs above. This is

because the transverse costal facets of T7 through T10
are more flat than those of the vertebrae above and also
because the facets face upward, anteriorly, and laterally.
Upward rotation of these lower ribs is accompanied by
posterior and medial gliding, and downward rotation is
accompanied by anterior and slightly lateral gliding.
These movements tend to open and close the substernal
angle, respectively (Williams et al., 1989).

LATERAL CURVATURE OF THE SPINE

Lateral curvature or lateral deviation of the spine is
known as scoliosis (Fig. 6-6). A slight lateral curve with
the convexity on the same side as handedness (i.e., con-
vexity to the left in left-handed indivicluals) is normally
found in the upper thoracic region (see Chapter 2). This
is a result of the pull of the stronger musculature on the
side of handedness. Lateral curves other than this mild
upper thoracic curve are considered to be a variation
from normal spinal structure. These scolioses range from
being barely perceptible and insignificant deviations to
extremely dramatic curvatures.

Scoliosis can be found in any spinal region, but the
thoracic region is usually the most prominently affected,
partly because of its length and central location. The tho-
racic region is the most noticeably affected primarily be-
cause the attachment of the rest of the thoracic cage to
the thoracic vertebrae can result in deformation of the
entire thorax. In addition, curvatures of the thoracic
spine are more or less “held in place” by the remainder
of the thoracic cage (ribs and sternum). In fact, with full
forward flexion of the spine, posterior elevation on one
side of the thorax (“rib hump”) of 6 mum or greater has
been used as one of the primary indicators of scoliosis.
The incidence of such posterior thoracic elevation has
been reported as 4.1% in fourth-grade schoolchildren
with an average age of 10.8 years (Nissinen et al., 1989).
Occasionally, scoliosis is so severe that serious compro-
mise of lung capacity and cardiac output may result. A
detailed discussion of this important clinical topic is be-
yond the scope of this book. However, a brief descrip-
tion of the most important anatomic components of sco-
liosis is appropriate.

Scoliosis has many causes, ranging from developmen-
tal and anatomic, such as cuneiform vertebrae (hemiver-
tebra; see Chapter 2), to unknown causes (idiopathic).
Idiopathic scoliosis is typically characterized by the pres-
ence of a concomitant fordosis at the apex of the lateral
curve (Deacon, Archer, & Dickson, 1987). Idiopathic
scoliosis is probably multifactorial in origin and may in-
volve genetic, biomechanic, metabolic, growth, and cen-
tral nervous system factors (Cook et al., 1986). A lesion
of the posterior column pathway, above the level of the
lower cervical region, resulting in hypersensitivity of
proprioception and vibration sense has been implicated
as a major factor in scoliosis (Wyatt et al.,, 1986). Other
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FIG. 6-6  Bottom, Posterior view of a scoliotic spine. Tep,
Superior view of a single vertebra and the articulating ribs.
Notice the asymmetry between the left and right costocorpo-
reil and costovertebral articulations (compare with Fig. 6-5).
(Modified from Netter, 1990 )

neurologic differences have been found between scoli-
otic patients and control subjects. These include differ-
ences in labyrinthine, visual, and vestibular functions
(Cook et al., 1986).

The posterior elements of scoliotic spines have been
found to be smaller in their superior-to-inferior dimen-
sions than the posterior elements of normal spines
(Deane & Duthie, 1973). Vital and colleagues (1989)
found that the neurocentral vertebral cartilage (syn-
chondrosis) of scoliotic spines was more open on the
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side of concavity. This suggested to the authors that this
cartilage may have undergone early closure on the op-
posite side. Since part of the function of the neurocen-
tral cartilage is to ensure growth of the posterior arch
of the vertebra (see Chapter 2), early closure of one car-
tilage could result in asymmetric vertebral growth. The
authors thought further investigation was necessary to
determine if the neurocentral synchondrosis was a pri-
mary cause of lateral curvature or if it was simply
influenced by other causes (e.g., asymmetric muscular
or neurologic activity).

NERVES, VESSELS, AND VISCERA RELATED
TO THE THORACIC SPINE

The thoracic spine and the ribs are intimately related to
many neural, vascular, and visceral structures (Figs. 6-7
and 6-8). The structures most closely related to the spine
and ribs include posterior primary divisions; the inter-
costal arteries, veins, and nerves; azygos, hemiazygos,
and accessory hemiazygos veins; thoracic duct and tho-
racic lymphatics; thoracic aorta; esophagus; trachea; va-
gus nerves; thoracic sympathetic chain; and splanchnic
nerves. These structures are discussed briefly in this sec-
tion. Chapter 1 and Table 1-1 relate many of the most im-
portant visceral structures to vertebral body levels to aid
in the interpretation of scans presenting cross-sectional
anatomy (CT, MRI). The intercostal muscles are dis-
cussed in Chapter 4.

Posterior Primary Divisions (Dorsal Rami)

The thoracic mixed spinal nerves are formed within
the IVF by the union of the thoracic dorsal and ventral
roots. The roots in the upper thoracic region descend
only slightly before entering the IVF, whereas the roots
of the lower thoracic region may descend as much as
two vertebral levels before entering the IVE Once
formed, the mixed spinal nerves contain both sensory
and motor fibers. Each mixed spinal nerve then divides
into a posterior primary division (dorsal ramus) and an
anterior primary division (ventral ramus) as it exits the
IVF (Fig. 6-8, B). The anterior primary division of a tho-
racic nerve becomes an intercostal nerve and the sub-
costal nerve at the level of T12 (see following discus-
sion). The posterior primary division (dorsal ramus)
passes posteriorly across the lateral aspect of the Z joint,
to which it sends fine branches. It then passes through a
small but adequate opening bounded superiorly by the
TP, inferiorly by the rib of the vertebra below (e.g., T5
nerve exits between TS5 and TG vertebrae and above
sixth rib), medially by the Z jeint, and laterally by the
superior costotransverse ligament, which attaches to
the rib below. This opening is lknown as the costotrans-
verse foramen of Cruveilhier. The dorsal ramus then
divides into medial and lateral branches. The lateral
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branch supplies the erector spinae muscles in the region
and continues to provide sensory innervation to the skin
of the back.

Not all of the first six lateral branches of the posterior
primary divisions reach the skin. However, the lower six
lateral branches all have significant cutaneous distribu-
tions. They supply the skin superficial to the spinous
processes via medial cutaneous branches (of the lateral

branches of the posterior primary divisions) and supply
sensory innervation to the skin several inches lateral to
the midline via lateral cutaneous branches (of the lateral
branches of the posterior primary divisions). The lateral
cutaneous branches may descend as far as four ribs be-
fore reaching the skin. The lateral cutaneous branch of
the posterior primary division of T12 reaches the upper
border of the iliac crest.
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FIG. 6-8 A, Nerves and vessels related to three adjacent thoracic vertebrae and the ribs that
articulate with them. B, Close-up of the nerves associated with a single thoracic motion seg-
ment (two adjacent thoracic vertebrae).
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A typical medial branch of a posterior primary division
runs a rather tortuous course between the multifidus
muscle on its medial surface and the levator costarum
muscle on its lateral side (Maigne, Maigne, & Guerin-
Surville, 1991). It then continues posteromedially and
slightly inferiorly, running medial to most of the longis-
simus thoracis muscle fibers. The dorsal rami of the sec-
ond, third, and fourth thoracic nerves then pass through
the tendon of the splenius cervicis muscle, continue
through the rhomboid muscles, pierce the trapezius
muscle, and then reach the skin adjacent to the spinous
process of its vertebra of origin (e.g., T3 nerve innervat-
ing region of T3 spinous process). The medial branches
of the fifth and sixth thoracic nerves also reach the skin
of the back.

Maigne and colleagues (1991) found that the upper
thoracic medial branches of the dorsal rami frequently
appeared to be entrapped in tendons of the erector
spinae or splenius cervicis muscle. They believed this
helped to explain localized areas of thoracic discomfort
with associated hypesthesia and paresthesia frequently
seen in their clinical practice. Also, in 1 of the 16 cadav-
ers studied, the authors found a bilateral anastomosis be-
tween the medial branch of the dorsal ramus of T2 and
the accessory nerve. They thought this may explain the
occasional lack of paralysis of the trapezius muscle
among certain individuals after transection of the acces-
sory nerve during neck surgery.

The medial branches of the posterior primary divi-
sions of the lower six thoracic nerves pass posteriorly to
innervate primarily the multifidi, rotatores, and longis-
simus thoracis muscles; they only occasionally reach the
skin of the back (Williams et al., 1989).

Intercostal Nerves, Arteries, and Veins

Intercostal Nerves. The anterior primary divisions of
the T1 to T11 nerves are the intercostal nerves (Figs. 6-7
and 6-8). The ventral ramus of the T1 nerve splits, and
the larger branch joins the ventral ramus of C8 to form
the inferior trunk of the brachial plexus. The smaller
branch of the ventral ramus of T1 forms the first inter-
costal nerve. The anterior primary division of the T12
nerve is the subcostal nerve.

Very close to its origin, each intercostal nerve (and the
subcostal and upper two lumbar nerves) sends a white
ramus communicans to the sympathetic ganglion of the
same level. These ganglia are located anterior to the in-
tercostal nerves and lie along the lateral aspect of the
vertebral bodies.

The intercostal nerves also receive gray rami commu-
nicantes from the neighboring sympathetic ganglia (Fig.
6-8). This is similar to all other anterior primary divi-
sions. The intercostal nerve then continues laterally
along the subcostal groove, inferior to the intercostal
| vein and artery (Figs. 6-7 and 6-9). The lateral course of

the intercostal nerve, within the posterior intercostal
space, is subject to a rather wide degree of variation. The
intercostal nerve frecuently runs within the middle of
the intercostal space (73% of the time) and may occa-
sionally run along the inferior aspect of the intercostal
space just above the subjacent rib (Hardy, 1988).

Each intercostal nerve provides sensory, motor (so-
matic motor), and sympathetic (visceral motor to blood
vessels and sweat glands) innervation to the thoracic or
abdominal wall. This is accomplished by means of pos-
terior, lateral, and anterior branches.

Posterior Intercostal Arteries. The third through
eleventh intercostal arteries originate from the thoracic
aorta and course laterally along the inferior aspect of the
corresponding rib (Fig. 6-7 and 6-9, 4). The artery that
runs below the twelfth rib is known as the subcostal
artery because it lies inferior to the twelfth rib and not
between two ribs. The first two intercostal arteries arise
from the highest intercostal artery. The highest inter-
costal artery is a branch of the costocervical trunk,
which arises from the subclavian artery.

The intercostal arteries run between the intercostal
vein superiorly and the intercostal nerve inferiorly. Since
the thoracic aorta lies to the left of the thoracic spine,
the right intercostal arteries must cross over the thoracic
vertebral bodies to reach the right intercostal spaces.
This results in the right intercostal arteries being longer
than the left ones.

Each posterior intercostal artery gives rise to dorsal
and lateral branches that supply the dorsal (including
deep back muscles) and lateral aspects of the intercostal
spaces, respectively.

The upper six ante-
rior intercostal arteries arise from the internal thoracic
artery. The internal thoracic artery arises from the sub-
clavian artery, then courses inferiorly, behind and lateral
to the sternocostal articulations, and divides into the su-
perior epigastric artery and the musculophrenic artery.
The musculophrenic artery, in turn, supplies the sev-
enth, eighth, and ninth anterior intercostal arteries. The
nine anterior intercostal arteries supply the intercostal
muscles anteriorly, as well as the muscles of the anterior
thoracic wall and breast.

\ZVEos
Veins. Venous drainage of the thoracic cage is accom-
plished primarily by the intercostal veins. The intercostal
venous blood generally courses in the opposite direction
of the arterial supply and drains into the azygos system
of veins (Figs. 6-7 and 6-9, A).

The azygos vein originates from one or more of
the following: iaferior vena cava, right renal vein, and
right ascending lumbar vein. The azygos vein passes
through the diaphragm by means of the aortic hiatus.



It then courses along the right anterior aspect of
the thoracic vertebral bodies. Along its course this
vein receives the right lower eight intercostal veins,
the right superior intercostal vein, and the hemiazy-
gos veins. In addition, the accessory hemiazygos vein
is frequently a direct tributary of the azygos vein. The
right superior intercostal vein drains the upper two to
three intercostal spaces and can empty into either the
azygos vein or the right brachiocephalic vein. Other
tributaries of the azygos vein include esophageal,
bronchial, mediastinal, and pericardial veins. The azygos
vein courses superiorly and arches (from posterior to an-
terior) around the superior aspect of the right primary
bronchus. It then terminates by entering the superior
vena cava.

The hemiazygos vein originates from the left ascend-
ing lumbar vein, the left renal vein, or both. The hemi-
azygos vein enters the thorax through the aortic hiatus.
It then continues superiorly along the left anterior
aspect of the vertebral bodies. Along its path the hemi-
azygos vein receives the lower four or five left inter-
costal veins. It also frequently receives the accessory
hemiazygos vein. The hemiazygos helps to drain the
left mediastinum and left lower esophagus. The hemi-
azygos vein crosses from left to right at approximately
the level of T9 and terminates by emptying into the
azygos vein.

The accessory hemiazygos vein connects the middle
three or four intercostal veins. It occasionally receives
the left superior intercostal vein, which drains the upper
two to three intercostal spaces. However, the left supe-
rior intercostal vein normally is a tributary of the left bra-
chiocephalic vein. The accessory hemiazygos ends by
either draining into the hemiazygos vein or by crossing
the vertebral column from left to right, just above the
hemiazygos vein, to draininto the azygos vein.

Thoracic Duct

The thoracic duct is the largest and most important lym-
phatic channel of the body (Figs. 6-7 and 6-9). The tho-
racic duct drains both lower extremities, the pelvis, the
abdomen, the left side of the thorax, the left upper ex-
tremity, and the left side of the head and neck. It origi-
nates at the cisterna chyli (when present) and terminates
at the junction of the left subclavian and left internal
jugular veins. The cisterna chyli is a large midline lym-
phatic collecting structure located just inferior to the
aortic hiatus of the diaphragm. It collects lymphatics
from the lower extremities via left and right lateral
branches and from the intestinal tract via an intestinal
branch. The cisterna chyli tapers at its superior aspect
and becomes the thoracic duct. Most frequentty the cis-
terna chyli is replaced by a confluence of lymph trunks
in the abdominal region. The thoracic duct subsequently
enters the thorax through the aortic hiatus just to the
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right of the aorta. On entering the thorax, the thoracic
duct continues superiorly along the anterior aspect of
the thoracic vertebral bodies. Between T7 and TS
passes to the left side of the anterior aspect of the verte-
bral bodies. The thoracic duct continues superiorly and
empties into the junction of the left subclavian and in-
ternal jugular veins.

The right lymphatic duct drains the right side of the
thorax, the right upper extremity, and the right side of
the neck and head. It usually empties into the right sub-
clavian vein, the internal jugular vein, or the union of
the two.

The lymphatics of the thoracic cage drain into medi-
astinal nodes, which in turn drain into either the right
lymphatic duct or the thoracic duct. The lymphatics of
the mediastinum are very abundant and can be divided
into four major groups: superior mediastinal nodes, di-
aphragmatic nodes, posterior mediastinal nodes, and tra-
cheobronchial nodes. These lymph nodes drain into
nearby lymphatic channels. Those of the right side drain
into the right lymphatic duct, and those of the left side
drain into the thoracic duct.

Aortic Arch and Thoracic Aorta

. The aortic arch begins at the heart as the
outflow path of the left ventricle. It extends in front of
the trachea, swings around the left primary bronchus,
and comes to lie to the left of the midthoracic vertebrae
(Fig. 6-7). The arch then continues inferiorly as the de-
scending thoracic aorta. There are three large branches
from the aortic arch: the brachiocephalic (innominate)
artery, the left common carotid artery, and the left sub-
clavian artery.

. The descending tho-
racic aorta is the continuation of the aortic arch (Figs.
6-7 and 6-9). It begins at approximately the T4-S disc and
continues inferiorly along the left side of the thoracic
vertebrae. The thoracic aorta shifts to the midiine in the
lower thorax, lying on the anterior aspect of the lower
thoracic vertebrae. The thoracic aorta gives off bronchial
arteries (which supply the lungs) and all the intercostal
arteries except the first two on each side (supplied by
the highest intercostal artery of the costocervical trunk).
The descending thoracic aorta also gives off the left and
right subcostal arteries.

Esophagus

The esophagus (Fig. 6-7) originates posterior to the
cricoid cartilage (approximately at the level of C6) and
terminates at the cardia of the stomach (at the T11 ver-
tebral body level). Therefore the esophagus has cervical,
thoracic, and abdominal regions. Itis approximately 10
inches in length. The esophagus lies approximately in
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FIG. 6-9 A, Right side of the mediastinum and the thoracic vertebrae, ribs, anc intercostal
spaces associated with this region. B, Same specimen with the azygos vein and related inter-
costal veins retracted. This was done to show more clearly the anterior longitudinal ligament.
Notice the large osteophytes extending from the anterolateral aspects of the thoracic verte-
brae. Such osteophytes are typically seen in dissections of this region.

the midline in the upper and middle thorax, where it is
located posterior to the left atrium. It curves left at the
esophageal hiatus (approximately T10 vertebral body
level), where it lies anterior and slightly to the left of the
thoracic aorta and its hiatus.

Trachea

The trachea (Fig. 6-7) is a rigid tubular organ that lies an-
terior to the esophagus, berween the brachiocephalic
artery (on the right) and the left common carotid artery
(on the left). The brachiocephalic veins lie anterior to



the trachea. The trachea begins at the cricoid cartilage
(approximately the level of C6) and ends by bifurcating
into the left and right primary bronchi at approximately
the level of the T4-5 disc (Fig. 6-7). The trachea is kept
rigid and held open by 16 to 20 cartilaginous tracheal
rings. These rings are C shaped with the open end facing
posteriorly. Fibro-elastic tissue and smooth muscle (tra-
cheal or trachealis muscle) span the posterior opening,.
The less rigid posterior surface allows for the passage of
food through the posteriorly located esophagus. Helping
to form the tracheal bifurcation is the carina, the in-
verted V-shaped inferior border of the last tracheal carti-
lage.

The trachea receives innervation from sympathetic
and parasympathetic autonomic fibers. The parasympa-
thetics arise from the vagus nerves and their recurrent la-
ryngeal branches. Stimulation of these nerves results in
constriction of the trachea and increased secretion of
the mucus cells of the tracheal epithelium. Sympathetic
innervation of the trachea is derived from branches of
the thoracic sympathetic trunk. Stimulation of these
nerves results in dilation of the trachea and decreased
mucus seeretions.

Vagus Nerves

The vagus nerves (right and left) run within the ca-
rotid sheath in the neck and enter the thorax medial
to the phrenic nerves (right and left). Each vagus nerve
is responsible for carrying preganglionic parasympa-
thetic fibers to all the thoracic viscera, These fibers
synapse in the walls of the organs they supply. General
visceral afferent fibers from these same viscera also
travel within the left and right vagus nerves. The
parasympathctic nervous system is described in detail in
Chapter 10.

Left Vagus Nerve. The left vagus nerve enters the
thorax between the left common carotid and left sub-
clavian arteries. It continues inferiorly by crossing the
aortic arch, where it gives off the rather large left recur-
rent laryngeal nerve. This nerve loops around the aortic
arch from anterior to posterior just lateral to the liga-
mentum arteriosum. It then runs superiorly in a groove
between the esophagus and trachea (tracheo-esophageal
groove) to supply eight of the nine laryngeal muscles on
the left side. The main trunk of the vagus nerve contin-
ues inferiorly from the arch of the aorta (giving branches
to the cardiac plexus) and follows the aorta posteriorly,
passing behind the root of the left lung, where it partic-
ipates in the pulmonary plexus. The vagus nerve then
courses medially and comes to lie on the anterior as-
pect of the esophagus, where it helps to form the
anterior esophageal plexus. The anterior esophageal
plexus coalesces inferiorly to form the anterior vagal
trunk. This trunk exits the thorax by traveling along
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the anterior aspect of the esophagus through the
esophageal hiatus of the diaphragm.

Right Vagus Nerve. The right vagus nerve enters the
thorax by crossing the right subclavian artery. The right
recurrent laryngeal nerve is given off at this point. This
nerve loops around the right subclavian artery and con-
tinues superiorly in the right tracheo-esophageal groove
to supply eight of the nine muscles of the larynx on the
right side. The right vagus nerve continues inferiorly in
the thorax, contributing to the superficial and deep car-
diac plexuses, and runs posterior to the root of the right
lung. Here it sends several branches to the posterior
pulmonary plexus. The right vagus then travels medially
to the posterior aspect of the esophagus, where it forms
the posterior esophageal plexus (Figs. 6-7 and 6-9). The
nerves of the posterior esophageal plexus coalesce to
form the posterior vagal trunk. The posterior vagal trunk
exits the thorax by traveling along the posterior aspect
of the esophagus through the esophageal hiatus of the
diaphragm.

Thoracic Sympathetic Chain

The sympathetic nervous system is discussed in detail in
Chapter 10. Because of the close anatomic relationship
between the sympathetic trunk and the thoracic verte-
brae, it also is discussed briefly here.

The sympathetic trunk in the thoracic region extends
from superior to inferior across the heads of the ribs and
is covered by the costal pleura (see Figs. 6-7, 6-8, and
10-7, B). As it reaches the inferior aspect of the thorax,
the trunk courses medially to be positioned along the lat-
eral aspect of the lower thoracic vertebral bodies. The
sympathetic trunk is composed of axons of neurons
whose cell bodies are located in the intermediolateral
cell column of the thoracic spinal cord. These axons exit
the cord via a ventral root that unites with a dorsal root,
forming a mixed spinal nerve. This nerve exits the ver-
tebral canal through the IVF. These preganglionic sym-
pathetic fibers leave the ventral ramus close to its origin
and enter a white ramus communicans, which connects
to the sympathetic ganglion. Once in the sympathetic
ganglion, the preganglionic sympathetic fibers have sev-
eral options to reach their destinations (effector organs).
(see Chapter 10). One option is to help form the
splanchnic nerves, which supply a large part of the ab-
dominal viscera with sympathetic innervation.

Splanchnic Nerves

The thorax contains three splanchnic nerves: the
greater, the lesser (see Figs. 6-7, 10-4, and 10-10), and the
least. Each is formed from branches of the sympathetic
chain. The splanchnic nerves course along the lateral as-
pects of the middle and lower thoracic vertebral bodies
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and exit the thorax by piercing the posterior aspect of

the diaphragm. They then synapse in one of several pre-

vertebral ganglia. The postganglionic fibers from these
prevertebral ganglia provide sympathetic innervation to
the vast majority of the abdominal viscera.

The three splanchnic nerves, their ganglia of origin,
and the prevertebral ganglion in which they synapse are
as follows:
¢ Greater splanchnic nerve. This nerve arises from tho-

racic ganglia five through nine (Figs. 6-7; 6-8, A4; and

6-9, A) and synapses in the celiac ganglion. Some of its

fibers do not synapse here but run directly to the

medulla of the adrenal gland, which they innervate.

o Lesser splanchnic nerve. The lesser splanchnic nerve
arises from thoracic ganglia 9 and 10 (it may some-
times arise from 10 and 11) (Williams et al., 1989). It
synapses in the aorticorenal ganglion.

o Least splanchnic nerve. This nerve originates from the
twelfth thoracic ganglion and synapses within ganglia
of the renal plexus.
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The lumbar portion of the vertebral column is sturdy and
is designed to carry the weight of the head, neck, trunk,
and upper extremities. Yet, pain in the lumbar region is
one of the most common complaints of individuals, ex-
perienced by approximately 80% of the population at
some time in their lives (Nachemson, 1976). The esti-
mated annual cost for treatment of low back pain and for
resulting disability is estimated at more than $13 billion
in the United States. Low back pain is the most common
complaint of patients who go to clinics that deal primar-
ily with musculoskeletal conditions. Low back pain of

mechanical origin is the most frequent subtype found in
this group (Cramer et al.,, 1992a). The most common
sources of low back pain are the lumbar zygapophyseal
joints (Z joints) and the intervertebral discs (IVDs)
(Bogduk, 1985).

Eighty Percent of Individuals
Will Have Low Back Pain During
Their Lifetime

The Annual Cost Related to Low
Back Pain is $13 Billion in the
United States Alone¢

Much of the reason for the high incidence of low back
pain is probably related to humans being bipedal. Being
able to walk on the hind limbs is accompanied by in-
creased freedom of movement and increased ability to
interact with the environment, other species, and other
members of the same species. Animals that walk on the
hind legs (primarily humans) can normally turn their
heads to look around on both sides with relative ease.
They also have the ability to use their hands for an al-
most infinite number of tasks without having to be con-
cerned about using their upper extremities to help main-
tain balance.

However, the ability to walk on the lower extremities
(the bipedal stance) has one significant drawback: in-
creased stress is placed on the spine. The weight of the
body is concentrated on a smaller region compared with
quadrupeds. The weight of the human trunk is com-
pletely supported by the lower extremities and lumbar
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spine during standing, and it is completely absorbed by

the lumbar spine and sacroiliac joints during sitting.

Therefore the lumbar region, sacrum, and sacroiliac

joints are susceptible to more problems than are en-

countered by four-legged animals. These problems can
be divided into three types of lumbar disorders and also
sacroiliac joint difficulties:

I. Problems with the lumbar region

A. The Z joints (facet joints; see Figs. 7-3 through 7-
S). Increased weight borne by these joints can be
a direct cause of back pain. These joints are also
susceptible to arthritic changes (osteoarthritis;
arthritis associated with “wear and tear™).

B. The intervertebral disc. The IVDs absorb most of
the increased stress received by the low back in
bipeds. The discs may bulge or rupture, and by
doing so compress the spinal nerves that exit be-
hind them (see Figs. 7-19 and 7-20). This protru-
sion results in back pain that also has a sharp ra-
diation pattern into the thigh and sometimes into
the leg and foot. This type of pain is frequently de-
scribed as feeling like a “bolt of lightning” or a
“hot poker” (see Chapter 11). The IVDs may also
undergo degeneration. This narrows the space
between the vertebrae, which may result in
arthritic changes and additional pressure on the Z
joints (see Chapter 2). The discs themselves are
supplied by sensory nerves and therefore can be
a direct source of back pain (i.e., they do not have
to compress neural elements to cause back pain).

C. The muscles of the low back in bipeds are called
on to hold the spine erect (erector spinae mus-
cles; see Chapter 4). Therefore, when they are re-
quired to carry increased loads (this sometimes in-
cludes the added weight of a protruding ab-
domen), these muscles can be torn (strained).
Note: The lumbosacral region, between L5 and
the sacrum, receives the brunt of the biomechan-
ical stress of the biped spine. The lumbosacral
joints (interbody joint and left and right Z joints
between LS and the sacrum) are a prime source
of low back pain. In addition to the stresses pre-
viously mentioned, the opening for the mixed
spinal nerve at this level is the smallest in the lum-
bar region, making it particularly vulnerable to
I[VD protrusions and compression from other
sources.

II. The sacroiliac joints are the joints between the
sacrum and the left and right ilia. The weight carried
in the upright posture can also result in damage to
the sacroiliac joint, another source of low back pain
(see Chapter 8).

Because of its clinical importance, the lumbar region
has been the target of extensive high-quality research.
Numerous descriptive and quantitative studies have
been completed on this area of the spine. This chapter

concentrates on the unique characteristics of the lumbar
vertebrae and the ligamentous, neural, and vascular ele-
ments of the lumbar region. It also includes the most
pertinent results of descriptive and quantitative investi-
gations in an attempt to explain clearly the most impor-
tant and clinically relevant icdiosyncrasies of this intrigu-
ing area of the spine.

All the lumbar vertebrae are considered to be typical,
although the fifth lumbar vertebra is unique. This chap-
ter presents the typical characteristics of lumbar verte-
brae, the lumbar vertebral canal, and the intervertebral
foramina (IVFs). A description of the unique characteris-
tics of L5 and the lumbosacral articulation follows. The
ranges of motion of the jumbar region are also included.
The chapter concludes with a discussion of the nerves,
vessels, and related viscera of the lumbar region.

LUMBAR LORDOSIS AND
CHARACTERISTICS OF TYPICAL
LUMBAR VERTEBRAE

Developmental Considerations and the
Lumbar Curve (Lordosis)

The development of lumbar vertebrae is similar to the
development of typical vertebrae in other regions of the
spine (see Chapter 12). Unique to the lumbar region is
the presence of two additional secondary centers of os-
sification on each lumber vertebra. This brings the total
number of secondary centers of ossification per lumbar
vertebra to seven. These additional centers are located
on the posterior aspect of the superior articular
processes and develops into the mamillary processes.

Between 2 and 16 years, the lumbar vertebrae grow
twice as fast as the thoracic vertebrae. Because the an-
teroposterior curves of these two regions face in oppo-
site directions (thoracic kyphosis versus lumbar lordo-
sis), the posterior elements of thoracic vertebrae proba-
bly grow faster than their vertebral bodies, and the
reverse (lumbar vertebral bodies grow faster than their
posterior elements) is true in the lumbar region (Clarke
et al., 1985).

Normally the lumbar lordosis is more prominent than
the cervical lordosis. The lumbar lordosis extends from
T12 to the LS IVD, and the greatest portion of the curve
occurs between L3 and LS. The lumbar lordosis is cre-
ated by the increased height of the anterior aspect of
both the lumbar vertebral bodies and the lumbar IVDs,
with the discs contributing more to the lordosis than the
increased height of the vertebral bodies.

Either an increase or decrease of the lumbar lordosis
may contribute to low back pain (Mosner et al., 1989).
This has sparked an interest in measurement of the
lumbar curve, and as a result, the lumbar curve has
been measured in a variety of ways. One method, de-
veloped by Mosner and colleagues (1989), used mea-
surements from lateral x-ray films taken with the patient



in the supine position. A line was drawn across the
superior vertebral end plate of L2 and another across
the superior aspect of the sacral body. These two lines
were continued posteriorly until they intersected, and
the angle between them was measured. Using this
method, an angle of 47° and 43° was found to be normal
for women and men, respectively. This is in agreement
with the values given by other authors (Williams et al.,
1989).

In the past, many clinicians incorrectly assumed that
| the lumbar lordosis in the black population was greater
| than that in the white population, but this has been
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found to be incorrect; the lordosis is approximately the
same in both races (Mosner et al., 1989).

The lumbar lordosis is often significantly increased in
achondroplasia. This can lead to a marked compensatory
thoracic (thoracolumbar) kyphosis, which in some cases
can be severe (Giglio et al., 1988).

Vertebral Bodies

When viewed from above, the vertebral bodies of the
lumbar spine are large and kidney shaped with the con-
cavity facing posteriorly (Fig. 7-1). The superior surfaces

Inferior articular ;E)rocess
(as seen from above)

f Superior
: articular facet

A
Vertebral body
Superior
articular process
Mamillary process
Spinous process B

Inferior
articular facet

Typical lumbar vertebra. A, Superior view. B, Lateral view.
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of the vertebral bodies possess small elevations along
their posterior rim. These represent remnants of the un-
cinate processes of the cervical region. The inferior sur-
faces of the vertebral bodies have two small notches
along their posterior rim. These notches correspond to
the uncinate-like elevations of the vertebra below. These
elevations and notches have been used as landmarks on
x-ray films as a means for evaluating normal and abnor-
mal movement between adjacent lumbar segments
(Dupuis et al., 1985).

The vertebral bodies are wider from side to side (lat-
eral width) than from front to back and are taller in front
(anteriorly) than behind. Therefore, as mentioned previ-
ously, the vertebral bodies are partially responsible for
the creation and maintenance of the lumbar lordosis.

The lateral width of the lumbar vertebrae increases
from L1 to L3. L4 and L5 are somewhat variable in width
(Williams et al., 1989). Ericksen (1976) found that the L3
and L4 vertebral bodies (the only ones he studied) be-
came wider from side to side with age. Also, he noted a
decrease in height of the vertebral body’s anterior as-
pect, corresponding with an increase in its lateral width,
in both males and females. Further, Ericksen found that
in males the increase in lateral width was accompanied
by a corresponding decrease in height of the vertebral
body’s posterior aspect as well.

The blood supply to the vertebral bodies is extensive
and complex (Bogduk & Twomey, 1991). Each lumbar
segmental artery gives off up to 20 primary periosteal ar-
teries as it courses across the anterolateral aspect of the
vertebral body. The posterior aspect is supplied by many
branches of the anterior vertebral canal artery. The ante-
rior vertebral canal artery is the anterior branch of the
artery that passes through the IVF. The artery that passes
through the I'VF is sometimes known as the spinal ramus
of the (lumbar) segmental artery.

The end branches of periosteal arteries form a ring
around both the superior and the inferior margins of the
vertebral body. These rings are known as the metaphy-
scal anastomoses (superior and inferior). They not only
help to supply the metaphyseal region of the vertebral
body, but also send penetrating branches (metaphyseal
arteries) to the region of the vertebral end plate (Bogduk
& Twomey, 1991). A dense capillary network is associ-
ated with the superior and inferior vertebral end plates.
This network receives contributions from the metaphy-
seal and nutrient arteries.

Nutrient arteries also arise from the anterior vertebral
canal arteries. The nutrient arteries enter the center of
the posterior aspect of the vertebral body, pass deep
within the substance of the cancellous bone of the ver-
tebral body’s center, and then give off superior (ascend-
ing) and inferior (descending) branches. In addition
to giving off periosteal arteries, the lumbar segmental
arteries also send branches that enter the cancellous
bone of the anterior and lateral aspects of the vertebral

bodies. These branches enter along the superior-to-infe-
rior midpoint of the vertebral bodies. Known as the
equatorial arteries, these vessels are similar to the nutri-
ent arteries in that they also give rise to ascending and
descending branches deep within the substance of the
vertebral bodies (Bogduk & Twomey, 1991).

Fractures of the secondary centers of ossification as-
sociated with the superior and inferior vertebral end-
plates, the ring apophyses (sometimes known as anular
epiphyses, see Chapters 2 and 12), have been reported.
These fractures are rather rare but occur most frequently
during adolescence. The signs and symptoms of apophy-
seal ring fractures resemble those of IVD protrusions.
Such fractures may go unnoticed on conventional x-ray
films. Sagittally reformatted computed tomography (CT)
is currently the imaging modality that shows these frac-
tures to best advantage (Thiel, Clements, & Cassidy,
1992).

The lumbar vertebral bodies serve as attachment sites
for several structures. Table 7-1 lists those structures that
attach to the lumbar vertebral bodies.

Pedicles

The pedicles of the lumbar spine are short but strong
(Fig. 7-1). They attach lower on the vertebral bodies than
the pedicles of the thoracic region, but higher than
those of the cervical region. Therefore each lumbar ver-
tebra has a superior vertebral notch that is less distinct
than that of the cervical region. On the other hand, the
inferior vertebral notch of lumbar vertebrae is promi-
nent.

Table 7-1 Attachments to Lumbar Vertebral
Bodies

Region Structure(s) attached

Anterior surface  Anterior longitudinal ligament on superior
and inferior borders

Posterior longitudinal lignment on supe-
rior and inferior borders

Crura of the diaphragm (anterolateral sur-
face of left L1 and L2 and right L1. L2,
and L3)

Origin of the psoas major muscle (pos-
terolateral aspect of superior and infe-
rior surface of all lumbars); a series of
tendinous arches between vertebral at-
tachments of the psoas major muscle
creates concave openings between
arches and vertebral bodies, allowing

Posterior surface

Lateral surface

for passage of segmental arteries, veins,
and gray communicating rami of sympa-
thetic chain.

Data from Williams ¢t al. (1989). Gray's dnatomy (37th ed.).
Edinburgh: Churchill Livingstone.



The role of the pedicles in the transfer of loads is dis-
cussed in Chapter 2. More study is needed to confirm
the role played by the pedicles in the transfer of loads in
the upper lumbar region (Pal et al., 1988). However, the
trabecular pattern of the L4 and LS pedicles seems to in-
dicate that most loads placed on these vertebrae may be
transferred from the vertebral bodies to the region of the
posterior arch, specifically to the pars interarticularis
(see Laminae).

Transverse Processes

Each transverse process (TP) (left and right) of a typical
lumbar vertebra projects posterolaterally from the junc-
tion of the pedicle and the lamina of the same side (Fig.
7-1). It lies in front of (anterior to) the articular process
and behind (posterior to) the lumbar IVF.

The lumbar TPs are quite long, the TPs of L3 being the
longest. The distance between the apices of the left and
right TPs is much greater on L1 than T12. This distance
increases on L2 and is the greatest in the entire spine on
L3. The intertransverse distance between the left and
right L4 TPs is smaller than that of L3 and is even smaller
for L5. The lumbar TPs are flat and thin from front to
back. They are also narrower from superior to inferior
than their thoracic counterparts. They possess neither
articular facets (as do thoracic TPs) nor transverse foram-
ina (as do cervical TPs). The anterior aspect of the lum-
bar TPs are also known as the costal elements, and they
may occasionally develop into ribs. This happens most
frequently at L1.

The lateral aspect of the anterior surface of the lum-
bar TPs is creased by a ridge that runs from superior to
inferior. This ridge is created by the anterior layer of
the thoracolumbar fascia. The middle layer of the tho-
racolumbar fascia attaches to the apex of the TPs. Table
7-2 lists structures that attach to the lumbar TPs.

\ccessory . Unique to the lumbar spine
are the accessory processes. Each accessory process pro-
jects posteriorly from the junction of the posterior and
inferior aspect of the TP with the corresponding lamina.
These processes serve as attachment sites for the longis-
simus thoracis muscles (lumbar fibers) and the medial in-
tertransversarii  lumborum muscles (Williams et al.,
1989). (See Fig. 4-5, B, for the attachment of the medial
intertransversarii lumborum muscles to the accessory
processes.)

Articular Processes

Superior Acticular Processes. Left and right supe-
rior articular processes are formed on every vertebrae of
the lumbar spine (Fig. 7-1). Each superior articular
process possesses a hyaline cartilage-lined superior ar-
ticular facet that is oriented in a vertical plane. That is,
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these facets are not angled to the vertical plane like the
superior articular facets of the cervical and thoracic re-
gions.

All the lumbar superior articular facets face posteriorly
and medially. The articular surface of a typical superior
articular facet can be gently curved with the concavity
facing medially (Figs. 7-2 and 7-3), or the articular sur-
face can be angled abruptly. When the articular surface
is angled abruptly, two rather distinct articulating sur-
faces are formed. One surface faces posteriorly and
forms almost a 90° angle with the second surface, which
faces medially. As with the curved facet, the concavity
faces posteriorly and medially. In either case (curved or
angled articular surface), the shape conforms almost per-
fectly with the inferior articular facet of the vertebra
above. The hyaline cartilage of the central region of the
superior articular facet (the area of greatest concavity)
increases in thickness with age, probably because this
region receives much of the load during flexion of the
spine (Taylor & Twomey, 1986). Also, the articular
processes may fracture as a result of age-related degen-
eration (Kirkaldy-Willis et al., 1978).

The orientation of the superior articular facets varies
from one vertebral level to another (Fig. 7-3). A line
passed across each superior articular facet, on transverse
CT scans, shows that the L4 superior facets (and there-
fore the L3-L4 Z joints) are more sagittally oriented than
the L5 facets. Also, the S1 superior facets (and therefore
the L5-S1 Z joints) are more coronally oriented than the
L4 and L5 facets (Van Schaik, Verbiest, & Van Schaik,
1985). (See Zygapophyseal Joints for further detail on
the orientation of the superior and inferior articular
facets.)

Unique to the lumbar spine are the mamillary
processes (Fig. 7-1). which project posteriorly from
the superior articular processes of lumbar vertebrae.
Each mamillary process is a small rounded mound of

Table 7-2 Attachments to Lumbar Transverse
Processes

Structures attached

Region

Anterior surface  Psoas major and quadratus lumborum
muscles

Anterior layer of thoracolumbar fascia
(separates psoas major and quadratus
lumborum muscles)

Medial and lateral arcuate ligaments (lum-
bocostal arches) (L1)

Apex Middle layer of thoracolumbar fascia

Hiolumbar ligament (LS, occasionally 14)

Lateral intertransversarii muscles

Lateral intertransversarii muscles

Deep back muscles (longissimus thoracis)

Superior border
Inferior border
Posterior surface
Data from Williams et al. (1989). Gray's anatom) (37th cd.)
Edinburgh: Churchill Livingstone.
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variable size. Some are almost indistinguishable, whereas
others are relatively prominent. The mamillary processes
serve as attachment sites for the multifidi lumborum
muscles.

A mamillo-accessory
ligament (Bogduk, 1981; Lippitt, 1984) is found between
the mamillary and accessory process on the left and right
sides of each lumbar vertebra. Occasionally, one or more
of these ligaments may ossify in the lower lumbar levels
(L3 to L5). The incidence of ossification increases in fre-
quency from L3 to LS. Ossification of these ligaments at
LS occurs at a 10% (Bogduk, 1981) to 26% (Maigne,
Maigne, & Guervin-Surville, 1991) frequency. Maigne
and colleagues (1991) studied 203 lumbar spines and
found that ossification of this ligament at L5 occurred
twice as often on the left. They gave no reason why the
ligament ossified more frequently on this sicle. However,
they believed the ossification was the result of os-
teoarthritis, since they found no evidence of ossification
on the spines of children and young adults. These au-
thors also stated that an ossified mamillo-accessory liga-
ment could occasionally be seen on standard lumbar
x-ray films.

The mamillo-accessory ligament has been described as
a tough, fibrous band that may represent tendinous
fibers of origin of the lumbar multifidi muscles or fibers
of insertion of the longissimus thoracis pars lumborum
muscle (Bogduk, 1981). Regardless of its precise struc-
ture, the reported purpose of the mamillo-accessory “lig-
ament” is to hold the medial branch of the dorsal ramus
of the above spinal nerve (e.g., L2 medial branch is as-
sociated with L3 mamillo-accessory ligament) against (1)
the bone between the base of the superior articular
process and the base of the transverse process and (2)
the Z joint, which is slightly more medial (see Fig. 7-4).
As it passes deep to the mamillo-accessory ligament, the
medial branch of the dorsal ramus gives off articular
branches to the capsule of the Z joint. The medial
branch then continues medially across the vertebral lam-
ina to reach the multifidus muscle (Bogduk, 1981).
Therefore the medial branch of the dorsal ramus (poste-
rior primary division) is held within a small osteofibrous
canal along the posterior arch of a lumbar vertebra. The
medial branch could possibly become irritated or even
entrapped within this tunnel, which would result in low
back pain. However, more investigation is necessary to
determine if such irritation or entrapment occurs and, if
so, its frequency (Bogduk, 1981; Maigne et al., 1991).

The inferior articular
processes of lumbar vertebrae are convex anteriorly
and laterally. They possess inferior articular facets that
cover their anterolateral surface. As with the superior
articular facets, the inferior ones vary in shape. Even
though articular processes vary from one vertebral level

to another, and even from one side to another, superior
and inferior articulating processes of one Z joint con-
form to one another. This conformation is such that each
inferior articular facet usually fits remarkably well into
the posterior and medial concavity of the adjoining su-
perior articular facet.

Zygapophyseal Joints

The Z joints have been
identified as a source of back pain (Mooney &
Robertson, 1976). In addition, Rauschning (1987) states
that these joints “display typical degenerative and repar-
ative changes which are known to cause osteoarthritic
pain in peripheral synovial joints.” Therefore the lumbar
Z joints are highly significant clinically. Because these
joints are discussed in detail in Chapter 2, this section fo-
cuses on the unique and clinically significant aspects of
the lumbar Z joints.

The lumbar Z joints are considered to be complex
synovial joints oriented in the vertical plane (Williams et
al., 1989). They are fashioned according to the shape of
the superior and inferior articular facets (see previous
discussion). Therefore the lumbar Z joints are concave
posteriorly and even have been described as being bi-
planer in orientation (Taylor & Twomey, 1986). That is,
they have a coronally oriented, posterior-facing, antero-
medial component and a large, sagitally oriented, medial-
facing, posterolateral component. Taylor and Twomey
(1986) state that the lumbar Z joints are coronally ori-
ented in children and that the large sagittal component
develops as the individual matures. The sagittal compo-
nent limits rotation, whereas the coronal component
limits flexion. More specifically, the shape of the lumbar
Z joints allows for a large amount of flexion to occur in
the lumbar region, but the size of the lumbar Z joints is
what eventually limits flexion at the end of the normal
range of motion. Therefore the long contact surfaces be-
tween the coronal component of the superior articular
processes and the adjacent inferior articular processes fi-
nally limit flexion by “restraining the forward transla-
tional component of flexion” (Taylor & Twomey, 1980).

Even though the size of the Z joints eventually limits
flexion, approximately 60° of flexion is able to occur in
the entire lumbar region before the bony restraints of
the lumbar articular processes prevent further move-
ment. However, the size and shape of the Z joints greatly
limit rotation. During rotation of the lumbar region, dis-
traction (or gapping) occurs between adjacent lumbar
articular facets (superior facet of vertebra below and in-
ferior facet of vertebra above) on the side of rotation.
For example, right rotation results in gapping of the
facets on the right side. Also during rotation, the two op-
posing facets of the opposite side are pressed together.
This causes them to act as a fulcrum for the distracting
facets on the side of rotation (Paris, 1983).
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FIG. 7-3  Orientation of lumbar Z joints. Notice the changes
from L1-2 to L5-S1. (From Taylor, J.R. & Twomey, L. T. 1986.
Spine, 11, 739-745.)

Extension of the lumbar region is limited by the infe-
rior articular process on each side of a lumbar vertebra
contacting the junction between the lamina and the su-
perior articular process of the vertebra below. This junc-
tion between the lamina and the superior articular
process is known as the pars interarticularis.

Variation of Zygapophyseal Joint Size and
Shape. A considerable degree of variation exists be-
tween individual Z joints at different lumbar levels and
also between the left and right Z joints at the same ver-
tebral level. The shapes range from a slight and gentle
curve, concave posteriorly, to a pronounced, dramatic,
posteriorly concave curve, and in some cases to a joint
in which the posterior and medial components face one
another at an angle of nearly 90°. Generally the Z joints
of the upper lumbar levels are more sagittally oriented
than those of the lower lumbar levels (Fig. 7-3). This
makes the lower lumbar joints more susceptible to re-
current rotational strain (Kirkaldy-Willis et al., 1978).

Biomechanical Considerations. The articular fac-
ets do not absorb any of the compressive forces of the
spine when humans are sitting erect or standing in a
slightly flexed posture. The IVD absorbs almost all the
compressive loads under these conditions. However,
when standing erect (slight extension), the facets resist
approximately 16% of the compressive forces between
vertebrae (Dunlop, Adams, & Hurton, 1984). Disc de-
generation may lead to increased stress on the Z joints.
This results in pain, not from the articular cartilage, but
usually either from pressure on the subchondral bone of
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the articular processes or from soft tissue being caught
between the articular facets (Hutton, 1990).

ipsules. An articular capsule covers the
posterior aspect of each lumbar Z joint (Fig. 7-4). The lig-
amentum flavum covers the anteromedial aspect of the
Z joint. The articular capsule is tough, possesses a rich
sensory innervation, and is well vascularized (Giles &
Taylor, 1987). The outer fibers of the articular capsule
are horizontally directed, coursing from posterolateral to
anteromedial (Paris, 1983). These fibers extend a con-
siderable distance medially and become continuous with
the lateral fibers of the interspinous ligament. These
characteristics of the capsule help limit forward flexion
(Paris, 1983). Laterally, each articular capsule is fre-
quently continuous with the articular cartilage lining the
superior articular facet. A gradual transition occurs from
the fibrous tissue of the capsule to fibrocartilage and fi-
nally to the hyaline cartilage of the superior articular
facet (Taylor & Twomey, 1986).
Each capsule has a rather large superior and inferior
recess that extends away from the joint. The capsular
fibers (or fibers of the ligamentum flavum, anteriorly)

Superior articular
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Articular cartilage —

Medial branch
of posterior primary

division passing beneath

Synovial fold

Outer tough, |
fibrous portion—|
of capsule

surrounding these recesses are very thin and loose, and
there may be openings where neurovascular bundles en-
ter the recesses (Taylor & Twomey, 1986). Paris (1983)
states that effusion within the Z joint may enter the"su-
perior recess, and as little as 0.5 ml of effusion may cause
the superior recess to enter the anteriorly located IVF.
Once in the IVF, it may compress the exiting spinal
nerve. Such a protrusion of the Z joint is known as a syn-
ovial cyst (Xu et al., 1991).

Xu and colleagues (1991), in a study of50 pairs of lum-
bar Z joints from an elderly population, found that the
capsules varied greatly in thickness and regularity. They
found that they were “irregularly thickened, amorphous,
and calcified in 22 cases.” In addition, they found that in
most subjects the synovium of the joint space extendcd
1 to 2 mm outside the boundaries of the joint in one or
more locations. These synovial extensions, which could
be considered to be small synovial cysts, maintained
communication with the joint space. These Z joint ex-
tensions were found on both the anterior and posterior
aspects of the joint. Anteriorly the spaces most often ex-
tended along the posterior border of the ligamentum
flavum (64% of Z joints). Sometimes a synovial joint ex-
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‘ process
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FIG. 7-4

The lumbar Z joints. A, Joint capsule (7eft). Mamillo-accessory ligament and its re-

lationship to the medial branch of the dorsal ramus of the mixed spinal nerve (right). B, Cross
section through the left Z joint at the level of the dotted line shown in A. Notice the ligamen-
tum flavum anteriorly and the Z joint capsule posteriorly. The lateral aspect of the capsule
blends with the articular cartilage, and the medial aspect extends for a considerable distance
along the posterior aspect of the inferior articular process. Also notice that a synovial fold can

be seen extending into the joint space.
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tension would extend directly into the ligamentum
flavum (8% of cases). Posteriorly the synovial cysts usu-
ally extended either laterally along the superior articular
process (7% of cases) or medially along the inferior ar-
ticular process (29%). In 41% of the Z joints, extensions
were found on both the inferior and the superior articu-
lar processes, and in 23% of the Z joints, no synovial ex-
tensions were found (7% of cases). Xu and colleagues be-
lieved that the synovial joint extensions (synovial cysts)
were probably more common in their older population
than in younger age groups. They stated that their find-
ings may explain why Z joint arthrography (visualization
of the Z joint after injection with radiopaque dye) could
be successful even when the joint space was not entered
with the injecting needle.

In another study, Xu, Haughton, & Carrera (1990) vi-
sualized the synovial joint extensions (cysts) with mag-
netic resonance imaging (MRI). Their positive identifica-
tion of these synovial joint extensions was aided with
the injection of paramagnetic contrast medium (gadodi-
amide, Winthrop Pharmaceuticals). Their imaging was
performed on dissected spines using small surface coils,
long acquisition times, and thin slice thicknesses.
Therefore, clear delineation of these extensions is prob-
ably still beyond the resolving capabilities of MRI scans
obtained in a typical clinical setting. However, Xu and
colleagues thought their results helped to explain the
variable appearance of the facet joints on MRI scans.
They stated “the inhomogeneity detected at MR imaging
and computerized tomography in the ligamentum
flavum near the facet joint most likely represents exten-
sion of the joint capsule between the ligamentum flavum
and the articular processes. . .” (Xu et al., 1990). This is
certainly an area of important future investigation.

The superior and inferior recesses are filled with fi-
brofatty pads. These pads are well vascularized and are
lined with a synovial membrane. They also protrude a
significant distance into the superior and inferior aspect
of the Z joint. Engel and Bogduk (1982) state that adi-
pose tissue pads probably develop from undifferentiated
mesenchyme of the embryologic Z joint. Furthermore,
they note that in certain instances, mechanical stress
to the joint may cause an adipose tissue pad to undergo
fibrous metaplasia, which results in the formation of a
fibro-adipose meniscoid (an adipose tissue pad with a fi-
brous tip composed of dense connective tissue). The au-
thors believed that both the adipose tissue pads and the
meniscoids “play some fornt of normal functional role”
(Fig. 7-4).

In addition, “fringes” of synovium extend from the
capsule to the region between the articular facets. These
fringes fill the small region where the facets do not
completely approximate one another.

Sometimes a fatty synovial fold develops a rather long
fibrous tip that extends a considerable distance between

the joint surfaces, where it may become compressed
(Taylor & Twomey, 1986). Such protruding synovial
folds have been associated with the early stages of de-
generation (Rauschning, 1987). Rauschning (1987) typi-
cally found hemarthrosis and effusion into the Z joints
when the meniscal folds of this type were torn or
“nipped” between the joint surfaces.

Occasionally, as humans age, a piece of articular carti-
lage breaks from the superior or inferior articular facet.
The piece usually breaks along the posterior aspect of
the Z joint, parallel to the joint space. However, the at-
tachment to the articular capsule is usually maintained.
The result is the presence of a large, fibrocartilaginous
meniscoid inclusion within the joint. Taylor and
Twomey (19806) reported that the formation of this type
of meniscoid is partially caused by the regular pulling ac-
tion on the posterior articular capsule by the multifidi
muscles that originate from these capsules. The attach-
ment of the capsule to the periphery of the articular car-
tilage may then result in the cartilage tears found to run
parallel with the joint surface. The torn cartilage frag-
ment is capable of developing into a Z joint meniscoid,
which can become interposed between the two surfaces
of the joint. The authors also noted that the posterior as-
pect of the Z joint may open when the multifidi and
other deep back muscles relax, allowing the meniscoids
and other joint inclusions to become entrapped. The re-
sult of this type of entrapment could possibly be (1) loss
of motion (locked back), resulting from the cartilage be-
ing lodged between two opposing joint surfaces, and (2)
pain, because the meniscoids remain attached and there-
fore might put traction on the very pain-sensitive joint
capsule.

Certain Z joint folds possess nociceptive fibers (Giles,
1988; Giles & Taylor, 1987). Entrapment within a Z joint
of these innervated folds could be a primary source of
back pain and muscle tightness (spasm) even without
traction of the capsule. Chapter 2 describes Z joint syn-
ovial folds and other Z joint inclusions in further detail.

The pain-sensitive articular capsule and the synovial
lining of the ligamentum flavum of each lumbar Z joint
are normally held out of the joint by three structures.
First, the multifidus lumborum muscles take part of their
origin (several originate from each vertebra) from the
posterior aspect of each articular capsule (Taylor &
Twomey, 1986). These muscles pull the capsule out of
the joint’s posterior aspect. Second, the ligamentum
flavum pulls the synovium out of the joint’s anterior as-
pect. Third, when the joint surfaces are compressed, the
Z joint synovial folds push the capsule out of the joint
(Paris, 1983). If either of the two mechanisms associated
with the articular capsule fails to function properly, the
result could be painful pinching of the capsule, with sub-
sequent acute low back pain and muscle tightness
(spasm).
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Narrowing of the IVD space results in increased pres-
sure on the articulating surfaces of the Z joint. This pres-
sure is further increased with extension of the lumbar
region. Disc space narrowing also causes or increases
the severity of impingement of synovial folds. Therefore,
increased pressure on the subchondral bone of the ar-
ticular processes and increased impingement of articular
tissues (soft tissue “nipped” between the facets) may
be two causes of back pain in patients with decreased
height of one or more IVDs (Dunlop et al., 1984).

Aging is frequently accompanied by degenerative
changes of the Z joints. Kirkaldy-Willis and colleagues
(1978) stated that such changes include inflammatory re-
action of the synovial lining of the Z jeint, changes of the
articular cartilage, loose bodies in the Z joint, and laxity
of the joint capsule. All these result in joint instability.
Changes of the Z joints (left and right) of any given ver-
tebral level are frequently accompanied by degenerative
changes in the 1VD of the same level. Disc degeneration
leads to increased rotational instability of the Z joints, re-
sulting in further degeneration of these structures. Such
degenerative changes in the Z joints usually take the
form of increased bone formation (arthrosis, spur forma-
tion), which can compress the exiting spinal nerve
(Rauschning, 1987). Much less frequently, degenerative
change takes the form of erosion of the superior articu-
lar process (Kirkaldy-Willis et al., 1978). This can lead to
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degenerative spondylolisthesis. Fig. 75 shows the
process of Z joint and disc degeneration and the interre-
lation between the two.

The articular cartilage lining and the lumbar Z joints
usually become irregular with age (Taylor & Twomey,
1986). The cartilage of the posterior aspect of the joint
is frequently worn thin or may be completely absent.
The articular cartilage of the anterior aspect of the joint
usually remains thick but may show many fissures
(known as cartilaginous fibrillation) that extend from the
articular surface of the cartilage deep to the attachment
of the cartilage to the subchondral bone. These types of
changes of the articular cartilage are often more pro-
nounced at the most superior and inferior aspects of the
joint (Taylor & Twomey, 1980).

As mentioned, osteophytes (or bony spurs) often de-
velop with age on the superior and inferior articular
processes. Frequently this occurs along the periphery of
the Z joint along the attachment sites of the ligamentum
flavum or the articular capsule. The osteopliytes most of-
ten develop at the attachment site of the ligamentum
flavum on the anteromedial aspect of the superior artic-
ular process and extend into the posterior aspect of the
vertebral canal. Taylor & Twomey (1986) found that fat-
filled synovial pads developed in the region of osteo-
phytes associated with the Z joints. These pads formed a
cushion between the osteophytes and the inferior artic-
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ular process. The authors also occasionally found that a
prominent pad had developed within the inferior recess
of the Z joint. This pad was found to lie between the tip
of the inferior articular process and the lamina at the
base of the subjacent vertebra’s superior articular
process. This is where the inferior articular process con-
tacts the lamina during extension of the lumbar spine.
This fat pad was often found to become thickened and
sclerotic with age, probably in response to the mechan-
ical stimulation of the inferior articular process.

Laminae

The laminae in the lumbar region are broad and thick
but do not completely overlap one another. Therefore,
in contrast to the thoracic region, a distinct space exists
between the laminae of adjacent lumbar vertebrae in a
dried preparation. This space allows for relatively easy
access to the spinal subarachnoid space and is used in
many diagnostic and therapeutic procedures.

Each lumbar lamina can be divided into superior and
inferior portions. The superior part is curved and
smooth on its inner surface, whereas the inferior part
has a rough inner surface for attachment of the ligamen-
tum flavum. Also, the inferior part of the lamina forms a
buttress for the inferior articular process (Van Schaik et
al., 1985).

The region of the lumbar lamina located between the
superior and inferior articular processes is known as the
pars interarticularis. This region can be fractured quite
easily, a condition known as spondylolysis. As previously
mentioned, at the levels of L4 and L5 loads are probably
transferred from the vertebral bodies to the pars interar-
ticularis by means of the pedicles. As the trabeculae in
the L4 and LS pedicles pass posteriorly, they are most
highly concentrated where they extend into the pars in-
terarticularis. Since trabeculae develop along the great-
est lines of stress, the trabecular arrangement leading to
the pars interarticularis of the L4 and LS5 pedicles has
been used to explain the frequency of spondylolysis at
these levels.

As a result of spondylolysis, the vertebral body, pedi-
cles, transverse processes, and superior articular pro-
cesses can displace anteriorly. This anterior displace-
ment is known as spondylolisthesis. Spondylolysis and
spondylolisthesis are most common at LS. However,
they may occur at any lumbar level. Standard x-ray films
and CT remain the imaging modalities of choice for vi-
sualizing spondylolysis. However, parasagittal MRI does
help to reveal a defect of the pars, which appears as a de-
crease in signal intensity perpendicular to the plane of
the articular facets on these images (Grenier et al.,
1989a).

Degenerative spondylolisthesis is a condition in which
the superior articular processes undergo erosion with
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age rather than the usual increase in bone formation that
frequently occurs in these processes with age. This ero-
sion results in the vertebrae above (usually L4) moving
anteriorly, bringing its posterior arch with it. The conse-
quence is spinal canal stenosis with possible compro-
mise of the cauda equina (Kirkaldy-Willis et al., 1978).
Most frequently, L4 moves anteriorly on L5, and the in-
ferior articular processes of L4 entrap the L5 and Sl
nerve roots against the posterior aspect of the vertebral
body of L5 (Dommisse & Louw, 1990).

Lumbar Vertebral Foramen and Vertebral
Canal

The vertebral foramina in
the lumbar region are generally triangular in shape, al-
though they are somewhat more rounded in the upper
lumbar vertebrae and more triangular, or trefeil, in the
lower lumbar vertebrae. The triangular shape of the ver-
tebral foramina of the middle and lower lumbar verte-
brae is reminiscent of the shape of these openings in the
cervical region; however, the lumbar foramina are
smaller than those of the cervical region. On the other
hand, the lumbar vertebral foramina are larger and more
triangular than the rounded foramina of the thoracic re-
gion.

The size of the lumbar vertebral canal ranges from 12
to 20 mm in its anteroposterior dimension at the mid-
sagittal plane and 18 to 27 mm in its transverse diameter.
Stenosis has been defined as a narrowing below the
lowest value of the range of normal (Dommisse & Louw,
1990). Because of the clinical significance of the verte-
bral canal, Table 7-3 has been included as a ready source
of the dimensions of this region.

The vertebral foramen of L1 contains the conus
medullaris, which ends at the level of the L1 IVD. The re-
mainder of the lumbar portion of the vertebral canal
(Figs. 7-6 and 7-7) contains the cauda equina. The cauda
equina is bathed in the cerebrospinal fluid of the sub-
arachnoid space. The subarachnoid space in the lumbar

Table 7-3 Dimensions of the Lumbar Vertebral
Foramina (Vertebral Canal)®

Dimension Size (range)t

12-20 mm
18-27 mm

Anteroposterior (in midsagittal plane)
Transverse (interpedicular distance)

‘Dimensions below the lowest value indicate spinal (vertebral) canal
stenosis (Dommisse & Louw, 1990). A typical vertebral foramen is
rather triangular (trefoil) in shape. However, the upper lumbar verte-
bral foramina are more rounded than the lower lumbar foramina. L1 is
the most rounded, and each succeeding lumbar vertebra becomes in-
creasingly triangular, with LS the most dramatically trefoil of all.
tDimensions of lumbar vertebral foramina are usually smaller than
those of the cervical region but larger than those of the thoracic re-
gion.
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FI1G. 7-7  Horizontal CT images digitally reformatted by computer to obtain this “curved
coronal plane” image of the lumbar vertebral canal.

vertebral canal is quite large compared with that in the
cervical and thoracic regions. Because of its size, the
subarachnoid space below the level of the L1 vertebral
foramen is known as the lumbar cistern. Also within the
lumbar vertebral canal are the meninges: pia mater, at-
tached to rootlets; arachnoid; and dura mater, which
surrounds the arachnoid and to which the arachnoid
is closcly applied. In addition, adipose tissue, vessels,

and nerves are located within the epidural space ot
the vertebral canal. Clinicians who specialize in diag-
nostic imaging frequently use the term thecal sac when
collectively referring to the dura mater, arachnoid, and
subarachnoid space within the vertebral canal. This term
is not restricted to the lumbar region of the spine and is
used when referring to these structures in the cervical
and thoracic regions as well.



The dura mater of the lumbar spine has a series of
attachments to neighboring vertebrae and ligaments.
These attachments are found at each segmental level and
are usually found in the region of the IVD (Rauschning,
1987). They have been referred to as the dural attach-
meat complex (Dupuis, 1988), or Hoffman ligaments
(Dupuis, 1988; Rauschning, 1987). A centrally placed set
of connective tissuie bands attaches the anterior aspect
of the dura mater to the posterior aspect of the lumbar
vertebral bodies and the posterior longitudinal ligament.
This set of bands has been referred to as midline
Hoffman ligaments (Dupuis, 1988). A second set at-
taches the anterior and lateral aspects of the dura to the
lateral, flared extension of the posterior longitudinal lig-
ament, which is attached to the IVD (Fig. 7-8). These
bands have been called the lateral Hoffmann ligaments
(Dupuis, 1988). A third set of connective tissue bands at-
taches the exiting dural root sleeves with the inferior
pedicles of the IVFs. These are known as the lateral root
ligaments (see Lumbar Intervertebral Foramina and the
Nerve Roor Canals).

Stimulation of the anterior aspect of the lumbar spinal
dura mater has been found to result in pain felt in the
midline, radiating into the low back and superior aspect
of the buttock (Edgar & Ghadially, 1976). This pattern of
referral is also seen in irritation of the posterior longitu-
dinal ligament (see Ligaments of the Lumbar Region).

Posterior
loml;ifudinol
igament
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Spinal Narrowing of the vertebral
canal (spinal canal) is most often known as spinal canal
stenosis. Many variations of this condition exist in the
lumbar region, several of which are discussed next. The
possible pathologic condition that can result from spinal
canal stenosis and that is common to all the variations is
compression of one or more of the nerves that run
through the vertebral canal. Such compression can lead
to pain and dysfunction, probably caused by ischemia of
the entrapped nerves (Lancourt et al., 1979). Lumbar
spinal canal stenosis affects the nerves of the cauda
equina or the dorsal and ventral roots as they leave the
vertebral canal and enter TVFEs.

Subdivisions of spinal stenosis include lateral recess
stenosis and foraminal (intervertebral foraminal) steno-
sis. The exiting nerve roots travel through the more nar-
row, lateral aspect of the vertebral canal, known as the
lateral recess, before entering the IVF. As the roots pass
through this region of the vertebral canal, pressure may
be placed on them. This is known as lateral recess steno-
sis. Another type of stenosis includes narrowing of the
[VF. This condition is known as foraminal stenosis.

Causes. Spinal canal stenosis may be congenital in
nature (Arnoldi et al.,, 1976). That is, some people are
born with a “tight tube,” and their vertebral canal re-
mains narrow throughout their lives. Spinal canal steno-
sis can also be the result of degenerative changes.

Lateral dural
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Dural root
) sleeve
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|on<ﬁ|fud|no| _=i———longitudinal
igament Lateral root h ligament
ligament
Cut lateral dural ; Midline dural
(qufmonn) (Hoffmann)
ligament ligament
A4 Levrm v 77

Posterior view

Lateral view

FIG. 7-8  Attachments of the dura mater to surrounding structures. (Modified from Dupuis,
PR. The anatomy of the lumbosacral spine. In W. Kirkadly-Willis (Ed.), Managing low back

pain (2nd ed.). New York: Churchill Livingstone, 1988.)
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Common causes of degenerative spinal canal stenosis in-
clude arthrosis (increased bone formation) of the medial
aspect of the Z joint, especially of the superior articular
process. Also, thickening (hypertrophy) of the ligamen-
tum flavum can be a degenerative cause of spinal canal
stenosis (Arnoldi et al., 1976; Liyang et al., 1989).

Other causes of spinal canal stenosis include spondy-
lolisthesis, Paget’s disease, fluorosis, degenerative
changes following trauma (Kirkaldy-Willis et al., 1978),
and iatrogenic (physician-induced) causes. The latter cat-
egory includes complication after laminectomy, spinal
fusion, and chemonucleolysis (Arnoldi et al., 1976). The
box below lists possible causes of spinal stenosis.

POSSIBLE CAUSES OF SPINAL

(VERTEBRAL) CANAL STENOSIS

Congenital

Degenerative
Facet arthrosis
Ligamentum flavum thickening (hypertrophy)
Following trauma

Spondylolisthesis

Paget's disease

Fluorosis

larrogenic
After laminectomy, spinal fusion, or chemonucle-

olysis

Any of above causes in conjunction with intervertebral

disc protrusion

Any combination of congenital and degenerative
causes of spinal canal stenosis may be present at one
time. In addition, a herniated or bulging IVD can in-
crease the severity of signs and symptoms in a patient
who has this condition. Arnoldi and colleagues (1976),
who developed a classification system for this condition,
have included IVD protrusion in their system of nomen-
clature for spinal canal stenosis (e.g., congenital stenosis
with IVD herniation, degenerative stenosis with IVD her-
niation). The contents of the lumbar vertebral canal are
more frequently affected by disc protrusions than the
contents of the cervical and thoracic regions of the ver-
tebral canal (Clarke et al., 1985).

Also important in the development of signs and symp-
toms of spinal canal stenosis is the ratio between the size
of the neural elements within the lumbar vertebral canal
(the cauda equina) and the dimensions of the vertebral
canal (Liyang et al., 1989). A person with relatively nar-
row vertebral foramina may be free of symptoms if
the size of the roots making up the cauda equina and
the surrounding meninges are proportionately small.
However, if the vertebral canal is narrow (either con-
genitally or secondary to pathologic conditions or de-

generation) and the roots making up the cauda equina
are of normal size, signs and symptoms of spinal stenosis
can result. One result of a normal-sized cauca equina
within a narrow vertebral canal is a condition known as
redundant nerve roots.

Redundant nerve roots. Redundant nerve roots
refers to roots of the cauda equina that bend, curve fre-
quently (undulate within the vertebral canal), or buckle
during their course through the cauda equina. The buck-
ling can be quite severe, blocking the tlow of radiopaque
dye on myelography. The roots in some cases appear to
form dramatic loops (redundancies) when viewed dur-
ing spinal surgery (Tsuji et al., 1985). The redundancies
usually occur rather high in the lumbar vertebral canal.
Degenerative spinal stenosis is thought to be the usual
cause of this condition.

Redundant nerve roots once were considered a rare
occurrence, but they may occur more frequently than
previously expected. Tsuji and colleagues (1985) found
this condition in 45% of a series of 117 consecutive ca-
davers without a recorded history of low back or leg
pain. They also found that “22 of 56 patients (39%) had
obvious redundant nerve roots, which indicates that this
condition is a rather common abnormality in degenera-
tive spinal stenosis.”

Tsuji and colleagues (1985) presented a hypothesis
of the progression of redundant nerve roots, which is
summarized in the box below. Their hypothesis began
with the finding that the vertebral column decreases in
superior-to-inferior length with age (an average of 14
mm). Shortening of the vertebral canal would force the
roots of the cauda equina to become somewhat redun-
dant, causing them to fill the subarachnoid space (thecal
space) more completely. Posterior spondylosis (osteo-
phytes) from the vertebral bodies or other constrictions
within the vertebral canal, could then more easily rub
against the roots during movement. (Their study showed

DEVELOPMENT OF REDUNDANT NERVE

AND THE CONSEQUENCES

Vertebral column decreased in tength with age
Redundant nerve roots

&

Spondylosis results in friction neuritis

Increased root size
Nerve root ischemii

l

Cauda equina claudication



that considerable movement of the roots probably oc-
curs during flexion-extension excursions of the spine.)
The pressure from spondylosis (or other compressive el-
ements) over many years could result in a friction neuri-

tis. The friction neuritis was thought to result in the large
' redundant roots seet in several specimens. During walk-
ing and standing (extension), increased pressure is
placed on the nerve roots (Fig. 7-9), which would cause
ischemia of the neural elements. Nerve root ischemia
would result in the signs and symptoms of intermittent
claudication (pain and weakness in the lower extremi-
ties during standing and walking), which are frequently
associated with spinal stenosis and redundant nerve
roots. An average conduction velocity of 50% below nor-
mal values was found in cauda equina roots of individu-
i als with redundant nerve roots. Tsuji and colleagues
| believed such neurologic changes were probably per-
| manent.

Ischemia during stenosis. As mentioned previ-
ously, stenosis of the vertebral canal has been implicated
as a possible cause of ischemia to the roots of the cauda
cquina (Dommisse & Louw, 1990; Lancourt, Glenn, &
Wiltse, 1979; Tsuji et al., 1985). This ischemia probably
occurs in the roots' “vulnerable region” of vascularity.
‘The roots that form the cauda equina receive their blood
supply (vasa nervorum) distally from radicular arteries
and also proximally from the cruciate anastomosis sur-
rounding the conus medullaris (see Chapter 3). The
proximal and distal vessels form an anastomosis at ap-
proximately the junction of the proximal and middle
thirds of the cauda equina roots. This has been called the
“critical zone” of vascularity and represents a region
where the roots are vulnerable to compression
(Dommisse & Louw, 1990). Compression in this region
would result in neural ischemia causing the symptoms
and signs nsually associated with spinal stenosis (see the
following discussion).

Symptoms. The symptoms of spinal canal stenosis
usually include pain radiating from the lumbar region
into the lower extremities, occasionally inferior to the
knee. The symptoms are usually posture dependent and
are made worse by standing or walking for variable peri-
ods of time. Flexion of the lumbar region usually relieves
the pain.

Liyang and colleagues (1989) found that the volume of
the dural sac (subarachnoid space), as studied in 10 ca-
davers, increased by 3.5 to 6.0 ml during excursion from
full extension to full flexion. These changes were found
to be highly significant (p < 0.001). The sagittal diame-
ter of the dural sac (subarachnoid space), as measured
from myelograms of the cadaveric spines, was also found
to increase signiticantly during flexion; the greatest in-
crease occurred at the level of LS. Also, the length of the

THE LUMBAR REGION 191

lumbar vertebral (spinal) canal was found to increase by
an average of 19.4 mm during flexion. This helps to ex-
plain clinical findings that flexion generally relieves the
symptoms of spinal canal stenosis (Fig. 7-9).

Since extension of the tumbar region is accompanied
by broadening of the cauda equina, slackening of the lig-
amenta flava, bulging of the IVDs into the vertebral
(spinal) canal, and narrowing of the IVF, one can un-
derstand how extension of the lumbar region can in-
crease the symptoms of spinal canal stenosis (Fig. 7-9).
Therefore, therapeutic interventions that increase flex-
ion and reduce extension are indicated in patients with
this condition (Liyang et al., 1989). Such interventions
include exercises that increase tone of abdominal mus-
cles, weight reduction if indicated, and adjustive (ma-
nipulative) procedures that promote flexion (Bergmann,
Peterson, & Lawrence, 1993; Cassidy & Kirkaldy-Willis,
1988; Cox, 1990; Kirk & Lawrence, 1985). If stenosis
is severe, positive effects from manipulation may be
more difficult to achieve. “Nevertheless, it can be help-
ful in some patients and is worth a try in the early
management of this syndrome” (Cassidy & Kirkaldy-
Willis, 1988). Several authors have reported positive re-
sults from wearing a brace to keep the lumbar spine in
flexion. Liyang and colleagues (1989) suggested that
spinal stenosis be treated by surgical decompression

Extension Flexion

Dura mater surrounding
lumbar arachnoid mater and
lumbar subarachnoid cistern

FiG. 7-9  Changes that occur within the lumbar vertebral
canal during tlexion and extension. Notice that the lumbar cis-
tern enlarges during flexion and decreases in volume during
extension. The lumbar vertebral canal has also been found to
increase in length by almost 2 cm during tlexion
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(laminectomy) of the spinal (vertebral) canal, followed
by fixation of the spine in flexion. Interestingly, Kikuchi
and colleagues (1984) found that infiltration of a single
nerve root with local anesthetic usually extinguished the
symptoms of cauda equina claudication secondary to
spinal stenosis. This would seem to be contrary to the
widely held belief that neurogenic claudication is the re-
sult of compression of the entire cauda equina.

Spinous Process

The spinous processes of lumbar vertebrae are broad
from superior to inferior, narrow from side to side, and
project directly posteriorly. They are, more or less, flat
and rectangular in shape. Their posteroinferior ridge is
thickened for the attachment of ligaments and muscles.

The lumbar spinous processes have been found to un-
dergo morphologic changes after age 40, reaching the
highest incidence of change in persons over 60
(Scapinelli, 1989). The most common change is the ad-
dition of bone along the posterior aspect of the spinous
processes, which may increase their anteroposterior
length by as much as 1 cm or more. The greatest in-
crease in length is usually at L3. Frequently the added
bone presents a sharp, spurlike margin, usually on the
posterosuperior aspect of the spinous process. A smaller
increase in the superior-to-inferior dimension usually oc-
curs simultaneously with the anteroposterior change.
Occasionally the spinous processes touch one another in
the neutral position. This is known as “kissing spines,”
or Bastrup’s syndrome.

These changes are created by replacement of liga-
mentous tissue of the supraspinous and interspinous lig-
aments and the related fibrous tissue below L3 with fi-
brocartilage and eventually bone. Scapinelli (1989) be-
lieves these changes are associated with decreased
movement as one ages, an increased lumbar lordosis,
and traction from ligaments and tenclons of muscles. The
greatest increase in bone is in individuals with degen-
erative changes of the vertebral bodies and Z joints
(degenerative spondyloarthrosis), especially those with
diffuse idiopathic skeletal hyperostosis (DISH, or
Forestier’s disease). With the exception of DISH, the
changes are believed to increase the lever arm of the
erector spinae muscles, helping with the maintenance
of an erect posture (Scapinelli, 1989).

Table 7-4 lists those structures that normally attach to
the lumbar spinous processes.

Lumbar Intervertebral Foramina and Nerve
Root Canals

i t The bony and ligamentous
canals referred to as the intervertebral foramina (sing.,
foramen) have been described in Chapter 2. However,

several features of the lumbar IVFs are unique. In addi-
tion, these regions have been the subject of extensive
descriptive and clinical investigation. The relationship
between the lumbosacral nerve roots and their sur-
rounding tissues is important in the proper diagnosis of
low back pain and pain radiating into the lower extrem-
ity (Hasue et al., 1983). This section therefore focuses on
the unique aspects of the anatomy of the lumbar IVFs,
the pertinent conclusions of previous and current stud-
ies of the IVF, and the clinical relevance of this fascinat-
ing area.

Many features of the region of the lumbar IVFs are dif-
ferent from those of the rest of the spine because of the
unique characteristics of the lumbar and sacral spinal
nerves (Fig. 7-10). Because the spinal cord ends at ap-
proximately the IVD of L1, the lumbar and sacral dorsal
and ventral roots must descend, sometimes for a consid-
erable distance, within the subarachnoid space of the
lumbar vertebral canal. This region of subarachnoid
space is known as the lumbar cistern. The exiting nerves
(dorsal and ventral rootlets or roots) leave the lumbar
cistern by entering a sleeve of dura mater. This usually
occurs slightly inferior to the level of the IVD at the level
above the IVF that the roots will eventually occupy. For
example, the L4 roots enter their dural sleeve just be-
neath the L3-4 disc and then course inferiorly and later-
ally to exit the L4-5 IVF. More specifically, on leaving the
subarachnoid space of the lumbar cistern, the exiting
dorsal and ventral roots pass at an oblique inferior and
lateral angle while retaining a rather substantial and very
distinct covering of dura mater. This covering, known as
the dural root sleeve, surrounds the neural elements and
their accompanying radicular arteries and veins until
they leave the confines of the IVF (see Fig. 2-13).
Frequently the dorsal and ventral rootlets that arise from
the spinal cord do not all unite to form dorsal and
ventral roots until they are well within the dural root
sleeve (Dupuis, 1988; Rauschning, 1987). In addition,
the dorsal and ventral roots combine to form the mixed
spinal nerve while within the distal aspect of the funnel-
shaped dural root sleeve. This latter union occurs at
the level of the IVF. The exiting mixed spinal nerve has
been found to be larger than the combined size of the

Table 7-4 Attachments to Lumbar Spinous

Processes
Type Structures attached
Ligaments  Thoracolumbar fascia (posterior lamella)
Supraspinous and interspinous
Muscles Deep back muscles (spinalis thoracis, multifidus,
interspinalis)
Data from Williams et al. (1989). Grav's anatonty (37th ed.).

Edinburgh: Churchill Livingstone.
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Conus medullaris

Filum terminale
internum

Dura mater and
arachnoid mater

Epidural adipose
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Exiting nerve roots

Genitofemoral n.

Femoral n.

Lateral femoral
cutaneous n.
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Sacrospinous
ligament

Sacrotuberous
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FIG. 7-10 Midsagittal view of the spine showing nerve reots traversing the lumbar vertebral
canal, exiting the intervertebral foramina, and forming the lumbar sacral plexuses.
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individual dorsal and ventral roots (dePeretti et al,
1989). On reaching the lateral edge of the IVF, the dural
root sleeve becomes continuous with the epineurium of
the mixed spinal nerve.

Many authors (Bose & Balasubramaniam, 1984; Lee,
Rauschning, & Glenn, 1988; Rauschning, 1987, Vital et
al,, 1983) have described the region beginning at the
exit of the neural elements from the lumbar subarach-
noid cistern and continuing to the lateral edge of the IVF
as having significant clinical importance. Perhaps be-
cause of the clinical significance of this region, several
terms have been used to describe it, including lumbar
radicular canal (Vital et al., 1983), nerve root canal, or
simply root canal (Rauschning, 1987) (Fig. 7-11). The
term nerve root canal (NRC) is used in the following
paragraphs when discussing the course of the dural root
sleeve and its contents, and the term ZVF is used to de-

scribe the terminal part of the NRC that lies between
the pedicles of two adjacent vertebrae.

Within the dural root sleeve an interneural complex of
fibrous connections (Dupuis, 1988) anchors the neural
elements (rootlets and roots) to the surrounding dura
mater of the NRC. More specifically, these connections
course from the dura and inner arachnoid of the sleeve
to the pia surrounding the rootlets and roots. Recall that
farther laterally the root sleeve unites with the mixed
spinal nerve to form its epineurium.

Connective Tissue Attachments of the Dura to
the Borders of the Intervertebral Foramina. The
external surface of the dural root sleeve is usually at-
tached by one or more connective tissue bands to the in-
ferior pedicle of the IVF (see Fig. 7-8). This connective
tissue attachment is called the lateral root ligament

FIG. 7-11 A through C, Regions of the intervertebral fora-
men (IVF) as described by various authors. A, The nerve root
canal (NRC) as the course of the dural root sleeve and its con-
tents (pellow and red regions combined). Other terms used
when referring to this general region are lumbar radicular
canal (Vital et al,, 1983) and root canal (Rauschning, 1987).
The IVF is shown in red as the terminal part of the NRC, lo-
cated between the pedicles of two adjucent vertebrae. This
also represents the classic anatomic descriprion of the IVE.
B, Regions of the NRC (Jumbar radicular canal) as described by
Vital and colleagues (1983). Notice the retrodiscal portion in
blue. Thisis the portion of the NRC thatlies posterior to the in-
tervertebral disc (1VD) superior to the level that the spinal
nerve eventually exits. The parapedicular poction of the NRC
(green) is the region medial to the pedicle. Vital and colleagues
(1983) refer to the region occupied by the uniting dorsal and
ventral roots and the exiting mixed spinal nerve as the IVF
proper (red). Table 7-8 describes the borders of the retrodis-
cal, parapedicular, and IVF proper subdivisions of the NRC.
C, Divisions of the NRC (root canal) as described by
Rauschning (1987) and by Lee and colleagues (1988). The ¢n-
trance zone (pink) is the region that begins as the dorsal and
ventral roots enter the dural root sleeve and extends through
the lateral recess. Other authors use lateral recess, lateral canal,
subarticulay gutter, or lateral nerve canal when referring to the
entrance zone. The middle zone, or pedicle zone, (blue) is the
region of the NRC located between the two adjacent pedicles
which make up an IVF. This area was described above (A and
B) as the IVF proper (Vital et al., 1983). The term exit zone, or
foramen proper, is used by Rauschning (1987), and Lee and
colleagues (1988) to refer to the almost two-dimensional open-
ing (“doorway”) formed by a parasagittal plane passed along
the lateral edge of the two pedicles that help to form an IVF.
The exit zone is shown in red in C.



(Dupuis, 1988). It limits the medial and upward mobility
of the root sleeve and its contents (Rauschning, 1987).
Fibrous connections from the lateral aspect of the IVF to
the exiting spinal nerve have also been identified
(dePeretti et al., 1989; Hasue et al., 1983). These fibrous
attachments have been found to give considerable resis-
tance to traction of the anterior primary divisions.
Therefore, they serve to spare the lumbar roots from
traction injuries. The dural root sleeve also provides re-
sistance to traction. In fact, the dural root sleeve 1up-
tures before avulsion of the rootlets from the conus
medullaris occurs. These resistive forces, when com-
bined with the fact that the rootlets and roots forming
the spinal nerves are of excess length within the dura
mater, indicates that the IVF seems to provide an almost
insurmountable protective barrier to traction forces
placed on the exiting spinal nerves (dePeretti et al.,
1989).

Unfortu-
nately, the exiting neural elements are not as well pro-
tected from pressure injuries as they are from traction in-
juries. Compression, or entrapment, of neural elements
as they pass through the NRC or the IVF is of extreme
clinical importance (Lancourt et al., 1979). Also, because
treatment may differ depending on the cause of entrap-
ment, a detailed understanding of this region is essential.
The clinician should attempt to localize a lesion as pre-
cisely as possible to determine the structure causing the
problem and also to identify the specific neural elements
being affected (Rauschning, 1987). These neural ele-
ments include the dorsal and ventral roots and their
union as the mixed spinal nerve. Causes of such com-
pression include degenerative changes of the superior
articular facets and posterior vertebral bodies, IVD pro-
trusion, and pressure from the superior pedicle of the
IVF (Hasue et al., 1983; McNab, 1971; Vital et al., 1983)
(see Chapter 11).

Occasionally, osteophytes from the Z joints and verte-
bral bodies can become so large that they can almost
completely divide the IVF into two smaller foramina,
one on top of the other (Kirkaldy-Willis et al., 1978).
Such changes may result in entrapment of the exiting
spinal nerve. Because of the clinical importance of the
NRCs and the IVFs, a more accurate anatomic descrip-
tion is necessary.

The sizes of
the NRCs vary considerably from the upper to lower
lumbar segments. They are smaller in length at the level
of L1 and L2 because, after exiting the lumbar cistern,
the L1 and L2 nerves course almost directly laterally to
reach the IVF. This led Crock (1981) to state that the
concept of a nerve root canal at L1 and L2 is useless,
since the beginning of the dural root sleeve lies against
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the inferior and medial aspect of the IVF’s upper pedicle.
Therefore, no true dural “canal” exists for these nerve
roots.

Table 7-5 gives the obliquities and lengths of the lum-
bar NRCs. The NRCs become progressively longer from
L1 to S1 as the dural root sleeves exit at a more oblique
inferior angle. Therefore the NRCs of LS and S1 are the
longest in the lumbar region and the most susceptible
to damage from pathologic conditions of surrounding

Table 7-5 Obliquity and Length of the Lumbar
Nerve Root Canals

Level Obliquity* Lengtht Length”
L1 70° NVG AN
L2 80° NVG AN
L3 60° NVG NVG
L4 60° 6.7 mm 25 mm
LS 45° 7.8 mm 30 mm
S1 30° 8.0 mm 35 mm

NVG, No value given; AN, almost nonexistent.

*According to Bose and Balasubramaniam (1984), obliquity given in de-
grees from a sagittal plane (low values, much inferior obliquity).
tAccording to Vital et al. (1983).

Cauda equina
within lumbar
subarachnoid
cistern

Dura mater

Posterior primary
division
(dorsal ramus)

Anterior primary
division
(ventral ramus)

FIG. 7-11, cont'd D, Lateral view of the lumbar [VFs. The
specific dimensions of the lumbar IVFs are given in Chaprer 2

(see Tables 2-3 and 2-4). Continued.
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FiG. 7-11, cont’d.  E, Lateral view of two IVFs. The stuctures that normally traverse this re-
gion have been drawn in the more superior IVE. The most common locations of the trans-
foraminal ligaments are also shown traversing this IVF. F, Parasagittal section through the
fourth lumbar IVF. A typical lumbar IVF is sometimes described as being shaped like an “in-
verted teardrop”™ or an “inverted pear” when viewed from the side. (E and F courtesy The
National College of Chiropractic.)
| structures (Crock, 1981). Tables 7-6 and 7-7 describe the able, narrow opening between the LS disc anteriorty and
relationships of the L5 and S1 NRCs, respectively. Many, the L5-S1 ligamentum flavum posteriorly. Therefore the
it not most, of the types of borders described in Table S1 nerve is exposed to possible compression both ante-
7-6 for the L5 NRC also apply to the L3 and L4 NRCs riorly (disc protrusion) and posteriorly (ligamentum
as well. flavum bulging or buckling, hypertrophy of superior ar-
All the exiting rootlets or roots course over an IVD ei- ticular process of sacrum) in this region (Rauschning,
ther just before entering their dural root sleeve (LI and 1987).
L2) or, in the case of L3-S 1, directly in the region where
they enter the dural root sleeve. However, only the S1 Anomalies of the Ncural Elements and the Dural
dural root sleeve (and contents) passes completely over Root Sleeves. Anomalies of the rootlets as they come

| an IVD (the L5 disc). The S1 NRC passes through a mov- off of the spinal cord are common. Such anomalies oc-



Table 7-6 Rclationships of the L5 Nerve Root
Canal

Surface Relationship

Origin L4-5 IVD (sometimes does not begin
this far superiorly, in which case be-
gins at LS vertebral body)

Lateral aspect of S1 NRC

Medial aspect of pedicle of LS, then en-
ters LS IVF

Posterior aspect of LS vertebral body

L5-S1 Z joint and overlying ligamentum
flavum

Surrounded by epidural adipose tissue,
and small arteries, veins, and lym-
phatics (very small)

Medial surface
Lateral surface

Anterior surface”
Posterior surfacet

Other relationships

Data partly from Bose, K. & Balasubramaniam, P (1984). Spine, 9,
16-18

*Just distal to origin.

tPosterior refationships vary considerably depending en length of the
nerve coots and orientation of the LS lamina, which changes with a
change in the angle between LS and the sacrum (Crock, 1981).

Table 7-7 Relationships of the S1 Nerve Root
Canal

Surface

Relationship

Origin Medial aspect of LS pedicle

Medial surface Lateral aspect of dural sac

Lateral sucface LS nerve root, then L5-S1 TVF, then S1
pedicle, then enters S1 [VF

Posterior aspect of LS vertebral body,
then L5 IVD, then posterior aspect
of the S1 vertebral body

Bony ridge of anterior aspect of LS
lamina (formed by the attachment of
ligamentum flavum), then ligamen-
tum flavum, then anteromedial as-
pect of Sl supervior articular process

Surrounded by epidural adipose tissue,
and small arteries, veins, and lym-
phatics (very small)

Anterior surface

Posterior surface”

Other relationships

Data from Crock. HV. (1981). J Bone Joint Surg. 63, 487-490, and
Vical, J.VL et al. (1983) Anat Clin, 5, 141-151,

*Posterior relationships vary considerably depending on length of the
nerve roots and orientation of the LS lamina, which changes with a
change in the angle between LS and the sactum (Crock, 1981).

cur much more often with the dorsal rootlets than the
ventral rootlets (Kikuchi et al., 1984). The anomalies
take the form of rootlets of one spinal cord segment
passing to the root of the nerve below or above. Such
anomalies could conceivably result in the perception of
radicular symptoms different from the normal der-
matomal pattern.

Anomalies of the roots making up the cauda equina
while within the lumbar cistern are also quite common.
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These usually consist of nerve bundles from one root
passing to a neighboring root. The clinical implications
of this type of anomaly are the same as those just dis-
cussed for anomalous rootlets.

Congenital anomalies associated with the dural root
sleeves also occur with some frequency. Hasue and col-
leagues (1983) found anomalies in 5 of the 59 cadavers
(8.5%) in their study. Several types of anomalies have
been identified (Bogduk & Twomey, 1991; Hasue et al.,
1983; Kikuchi et al., 1984; Neidre & MacNab, 1983) (Fig.
7-12). The first type is known as conjoined nerve roots
and is the most common type of dural sleeve anomaly
(Fig. 7-12, €). With this anomaly, roots of adjacent spinal
cord segments share the same dural root sleeve for a
short distance. The roots then separate into their own
dural root sleeve and exit the appropriate IVF. Con-
joined nerve roots cause one of the roots (or both) to
take a rather tortuous course, possibly making it more
susceptible to traction across a bulging disc or a narrow
NRC.

The second type of root sleeve anomaly is the most
dramatic. The dorsal and ventral roots of two distinct
spinal cord levels, within their appropriate root sleeves,
exit the same I'VF, leaving the adjacent IVF devoid of ex-
iting roots (Fig. 7-12, B). In a variation of this anomaly,
an additional dorsal and ventral root and their covering
dural root sleeve pass through the same IVF with the
neural and dural structures that normally pass through
the IVF. In this instance, all of the IVFs have roots with-
in them, and one IVF has two pairs of roots passing
through it (Fig. 7-12, D). The nerves within an IVF con-
taining more than one set of roots in these types of
anomalies are more susceptible to entrapment.
Entrapment of two sets of roots within one IVF might
lead to radicular symptoms of more than on¢ dermatome
(sce Chapters 9 and 11).

In the third type of dural root sleeve anomaly, a com-
municating branch, surrounded by its own dural sheath,
passes from one NRC to its neighbor before either pri-
mary root exits its IVF. The result of this anomaly could
be similar to that of roots sending connecting branches
to neighboring roots, causing dispersion of radicular
symptoms to include an adjacent segment (e.g., L5 com-
pression may result in some pain or paresthesia being
felt in the L4 dermatome). However, because it runs
within its own dural root sleeve, the neural elements
within the “bridging sleeve” are more vulnerable to com-
pression either inside a lateral recess or as they pass
behind an IVD. This type of anomaly can also occur in
conjunction with the variation of the second type of
anomaly previously mentioned. In this case a communi-
cating branch is found between two dural root sleeves as
they both exit the same IVF (Fig. 7-12, D).

Anomalies of the nerve roots and the dural sleeves can
be a sole cause of radicular symptoms. They can also
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3 Posterior view of the vertebral canal showing
anomalies of dural root sleeves. The dural root sleeve, A, is
normal. Notice that it is exiting the upper region of the
IVF. The anomaly, B, shows the roots of two distinct spinal
cord levels, wirthin their appropriate root sleeves, exiting the
same IVF. This leaves an adjacent IVF devoid of exiting
roots. The anomaly, ¢, shows conjoined nerve roots. In this
case the roots of adjacent spinal cord segments share the
same dural root sleeve for a short distance. The roots then
separate into their own dural root sleeve and exit the appro-
priate IVF. Conjoined nerve roots cause one of the roots (or
both) to take a rather tortuous course. The anomaly, D, is a
variation of B. Anomaly D shows an additional dorsal and ven-
tral root, and their covering dural root sleeve, passing through
the same IVF with the neural and dural structures that normally
pass through that IVF. Therefore all the IVFs on the right side
of the illustration have roots within them, and one IVF has two
pairs of roots passing through it. Also notice another type of
anomaly is shown in D. A communicating branch, surrounded
by its own dural sheath is seen passing from one dural sleeve
to its neighbor, before either exits the IVF. All these types of
anomalies (B, €, D) can have significant clinical implications
(seetext). (Modified from Bogduk, N. & Twomey, L.T. Clinical
anatomy of the lumbar spine. London: Churchill Livingstone,
1991.)

augment radicular symptoms from other causes (Hasue
et al,, 1983). Even though the incidence of symptoms as
a result of such NRC anomalies is thought to be rare,they
should be kept in mind when patients have unusual dis-
tribution patterns of radicular symptoms (Bogduk &
Twomey, 1991).

, Termi-
nology with regard to the exiting roots can be rather
confusing. Some authors (Vital et al., 1983) describe the
beginning of the NRC (that portion posterior to the IVD
directly above the level of the IVF of exit) as the retrodis-
cal portion of the NRC (see Fig. 7-11, B). As the nerve
continues to descend more laterally in what is described
by many as the lateral recess, the nerve lies medial to the
pedicle that forms the upper border of the IVF, which
the nerve roots eventually exit. This region is sometimes
called the parapedicular portion of the NRC (Vital et al.,
1983). The portion of the IVF occupied by the uniting
dorsal and ventral roots and the exiting mixed spinal
nerve is referred to as the IVF proper. Table 7-8 de-
scribes the borders of the retrodiscal, parapedicular, and
IVF proper subdivisions of the NRC. This table is in-
cluded to help clarify the regions where the nerve roots
and mixed nerve are most vulnerable to various types of
pathologic conditions.

Moving from the upper lumbar region to the lower
lumbar region, the parapedicular portion (lateral recess)
of the NRC widens in the transverse plane (i.e., left to
right), becomes shorter from top to bottom, and be-

Table 7-8 Relationships of the Various Regions of
the S1 Nerve Root Canal

Region and

surface Relationships

Retrodiscal Region

Anterior IvD*
Posterior Superior articular process*, ligamentum flavum*

Parapedicular region (lateral recess)

Anterior Posterior surface of vertebral body

Posterior Ligamentum flavum®, superior articular process™,
pars interarticularis (isthmus)”

Lateral Medial surface of pedicle

Medial Dura of lumbar cistern

IVF Proper

Superior Lower margin of upper pedicie

Anterior Upper and lower vertebral bodies, IVD in be-
tween them*

Inferior Upper margin of lower pedicle

Posterior Z joint and ligamentum flavum~®

“Indicates relatienships that are of key clinical importance.



' mon cause of stenosis in

comes narrower from anterior to posterior (average of
12 mm at L2 and 8 mm at L5) (Vital et al., 1983). There-
fore this part of the NRC becomes more like a true lat-
eral recess, or gutter, as one descends the lumbar spine.

The position of the entire lumbar region affects the
NRC and the neural elements (Vital et al., 1983). The an-
teroposterior dimension of the retrodiscal space nar-
rows in the upright posture. This is because of slight
posterior bulging of the 1'VD and slight anterior buckling
of the ligamentum (lavum. During flexion of the lumbar
region, the neural elements become stretched and
pressed against the anterior walls of the retrodiscal and
the parapedicular spaces. Also, the IVF proper increases
in height and width during flexion. Extension of the lum-
bar region results in slackening of the neural elements.
They also move against the posterior wall of the lateral
recess during extension. In addition, the IVF becomes
signiticantly shorter from superior to inferior and ante-
rior to posterior during extension (Mayoux-Benhamou et
al., 1989).

A different set of terms was put forth by Rauschning
(1987) and by Lee and colleagues (1988) (Fig. 7-11, C).
These authors used the term entrance zone when refer-
ring to the region that begins as the roots enter the dural
root sleeve and continues through the lateral recess.
Other authors use the terms lateral recess, lateral canal,
subarticular gutter, or lateral nerve canal when refer-
ring to this region (Rauschning, 1987). This area cor-
responds to the combination of the retrodiscal and para-
pedicular regions previously described. The most com-
the entrance zone is
hypertrophic osteoarthritis of the Z joint, usually of the
superior articular facet. Other causes include congenital
variations of the Z joints or a congenitally short pedicle.
Also, a bulging anulus fibrosus (e.g., L3 anulus com-
pressing the L4 nerve) or an osteophythic spur from
the superior vertebral end plate coursing along the anu-
lus. could compress the neural elements in the entrance
zone.

Rauschning (1987) and Lee and colleagues (1988) use
the term mid zone or pedicle zone when referring to the
region of the NRC located between the two adjacent
pedicles that make up an IVF (Fig. 7-11, C). This area
was described previously as the IVF proper (Vital et al.,
1983) (Fig. 7-11, A). The dorsal root (spinal) ganglion
and the ventral root are located within this region and
can be compressed here. Because of its large size, the
dorsal root ganglion is more susceptible to minor com-
pression than the ventral root. Osteophyte formation
along the ligamentum flavum (anterior to the pars inter-
articularis) and hypertrophy of fibrous tissue along a
fracture of the pars interarticularis was cited by Lee and
colleagues (1988) as being the most common causes of
stenosis in the middle zone. Lee and colleagues (1988)
also believed that, because the middle zone is difficult to
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evaluate with diagnostic imaging procedures, clinicians
may overlook stenosis of this region. The authors stated
that neural entrapment of the middle zone may result in
symptoms of activity-related, intermittent, neurogenic
claudication. They also noted that some patients
progress until they experience constant pain and dimin-
ished sensation even during times of rest. These unpro-
voked resting symptoms may be caused by spontaneous
action potentials arising from compressed or entrapped
ganglionic cells (Lee et al., 1988).

The term exit zone, or foramen proper, was used
by Rauschning (1987) and Lee and colleagues (1988) to
refer to the almost two-dimensional opening (“door-
way”) formed by a parasagittal plane passed along the
lateral edge of the two pedicles that help to form an
IVF (Fig. 7-11, €). The most common causes of stenosis
in this region are “hypertrophic osteoarthritic changes
of the facet joints (Z joints) with subluxation and osteo-
phytic ridge formation along the superior margin of the
disc” (Lee et al., 1988).

Clinical Conditions Related to the Nerve Root
Canals. Resorption of the IVD (particularly at the L5-51
level) causes narrowing of the IVF at the same level (L5-
S1IVF in this case) and also narrowing of the NRC of the
nerve exiting at the IVF below (the S1 NRC in this case).
Crock (1981) stated that the remaining anulus fibrosus of
the disc may bulge posteriorly, bringing the posterior
longitudinal ligament along with it. The superior articu-
lar facet of the segment below (S1) moves superiorly and
anteriorly, again compressing the NRC (S1). The combi-
nation of posterior anulus bulge along with anterior dis-
placement of the superior articular facet of the vertebra
below can result in dramatic narrowing of the NRC that
runs between these two structures (Rauschning, 1987).
Osteophyte (bony spur) formation is fairly common,
both from the vertebral body along the attachment of
the anulus fibrosus and from the superior articular
process along the attachment of the ligamentum flavum.
These spurs can further compress the neural and vascu-
lar elements of the NRC (Rauschning, 1987). In addition,
a bony ridge may develop along the anterior and inferior
surface of the lamina. This can compress the more me-
dial NRC (that of the nerve exiting at the IVF of the level
below, S1 in this instance) and also the lateral and distal
aspect of the NRC of the nerve exiting at the same level
(in this case, L5).

The L5 NRC is related to both the L4-5 (at its origin)
and the L5-S1 (at its exit) IVDs. Therefore, with sus-
pected entrapment of the L5 nerve, a differentiation be-
tween compression from L4 or L5 disc protrusion
(bulge) or from another structure along the L5 NRC must
be made (Bose & Balasubramaniam, 1984).

Congenital hypertrophy of the L5-S1 articular facets
may cause localized obstruction of the L5-S1 IVF.
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Osteoarthritis of the L5-S1 facets may cause the same
condition, but usually such arthritis tends to cause ob-
struction more medially, affecting the descending S1
NRC (Crock, 1981).

Intervertebral Foramina Proper. When viewed
from the side, the lumbar IVFs face laterally. A typical
lumbar IVF is sometimes described as being shaped like
an inverted teardrop or an inverted pear (Fig. 7-13). The
specific dimensions of the lumbar IVFs are given in
Chapter 2 (see Tables 2-3 and 2-4).

The spinal nerve is located in the upper third of each
lumbar IVF. As it enters the IVF, the spinal nerve is very
close to the medial and inferior aspect of the superior
pedicle that forms the upper boundary of the TVF
(Crock, 1981). Here the nerve is accompanied by a
branch (or sometimes branches) of the lumbar segmen-
tal artery, the superior segmental (pedicle) veins, which
connect the external and internal vertebral venous
plexuses, and by the sinuvertebral nerve (Rauschning,
1987). The spinal nerve occupies approximately one
third of the I'VF in the lumbar region. This allows for
crowding by the articular facets during extension (Bose
& Balasubramaniam, 1984; Rauschning, 1987). The infe-
rior aspect of the IVF is usually narrowed to a slit by the
anulus fibrosus, whiclhh normally bulges slightly posteri-
orly. The inferior aspect of the IVF is also narrowed
by the posteriorly located ligamentum flavum. The infe-
rior segmental (discal) veins usually lie in this narrow

FIG. 7-13%  Parasagittal plane MRI scan of the lumbar region.
Note the prominent intervertebral foramina.

space. As with the superior segmental (pedicle) veins,
the inferior veins also unite the intermnal (epidural) verte-
bral venous plexus with the external vertebral venous
plexus and the ascending lumbar vein.

The lateral borders of the IVFs are covered with an
incomplete layer of transforaminal fascia. This fascia
condenses in several locations at each IVF to form the
accessory ligaments of the IVF (see Chapter 2). An ex-
iting mixed spinal nerve could be affected by thcse
structures as it leaves the IVF (Bachop & Janse, 1983;
Bachop & Ro, 1984; Bakkum & Mestan, 1994; Bose &
Balasubramaniam, 1984; Rauschning, 1987). In addition
to compression by accessory ligaments or transforaminal
fascia, Rauschning (1987) states that lateral disc hernia-
tions and bony structures such as the TPs (usually of L5,
but at higher lumbar levels on rare occasions) “may com-
press, kink, or constrict the lumbar nerves beyond the
foraminal outlet.” The author calls this region the ex-
traforaminal region or the postcanal zone.

Also, the lateral borders of the L1 through L4 IVFs are
associated with the origin of the psoas major muscle. In
fact, because of the posterior origin of the psoas major
muscle from the front of the TPs and its anterior origin
from the lumbar vertebral bodies and IVDs, the psoas
major almost completely surrounds the lateral opening
of the first four lumbar [VFs. Therefore the anterior pri-
mary divisions (ventral rami), by necessity, run through
the substance of the psoas major muscle, frequently unit-
ing with neighboring ventral rami within the muscle to
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foramen
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articular
process

Superior
articular
process
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form the branches of the lumbar plexus. In addition to
the protection given by the dural root sleeve and the
Hoffman ligaments (see Fig. 7-8), the psoas major muscle
may provide some protection for the dorsal and ventral
roots during traction of the peripheral nerves of the lum-
bar plexus (dePeretti et al., 1989). Such traction may oc-
cur as a result of hypertlexion or hyperextension of the
lower extremity.

The boundaries of the IVF can be imaged well with
both MRI and CT (Cramer et al, 1994) (Figs. 7-13
and 7-14). Occasionally, ossification of the superior
attachment of the ligamentum flavum results in forami-
nal spurs, which can be seen on CT. These spurs are
considered to be normal variants; may project well into

the IVF, posterior to the dorsal root ganglion; are fre-
quently bilateral; and are usually asymptomatic (Helms &
Sims, 1986).

Many of the pathologic conditions previously de-
scribed as affecting the NRC can also diminish the di-
mensions of the IVF proper. In addition, recall that the
IVD forms a part of the anterior border of the IVF.
Because of this, a decrease in disc height also results in
a decrease of the vertical dimension of the IVF (Crock,
1981). Investigation into the normal size of the lumbar
IVFs as they appear on MRI scans is being performed
(Cramer et al., 1992b). However, comparisons need to
be made between normal IVF size and IVF size in pa-
tients with pathologic conditions of this region.

Vertebral body

Intervertebral disc
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FIG. 7-14
Z joints and IVFs.

Digitally reformartted parasagittal plane CT image showing the region of the
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I.5 Nerve Root Canal and L5 Intervertebral
Foramina. The anatomy of the L5 NRC is unique, and
because of this the L5 roots and nerve are susceptible to
compression in many different locations. This canal is
longer and runs at a more oblique anterior angle than the
rest of the lumbar NRCs. Also, the lateval recess of the LS
vertebra is the deepest laterally and often the narrowest
from anterior to posterior of the entire spine. This nar-
row lateral recess may lead to compression of the L5
nerve in some instances (Rauschning, 1987). Hasue and
colleagues (1983) found histologic evidence of com-
pression (intraneural fibrosis) of the L5 dorsal root.
Compression occurred between the superior articular
process of S1 and the posterior aspect of the vertebral
body of L5 (Hasue et al., 1983).

After leaving the lateral recess, the LS roots and their
dural root sleeve continue along the L5 NRC by wrap-
ping around the posterior and lateral aspect of the L5
vertebral body. The roots continue around the postero-
lateral aspect of the L5 IVD and unite to form the mixed
spinal nerve. The LS nerve, which is the /argest of the
lumbar nerves, exits the lateral border of the LS NRC
(the IVF proper), which is the sinallest IVF of the lum-
bar spine (Cramer et al., 1992b; Olsewski et al., 1991).
This makes the LS nerve particularly susceptible to com-
pression within its IVF.

The anterior primary division (APD) of L5 is given off
at the most lateral aspect of the IVF and then passes
along a depression on the front of the sacral ala. The
APD is frequently bounded anterosuperiorly in this re-
gion by the corporotransverse ligament (Bachop &
Janse, 1983; Bachop & Ro, 1984; Rauschning, 1987). The
corporotransverse ligament runs from the vertebral body
and IVD of L5 to the TP of LS. Olsewski and colleagues
(1991) and Nathan, Weizenbluth, & Halperin (1982) re-
port that the inferior band of the iliolumbar ligament,
known as the lumbosacral ligament (LSL), usually runs
from the vertebral body and TP of LS to the ala of the
sacrum (see Fig. 7-19). The descriptions of the corporo-
transverse ligament by Bachop and Janse (1983) and
Bachop and Ro (1984) are consistent with what Nathan
and colleagues consider to be the fibers of origin of the
LSL. This indicates that the fibers of origin of the LSL are
much more substantial than those fibers found more lat-
erally, and that frequently a distinct tough, fibrous band,
the corporotransverse ligament, is formed in this region.

Alter passing beneath the corportranverse ligament
and the LSL, the APD of LS continues inferiorly (Bachop
& Janse, 1983; Bachop & Ro, 1984; Nathan et al., 1982;
Olsewski et al., 1991). Therefore the corporotransverse
ligament of Bachop and the LSL significantly extend the
osteoligamentous canal of the LS NRC, and the most in-
ferior aspect of the LSL forms the anterior and inferior
boundary of the 1.5 osteoligamentous canal. Nathan and
colleagues (1982) state that the gray communicating

ramus from the sympathetic chain to the APD of L5
pierces the LSL. Previous studies had shown that,
throughout the spine, osteophytes from vertebral bodies
frequently exert pressure on the sympathetic trunk, rami
communicantes, and spinal nerves. This was found to be
particularly true with the neural elements of LS (Nathan
et al., 1982). Finally, just inferior to the LSL, a branch of
the APD of L4 joins the APD of L5 to form the lum-
bosacral trunk.

The unique characteristics of the L5-S1 NRC, IVF
proper, and the lateral osteoligamentous canal of the LS
APD make the L5 nerve “extremely vulnerable to com-
pression by any of the structures forming the tunnel. A
tight LSL, osteophytes on the border of the L5-S1 disc or
a combination of the two may impinge on the nerve and
compress it against the ala of the sacrum” (Nathan et al.,
1982). Olsewski and colleagues (1991) reported that the
APD of L5 was observed to be compressed by the LS. in
11% of the 102 cadaveric specimens they studied by
gross dissectien. Histologic evidence of compression
(perineurial and endoneurial fibrosis, peripheral thin-
ning of myelin sheaths, and shift to a smaller fiber diam-
eter) was shown in 3% of specimens studied. Osteo-
phytes extending posterolaterally from both the inferior
surface of the LS body and the upper border of the body
of the sacrum were found to narrow the LS osteoliga-
mentous canal further in 1 of 59 spines (2%) studied by
Olsewski and colleagues. This was found to contribute
to compression of the APD of L5. Nathan and colleagucs
(1982) found such osteophytes “frequently” and also
noted that the L5 nerve was “very often” entrapped or
compressed to some degree by osteophytes or the LSL
while passing through the osteoligamentous tunnel.

Compression of the L5 APD by the corporotransverse
ligament or the LSL could result in pain along the L5 der-
matome (lateral aspect of the leg distally to the great toe
[Floman & Mirovsky, 1990]) and possible loss of motor
function of the muscles primarily innervated by the L5
APD (extensor hallucis longus muscle). Referred pain
may be experienced in the lumbar region (see Chap-
ter 11), although this has not been documented.
Myelography, discography, standard CT scans, and trans-
verse plane MRI scans would all be negative (Olsewski et
al, 1991). Far lateral parasagittal MRI scans (farther lat-
eral than standard MRI protocols) may show the rela-
tionship between the L5 nerve and the corporotrans-
verse ligament and the LSL (Nowicki & Haughton, 1992).
Perhaps far lateral parasagittal MRI would be a useful di-
agnostic procedure for patients exhibiting LS der-
matomal and motor symptoms and signs when other
imaging modalities do not reveal a possible cause of
entrapment (see Fig. 2-21). Further investigation in this
region is warranted. In the meantime, “in the patient
presenting with L5 root signs, if the myelogram,
discogram, and CT scan do not reveal any defect, then



the possibility of extraforaminal compression must be
considered as a possible source of the clinical signs”
(Olsewski et al., 1991).

Because of the unique anatomy of this region, several
distinct conditions, besides those already described, can
affect the LS nerve roots, the LS mixed spinal nerve, or
the APD of L5. For example, because the neural ele-
ments of L5 are related to the L5 IVD for a relatively long
distance, far lateral LS IVD protrusion (latetal to the IVF)
may affect the LS mixed spinal nerve or the APD of LS.
Another example of the unique vulnerability of the LS
neural elements is spondylolisthesis following spondy-
lolysis (Fig. 7-15). This condition may result in compres-
sion of the LS nerve at any point along its course from
behind the L5 disc to the nerve’s lateral relation with the
corporotransverse ligament and the LS TP, both of
which lie above the nerve (Bachop & Janse, 1983;
Bachop & Ro, 1984; Rauschning, 1987).

A 20% or greater anterior shift of a spondylolisthetic
LS vertebra may result in compression of the APD of LS
between the TP of LS and the sacral ala (Wiltse et al.,
1984) Such compression is usually unilateral but may
occasionally be bilateral. Also, both asymmetric degen-
cration of the L5 [VD and degenerative lumbar scoliosis
resultin Jateral tilting and rotation of LS. As with spondy-
lolisthesis, this can also result in compression of the LS
nerve between the TP of L5 and the sacral ala. Such far
Jateral compressions of the L5 nerve have been called
the farout syndrome (Wiltse et al., 1984) of Wiltse
(Dommisse & Louw, 1990). Wiltse and colleagues (1984)
stated that the lateral entrapment caused by either de-
generative scoliosis or asymmetric disc degeneration
was probably most common in elderly patients, whereas
lateral entrapment as a result of spondylolisthesis was
found most frequently in a somewhat younger group of
adult patients. The authors also stated that far lateral en-
trapment occasionally could occur at levels higher than
L5 and may be accompanied by the radiographic find-
ings of marked scoliosis with closely approximated TPs
of two adjacent vertebrae. CT was found to be the imag-
ing modality of choice to view the region of entrapment.
A “wide window” setting for the CT scan was necessary
to view the laterally placed TPs. CT images reformatted
in the coronal plane were particularly useful in evaluat-
ing the relationship between the LS TPs and the sacral
ala (Wiltse et al., 1984).

Nathan and colleagues (1982) found that branches of
the iliolumbar artery and relatively large veins always ac-
companied the APD of L5 beneath the LSL. Using exam-
ples of neuralgias and pareses of cranial nerves caused
by compression of these nerves by adjacent arteries,
they hypothesized that likewise the APD of LS could be-
come entrapped within its osteoligamentous tunnel by
branches of the iliolumbar artery and accompanying
veins. This would be particularly feasible when the APD
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of LS was already partially compressed within a narrow
tunnel or by osteophytes extending posterolaterally
from the inferior border of the L5 body.

UNIQUE ASPECTS OF THE LUMBAR
VERTEBRAE

Fifth Lumbar Vertebra

The L5 vertebra, its relationship with the sacrum, and
the soft tissue elementsin between are some of the most
clinically relevant anatomic structures of the spine. Pain
in this region is extremely common (Cramer et al,
1992a), and therefore an accurate working knowledge
of the L5-S1 region is essential for those treating patients
with low back and leg pain. The anatomy of this region
is subject to much variation. Nathan and colleagues
(1982) stated that “such skeletal variations are accompa-
nied by changes and adjustments of the related soft tis-
sues, including the nerves and vessels.” Therefore, clini-
cally relevant variations frequently accompany the nor-
mal anatomy of this region.

The LS vertebral bodly is the largest of the entire spine.
[t is taller anteriorly than posteriorly, which contributes
to the increase in the lower Jumbar lordosis (the lower
lumbar lordosis is frequently called the lumbosacral an-
gle). The spinous process of LS is the smallest of all those
of the lumbar vertebrae. It projects inferiorly, and its
posterior aspect is more rounded in appearance than the
rest of the lumbar spinous processes. The TPs of LS are
much wider from anterior to posterior and from supe-
rior to inferior than those of the rest of the lumbar spine.
They originate from the entire lateral aspect of the pedi-
cles, and their origin continues posteriorly to the adja-
cent lamina. However, the TPs do not extend as far lat-
erally as other lumbar TPs (see Transverse Processes).
The lateral aspect of the TPs of LS also angle slightly su-
periorly, with the angulation beginning at about the mid-
point of each of the two (left and right) processes.

Spondylol-
ysis is a defect of the lamina (Fig. 7-15) between the su-
perior and inferior articular processes. This region is
known as the pars interarticularis. Controversy exists as
to whether this defect is most frequently caused by
trauma or if it is hereditary. Causes of pars (isthmic) de-
fects include lytic or stress fractures of the pars interar-
ticularis (probably the most common cause), elongated
but intact pars (not spondylolysis), and acute fracture of
the pars (Day, 1991). Bilateral spondylolysis may result
in forward slippage of that portion of the vertebra lo-
cated anterior to the laminar defect (vertebral body,
pedicles, TPs, superior articular processes). This leaves
the inferior articular processes, a portion of the laminae,
and the spinous process behind. Such forward displace-
ment is known as spondylolisthesis and is found in 5% of
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interarticularis

A, Posterior view of a typical lumbar vertebra. B, Bilateral fracture of the pars in-

terarticularis (spondylolysis) and a separation (spondylolisthesis) of the region anterior to the

pars interarticularis from the remainder of the posterior arch.

lumbar spines (Williams et al., 1989) (Fig. 7-15). Other
causes of spondylolisthesis include (1) improper forma-
tion of the posterior vertebral arch, known as the dys-
plastic type of spondylolisthesis; (2) degeneration and
subsequent erosion of the superior articular process;
(3) fracture of part of the posterior arch other than
the pars interarticularis (e.g., pedicle fracture); and
(4) pathologic conditions of the bone forming the pos-
terior arch (e.g., Paget’s disease).

Spondylolisthesis is graded by the degree to which the
affected vertebral body is anteriorly displaced in relation
to the vertebral (or sacral) body located immediately in-
ferior to it. For example, a 25% spondylolisthesis repre-
sents forward displacement of a vertebral body (mea-
sured at the posterior and inferior border of the verte-
bral body) by one quarter of the length of the vertebral
body (or sacral body) directly inferior to it. Spondy-
lolisthesis can also be graded on a scale of 1 to 4, with
each grade representing an additional 25% of anterior
slippage. A grade 4 describes a vertebral body that has
been displaced completely off of the vertebra (or usu-
ally, the sacrum) directly beneath it.

Spondylolisthesis has been implicated as a cause of
spinal canal stenosis at the level of the pars interarticu-
laris defect. However, Liyang and colleagues (1989) re-
ported an increase in vertebral canal dimensions at the
level of spondylolisthesis in one cadaveric spine, which
was included in their study of 1@ normal spines.
Spondylolisthesis at L5 may also result in entrapment of
the LS nerve as it passes laterally, in front of the pars in-
terarticularis, to exit the LS [VF. The entrapment is
caused by the portion of the pars located above the frac-
ture site. This is the part of the pars that is displaced

anteriorly with the vertebral body and pedicles By mov-
ing anteriorly, it can compress the LS nerve (Kirkaldy-
Willis, 1978).

Although most common at LS, spondylolisthesis is also
seen with some frequency at L4 and may be seen at any
level of the lumbar spine. Of somewhat related interest,
the pars interarticularis can occasionally enlarge as a re-
sult of degeneration. This is signiticant at the level of LS
because it can lead to entrapment of the S| nerve as it
courses along the lateral aspect of the vertebral canal
(lateral recess).

Lumbosacral Articulation

The lumbosacral articulation is actually composed of sev-
eral articulations between L5 and the sacrum. It consists
of two components: the joining, by the fifth IVD), of the
inferior aspect of the L5 body with the body of the S
segment; and the joints between the left and right infe-
rior articular processes of L5 and the superior articular
processes of the sacrum. These latter joints are not
nearly as curved as are the Z joints of the rest of the lum-
bar spine. The plane of articulation of the lumbosacral £
joints is subject to much variation, ranging 20° to 90° to
the sagittal plane (average of 40° to 60°). Frequently,
asymmetry, known as tropism, exists between the left
and right L5-S1 Z joints. Lippitt (1984) reported that tro-
pism may be a cause of premature degeneration and
pain, but the clinical significance of tropism remains a
matter of controversy.

The L5-S1 IVD is typically narrower than the IVDs of
the rest of the lumbar spine (Nicholson, Roberts, &
Williams, 1988). This may contribute to the IVF at this



level being smaller than those of the rest of the lumbar
spine. Recall that the spinal nerve at this level is the
largest lumbar spinal nerve. Therefore, more than one
third of the L5-S1 IVF is composed of the mixed spinal
nerve. Even though the IVD and IVF are smaller in this
region, the L5-St articulation is by far the most movable
of all the lumbar joints (5° of unilateral rotation, 3° of
lateral bending, 10° of flexion, 10° of extension). These
factors, along with the others discussed in the previous
section devoted to the LS NRC, make the LS roots and
mixed spinal nerve vulnerable to compression as they
traverse the LS NRC.

The intraarticular space of the left and right lum-
bosacral Z joints is usually wider than those of the re-
mainder of the lumbar spine. A recess normally exists
along the inferomedial edge of the lumbosacral Z joints.
This recess has been shown to be filled with a large in-
traarticular synovial fold. This fold is primarily composed
of adipose tissue. Another intraarticular synovial protru-
sion usually projects into the superomedial aspect of the
1.5-S1 Z joint (Giles & Taylor, 1987). These synovial folcls
are susceptible to entrapment between the apposing L5-
S1 articular facets and are a likely source of low back
pain and subsequent muscle tightness. Gentle, well-con-
trolled spinal manipulation to open the facets, to allow
an entrapped synovial fold to be pulled out of the joint
by its attachment to the joint capsule, has been sug-
gested as the treatment of choice for this condition
(Giles & Taylor, 1987).

A transitional segment between the lumbar spine and
the sacrum is found in 5% of the population (Nicholson
et al., 1988). This takes the form of either a lumbariza-
tion of the S1 segment or, more frequently, a sacraliza-
tion of the LS vertebra. Sacralization refers to elongation
of the TPs of LS with varying degrees of fusion or artic-
ulation with either the sacral ala or the iliac crest. The
union between LS and the sacrum may be bilateral, but
usually it is only unilateral. The L5-S1 IVD in cases of
sacralization is normally significantly thinner than that of
typical L5-S1 segments (Nicholson et al., 1988). It is also
usually devoid of nuclear material, and therefore usually
does not undergo pathologic change or degeneration to
the degree seen in discs above the sacralized segment
(Nicholson et al., 1988).

LIGAMENTS AND INTERVERTEBRAL DISCS
OF THE LUMBAR REGION

Most of the ligaments associated with the lumbar region
have been discussed in previous chapters. The articu-
lar capsules of the Z joints, the ligamenta flava, su-
praspinous ligament, interspinous ligaments, intertrans-
verse ligaments, and the anterior and posterior lon-
gitudinal ligaments are discussed in Chapters 5 and 0,
and the IVDs are discussed in Chapter 2. The mamillo-
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accessory ligament is discussed previously in this chap-
ter (see Articular Processes). This section is devoted to
characteristics of the previously mentioned ligaments
that are unique to the lumbar region. The iliolumbar lig-
aments (left and right), which are found only in the
lower lumbar region, are also covered in this section.

Lumbar Anterior Longitudinal Ligament

Unique characteristics of the anterior longitudinal liga-
ment (ALL) in the lumbar region include it being wider
from side to side than in the thoracic region. It has
also been found to be thicker than the posterior lon-
gitudinal ligament (PLL) (Grenier et al., 1989Dh). The
ALL extends across the anterior aspect of the vertebral
bodies and IVDs to attach inferiorly to the sacrum. The
ALL functions to limit extension, and it may be torn
during extension injuries of the spine. It receives
sensory (nociceptive and proprioceptive) innervation
from branches of the gray communicating rami of the
lumbar sympathetic trunk. Therefore, damage to the
ALL during extension injuries can be a direct source of
pain.

The ALL and PLL have been collectively termed the in-
tercentral ligaments because they connect the anterior
and posterior surfaces of adjacent vertebral bodies (cen-
tra), respectively (Grenier et al.,, 1989b). They also help
attach the vertebral bodies to the IVDs and are important
in stabilizing the spine during flexion (PLL) and exten-
sion (ALL). They also function to limit flexion (I’LL) and
extension (ALL) of the spine.

Lumbar Posterior Longitudinal Ligament

The PLL in the lumbar region is denticulated in appeir-
ance (Fig. 7-16). That is, it is narrow over the posterior
aspect of the vertebral bodies and tlares laterally at each
IVD, where it attaches to the posterior aspect of the an-
ulus fibrosus.

The PLL receives sensory innervation from the recur-
rent meningeal nerve (sinuvertebral nerve). Substance P,
a known sensory neurotransmitter that is usually associ-
ated with pain sensation, has been found in the terminal
fibers of the sinuvertebral nerve innervating the lum-
bar PLL. Korkala and colleagues (1985) also found
enkephalins, a known neuromodulator, in the PLL.
Together these findings substantiate previous supposi-
tions that the PLL is pain sensitive and may incdicate that
the PLL (at least in the lumbar region) is bighly sensitive
to pain. The pain sensitivity of the PLL has been demon-
strated by mechanical uritation of the ligament in pa-
tients with only local anesthesia of the overlying skin.
The pain was felt in the midline and radiated into the
low back and superior aspect of the buttock (Edgar &
Ghadially, 1976).
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along the anterior aspect of the vertebral canal.

In some instances, posterior and posterolateral IVD
protrusions may penetrate the PLL. This is a strong sign
that the protrusion is not contained within the anulus fi-
brosis (see Intervertebral Disc in Chapter 2 and later dis-
cussion). This may be an indication for surgical removal
of the disc. The penetrated PLL is able to be distin-
guished from a bulging anulus fibrosus on parasagittal
MRI scans. The PLL appears as an area of low signal in-
tensity on these images. Using MRI, Grenier and col-
leagues (1989b) were able to determine when the PLL
was not disrupted (not penetrated by the anulus fibrosus
or nucleus pulposus) 100% of the time and were able to
determine when the PLL was disrupted 78% of the time.
The authors concluded that MR1 was useful in the de-
tection of PLL disruption.

Lumbar Ligamenta Flava

The paired (left and right) ligamenta flava of the lumbar
region are the thickest of the entire spine. They extend
between the laminae of adjacent vertebrae throughout
the lumbar region, including the junction between the
laminae of LS and those of the S1 segment. Each liga-
mentum flavum is thickest medially. Laterally, the liga-
ment passes more anteriorly to form the anterior joint

capsule of the Z joint, attaching to the superior and in-
ferior articular processes that form this joint. The most
lateral fibers attach to the pedicle of the vertebra below
(Fig. 7-17).

The exiting dorsal and ventral nerve roots of the lum-
bar region come in direct contact with the anterior as-
pect of the ligamentum flavum as the ligament forms the
anterior capsule of the Z joint within the IVF (Hasue et
al., 1983). A recess has been found in the lateral, articu-
lar portion of the ligament. Paris (1983) states that this
recess may allow the synovium of the facet joint to pass
through the ligamentum flavum. Under certain circum-
stances the synovium could then extend into the IVF,
where it could conceivably compress the mixed spinal
nerve.

Sensory fibers, probably arising from the medial
branch of the posterior primary division (Bogduk, 1983),
have been found innervating the most superficial aspect
of the posterior surfaces of the ligamenta flava (Edgar &
Ghadially, 1976). Therefore, damage to these ligaments
may result in back pain. Since the number of nerve end-
ings is small, the significance of the ligamenta flava as a
primary source of back pain is uncertain. However, their
role as a secondary source of back pain in spinal steno-
sis is well documented (see Lumbar Vertebral Foramen
and the Vertebral Canal; Lumbar Intervertebral Foramina
and the Nerve Root Canals).

Lumbar Interspinous Ligaments

The results of descriptive studies of these ligaments in
the lumbar region have led to elaboration on their struc-
ture in this particular area of the spine. Therefore a brief
discussion of the unique aspects of these structures is in-
cluded here, even though the interspinous ligaments
were described with the thoracic region (see Chapter 0).

Several authors have described the structure of a typi-
cal lumbar interspinous ligament as being composed of
three parts: anterior, middle, and posterior (Behrsin &
Briggs, 1988; Bogduk & Twomey, 1991). These three
parts run between adjacent spinous processes, filling the
gap along the length of these processes.

The anterior portion of the interspinous ligament is
paired (left and right) anteriorly, with each part attach-
ing to the ligamentum flavum of the same side. A thin
layer of adipose tissue separates the two halves.
Posteriorly the two sides of this part of the interspinous
ligament unite to form a single ligament. The fibers of
this part of the interspinous ligament pass posteriorly
and superiorly from their origin (ligamentum ftavum) to
attach to the anterior half of the inferior aspect of the
spinous process of the vertebra above.

The middle portion of the interspinous ligament is the
most substantial region. It originates from the anterior
half of the upper surface of a spinous process and passes
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FIG. 7-17  Pedicles have been sectioned in 4 coronal plane to
reveal the posterior aspect of the vertebral canal (A, Artist's
rendering.) B, (Cadaveric specimen). Notice the ligamenta
flava (red wrrow) passing between the adjacent laminae.
(B, Courtesy The National College of Chiropractic.)

posteriorly and superiorly to insert onto the posterior
half of the lower surface of the vertebra above.

‘The posterior aspect of the interspinous ligament at-
taches to the posterior half of the upper surface of a
spinous process and continues superiorly to pass behind
(posterior to) the vertebra above, becoming continuous
with the supraspinous ligament (see following discus-
sion). Bogduk and Twomey (1991) do not consider this
posterior portion to be a true part of the interspinous lig-
ament because it does not attach to two adjacent bones.

The interspinous ligament appears to be quite capable
of being torn. One investigator found its fibers to be rup-
tured in 21% of cadavers examined. The middle fibers
were found to be torn most frequently (Behrsin &
Briggs, 1988).
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The interspinous ligaments and supraspinous ligament
limit the end stage of lumbar flexion, and they are the
first to sprain during hyperflexion of the lumbar region
(Hutton, 1990).

Lumbar Supraspinous Ligament

The supraspinous ligament is strongest in the lumbar
region. It is classically described as extending to the
sacrum (Williams et al., 1989). However, others (Behrsin
& Briggs, 1988) believe that the supraspinous ligament
ends at LS and does not extend to the sacrum, and Paris
(1983) states that it usually ends at L4 and rarely at LS,
never extending to the sacrum. Paris has found that the
strong fibers of origin of the lumbar erector spinae mus-
cles and the thoracolumbar fascia take the place of this
ligament inferior to the spinous process of L4. This fas-
cia continues inferiorly to the median sacral crest.
Bogduk and Twomey (1991) state that the supraspinous
ligament is not a true ligament in the lumbar region.
They believe it is primarily made up of strong tendinous
fibers of the longissimus thoracis and multifidus muscles,
and crisscrossing fibers of the thoracolumbar fascia. In
addition, a condensation of the membranous (deep)
layer of the superficial fascia of the back forms the su-
perficial layer of the supraspinous ligament (Bogduk &
Twomey, 1991)

The term supraspinous ligament continues to be used
quite frequently by clinicians and researchers alike. In
such instances, they are probably referring to the tough
combination of midline tendons of the longissimus tho-
racis muscle, the intersecting fibers of the thoracolum-
bar fascia, and the membranous layer of superficial fas-
cia. The term lumbar supraspinous restraints would
seem to reflect more accurately the true nature of the fi-
brous band of tissue that is found along the posterior as-
pect of the lumbar spinous processes and interspinous
spaces.

Lumbar Intertransverse Ligaments. The general
characteristics of the intertransverse ligaments are de-
scribed in Chapter 5. Some authors describe the lumbar
intertransverse ligaments as being thin membranous
bands that connect two adjacent TPs (Berhsin & Briggs,
1988). Others consider the intertransverse ligaments to
be rather discrete and well-defined bands, although
some authors consider them to consist of two lamellae
(Berhsin & Briggs, 1988). The latter view appears to be
gaining acceptance (Bogduk & Twomey, 1991).

The posterior lamella of the intertransverse ligament
passes medially to the posterior aspect of the Z joint. It
is pierced by the posterior primary division and contin-
ues medially to help reinforce the Z joint capsule from
behind. Laterally the membranous intertransverse liga-
ment also has a posterior layer. The posterior layer of the
lateral aspect of the intertransverse ligament becomes

continuous with the aponeurosis of the transversus ab-
dominis muscle and then becomes continuous with the
middle layer of the thoracolumbar fascia (Bogduk &
Twomey, 1991).

The anterior lamella of the intertransverse ligament
passes medially to form a layer of fascia over the IVF.
Here it is pierced by the APD and the spinal branches
of lumbar segmental arteries and veins. The anterior
lamella then continues anteriorly and medially to be-
come continuous with the ALL. The accessory (trans-
foraminal) ligaments, which span the IVF (see Chapter 2
and previous discussion on corporotransverse ligament
under LS NRC), are probably condensations of the ante-
rior lamella of the intertransverse ligament (Bogduk &
Twomey, 1991). Recall that laterally the membranous in-
tertransverse ligament also has anterior and posterior
(see preceding paragraph) layers. The anterior layer be-
comes continuous with the anterior laver of the thora-
columbar fascia and covers the anterior aspect of the
quadratus lumborum muscle.

A V-shaped groove (with the apex of the V facing lat-
erally) is formed by the medially located anterior and
posterior lamellae of the intertransverse ligament. The
region between the two lamellae is filled with a small
amount of adipose tissue that is continuous with the adi-
pose tissue within the Z joint. This V-shaped region is
known as the superior articular recess (see Zvg-
apophyseal Joints). It aids the Z joint by allowing for
its adipose contents to be displaced during extension of
the spine (Bogduk & Twomey, 1991).

Iliolumbar Ligaments

The iliolumbar ligament runs from the left and right TPs
of L5 (and occasionally L4) to the sacrum and iliac crest
of the same side. Each is composed of as many as five
parts (Bogduk & Twomey, 1991). The most prominent
part consists of an inferior band and a superior band
(Olsewski et al., 1991; Williams et al., 1989). The inferior
band is present 97% of the time and is also known as the
lumbosacral ligament (LSL). The LSL extends from the in-
ferior aspect of the L5 TP and the body of L5 to the
anterosuperior aspect of the sacral ala, where it blends
with the ventral sacroiliac ligament (Fig. 7-18). The LSL
extends from the TP and body of LS to the sacral prom-
ontory at least 3% of the time (Olsewski et al., 1991).

The superior band of the iliolumbar ligament runs far-
ther laterally than the LSL and attaches to the iliac crest
in front of the sacroiliac joint. This band is continuous
with the attachment of the quadratus lumborum muscle
to the TP of LS. Other portions of the iliolumbar liga-
ment include anterior, inferior (not the LSL), and vertical
parts. All these originate from the TP of L5 and attach to
the ilium.

The iliolumbar ligament was previously thought to de-
velop as a result of metaplasia of epimysium (outer cov-
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FI1G. 7-18  The fumbosacral ligament (LSL). Notice the rela-
tionship between the LSL and the ventral tamus of LS (Ln5S).
(From Olsewski, J.M. et al. Spine, 1991, 16, 336-347.)

ering) of the inferior fibers of the quadratus lumborum
muscle. [Towever, Uhthoff (1993) found this ligament to
be well developed in 12 of 12 fetuses beyond 11.5
weeks of gestational age. Further, he found that the di-
rection of the collagen tibers was 90° to the muscle
fibers of the quadratus lumborum muscle. He concluded
that the iliolumbar ligament develops in a fashion similar
to most of the other ligaments of the body and is not
formed by mctaplasia of the inferior fibers of the quad-
ratus lumborum muscle.

The iliolumbar ligaments probably function to stabi-
lize the L5-S1 junction, helping to maintain the proper
relationship of L5 on S1. This function is enhanced
with degencration of the LS IVD (Olsewski et al.,
1991). In addition, this ligament probably limits axial ro-
tation of L5 on S1. The iliolumbar ligament is innervated
by posterior primary divisions of the neighboring spinal
nerves and therefore may be a primary source of back
pain.

Lumbar Intervertebral Discs

Because of their tremendous clinical significance, much
has already been written in this chapter about the lum-
bar [VDs. In addition, Chapter 2 described the make-up
of the 1VDs and much of the clinical significance associ-
ated with theiv unique morphology. Chapter 13 dis-
cusses the microscopic anatomy of these important
structures. This chapter focuscs on the unique charac-

teristics of the lumbar IVDs with an emphasis on their
clinical significance.

In general, IVDs of the lumbar region are the thickest
of the spine. They have the same composition as the
discs in the other regions (see Chapter 2), being made
up of a central nucleus pulposus, an outer anulus fibro-
sus composed of 15 to 25 lamellae (Twomey & Taylor,
1990), and the vertebral (cartilaginous) end plates of the
twe adjacent vertebrae. The thickness of the lamellae of
the anulus fibrosus of lumbar IVDs varies considerably
from one layer to the next and also varies within the
same lamella. Marchand and Ahmed (1990) found that
the thickness of the lamellae also increases with age.

The function of the lumbar IVDs is similar to the func-
tion of the I'VDs throughout the spine. That is, they ab-
sorb loads placed on the spine from above (axial load-
ing) and allow for some motion to occur (Hutton, 1990).
The lumbar discs become shorter during the day be-
cause they carry the load of the torso. They usually re-
gain their shape within 5 hours of sleep. During the ac-
tive hours the discs require movement to maintain
proper hydration. Decreased movement and decreased
axial loading have been strongly associated with disc de-
generation (Twomey & Taylor, 1990).

Contrary to what was assumed in the past, the IVDs
do not normally become narrower from superior to in-
ferior with age (Twomey & Taylor, 1990). Their central
region becomes more convex with age and pushes into
the central region of the adjacent vertebral bodies. The
central aspect of the vertebral bodies lose transverse tra-
beculae with age and become somewhat shorter from
superior to inferior. The peripheral margins of the verte-
bral bodies lose much less height, causing the end plates
to become concave,

The lumbar IVDs are thicker anteriorly than posteri-
orly. This helps in the formation of the lumbar lordosis.
Liyang and colleagues (1989) found that the shapes of
the lumbar IVDs change significantly during flexion and
extension of the lumbar region. Flexion was found to
narrow the anterior aspect of the disc by approximately
1 to 5 mm and to increase the height of the posterior as-
pect of the disc by between approximately 1.5 to 3 mm.

The IVDs are usually protected from anterior dis-
placement, or shear stress, by the Z joints and the lum-
bar extensor muscles (Hutton, 1990). However, fracture
of the pars interarticularis allows for anterior displace-
ment of the IVDs to eccur.

Pain Originating From the Intervertebral Disc.
Because each lumbar disc is in direct contact with two
or three pairs of dorsal roots (Taylor, 1990), bulging, or
protrusion, of the IVD is a major cause of radicular pain
(Fig. 7-19). However, clinicians should keep in mind that
each 1VD is innervated by sensory nerve endings and, as
a result, can be a primary source of back pain. The IVD
receives both nociceptive and proprioceptive fibers
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Psoas major m.

L5 intervertebral
disc protrusion

Erector spinae m.

Epidural adipose tissue
Lumbar vertebral canal
Abdominal aorta
Vertebral body L4
Spinous process L4

L5 disc protrusion

Promontory of sacrum

Superior articular
process of
sacrum

L5-S1 Z joint

Inferior articular
process of L5

FIG. 7-19  MRI scans demonstrating an intervertebral disc protrusion of the L5S1 interver-

tebral disc. A, Midsagittal. B, Horizontal.

(Chapter 2). The posterior aspect of the disc receives in-
nervation from the recurrent meningeal nerve (sinuver-
tebral nerve), and the lateral and anterior aspect of the
disc is supplied by branches of the gray communicating
rami of the lumbar sympathetic trunk (Bogduk, Tynan, &
Wilson, 1981; Edgar & Ghadially, 1976).

Nociception from that part of the disc innervated by
branches of the gray communicating rami probably
courses through the gray rami to the anterior primary
division and therefore enters the dorsal horn of the
spinal cord in a fashion similar to other nociceptive
hAbers of the somatic nervous system (Bogduk, 1983).



(Chapters 9 and 11 discuss the central connections of
fibers conducting nociception.) Bogduk (1990) has
described a series of events that explains the mecha-
nism by which the IVD can be a primary source of pain
without IVD herniation. He states that there are primar-
ily two mechanisms by which the disc causes pain with-
out herniation: through torsional injuries to the disc and
from compression of the IVD.

Torsional injury to the IVD refers to a sprain of the
outer layers of the anulus fibrosus after excessive axial
rotation. Normally, tearing of the anulus does not occur
because the collagen fibers of the 15 to 25 anular lamel-
lae of a lumbar IVD are able to withstand more than 3°
of axial rotation without being stretched beyond their
capacity. Rotation of the lumbar spine does not normailly
cause damage to the IVD (Hutton, 1990), since axial ro-
tation between two adjacent segments is primarily lim-
ited by the Z joints and does not usually exceed 3° (see
Range of Motion in the Lumbar Spine). However, if flex-
ion is added to axial rotation, the collagen fibers of the
anulus fibrosus can be stretched beyond their limits, re-
sulting in circumferential tears of the anulus (Fig. 7-20).
Because of the nociceptive innervation of the outer third
of the IVD, these tears can result in pain of discal origin.
However, even though these injuries have been pro-
duced experimentally, have been identified in cadavers,
and match the signs and symptoms expressed by many
patients who have back pain after injuries involving ro-
tation combined with flexion, no definitive studies irrev-
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ocably link isolated circumferential tears of the IVD with
low back pain (Bogduk, 1990).

If several episodes of excessive loading of the disc dur-
ing flexion and axial rotation occur, the result may be
circumferential tears of several adjacent lamellae of the
anulus fibrosus. If enough anuluar lamellae tear in this
way, the anulus fibrosus may be weakened to the point
that the nucleus pulposus may be allowed to pass
through a path created by the circumferential tears of ad-
jacent lamellae. Such a path courses from the centrally
located nucleus pulposus to the periphery through suc-
cessive layers of the anulus fibrosus. This path, from the
nucleus pulposus through several layers of the anulus fi-
brosus, is known as a radial tear (Fig. 7-20). A radial tear
can result in protrusion and herniation of nuclear con-
tents into the vertebral canal. Once in the canal, entrap-
ment or stretching of the neural elements can occur. A
protruding or herniated disc can affect the neural ele-
ments as they course within the vertebral canal, as they
pass through the IVF, or in both regions.

MRI is gaining wide acceptance in the evaluation of
disc protrusion. However, a significant number of false-
positive findings have been found with MRI. Therefore,
close correlation of MRI findings with other clinical find-
ings is essential before a diagnosis of disc protrusion can
be made with certainty (Boden et al., 1990).

The second type of injury that can result in pain orig-
inating from the IVD itself results from excessive com-
pression of the IVD. Compression injuries can result in

FIG. 7-20  Circumferential and ra-
dial tears of the IVD. Notice that one
of the radial tears is allowing the nu-
cleus pulposus to protrude posterolat-
erally on the left side.

Circumferential tear

Radial tear
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pain of discal origin by two mechanisms, chemical and
mechanical (Bogduk, 1990). Bogduk (1990) has de-
scribed a series of events that may occur following ex-
cessive compression of a lumbar IVD. These events are
summarized in the box below. Note that fracture of the
vertebral end plate is a key feature in this sequence of
events. During compressive loading of the spine (forces
being placed on the spine from directly above), the ver-
tebral (cartilaginous) end plates have been shown to
fracture before tearing of the anulus fibrosus or hernia-
tion of the nucleus pulposus occurs. Such fractures may
heal completely and possibly go unnoticed. However, if
the fracture extends into the cancellous bone of the ver-
tebral body and the IVD comes in contact with the vas-
cular supply of the vertebral body, a dramatic repair re-
sponse may occur. This response is characterized by the
nucleus pulposus being treated as if it were foreign to
the body. The result has been described as an autoim-
mune type of response (Bogduk, 1990). This response
leads to destruction of the proteoglycan aggregates and
proteoglycan monomers that make up the disc. The re-
sult of this destruction is a condition known as internal
disc disruption (Kirkaldy-Willis et al., 1978).

EFFECTS OF COMPRESSIVE LOADING

Fall or excessive compressive load
)
Fracture of vertebral end plate

d

Nuclear material exposed to blood supply of

vertebral body

l

Unrestrained inflammatory repair response

l

Degradation of 1VD proteoglycans

[nternal disc disruption

Modificd from Bogduk, N. (1990). Manual Med, 5, 72-79.

Internal disc disruption can result in spinal stenosis
(including foraminal stenosis), herniation of the nucleus
pulposus, or both. The processes by which these two
entities develop are summarized in the boxes Scenario
One and Scenario Two.

Internal disc disruption can also result in resorption,
or loss, of disc material. The loss of discal material may,
over time, make extrusion of the nucleus pulposus less
likely. Kirkaldy-Willis and colleagues (1978) state that
discography has shown a marked correlation between
loss of disc height, the presence of traction spurs (os-
teophytes), and disruption of the disc. Therefore, evenif
patients escape nuclear bulge or herniation (presented

SCENARIO ONE

Internal disc disruption
l
Circumferential bulging of the anulus fibrosus
¥
Ostcophyti formation
Isolated disc resorption

l

Foraminal or spinal stenosis

Modified from Bogduk, N. (1990). Manual Med, 5, 72-79.

SCENARIO TWO

Rapid internal disc disruption

Centrifugal erosion of the anulus fibrosus
Radial fissurcs

0

Fissure track (path)

Nuclear herniation

in Scenario Two), they remain vulnerable to lateral re-
cess stenosis (Scenario One).

In addition, as disruption continues toward the outer
layers of the anulus fibrosus, pain of purely discal origin
can also result. Bogduk (1990) has reviewed two mech-
anisms by which this can occur. These mechanisms are
summarized in the Dboxes, Pain from Internal Disc
Disruption—One and Two. The first mechanism that
produces pain of discal origin is chemical in nature.
Progression of the inflammatory process of disc disrup-
tion results in the direct stimulation of nociceptors in
the outer third of the anulus fibrosus. The second
process causes pain from the anulus as a result of its de-
creased ability to handle stress adequately. As the

PAIN FROM INTERNAL DISC

DISRUPTION—ONE

Degradation of nucleus reaches outer third off
anulus fibrosus
Stimulation of nociceptors of outer anulus fibrosus

e

Chemically induced pain
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'PAIN FROM INTERNAL DISC

DISRUPTION—TWO

Disruption of anular collagen

Decrease in number of collagen fibers
Application of loads results in increased stress
1o outer anulus Aibrosus
Anular sprdin

|

Mechanically induced pain

process of disruption progresses, the inner lamellae of
the anulus break down, causing the outer layers to ab-
sorb all the loads placed on the disc. The anulus is ren-
dered more susceptible to circumferential tears, which
are pain producing. Therefore this type of pain, sec-
ondary to internal disc disruption, is the result of me-
chanical forces. The two mechanisms just described
(pain of chemical and mechanical origin) can occur si-
multaneously (Bogduk, 1990).

Finally, the box below summarizes the clinical find-
ings in a patient with early internal disc disruption. Note
that the neurologic findings are negative. This is because
the disc remains contained, especially in the early stages.
Pain from internal disc disruption has characteristics
similar to those of other somatic causes of low back pain
(e.g., Z joint pathology). This makes differentiation from
many other causes of back pain very challenging. If the
pain is prolonged or becomes severe, injection of ra-
diopaque dye into the disc followed by CT discography
usually shows disruption into the anulus fibrosus when
internal disc disyuption is present. In addition, CT dis-
cography reproduces the patient’s symptoms. Extiusion
of dye into the anulus combined with provocation of the
patient’'s symptoms confirms the condition of internal
disc disruption. In addition, a disc affected by internal
disc disruption may be identified as an area of reduced
signal intensity when viewed on sagittal MRI scans.

CLINICAL FINDINGS WITH

INTERNAL DISC DISRUPTION

1. Pain restricted 1o back or referred to lower limb

. Pain aggravated by movements or compression

of disc

Muscle guarding could be present

Neurologic examination normal

Standard X-ray examination, myelography, and CT
scan normal

6. CT discography with pain provocation positive

v

&7

51 S0

Other Considerations. The IVD and the two Z joints
between two adjacent vertebrac make up a three-joint
complex. Pathologic conditions or dysfunction of one
component can adversely affect the others (Kirkaldy-
Willis et al., 1978). For example, loss of disc height as a
result of disc protrusion, internal disc disruption, re-
sorption of the disc, chemonucleolysis, and discectomy
may lead to added loads being placed on the Z joint
capsules and the articular processes. Disc deterioration
at one level can also lead to increased strain and possible
degeneration of the discs immediately above or below
the level of primary involvement (Kirkaldy-Willis et al.,
1978).

Loss of disc height can also result in subluxation of the
Z joints and upward and forward displacement of the su-
perior articular processes (Kirkaldy-Willis et al.,, 1978).
This in turn results in narrowing of the lateral recesses of
the vertebral canal. Narrowing of the lateral recess may
result in entrapment of the exiting nerve roots as they
proceed to the medial aspect of the IVF proper.
Therefore, loss of disc height from any cause can result
in abnormal joint position and abnormal motion. Such
abnormal joint position and abnormal motion of both
the interbody joint and the Z joints of two adjacent ver-
tebrae has been termed instability (Dupuis et al., 1985).
Instability, in turn, can lead to repeated entrapment of
the spinal nerve exiting between the two adjacent seg-
ments.

RANGES OF MOTION IN THE LUMBAR
SPINE

Several factors help to limit specific movements of the
lumbar region. These include the unique configuration
of the lumbar articular facets and the restraints of the Z
joint capsules, ligaments of the lumbar region, deep
back muscles, and the lumbar IVDs. For example, flex-
ion of the lumbar region is primarily limited by the Z
joint capsules (Hutton, 1990) and the articular processes
themselves (Taylor & Twomey, 1986). The ligamenta
flava, IVDs, and interspinous and supraspinous ligaments
also limit flexion. Hutton (1990) found that the inter-
spinous and supraspinous ligaments (supraspinous re-
straints) were the first to tear during hyperflexion of the
lumbar region.

Extension is limited by the ALL, the Z joint capsular
ligaments (Dupuis et al., 1985), and the bony “stop” of
the inferior articular processes coming against the pars
interarticularis of the subjacent vertebra.

The tightly interlocking facets of this region dramati-
cally limit axial rotation. However, the reciprocal con-
cave and convex surfaces of the respective superior and
inferior articular processes do allow for a very small
amount of axial rotation to occur. Gapping of the Z joint
occurs on the same side of vertebral body rotation (i.e.,
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gapping of right Z joint with right rotation). Axial rota-
tion is finally stopped by the impact of articular pro-
cesses that make up the Z joint of the side opposite that
to which the vertebral body is rotating. This limitation
usually occurs at 1° to 2° of axial rotation between adja-
cent vertebrae from L1 to L4 (Hutton, 1990). The L5-S1
segment is able to attain more axial rotation than the
other lumbar segments (see following discussion).

Lateral flexion in the lumbar region is limited primar-
ily by the contralateral intertransverse ligaments. The
contralateral capsular ligaments and ligamenta flava are
also important in the limitation of lateral flexion. In ad-
dition, the configuration of the articular processes help
to limit lateral flexion (Dupuis et al., 1985). Lateral flex-
ion in the lumbar region is usually coupled with axial ro-
tation such that left lateral flexion results in right rota-
tion of the vertebral bodies (left rotation of the spinous
processes), and vice versa (i.e., right lateral flexion is
coupled with left rotation of the vertebral bodies). This
is probably caused by the sagittal orientation of the
lumbar Z joints, combined with the effect of the rela-
tively strong lumbar interspinous and supraspinous re-
straints. The latter restraints tend to hold the spinous
processes together during lateral flexion. Loose poste-
rior stabilizers (interspinous ligaments, supraspinous re-
straints, deep back muscles, Z joints) can result in ab-
normal coupling during lateral flexion so that left lateral
flexion is coupled with left rotation of the vertebral
body and right rotation of the spinous process (the op-
posite of the normal coupling pattern). This abnormal
coupling pattern, which can be detected on standard
x-ray films, is an indication of lumbar instability (Dupuis
etal., 1985).

Lumbar instability may result in low back pain if ab-
normal stress is placed on the unstable segments. A pa-
tient with lumbar instability may have centralized low
back pain without leg pain or with lateral low back pain
combined with radiation into the buttock and thigh.
Some patients with lumbar instability have signs of nerve
root entrapment. Differentiation between pain caused
| by lumbar instability and that caused by primary IVD or
Z joint pathologic conditions may be challenging.
Examination of dynamic x-ray films taken in flexion, ex-
tension, and lateral flexion have been found to aid in this
differentiation (Dupuis et al., 1985).

Table 7-9 lists the total ranges of motion for the lum-
bar region as reported by several different authors.

The following is a list of ranges of motion (in degrees)
for each lumbar segmental level (White & Panjabi,
1990).

Combined flexion and extension

L1-2 12°
L2-3 14°
L34  15°
L4-S 17°

Unilateral lateral flexion

L2 6
123 6°
L34 8°
L45  6°

Unilateral axial rotation

L1-2  2°
L2:3 2°
L34 2°
L45 2°

Plamondon and colleagues (1988) used steriometry
(method of measurement using sets of x -ray films taken
at 90° to one another) to determine the motion of indi-
vidual lumbar vertebrae. The following list represents
the amount of motion they found, per segment for the
L1 to L4 vertebrae:

Flexion: 10°
Extension:  4°
Axial rotation:  1°
Lateral flexion: 4°

Recall that the L5-S1 articulation is the most movable
segment in flexion, extension, and axial rotation in this
region. The following is a list of the ranges of motion at
this level (White & Panjabi, 1990):

Combined flexion and ¢xtension:  20°

Unilateral Jateral flexion:  3°

Unilateral axial rotation:  1°
However, some texts present data that show signifi-
cantly less motion at the L5-S1 region, particularly in ax-
ial rotation and lateral flexion (Bogduk & Twomey,
1991).

SOFT TISSUES OF THE LUMBAR REGION:
NERVES AND VESSELS

The muscles associated with the lumbar region are dis-
cussed in Chapter 4. This includes a discussion of the di-

Table 7-9 Total Ranges of Motion for the Lumbar

Region

Birection Motions and ranges reported in the literature
Flexion 60°

Range: 39°-55°, average: 45.95° *+ 4.28,*

52° + 18t
L4-5 segment Range: 14.5°-19.0°; average: 15.95° = 1.38%

Extension 20°

16° + 10t
Lateral flexjonf  25°-30°
Axial rotationt 10°-15°

5o
*Data from Liyang, D, (1989). Spine, 14, 523-525.
tData from Bogduk, N. & Twomey, L.T. (1991). Clinical anatomy of

the lumbar spine, London: Churchill Livingstone.
tUnilateral motion.




aphragm and the muscles of the anterior and posterior
abdominal walls, including the abdominal oblique mus-
cles, the transversus abdominis muscle, the rectus ab-
dominis muscle, the quadratus lumborum muscle, and
the psoas major and minor muscles. Consequently, this
section on soft tissue structures of the lumbar region
focuses on vessels and nerves related to the lumbar
spine.

Nerves of the Lumbar Region

The innervation of the lumbar portion of the vertebral
column and the soft tissue structures of the lumbar re-
gion is a topic of supreme clinical importance. Having
a knowledge of the innervation of the spine gives the
clinician a better understanding of the source of the pa-
tient’s pain. Perhaps Bogduk (1983) stated it best: “The
distribution of the intrinsic nerves of the lumbar verte-
bral column systematically identifies those structures
that are potential sources of primary low back pain.”
Because the basic neural elements associated with the
spine are covered in Chapters 2, 3, 5 and 0, this chapter
concentrates on those aspects of innervation unique to
the lumbar region. However, many key features of the
basic neural elements also are included here to maintain
continuity and to minimize the need to refer to previous
chapters.

The cauda equina and exiting roots and spinal nerves
have been discussed earlier (see Lumbar Vertebral
Foramen and Lumbar Intervertebral Foramina and the
Nerve Root Canals, respectively). This section briefly
covers the dorsal and ventral roots and the mixed spinal
nerve. It concentrates on the neural elements once they
have left the confines of the IVFE. Since the vast majority
of spinal structures are innervated by either the recur-
rent meningeal nerves or the posterior primary divisions
(PPDs) these nerves and the structures they innervate
are covered in more detail. This is followed by a discus-
sion of the anterior primary divisions (APDs) and the
lumbar plexus. Recall that the lateral and anterior as-
pects of the IVDs and the ALLs are innervated by direct
branches of the lumbar sympathetic trunk and also by
branches from the lumbar gray rami communicantes.
The specific innervation of the IVD has been discussed
in greater detail earlier (see Pain Originating from the
Intervertebral Disc).

General Considerations. Three types of nerve end-
ings have been found in almost all the structures in the
lumbar vertebral column that receive a nerve supply:
free nerve endings, other nonencapsulated endings, and
encapsulated endings. This would seem to indicate that
most innervated structures of the spine are sensitive to
pain, pressure, and proprioception (Jackson et al,,
1966).
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Of particular interest, and sometimes of particular
frustration to clinicians and researchers alike, is that in-
nervation overlaps throughout the spine. This has been
particularly well documented in the lumbar region. Most
spinal structures seem to be innervated by nerves from
at least two adjacent vertebral levels. This led Edgar and
Ghadially (1976) to state, “The poor localization of much
low back pain and its tendency to radiate may be related
to this neurological pattern.” This can make the task of
identifying the cause of low back pain particularly chal-
lenging at times.

Dorsal and Ventral Roots and Mixed Spinal
Nerves. The dorsal and ventral roots of the lumbar spine
travel inferiorly as the cauda equina. They then course
through the NRC before exiting the IVF (see previous
material). The nerve roots can be irritated by many struc-
tures and pathologic processes (see Chapter 11). These
include disc protrusion or other space-occupying le-
sions, structural lesions of the vertebral canal, chemical
irritation, and intrinsic radiculitis (Bogduk, 1976). Before
exiting the IVF, the dorsal and ventral roots unite to form
a mixed spinal nerve. Each lumber mixed spinal nerve
emerges from a lumbar IVF and immediately divides into
an APD (ventral ramus) ancl a PPD (dorsal ramus).

Rec rrent Meningeal (Sinuvertebral) Nerves. The
recurrent meningeal nerves (RMNs) at each level inner-
vate many structures located within the IVF and the ver-
tebral canal. Because they have been found to carry
fibers that conduct nociception (pain), structures inner-
vated by RMNs are considered to be capable of produc-
ing back pain. However, in addition to nociceptive in-
put, the RMNs also probably carry thermal sensation and
proprioception (Edgar & Ghadially, 1976). Even though
the RMNs are discussed in Chapters 5 and 6, they are in-
cluded here because of their clinical importance.

The RMNs are found at each IVF of the vertebral col-
umn. They each originate from the most proximal por-
tion of the APD just distal to the IVF that they eventually
reenter. They receive a branch from the closest gray
communicating ramus and then enter the anterior aspect
of the IVF close to the pedicle that forms the roof of this
opening. Usually, more than one RMN enters each IVF,
and up to six have been found at one level. Conse-
quently, compression of the RMNs within the confines
of the IVF may be a cause of back pain (Edgar &
Ghadially, 1970).

On entering the IVF, the RMNs ramify extensively.
Great variation is associated with their distribution
within the vertebral canal (Groen, 1990). Usually, each
gives off a large ascending branch and smaller descend-
ing and transverse branches, although the transverse
branch is not always present. The ascending branch usu-
ally extends superiorly for at least one vertebral level
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above its level of entrance. The branches of the RMNs
anastomose with those of adjacent vertebral segments,
including those of the opposite side of thc spine
(Bogduk, 1976; Edgar & Ghadially, 1976; Groen et al.,
1990). They innervate the posterior aspect of the IVD,
the PLL, the periosteum of the posterior aspect of the
vertebral bodies, the epidural venous plexus, and the an-
terior aspect of the spinal dura mater (see Chapter 11).
Therefore, all these structures have been implicated as a
possible source of back pain. In addition, compression
of the RMNs in the vertebral canal may be a component
of spinal stenosis (Edgar & Ghadially, 1976). However,
because of the great variability in the distribution of the
RMNs, the pattern of pain referral as a result of nocicep-
tive input received from them may also be quite incon-
sistent.

Less trequently cited possible causes of back pain that
receive innervation by the RMNs include venous con-
gestion within the vertebral bodies (intravertebral ve-
nous congestion) and varicosities of the epidural veins
(Edgar & Ghadlially, 1976) and basivertebral veins
(Bogduk, 1976). Edgar and Ghadially (19706) stated that,
in addition to relieving pressure on nerve roots, decom-
pression of the vertebral canal via laminectomy may re-
duce back pain by relieving venous congestion in the
epidural and intravertebral veins.

Posterior Primary Divisions. Whereas the recur-
rent meningedl necves innervate the structures located
on the anterior aspect of the vertebral canal, the poste-
rior primary rami innervate those structures of the pos-
terior aspect of the vertebral canal (vertebral arch struc-
tures). This difference of innervation may be of signifi-
cance; the RMNs may be responsible for information
related to potential or real harm to the neural elements
of the vertebral canal, and the PPDs may be responsible
for relaying information related to the structural integrity
of the spine (Edgar & Ghadially, 1976).

Each PPD of the lumbar region leaves the mixed spinal
nerve at the lateral border of the IVF and passes over the
TP of the lower vertebra participating in the formation
of the IVF (e.g., the L3 nerve passes over the L4 TP).
The PPD then passes through a small osteoligamentous
canal. This canal, which is unique to the lumbar region,
lies between the base of the anterior surface of the su-
perior articular process medially and the posterior
lamella of the intertransverse ligament laterally. The
nerve then sends a twig to the intertransversarius medi-
ales muscle and continues posteriorly, where it divides
into a medial and lateral branch. The medial branch
passes deep to the mamillo-accessory ligament (see
Articular Processes) and supplies sensory innervation to
the Z joint and then motor innervation to the multifidi.
This innervation to the multifidi has been found to be
specific (Bogduk, Wilson, & Tynan, 1982). The medial

branch of a PPD innervates those fibers that insert
onto the spinous process “of the same segmental num-
ber as the nerve” (Bogduk et al., 1982). For example. the
medial branch of the L3 PPD innervates the multitidi that
insert onto the L3 spinous process. The medial branch
then continues further medially to innervate the rota-
tores and interspinous muscles and to provide sensory
innervation to the interspinous ligament, supraspinous
“ligament” (restraints), possibly the ligamentum flavum,
and the periosteum of the posterior arch, including the
spinous process (see the box below and Fig. 7-21).
Along its course the medial branch anastomoses with
medial branches of adjacent levels and also sends an in-
ferior branch to the Z joint of the level below (Bogduk,
1976; Edgar & Ghadially, 1976). Thereflore, cach Z joint
is innervated by medial branches of at least two PPDs
(Bogduik et al., 1982).

STRUCTURES INNERVATED BY THE MEDIAL
BRANCH OF A LUMBAR PPD

(STRUCTURES CAPABLE OF PROPUCING PAIN)

Z joint

Interspinous ligament

Supraspinous restraints

Ligamentum flavam (possibly)

Periosteum of posterior arch and posterior aspect of
SPINOUS Process

Muscles, including intertransversarius mediales, multi-
fidi, rotatores, and interspinous muscles (motor and
sensory innervation to these)

1he lateral branch of the PPD supplies motor inner-
vation to the erector spinae muscles. Bogduk (1983)
found that the lateral branch supplies the iliocostalis
lumborum muscle while an intermediate branch stems
from the lumbar PPDs to supply the longissimus thoracis
muscle. After innervating the longissimus thoracis mus-
cle, the intermediate branches form an anastomosis with
the intermediate branches of adjacent levels. The PPD of
L5 has only two branches, a medial branch with a typi-
cal distribution anc a more lateral branch that corre-
sponds with the intermediate branches of higher levels
because it innervates the longissimus thoracis muscle.
Since the muscle fibers of the iliocostalis lumborum do
not extend inferiorly to the level of the L5 netve, the ab-
sence of a nerve corresponding to a typical lateral
branch of higher levels is quite understandable (Bogduk,
1983). The L1, L2, and L3 lateral branches are sometimes
known as the superior clunial nerves. They supply sen-
sory innervation to the skin over the upper buttocks.
Neither the medial branches of the PPDs nor any
branches of the L4 and LS PPDs supply the skin of the
back.
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Quadratus
lumborum m.

Medial
intertransversarius m.

Lateral
intertransversarius m.

Posterior primary
division (PPD)

Lateral branch PPD

Medial branch PPD

Lateral branch PPD
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FIG. 7-21

Structures innervated by the posterior primary divisions of typical lumbar mixed

spinal nerves. The quadratus lumborum muscle, which is innervated by the anterior primary

divisions, is also shown.

Anterior Primary Divisions and the Lumbar
Plexus. The anterior primary divisions (APDs), or
ventral rami, branch from the mixed spinal nerves at
the lateral border of the IVF and immediately enter
the psoas major muscle. The ventral rami of the first
four lumbar nerves then branch within the substance
of the psoas major muscle to form the lumbar plexus.
As previously mentioned in this chapter, the psoas
major muscle may provide some protection for the
dorsal and ventral roots from traction forces placed on
the peripheral nerves of the lumbar plexus (dePeretti et
al., 1989).

The lumbar plexus is derived from the ventral rami of
only the first four lumbar nerves. The ventral ramus of LS
unites with a branch of the ventral ramus of L4 to form
the lumbosacral trunk. The lumbosacral trunk then en-
ters the pelvis to unite with the APDs of the sacral mixed
spinal nerves and in doing so helps to form the sacral

plexus. Frequently the twelfth thoracic (subcostal)

nerve also participates in the lumbar plexus.

The branches of the lumbar plexus are listed next,
along with the closely related subcostal nerve and lum-
bosacral trunk.

@& Subcostal nerve (T12). The subcostal nerve is sen-
sory to the region under the umbilicus and is also
motor to the pyramidalis and quadratus lumborum
muscles.

e lliohypogastric nerve (L1). This nerve is sensory to
the gluteal, inguinal, and suprapubic regions. It also
provides some motor innervation to the muscles of the
anterior abdominal wall.

¢ llioinguinal nerve (L1). This nerve is motor to the
muscles of the anterior abdominal wall.

¢ Genitofemoral nerve (L1 and L2). The femoral
branch is sensory to the region of the femoral triangle,
and the genital branch is motor to the dartos and
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cremaster muscles of the male (no important innerva-
tion by this branch in the female).

¢ Lateral femoral cutaneous nerve (L2 and L3). This
nerve is sensory to the lateral aspect of the thigh.

o Femoral nerve (L2, L3, and L[4). The femoral nerve
provides motor innervation to the psoas and iliacus
muscles before leaving the abdominopelvic cavity pos-
terior to the inguinal ligament. Distal to the inguinal
ligament, this nerve innervates the quadratus femoris
and pectineus muscles and supplies sensory innerva-
tion to the anterior thigh and medial leg.

¢ Obturator nerve (L2, 13, and L[4). The obturator
netrve is motor to the adductor muscles of the thigh
and supplies sensory innervation to the medial aspect
of the thigh.

o Livmbosacral trunk (L4 and L5). The lumbosacral
trunk is not ofticially a part of the lumbar plexus. This
nerve passes inferiorly to participate in the sacral
plexus. It therefore serves as a connection between
the lumbar and sacral plexuses.

Autonomic Nerves of the Lumbar Region. The ab-
dominal and pelvic viscera receive their motor innerva-
tion from autonomics derived from both the sympa-
thetic and the parasympathetic nervous systems.
Sensory nerves originating from the same visceral struc-
tures also travel along the sympathetic and parasympa-
thetic nerve fibers. The diffuse nature of the sympathetic
and parasympathetic systems is responsible for the
equally diffuse nature of the sensory innervation that
travels along with them. This is one reason pain from an
abdominal or pelvic viscus may “refer” to a region some
distance from the affected organ.

Sympathetic innervation of the abdominal viscera is
derived from two sources, the thoracic and lumbar
splanchnic nerves. The parasympathetics are supplied
by either the left and right vagus nerves or the pelvic
splanchnic nerves. The clinical relevance and the spe-
cific nerves that comprise both the sympathetic and the
parasympathetic divisions of the autonomic nervous sys-
tem are discussed in detail in Chapter 10.

Vessels of the Abdomen Related to the
Spine

This synopsis of the arteries and veins of the abdomen is
included because of the close relationship of the ab-
dominal vessels to the anterior and anterolateral aspects
of the lumbar vertebral bodies and the lumbar IVDs. This
section is by no means complete; it is meant to provide
a ready reference for the student and the clinician.

Abdominal Aorta and its Branches. Three large,
unpaired branches of the aorta—the celiac trunk, the su-
perior mesenteric artery, and the inferior mesenteric
artery—exit the anterior aspect of the abdominal aorta

and supply the gastrointestinal tract from the stomach to
the superior aspect of the rectum. In addition, the celiac
trunk supplies the spleen, liver, gallbladder, and a large
part of the pancreas. Paired branches of the abdominal
aorta are also present throughout its length and are
closely related to the posterior abdominal wall. For this
reason, they are more relevant to our current discussion

(Fig. 7-22). The paired branches of the abdominal aorta

are listed and briefly discusscd next.

¢ [nferior phrenic artery. The left and right inferior
phrenic arteries branch from the aorta as it cnters the
abdominal cavity through the aortic hiatus. Each
courses superiorly to supply the posteroinferior aspect
of the diaphragm and, along its way, gives many supe-
rior suprarenal (adrenal) artcries.

o Middle suprarenal (adrenal) arteries. These are scv-
eral paired branches that run directly to the adrenal
gland.

¢ Renal artery. The large left and right renal arteries
course behind the renal veins to enter the hilus of the
left and right Kidneys. At the hilus, cach divides into
five branches (four anterior and one posterior) that
supply the five renal arterial segments.

¢ Gonadal artery (testicular artery in the male and ovar-
ian artery in the female). The left and right gonadal ar-
teries arise from the anterior aspect of the abdominal
aorta in a staggered fashion. That is, one of the arterics
(usually the left) originates up to several centimeters
superior to the other. The gonadal vessels have a long
inferolateral course within the abdomen and pelvis.
The testicular artery of each side enters the deep in-
guinal ring on its way to the testes. The left and right
ovarian vessels enter the pelvis by crossing the exter-
nal iliac artery of the same side before supplying the
ovary.

& Lumnbayr arteries. These are four paired scgmental ar-
teries that arise from the posterolateral aspect of the
aorta. They pass laterally along the vertebral bodies,
and each artery divides into an anterior and a posterior
branch. The anterior branches of the lumbar arteries
supply the inferior half of the anterolaterial abdominal
wall. Each posterior branch provides a spinal branch
(ramus), which is an important contribution to the vas-
culature of the vertebral canal and its contents (sec
Chapters 2 and 3). The posterior branch of the lumbar
segmental artery continues posteriorly to supply the
muscles and the skin of the back.

& Median (widdle) sacral artery. This is a small, un-
paired artery that arises from the posterior aspect of
the abdominal aorta just before its bifurcation into
right and left common iliac arteries. The median sacral
artery passes inferiorly along the midline of the ante-
rior sacrum.

Veins of the Abdomen. The two large veins of the
abdomen are the portal vein and the inferior vena cava
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(IVO). The portal vein receives the blood from the entire

gastrointestinal tract and the spleen and pancreas. The

IVC receives blood from the remainder of the abdominal

and pelvic viscera and the lower extremities. In general

the venous return to the IVC follows a similar course to

that of the arterial supply. Some unique features of

the abdominal venous system are listed next.

¢ Hepatic veins. These veins drain the liver and empty
into the IVC as it passes through the fossa for the infe-
rior vena cava. This occurs along the posteroinferior
surface of the liver.

¢ Renal veins. These tributaries of the IVC drain the kid-
neys. The right renal vein communicates with the azy-
gos vein, whereas the left renal vein communicates
with the hemiazygos vein. The azygos and hemiazygos
veins course along the right and left sides of the upper
lumbar vertebral bodies, respectively.

Left crus of
diaphragm

Bifurcation of
abdominal aorta

Superior
mesenteric a. (cut)

Left adrenal gland

Left adrenal v.

Left renal v.

Left gonadal v.

Abdominal aorta

Anterior primary
division of L3

Left ureter

Anterior longitudinal
ligament covering L4
intervertebral disc

Important vessels of the abdomen related to the lumbar vertebral column.

® Ascending lumbar veins. The right and left ascending
lumbar veins course superiorly along the posterior
and lateral aspects of the lumbar vertebral bodies.
They receive tributaries from both the internal and
the external vertebral venous plexuses. Superiorly, the
right and left ascending lumbar veins communicate
with the azygos and hemiazygos veins, respectively.
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This chapter begins with a discussion of the bony
sacrum. Then, because of its clinical significance, the
sacroiliac joint is covered in detail. This is followed by a
discussion of the anatomy of the coccyx.

THE SACRUM

The sacrum is composed of five fused vertebral seg-
ments. It is triangular in shape, and therefore the wider
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superior surface of the sacrum is known as the base,
and the smaller inferior surface is known as the apex
(Figs. 81 and 8-2). The sacrum is concave anteriorly
(kyphotic), and, as with the other primary kyphosis
(the thoracic region), its curvature helps to increase the
size of a bony body cavity, in this case the pelvis. The
sacrum is normally positioned so that its base is located
anterior to its apex. Therefore the sacral curve faces an-
teriorly and inferiorly (Williams et al., 1989). The sacral
curve is more pronounced in humans than in other
mammals, including monkeys and apes. In addition, the
human sacral curve is almost nonexistent in infants but
becomes more pronounced with age (Abitbol, 1989).
The combination of the upright posture, the supine
sleeping posture, and humans having a well-developed
levator ani muscle are responsible for the increased
sacral curve in humans. Abitbol (1989) also found that
the frequency of sleeping in the supine posture, and the
younger the age when this posture was first assumed for
sleeping, were positively associated with the size of the
sacral curve.

The sacrum ossifies much like any other vertebra,
with one primary center located in the anterior and cen-
trally located primitive vertebral body and one primary
center in each posterior arch. Unique to the sacrum is
that the costal elements develop separately and then
tuse with the remainder of the posterior arch to form the
solid mass of bone lateral to the pelvic sacral foramina.
Secondary centers of ossification are rather complex,
with centers developing on the superior and inferior as-
pects of each sacral vertebral body, on the lateral and the
anterior aspects of each costal element, on the spinous
tubercles, and on the lateral (auricular) surface of the
sacrum. Most centers fuse by approximately the 25th
year of life, but ossification and fusion of individual
segments continue until later in life. Early in develop-
ment, fibrocartilage forms between sacral bodies. These
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represent rudimentary intervertebral discs (IVDs) and
usually become surrounded by bone as the sacral bodies
fuse with one another. However, the central region of
these “discs” usually remains unossified throughout life.

Sacral Base

The sacral base is composed of the first sacral segment.
It has a large body that is the homologue of the vertebral
bodies (Figs. 8-1 and 8-2). This body is wider from left to
right than from front to back. The anterior lip of the
sacral body is known as the promontory. The vertebral
foramen of the first sacral segment is triangular in shape
and forms the beginning of the sacral canal. This canal
extends the length of the sacrum. The pedicles of the
first sacral segment are rather small and extend to the
left and right laminae. The laminae of the first segment
meet posteriorly to form the spinous tubercle. The trans-
verse processes (TPs) extend laterally and fuse with the
costal elements to form the large left and right sacral ala,
which are also known as the lateral sacral masses. Each
lateral sacral mass is concave on its anterior surface, al-
lowing it to accommodate the psoas major muscle. The
psoas major passes across the sacrum before inserting
onto the lesser trochanter of the femur.

Extending superiorly from the posterior surface of the
sacral base are the left and right articular processes.
These processes generally face posteriorly and slightly
medially. However, the plane in which these processes
lie varies considerably (Dommisse & Louw, 1990). Their
orientation ranges from nearly a coronal plane to al-
most a sagittal one. These processes are also frequently

Promontory

Auricular
(articular)
surface

Median
sacral crest

Sacral cornu

Coccygeal
cornu

F1G. 82 Lateral view of the sacrum.

asymmetric in orientation, with one process more coro-
nally oriented and the other more sagittally oriented.
Such asymmetry is known as tropism and usually can be
detected on standard anterior-posterior x-ray films. The
superior articular processes possess articular facets on
their posterior surfaces that articulate with the inferior
articular facets of the L5 vertebra. The zygapophyseal
joints (Z joints) formed by these articulations are more
planar than those between two adjacent lumbar verte-
brae, and they are usually much more coronally oriented
than the lumbar Z joints (see Chapter 7). However, be-
cause of the wide variation of the plane in which the su-
perior articular processes lie, the orientation of the lum-
bosacral Z joints also varies in corresponding fashion.

Just lateral to the superior articular facets are the left
and right superior sacral notches. These notches allow
for passage of the left and right posterior primary divi-
sions of the L5 spinal nerve.

The muscular and ligamentous attachments to the
sacral base and the anterior and posterior surfaces of the
sacrum are listed in Table 8-1. This table also provides
the key anatomic relationships between these regions of
the sacrum, and the neural, muscular, and visceral struc-
tures that contact them.

Lateral Surface

The lateral surface of the sacrum (Fig. 8-2) is composed
of the TPs of the five sacral segments, fused with the

Table 8-1 Attachments and Relationships to the

Sacrum
Surface Attachments or relationships
Base
Anterior  Ligaments: anterior longitudinal, iliolumbar,
ventral sacroiliac
Muscles: psoas major and iliacus (cover the
base)
Nerves: lumbosacral trunk (crosses over the
base)
Posterior  Ligaments: posterior longitudinal, ligamentum
flavum (to lamina of S1), posterior sacroiliac
Ventral Muscle: piriformis
Nerves: S1-4 ventra) rami (S1-3 are anterior to
piriformis), sympathetic trunks (left and
right)
Arteries: median sacral, lateral sacral (Jeft and
right), superior rectal
Viscera: parietal peritoneum (S1-3 bodices), sig-
moid mesocolon (S1-3 bodies), rectum (S3-5
bodies)
Dorsal Muscles: Erector spinae, multiidus (between

median and lateral sacral crests)

Data from Williams ¢t al. (1989). Gray’'s anatomy (37th ¢d.). Edinburgh:
Churchill Livingstonc.




costal elements of the same segments. This surface con-
tains the auricular surface. The auricular surface of the
sacrum articulates with the auricular surface of the il-
ium. The sacral auricular surface is concave posteriorly
and extends across the lateral aspects of three of the five
sacral segments. Within the region formed by the con-
cavity of the auricular surface are several elevations and
depressions that serve as attachment sites for the liga-
ments that support the sacroiliac joint posteriorly. These
ligaments and the sacroiliac joint are discussed in detail
later in this chapter. Inferior to the auricular surface, the
lateral surface of the sacrum curves medially and be-
comes thinner from anterior to posterior. The inferior
and lateral angle of the sacrum is located at approxi-
mately the level of the junction of the fourth and fifth
sacral segments. Below this angle the sacrum rapidly ta-
pers to the sacral apex. The apex of the sacrum has an
ovalshaped facet on its inferior surface for articulation
with a small disc between the sacrum and the coccyx.

Sacral Canal and Sacral Foramina

The sacral canalis composed of the vertebral foramina of
the five fused sacral segments. The left and right lateral
walls of the canal each contain four intervertebral foram-
ina (IVFs). Each IVF is continuous laterally with a ventral
(pelvic) and dorsal sacral foramen. The sacral canal ends
inferiorly as the sacral hiatus (see following discussion).

The cauda equina extends inferiorly through the be-
ginning of the sacral canal and within the subarachnoid
space. The arachnoid mater and dura mater end at ap-
proximately the level of the S2 spinous tubercle. The
sacral roots exiting below this level must pierce the in-
ferior aspect of the arachnoid and dura to continue infe-
riorly through the sacral canal. In the process, these
roots receive a dural root sleeve. Dorsal and ventral roots
unite within their dural sleeve to form a mixed spinal
nerve and then exit a sacral IVF.

s Ex Both the left
and the right SS nerves and the coccygeal nerve of each
side exit the sacral hiatus just medial to the sacral cornua
of the same side. They proceed inferiorly and laterally,
wrapping around the inferior tip of the sacral cornua
(sce Dorsal Surface). The posterior primary divisions
(PPDs) of these nerves pass posteriorly and inferiorly to
supply sensory innervation to the skin over the coccyx.
The S5 and coccygeal anterior primary divisions pass an-
teriorly to pierce the coccygeus muscle and enter the in-
ferior aspect of the pelvis. Here they are joined by the
ventral ramus of the S4 nerve to form the coccygeal
plexus. This small plexus gives off the anococcygeal
nerves that help to supply the skin adjacent to the sacro-
tuberous ligament.

Also passing through the sacral hiatus is the end of the
filum terminale. The filum terminale originates from the
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most inferior aspect of the spinal cord, where it is
known as the filum terminale internum. It passes
through the lumbar cistern of cerebrospinal fluid (CSF),
pierces the inferior aspect of the arachnoid and dura (at
approximately the level of the S2 segment), and then
becomes known as the filum terminale externum. After
exiting the sacral hiatus, the filum terminale externum
attaches to the posterior surface of the first coccygeal
vertebral segment.

Ventral Surface

The junctions of the five fused sacral segments form
lines that can be seen running across the central aspect
of the anterior, or pelvic, surface of the sacrum. These
junctions are known as the linea transversaria (also
known as transverse lines, or transverse ridges). Rem-
nants of the IVDs are located just deep to the transverse
lines. These “discs” frequently remain throughout life
and can be seen on standard x-ray films and on magnetic
resonance imaging (MRI) scans. The vertebral bodies of
the five fused sacral segments lie between the transverse
lines and medial to the pelvic sacral foramina (Fig. 8-1).

The ventral surface of the sacrum displays four pairs of
ventral (pelvic, or anterior) sacral foramina. These
foramina are continuous posteriorly and medially with
the sacral IVFs. The sacral IVFs, in turn, are continuous
with the more medially located sacral canal. The anterior
primary divisions (APDs) of the SI through S4 sacral
nerves exit the pelvic sacral foramina. The APDs are ac-
companied within these openings by branches of the lat-
eral and median sacral arteries and by segmental veins.
Located between the pelvic sacral foramina of the same
side are the costal elements. The costal elements fuse
posteriorly with the TPs of the sacral segments.

The muscular and ligamentous attachments to the an-
terior surface of the sacrum are listed in Table 8-1. Also,
Figs. 8-18 and 8-19 demonstrate the major arteries and
nerves associated with the anterior surface of the
sacrum.

Dorsal Surface

The dorsal surface of the sacrum is irregular in shape
(Fig. 8-1). The superior articular processes extend from
the superior aspect of the sacral base (see Sacral Base).

Four pair of dorsal (posterior) sacral foramina are
located among the five fused sacral segments. These
openings are continuous anteriorly with the IVFs of
the sacral segments. The PPDs of the S1 through S4
mixed spinal nerves exit through these openings. The
PPDs are accompanied by small segmental arteries and
veins.

The posterior surface of the sacrum contains five
longitudinal ridges known as the median, intermediate
(left and right), and lateral (left and right) sacral crests
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(Fig. 8-1). These crests are homologous to the spinous
processes, articular processes, and the TPs of the rest of
the spine, respectively.

The median sacral crest is composed of four spinous
tubercles that are fused with one another and form the
posterior boundary of the sacral canal. Each sacral tu-
bercle is formed by the union of the left and right lami-
nae of the sacral vertebral segments. The median sacral
crest ends as the only normally occurring spina bifida of
the vertebral column. This is because the left and right
laminae of the fifth sacral segment normally do not fuse,
forming an opening at the inferior end of the sacral canal
known as the sacral hiatus.

The left and right intermediate, or medial, sacral crests
are formed by four fused articular tubercles on each side
of the sacrum (S2-5 tubercles; the S1 articular process is
distinct). The left and right fifth articular tubercles ex-
tend inferiorly as the sacral cornua. The sacral cornua
come to blunted tips inferiorly. They form the left and
right inferior boundaries of the sacral hiatus.

Finally, the left and right lateral sacral crests lie lateral
to the dorsal sacral foramina. These crests are formed by
the fused transverse tubercles of the five sacral seg-
ments.

The muscular and ligamentous attachments to the pos-
terior surface of the sacrum are listed in Table 8-1.

Several differences exist between male and female
sacra, although sometimes these changes may be very
subtle. Generally the male sacrum is narrower from left
to right and longer from superior to inferior than that of
the female. The wider sacrum of the female results in a
larger pelvic inlet (region bounded by the pecten of the
pubis, the arcuate line of the ilium, the sacral ala, and the
sacral promontory). A larger pelvic inlet results in more
room for the passage of the fetal head during delivery.
The sacrum in the female is also oriented slightly more
horizontally than that of the male. This results in an in-
crease of the lumbosacral angle. The ventral surface of
the female pelvis is more concave than that of the male.
This concavity provides more space in the pelvic cavity
proper than would otherwise be the case, and it also re-
sults in a more prominent S2 spinous tubercle on the
posterior surface of the female sacrum.

Fusion of the L5 vertebra with the sacrum (sacraliza-
tion) was discussed previously (see Chapter 7). The first
sacral segment may also separate from the sacrum. This
is known as lumbarization. The separation may be com-
plete but is usually unilateral, and a joint may develop
between the TP of the lumbarized segment and the re-
mainder of the sacrum. Also, the first coccygeal segment
may fuse with the sacrum.

Sacrococcygeal Joint

A fibrocartilaginous disc typically exists between the
apex of the sacrum and the coccyx, making this joint a

symphysis. However, occasionally a synovial joint devel-
ops’ here. At the other extreme, this region may com-
pletely fuse in some older individuals (Williams et al.,
1989).

Table 8-2 lists all the ligaments of the sacrococcygeal
joint by their coccygeal attachments, as well as the mus-
cles attaching to the coccyx.

CLINICAL IMPLICATIONS

Sacral fractures are present in as many as 45% of pelvic
fractures (Gibbons et al., 1990). These fractures may go
undetected if caudal, cephalic, and oblique x-ray exami-
nations of the pelvis are not performed. Fractures of the
sacrum can damage the APDs of the lumbosacral plexus,
and fractures involving the sacral canal may affect the
sacral roots before they are able to exit the sacrum.

Gibbons, Soloniuk, & Razack (1990) found neurologic
deficits in 34% of patients with sacral fractures. They
also noted that the neurologic deficits usually improved
with time. The presence and type of nerve injury corre-
lated with the type of sacral fracture. Patients with in-
juries that involved only the sacral ala had the lowest in-
cidence of neurologic deficit, although L5 or S1 radicu-
lopathy was found in 24%. The mechanism of 15
radiculopathy was thought to be caused by entrapment
of the APD of L5 between the fractured, superiorly dis-
placed ala and the TP of LS.

Gibbons and colleagues (1990) also found that frac-
tures involving the pelvic sacral foramina were usually
vertical fractures that passed through all four foramina
of one side. These injuries were always associated
with other pelvic fractures and had a 29% incidence

Table 8-2 Attachments and Relationships to the
Coceyx

Surface Attachments or Relationships

Anterior Pubococcygeus, illiococcygeus, and ischiococ-
cygeus (coccygeus) muscles, ventral sacrococ-
cygeal ligament (similar to anterior longitudinal
ligament)

Gluteus maximus and sphincter ani externus (to
tip of apex) muscles, intercornual ligaments,
deep and superficial dorsal sacrococcygeal liga-
ment,* filum terminale externum

Lateral sacrococcygeal ligament (from transverse
process of coccyx to inferolateral angle of
sacrum)

Posterior

Lateral

Data from Williams et al. (1989). Gray’s Anatomy (37th ed).
Edinburgh: Churchill Livingstone.

*The superficial part runs between the sacral cornua (it closes the in-
ferior aspect of the sacral canal at the sacral hiatus). The deep part is
similar in location (and function) to the posterior longitudinal liga-
ment. The filum terminale externum passes between the two parts of
this ligament before attaching to the cocecyx.



(two of seven fractures) of unilateral LS or S1 nerve root
involvement. However, bowel and bladder function was
maintained because a bilateral lesion is required to affect
these functions.

Fractures involving the sacral canal can be either
transverse (horizontal) or vertical and have the greatest
chance of causing nerve damage (57% with horizontal
and 60% with vertical). Vertical fractures are usually as-
sociated with other pelvic fractures and can result in
bladder and bowel dysfunction (Gibbons et al., 1990).

Horizontal fractures of the sacrum affecting the sacral
canal are not necessarily associated with other pelvic
fractures. They could be isolated injuries caused by a di-
rect blow as might occur from a long fall. The inferior
fragment is sometimes considerably displaced and se-
vere neurologic deficits, involving bladder and bowel
functions, can occur if the fracture is above the S4 seg-
ment (Gibbons et al., 1990).

SACROILIAC JOINT
General Considerations

The degree to which low back pain is caused by patho-
logic conditions or dysfunction of the sacroiliac joint
(SI) has been discussed for many decades. The SIJ is
now gaining added attention as a primary source of low
back pain

is that herniation of the IVD is now known to be a rather
infrequent cause of low back pain, accounting for less
than 10% of the pain in this region (Cassidy & Mierau,
1992). On the other hand, pain arising from the S1J is re-
ported to account for more than 20% of low back pain
(Kirkaldy-Willis, 1988) and may be implicated to some
extent in more than 50% of patients with low back pain
(Cassidy & Mierau, 1992). This makes the SIJ an area of
significant clinical importance. An understanding of the
unique and interesting anatomy of this joint is essential
before a clinician can properly diagnose and treat pain
arising from this articulation.

The pelvic ring possesses five distinctly different types
of joints: the lumbosacral Z joints, the anterior lum-
bosacral, coxal (hip), SIJ, and symphysis pubis. The dy-
namic interactions between these joints are not well un-
derstood. Since the pelvic ring is complex and involves
a total of eight joints (left and right Z joints, coxals and
SUs; plus the single lumbosacral joint and the pubic sym-
physis), any change in the trunk or lower extremity is
compensated in some way by the complicated dynamic
mechanism of the pelvic ring (Drerup & Hierholzer,
1987; Fidler & Plasmans, 1983; Grieve, 1981; LaBan et
al,, 1978; Lichtblau, 1962; Sandoz, 1978, Wallheim,
Olerud, & Ribbe, 1984; Winterstein, 1972). In fact, a
survey of the pelvic rings of asymptomatic school chil-
dren 7 to 8 years of age revealed distortion (asym-
metry) in 40% of them. Surgical removal of graft material
from the pelvic bone (iliac:crest) also causes distortion
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of the pelvic ring (Beal, 1982; Diakow, Cassidy, &
Dekorompay, 1983; Grieve, 1975).

The SIJ and the symphysis pubis move very little. At
first inspection, what little motion they have may seem
enigmatic at best. Some authors have stated that the sole
function of these two joints simply is to widen the pelvic
ring during pregnancy and parturition. The joints aided
in this action by the hormone relaxin (Bellamy, Park, &
Rodney, 1983; Simkins, 1952). Others believe the SIJs
move during many activities. An incomplete list of activ-
ities thought to enlist the movement of the SIJ include
the following: locomotion, spinal and thigh movement,
and changes of position (from lying to standing, standing
to sitting, etc.).

The SIJ is thought to move only 2 mm and 2°, but this
small amount of movement is complex (Brunner,
Kissling, & Jacob, 1991; Colachis et al., 1963; Pitkin &
Pheasant, 1936b; Sturesson, 1989; Weisl, 1955; Wood,
1985). Janse (1978) stated that the function of move-
ment in the SIJ is to convert the pelvis into a resilient, ac-
commodating receptacle essential to the ease of loco-
motion, weight bearing, and shock absorption. This is in
agreement with other authors (DonTigny, 1990; King,
1991) who state that the function of SIJ is to buffer, ab-
sorb, direct, and compensate for forces generated from
above (gravity, carrying the torso, and muscle action)
and below (forces received during standing and locomo-
tion).

Differences between bumans and quadrupeds.
The pelvis tilts anteriorly and inferiorly in the bipedal
human, and the SIJ is aligned in parallel fashion with the
vertebral column, whereas the pelvis of quadrupedal an-
imals is tilted more posteriorly. The SIJ of the bipedal hu-
nian has other differences associated with a two-legged
stance. These include the articulating surfaces of the SIJ
that are shaped like an inverted L, the interosseous liga-
ments that are more substantial and stronger posteriorly,
and the many bony interlockings between the sacrum
and the ilium that develop with age (Walker, 1986).

Differences among bumans. The weight of the hu-
man teunk is transmitted by gravity through the lum-
bosacral joint and is then divided onto the right and left
SIJs. In addition, the ground reaction, or bouncing force,
is transmitted through the hip joints and also acts on the
SIJs. Adapting to the bipedal requirements of mobility
and stability may account for the tremendous amount of
variation and asymmetry found in the human SIJ. The
joint structure and the surface contours of the SIJ have
changes associated with age, sex, and the mechanicil
loads that are placed on them (Walker, 1986). Therefore
the functional requirements of the SIJ, to a great extent,
may influence the structural changes found in them
| (Weisl, 1954a). For example, one may speculate that in
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younger persons, females around the time of parturition,
and in athletes, more mobility is required in the SIJ. On
the other hand, more stability is required in older per-
sons, in males (generally larger body weight), and in
those who frequently carry heavy weights. This stability
may be provided by the development of stronger in-
terosseous ligaments and a more prominent series of
bony interlockings (Table 8-3). Also, the osteophytes and
ankylosis frequently seen in the SIJs of older individuals
may develop to increase stability.

Structure

The SIJ is an articulation be-
tween the auricular surface of the lateral aspect of the
sacrum and the auricular surface of the medial aspect of
the ilium (see Figs. 8-6 and 8-7). Previously this joint was
classified as an amphiarthrosis. However, the SIJ is now
classified as an atypical synovial joint with a well-defined
joint space and two opposing articular surfaces (Cassidy
& Mierau, 1992). Each auricular surface is shaped like an
inverted L (Williams et al., 1989). Other authors have de-
scribed it as being C shaped (Cassidy & Mierau, 1992).
The superior limb of this surface is oriented posteriorly
and superiorly, and the inferior limb is oriented posteri-
orly and inferiorly (Figs. 8-3 to 8-7). An articular capsule
lines the SIJ's anterior aspect, whereas the SIJ's posterior
aspect is covered by the interosseous sacroiliac (S-1) lig:
ament. No articular capsule has been found along the
posterior joint surface.

The sacral auricular surface has a longitudinal groove,
known as the sacral groove, along its center that extends
from the upper end to the lower end. The posterior rim
of this groove is thick and is known as the sacral tuberos-
ity. The iliac auricular surface has a longitudinal ridge,
known as the iliac ridge, which corresponds to the
sacral groove. The inferior end of this iliac ridge ends
as the posterior inferior iliac spine (PIIS). The sacral
groove and the iliac ridge interlock for stability and help
to guide movement of the Sl (Table 8-3 and Figs. 8-8
and 8-9).

The region within the posterior concavity of the SIJ is
covered by the interosseous sacroiliac ligament and con-
sists of three fossae (Fig. 8-9). The middle fossa is the ap-
proximate location of the axis of S1J rotation. It is ap-
proximately around this fossa that the iliac ridge moves
circularly in the sacral groove. Posterior to the auricular
surface of the ilium is the iliac tuberosity. The anterior
aspect of the iliac tuberosity inserts into the middle
sacral fossa, creating a pivot around which the iliac ridge
turns within the sacral groove (Bakland & Hanse, 1984)
(Table 8-3). Between the iliac tuberosity and the iliac
ridge there is a sulcus. The sulcus promotes stability by
interlocking with the sacral tuberosity (see following dis-
cussion). Finally, anterior and superior to the iliac tu-
berosity is a depression that interlocks with an additional

elevation on the posterior and superior surface of the
sacral ala (alar tuberesity). Therefore. stability of the SIJ
is promoted by a series of “tongue and grooves.” Figs.
88 and 89 show this series of interlocking elevations
and depressions that aid the stability of the SIJ, and Table
8-3 summarizes the tongue and groove relationships be-
tween these “hills and valleys.” This series of interlock-
ing prominences and depressions become more en-
hanced and irregular with age.

Articular capsule. The fibrous articular capsule of
the SIJ is only located along the anterior surface of the
joint (Fig. 8-10). It is lined internally with a synovial
membrane and is innervated with nociceptive and pro-
prioceptive nerve endings. No articular capsule is lo-
cated along the posterior border of the SIJ.

Interosseous sacroiliac (S-1) ligament. The in-
terosseous ligament of each SIJ connects the three sacral
fossae (see previous section) to the area around the iliac
tuberosity (Figs. 8-8 to 8-15). The interosseous ligament
consists of superficial and deep layers. Further, the deep
layer has a cranial band and a caudal band. The cranial
band is oriented transversely, and the caudal band is ori-
ented more vertically. The superficial layer is membra-
nous and is covered by the posterior S-1 ligaments (long
and short). Nerves and blood vessels pass between the
posterior sacroiliac ligament and the superficial layer of
the interosseous ligament. Since there is no posterior
joint capsule of the SIJ, the interosseous S-I ligament is
what limits the SIJ posteriorly.

A small band, known as the superior intracapsular lig-
ament, or Illi's ligament (Illi, 1951; Janse, 19706), has
been found to extend between the superior aspects
of the sacral and iliac auricular surfaces in 75% of 31
cadavers studied (Freeman, Fox, & Richards, 1990).
This ligament may be an anterior and superior extension

Table 8-3 “Tonguc and Groove™ Relationships
(Bony Interlockings) Between the
Sacrum and the Hium®

Sacral E or D Iliac Eor D

Sacral groove (D)

Middle sacral fossa
(seetexr) (D)

Sacral tuberosity (E)

Iiac ridge (E)
[liac tuberosity (E)

Sulcus between iliac ridge and iliac
tuberosity (iliac sulcus) (D)

Depression anterior and superior to il-
iac tuberosity (D)

Additional elevation
on posterior and
superior surface
of sacral ala (alar
tuberosity) (E)

t

, Elevation; D, depression.
“Compare with Fig. 89
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llium

i— Sacral ala

~Body of pubis

A, Anterior, and B, anterior oblique views of the bony pelvis. The anterior aspect
of the left and right sacroiliac joints (SIJs) can be seen. The large arrows in A indicate the forces
received by the SIfs. Notice that the SIJs receive forces from above and below. Those from
above are generated primarily from carrving the weight of the trunk, other weight lifted by the
upper extremities, and forces generated during pushing or bending. Forces from below are
generated primarily from the lower extremities during walking, running, and so on and are
transmitted through the acetabula. Forces from below can also be transmitted through the is-

chial tuberosities during sitting.

of the interosseous S-1 ligament, but Freeman and col-
leagues (1990) found that it was quite distinct. The su-
perior intracapsular ligament may have relatively little
biomechanical value.

Anlerior sacroiliac ligament. The pelvic surface of
cach SIJ is covered by the anterior, or ventral, S-1 liga-
ment (Fig. 8-11) The ventral S-I ligament passes across
the anterior aspect of the SIJ in the horizontal plane. It
does not support as strongly as either the interosseous
or the posterior S-1 ligaments. The ventral S-1 ligament
fuses with the articular capsule of the pelvic side of the
SIJ and is thicker inferiorly, near the region of the poste-
rior inferior iliac spine (Freeman et al., 199@; Weisl,
1954ib).

Posterior sacroiliac ligament. The posterior (dor-
sal) sacroiliac (§-1) ligament is made up of two rather dis-
tinct parts, which are listed next (Figs. 8-11 and 8-12).

Contined

¢ Long posterior sacroiliac (S-1) ligainent. This liga-
ment originates from the posterior superior iliac spine
and the sacral tubercles of S3 and Si. It runs vertically
along the posterioraspect of the SIJ and ends by blend-
ing inferiorly with thc sacrotuberous ligament.

¢ Short posterior sacroiliac (S-1) liganent. This liga-
ment originates from the sacral tubercles of ST and S2.
It runs in the horizontal plane covering the SIJ poste-
riorly, and attaches to the medial aspect of the poste-
rior surface of the iliac crest and the iliac tuberosity.

Accessory sacroiliac ligaments. The stability of
the SIJ is enhanced by two accessory S-1 ligaments (Tig,
8-11). A third ligament, the iliolumbar ligament (sec
Chapter 7 and Fig. 8-12), also provides stability to the
region.

o Sacrotuberous ligament. This ligament runs inferiorly
and laterally from the postcerior and inferior aspect of
the sacrum to the ischial tuberosity. The lesser sciatic
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B, Antetior oblique view of the bony pelvis.
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FiG. 84  Posterior view of the pelvis Several sacral fossae associated with the sacroiliac
joint are visible from this pecspective.
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FIG.. 85 Close-up of the posterior aspect of the sacroiliac joint, showing the normal

anatomic relationships of the sacrum and the ilium.

foramen is formed between this ligament and the
sacrospinous ligament.

Sacrospinous ligament. This ligament runs from the
anterior surface of the sacrum (fused second, third,
and fourth segments) to the spine of the ischium (Fig.
8-11). The greater sciatic foramen is located superior
to this ligament.

The sacrotuberous and sacrospinous ligaments help
to limit the small amount of anterior and inferior nod-
ding (nutational) motion of the sacrum at the SIJ. This
is accomplished by restricting the amount the sacral
apex can move posteriorly and superiorly when the
promontory of the sactum moves anteriorly and infe-
riorly.

o lliolumbar ligament. The iliolumbar ligament con-
nects the iliac crest with the adjacent TP of the LS
vertebra. Part of the iliolumbar ligament (lumbosacral
ligament, see Fig. 8-18) attaches to the anterior and su-
perior part of the sacrum (see Chapter 7). The ili-
olumbar ligament helps to limit lateral tilting of the
pelvis and gapping of the SIJ.

Arterial Supply and Venous Drainage

Both the anterior and posterior aspects of the SI arc
served by the superior branch of the lateral sacral artery
and vein, which are branches of the internal iliac artery
and vein, respectively. These vessels anastomose with
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Median
sacral crest
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sacroiliac joint.

the superticial branch of the superior gluteal artery and
vein (Williams et al., 1989). Figs. 8-18 and 819 demon-
strate the mujor arteries and nerves associated with the
anterior surface of the SIJ.

Innervation

The S1J is richly innervated, and the joint capsule pos-
sesses both nociceptors (pain receptors) and proprio-
ceptors (joint position sensation receptors). This would
indicate that the sensory receptors of the SIJ relay infor-
mation related to movement and joint position and in do-
ing so may help to keep the body upright and balanced.
The most pain-sensitive structures in this region are the
posterior inferior iliac spine and the superior portion of
the sacroiliac fissure (Norman & May, 1956; Pitkin &
Pheasant, 1936a). The specific innervation of the SIJ is
quite variable, even between the left and right sides of
the same individual.

The anterior (pelvic) part of the SIJ is innervated by
the APDs of L2 through S2 (Bernard & Cassidy, 1993),
with L4 and L5 being the most frequent source of inner-
vation (Cassidy & Mierau, 1992). The posterior part of

Sulcus within auricular
surface of sacrum

Superior
Middle

Inferior |

Sacral fossae

Posterior sacral
foramen

Sacral cornu

Sacral hiatus

Lateral view of the sacrum demonstrating several structures that help to form the

the SIJ, according to most authors, is inncrvated by PPDs
of S1 and S2. However, the innervation of this part of the
joint is probably more extensive than just the upper
sacral scgments. Bernard and Cassidy (1993) state that
the posterior pact of the SIJ is innervated by the lateral
branches of the PPDs of L4 to S3. Ro (1990) has demon-
strated that the lateral branch of the LS PPD can extend
inferiorly and pass between the superficial layer of the
interosseous (S-I) ligament and the posterior S-I liga-
ment.

The variable innervation of the SIJ from person to per-
son and even from the left to the right side of the same
person, may be one reason for the wide range of pain
referral patterns described by patients experiencing
discomfort of SIJ origin (Bernard & Cassidy, 1993).
Furthermore, the wide variation of referral pattcrns may
help to explain the difficulty researchers and clinicians
have had in identifying the incidence with which Sl dys
function occurs.

A portion of the sacral plexus is formed along the an-
terior surface of the SIJ. Figs. 8-18 and 8-19 demonstrate
the relationship of the sacral plexus to the anterior as-
pect of the SlJ.
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Medial surface of the posterior ilium of a dried
skeletal specimen. Several structures that participate in the for-
mation of the sacroiliac joint are demonstrated.

Microscopic Anatomy

The histologic makeup of the cartilage lining the auricu-
lar surface of the sacrum diflers from that lining the au-
ricular surface of the ilium. The sacral surface is lined by
hvaline cartilage, and the iliac surface is lined by what is
best described as fibrocartilage. The hyaline cartilage of
the adult sacral surface is three times thicker than the
cartilage of the iliac surface. Large, round, paired chon-
drocytes are distributed throughout the hyaline matrix
of the sacral auricular surface and are arranged in
columns parallel to the articulating surface. The hyaline
cartilage is homogeneous with a small amount of fibrous
tissue. Its smooth surface aids the gliding motion of the
joint.

The iliac cartilage is thin (approximately 1T mm) and
contains smaller spindle-shaped chondrocytes clumped
ina fibrous matrix. The cell columns are oriented at right
angles to the surface. Postpartum the iliac cartilage de-

generates early, and the amount of fibrous tissue in-
creases. The sacral cartilage degenerates throughout life,
and in later adult life it may appear fibrous as well
(Bowen & Cassidy, 1981; Paquin et al., 1983; Sashin,
1929).

Development

The SIJ begins development during the seventh week of
fetal life with the iUia moving superiorly and also poste-
rior to the sacrum. During the eighth week of develop-
ment, the mesenchyme between the two bones be-
comes arranged into three layers. At the tenth weck,
multiple cavities develop in the mesenchyme. These cav-
ities are separated by septa, which disappear by the time
the fetus reaches term. The sacral hyaline cartilage de-
velops first, followed by the development of the iliac sur-
face. At birth the sacral hyaline cartilage is thick and
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FIG. 8-8  View similar to that seen
in I'ig. 8-7, only with more soft tissue
visible on this cadaveric specimen,
The aurtcular surface can be veadily
identified on this medial surface of
the posterior ilium.  Also notice the
cut fibers of the interosseous sacroil-
e higament.

almost fully developed, whereas the iliac cartilage is thin
and irregular. The iliac surface has the appearance of fi-
brocartilage by the time of infancy (Cassidy & Micrau,
1992).

Before puberty, both sacral and iliac auricular surfaces
are flat, straight, and vertically oriented (Beal, 1982). The
joint can conceivably have a gliding movement in any di-
rection. being restricted only by ligaments. After puberty
the auricular surfaces change shape to form a horizontal
and vertical limb. The horizontal limb, which can be
longer than the vertical limb, is possibly formed to aid
stability (Otter, 1985). Also during this time the longitu-
dinal groove is tormed in the sacral auricular surface.
This groove runs from top to bottom, down the center
of this surface. The corresponding iliac ridge develops si-
multaneously on the iliac auricular surface. The inter-
locking groove and ridge limit the direction of motion,
hut increase stability.

During the third decade of life, the interosseous liga-
ments are strengthened. The many bony tuberosities and
corresponding grooves and fossae develop and probably
increase the stability of the SIJ by their interlocking rela-
tionships (see Table 8-3 and Fig. 8-9). From the fourth

Auricular surface

_Interosseous
sacroiliac ligament

decade of life, marginal osteophytes frequently begin to
develop, particularly on the anterior and superior por-
tion of the SIJ along the articular capsule. These degen-
crative changes develop earlier in the male. They proba-
bly increase stability of the joint, at the expensc of
decreased joint mobility. In later life the cartilage
undergees degeneration and further marginal ankylosis
develops. Total fiibrous ankylosis may eventually occur.
After the eighth decade of life, SII mobility is usually
lost completely, making body movement stiff (Walker,
1986)

Sacroiliac Joint Motion

The S1J provides substantial, yet resilient, stability to the
region between the spine and the lower extremities
while also allowing for slight mobility to occur between
the sacrum and the ilium. The SIJ has a small amount of
movement (Egund et al., 1978; Frigerio, Stowe, & Howe,
1974; Solonen, 1957), but the movement is difficult to
evaluate because of its location deep to the origin of the
ercctor spinae muscle group, the posterior 8- ligament,
and the interosscous S-1 ligament. SIJ movement is threc
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FIG. 89  Medial surfaces of the right side of the sacrum and the right ilium. Theseries of el-

¢vations and depressions associated with the sacroiliac joint (S8IJ) are accentuated in this illus-
tration. These elevations and depressions are thought to help increase stability of the SIJ.
Table 8-3 lists the important elevations and depressions of the S1J.

dimensional and contains several elements. The primary
movements appear to be anteroinferior to posterosupe-
rior nodding (called nutation) of the sacral base in rela-
tion to the ilium (Fig. 8-16, B). This represents rotation
along the sacral groove, with the center of rotation lo-
cated in the middle sacral fossa of the SIJ.

Another type of movement is rotatory movement
along an axis that passes longitudinally through the iliac
ridge of the SIJ (Fig. 8-16, C). The movement of the pos-
terior aspect of the ilium in this case is superomedial
and inferolateral. Although the iliac ridge may move
only 2 mm during this type of movement, the distance
between the two anterosuperior iliac spines increases
or decreases by as much as 10 mm (Ehara, El-Khoury,
& Bergman, 1988; Hadley, 1952; Wilder, Pope, &
Frymoyer, 1980).

Gapping of the superior and inferior aspects of the SIJ
has also been described. This could be interpreted as a
third type of SIJ motion (Fig. 8-16, 4).

Initiation of SIJ movements are made by the vertebral
column and the lower extremities. The forces inducing
SIJ motion are gravity (trunk weight), ground reaction
(bouncing) force, and muscle contraction. Postural
changes of the vertebral column (during lying, sitting,
standing) and motion of the vertebral column (flexion,
extension, rotation) cause the sacrum to move relative
to the ilium. Change of thigh position (e.g., during sit-
ting, standing, standing on one leg) and active motion of
the thigh during flexion, extension, abduction, adduc-
tion, and rotation cause the iliac surface of the SIJ to
move relative to the sacral surface of the S1J. In addition,
abduction and adduction of the thigh causes a certain
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FIG. 8-10
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Ventral sacroiliac
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Posterior view of an opened right sacroiliac joint demonstrating some of the im-

portant bony and soft tissue components. Notice the articular capsule is found only anteriorly.
Posteriorly the interosseous sacroiliac ligament supports the jeint. This ligament is shown torn
to illustrate the deeper structures of the opened joint.

amount of gapping motion. The mechanism of walking
is extremely complex, thereby causing movements of
the SIJ to be complicated.

Even though there appears to be no muscle specifi-
cally designed for movement of the SIJ, approximately
40 muscles can influence this joint. Some of the most im-
portant are the erector spinae, quadratus lumborum,
multifidus, iliopsoas, rectus abdominis, gluteus maxi-
mus, and piriformis muscles (Fligg, 1986).

As mentioned previously, stability is increased and
mobility is decreased with age. Until puberty, stability is
maintained primarily by ligaments. After puberty, the
bony interlockings that enhance stability begin to form
(see Table 83 and Fig. 8-9). Recall that after the fourth
decade of life, osteophytes are formed and ankylosis may
begin to occur, increasing stability. Near the eighth
decade of life, total fibrous degeneration develops for
stability, and consequently, SIJ movement usually com-
pletely stops at about this age.

Clinical Considerations

Disorders of the Sacroiliac Joint. Because of its
role in weight bearing and perhaps also because of its
unique anatomy, the SIJ can become a source of pain.
This section briefly highlights some of the most common
causes of pain arising from this clinically important ar-
ticulation. Brief mention also is made of the most impor-
tant factors involved in the clinical evaluation of the SIJ.
Also, some of the most common methods currently used
to treat SIJ dysfunction are mentioned in this section.
However, a complete consideration of the pathologic
conditions, diagnosis, and treatment of SIJ disorders is
beyond the scope of this book.

Trauma and repeated minor forces can cause SIJ dis-
orders. Examples of minor forces include those received
while driving for long periods over rough terrain or
while driving on poorly maintained roads in a vehicle
with inadequate suspension (Abel, 1950). The SIJ re-
ceives its greatest stresses from below during sitting.
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FIG. 8-11

Ligaments of the sacroiliac joint (S1J.) A, Anterior view. B, Posterior view. C, SIJ

in horizontal section. Notice the capsule of the SIJ joint is only present anteriorly.

This is because the ground reaction (bouncing) force
reaches the SIJ directly without going through any
other joint (Bermis & Daniel, 1987; Johnson, 1964;
Schuchman & Cannon, 1986).

Women appear to be more susceptible to SIJ syn-
drome (pain as a result of mechanical irritation) than
men. This is probably caused by the actions of the hor-
mone relaxin during menstruation, pregnancy, and for a
short time after childbirth (Cassidy & Mierau, 1992). Re-

laxin decreases the tension of the S-I ligaments, allowing
them to become more pliable (or lax). The best known
SIJ disease is osteitis condensans ilii, which occurs sec-
ondary to pregnancy and parturition (Nykoliation,
Cassidy, & Dupuis, 1984; Olivieri et al., 1990).

A partial list of disorders of the SIJ include joint
space widening or narrowing, cystic or erosive change,
osteosclerosis, osteophytosis, and idiopathic hypcros-
tosis. Some causes of SIJ dysfunction include trauma,
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Short T)osrerior
sacroiliac ligament
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IFIG. 8-12  Posterior view of the sacrum and the left posterior ilium, showing the iliolumbar

ligament and the posterior sacroiliac ligament. The posterior sacroiliac ligament has long
fibers, which are vertically oriented, and short fibers, which are horizontally oriented.

| disease of bone, infection, and arthropathy (Blower &
Griffin, 1984; Blumel, Evans, & Eggers, 1959; Bose, 1982,
Cone & Resnick, 1983; Dunn et al., 1976, DeCavalho &
Graudal, 1980; Fryette, 1936; Jajic & Jajic, 1987; Resnik,
Dwosh, & Niwayama, 1975; Resnik & Resnick, 1985;
Romanus, 1955; Vogler et al., 1984). Table 8-4 provides
a more complete list of some of the causes of SIJ dys-
function.

Evaluation and Treatment. Examination of the SIJ is
challenging for many reasons. First, the SIJ is subject to
a wide range of normal anatomic variation. Second, its
unusual location and its oblique position make direct
palpation almost impossible. Also, evaluation is made

more challenging because spinal radiography does not
always correspond well with symptoms.

As always, the patient’s history can be extremely re-
vealing. The patient may complain of pain over the pos-
terior superior iliac spine (PSIS) that radiates into the
buttock and less frequently to the groin and lower ex-
tremity (Cassidy & Mierau, 1992). Neurologic signs are
negative, and the pain is not of dermatomal distribution.

Useful methods of palpatory examination for the SIJ
include the palpation of neighboring prominences (PSIS
and the S2 spinous tubercle) during thigh flexion (mo-
tion palpation). Potter and Rothstein (1985) investigated
the reliability of many physical tests for SIJ dysfunction
and found the most reliable test to be a measurable
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FIG. 8-13

Horizontal section through the right sacroiliac joint. Notice the synovial portion

of the joint anteriorly and the fibrous portion posteriorly. The posterior fibrous portion of the
joint is filled with the interosseous sacroiliac ligament.

widening of the distance between the left and right an-
terior superior iliac spines from a standing to a supine
position. Using this method, a 94% agreement was found
between multiple observers. A measured narrowing of
the distance between the left and right anterior superior
iliac spines after compression in the side-lying posture
was the second most reliable method, with a 76% agree-
ment found among observers. Also, certain orthopedic
tests may be helpful in evaluating disorders of the SIJ.
Using bone scans, Cassidy and Mierau (1992) found SIJ
dysfunction to be particularly correlated with at least
two out of three of the following orthopedic tests for
SIJ sprain: Patrick-Faber (pathologic conditions of the
hip previously ruled out), Gaenslen’s test (forced thigh
flexion), and Yeoman'’s test (forced thigh extension).
Several other orthopedic tests for SIJ dysfunction also ex-
ist (Lawrence, 1990).

Differentiation between enteric disorders, pelvic dis-
orders, and inflammatory arthritides from SIJ dysfunc-
tion can be challenging, and two of these disorders
may coexist. Such conditions include Crohn’s disease,
psoriasis, Reiter’s syndrome, Behcet's syndcome, and
other inflammatory bowel disorders. Differential diagno-
sis may be aided by anesthetic injection into the SIJ, with
relief of pain following anesthetic injection being an in-
dication of SIJ dysfunction (Davis, Thomson, & Lentle,
1978; Dekker-Saeys et al., 1978; McEwen et al., 1971;
Olivierietal., 1990; Russell et al., 1977; Ro, 1990, Yazici,
Tuzlaci, & Yurdakul, 1981).

Fortunately, SIJ syndrome is usually self-limiting and
responding well to rest. However, in some individuals
the condition becomes chronic and disabling. Chiro-
practic manipulation has been used to treat SIJ disordcrs.
More than 90% of patients presenting to a university
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IIG. 8-14  MRI scan performed in a horizontal plane that shows the sacroiliac joint.
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F1G.. 8-15  MRI scan taken in a coronal plane that shows the sacroiliac joint.
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FIG. 8-16  Three types of sacroiliac joint (SIJ) motion. A, Superior and inferior aspects of the
SIJ are shown gapping. B, Anterior and posterior rocking of the sacral base. This is sometimes
known as nutation. C, Movement of the ilium on the sactum that takes place in the horizontal
plane. The arrows in A and C show motion of the ilium. The arrows in B show sacral motion.
These movements are accentuated for demonstrative purposes in this illustration.

Table 8-4 Causes of Sacroiliac Joint Dysfunction

Type Possible causes

Trauma Direct trauma, falls, locus minoris resis-
tentiae

Osteitis condensans ilii, infection

Ankylosing spondylitis, enteropathic ar-
thropathies, gouty arthritis

Hyperparathyroidism, paraplegia, lower
extremity disorders, activity related
(e.g., athletic activity), after hip surgery,
neoplasm.

Disease of bone
Arthropathies

Other causes

hospital disabled with chronic SIJ syndrome responded
favorablyv to a regimen of sacroiliac manipulation
(Cassidy & Mierau, 1992). Some believe examination and
treatment of the soft tissues surrounding the SIJ to be the
best way to manage spinal and SIJ problems (Lavignolle
et al.,, 1983; Maltezopoulos & Armitage, 1984). Injection

of local anesthetic not only may prove useful in the di-
agnosis of these disorders, but also may provide long-
term relief in some patients who do not respond to other
treatments (Cassidy & Mierau, 1992). The use of belts to
stabilize the SIJ, injections of proliferants (to decrease
mobility), exercises, and fusion have also been used to
treat SIJ disorders (Cassidy, 1993).

THE COCCYX

The coccyx (Fig. 8-17) is formed by three to five fused
segments (usually four), and each develops from one pri-
mary center of ossification. The coccygeal segments de-
velop between ages 1 (first segment) and 20 (fourth
segment), although the time when coccygeal ossification
centers develop varies. Fusion of the coccygeal scg-
ments usually occurs in the late 20s but may be delayed
considerably (Williams et al., 1989). Sometimes thc first
coccygeal segment does not fuse with the remainder of
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Transverse
process
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the coccyx at all. The first coccygeal segment has several
prominences (see following discussion), whereas the
second through the ffth coccygeal scgments are rather
simple and are homologous to vertebral bodies of typical
vertebrae.

As with the sacrum, the coccyx is triangular in shape,
with the superior surface the base and the inferior sur-
face the apex (Fig. 8-17). The base of the coccyx is
formed by the first coccygeal segment. The top of the
base has an articular facet for articulation with a small
disc that intervenes between it and the apex of the
sacrum. Also, « transverse process extends from the left
and right lateral surfaces of the coccygeal base. Poster-
iorly the coccygeal cornua are in register with the sacral
cornua. Intercornual ligaments connect the cornua of
the sacrum with those of the coccyx. The S5 and coc-

FIG. 8-17
view,

The coccyx. A, Anterior view. B, Posterior
7 3 b

— Coccyx

cygeal nerves of each side exit the sacral hiatus (see The
Sacrum) and pass between the apex of the sacrum and
the intercornual ligament. They then give off the dorsul
rami, which pass posterior to the TP of the coccyx.

A series of fibrocartilaginous discs develop, before and
after birth, between the individual coccyvgeal segments.
These discs are eventually replaced by bone as the seg-
ments fuse during the second or third decades of life.

Structures That Attach to the Coccyx and
the Borders of the Pelvic Outlet

Table 8-2 lists the muscles and ligaments that attach to
the coccyx. The apex of the coccvx helps to form the
boundarics of the pelvic outlet. The boundaries of this
outlet are listed next.



Anterior: pubic symphysis
Posterior: tip of coccyx
Lateral: ischial tuberosities

NERVES AND VESSELS ASSOCIATED WITH
THE SACRUM AND COCCYX

Sacral Plexus

The sacral plexus is formed by the anterior primary di-
visions (ventral rami) of L4 and L5 (lumbosacral trunk),
S1-3, and part of S4. The anterior primary division of S4
also contributes to the coccygeal plexus. The plexus is
located on the posterior pelvic wall, specifically, anterior
to the piriformis muscle (Figs. 818 and 8-19). The
branches of the sacral plexus are listed next (contribut-
ing spinal cord segments appear in parentheses).

¢ Posterior cutaneous nerve of the thigh (S1-3)

¢ Pudendal nerve (S2-4)

¢ Sciatic nerve (L4, LS, S1-3)

¢ Superior gluteal nerve (L4, LS, S1)

¢ Inferior gluteal nerve (L5, S1, S2)
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¢ Nerve to the obturator internus (and superior

gemellus) (LS, S1, S2)

¢ Nerve to the quadratus femoris (and inferior gemel-

lus) (L4, L5, S1)

Chapters 9 and 10 provide further information on the
nerves of the sacral plexus. Chapter 10 also discusses the
relationship between the nerves of the sacral plexus and
pelvic autonomic fibers.

Pelvic Autonomic Nerves

The S2 to S4 segments provide parasympathetic innerva-
tion to the pelvic viscera via nerves of the sacral plexus.
In addition, each sympathetic trunk has five sacral gan-
glia that are located along the anterior surface of the
sacrum. These ganglia supply sympathetic innervation to
the pelvic viscera via gray rami. The two sympathetic
chains join inferiorly on the anterior surface of the coc-
cyx at a single ganglion, which is called the ganglion im-
par. The inferior hypogastric autonomic plexus, which
receives contributions from the lumbar splanchnic

Lumbosacral
ligament

Anterior sacroiliac
ligament covering
sacroiliac joint

L4 contribution to
lumbosacral trunk

Sacral
promontory

Lumbosacral
trunk

IIG. 8-18  Anterior and superior view of the region of the sacroiliac joint showing the lum-

bosacral trunk and its L4 and LS contributions.
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F1G. 819 Arteries and nerves associated with the anterior aspect of the sacrum and the

sacroiliac joint.

nerves (sympathetic), sacral sympathetics, and pelvic
splanchnic nerves (parasympathetic), helps to supply
the pelvic viscera with autonomic fibers. Chapter 10
thoroughly discusses the pelvic autonomics.

Arteries Associated with the Sacrum and
Coccyx

The aorta bifurcates at approximately the body of L4 into
left and right common iliac arteries. Each common iliac

artery, in turn, bifurcates into an internal and external
iliac artery. The external iliac artery courses toward the
inguinal ligament, giving off the inferior epigastric and
deep circumflex iliac arteries before crossing under the
inguinal ligament to become the femoral artery. The left
and right internal iliac arteries supply the pelvic viscera,
inferior aspect of the posterior abdominal wall, the
pelvic wall, the gluteal region, ischioanal (ischiorectal)
fossa, perineum, and adductor region of the thigh. Each
internal iliac artery can be described as having an ante-
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rior, or visceral, division and a posterior, or somatic, di-
vision. The branches of each division of the internal iliac
artery are listed in the following section.

1. lliolumbar artery. This is the first branch of the in-
ternal iliac artery. The iliolumbar artery further di-
vides into two branches:

a. Aniliac branch passes along the superior border of
the iliac crest to supply the iliacus and quadratus
lumborum muscles.

b. A lumbar branch courses superiorly to help supply
the psoas muscle.

2. Lateral sacral artery. This artery has been discussed
previously and is shown in Figs. 8-18 and 8-19. It
courses along the anterior and lateral surface of the
sacrum, sending branches into the anterior sacral
foramina. It serves as a major source of blood to the
sacrum and the sacral nerve roots.

3. Superior gluteal artery. This artery usually passes be-
tween the lumbosacral trunk and the S1 ventral ra-
mus to exit the pelvis (in some cases it may exit be-
tween the S1 and $2 ventral rami). The superior
gluteal artery helps to supply the gluteal region.

1. Inferior gluteal artery. This artery usually exits the
pelvis by passing between the S1 and S2, or the S2
and S3, ventral rami. As with the superior gluteal
artery, this artery also helps to supply the buttock and
thigh.

2. Internal pudendal artery. This artery usually exits
the pelvis between the S2 and S3 ventral rami. It then
passes around the posterior surface of the sacro-
spinous ligament to enter the ischioanal (ischiorectal)
fossa, where it continues anteriorly within the pu-
dendal (Alcock’s) canal. It terminates near the sym-
physis pubis by dividing into the deep and clersal ar-
teries of the penis.

3. Inferior vesical artery. This artery is only found in
the male. In the female its place is taken by the vagi-
nal artery. The inferior vesical (or a branch of the
vaginal artery in the female) supplies the inferior as-
pect of the bladcder.

4. Middle rectal artery. This artery is usually small and
may arise from the inferior vesical artery or the inter-
nal pudendal artery. It helps to supply the rectum.

S. Obturator artery. The obturator artery has a rather
long intrapelvic course before exiting the pelvis at
the obturator foramen. It then supplies the adductor
region of the thigh. Before exiting the pelvis, this
artery gives a branch that anastomoses with the pubic
branch of the inferior epigastric artery. This anasto-

mosis frequently is called the accessory obturator
artery. Occasionally the pubic branch of the inferior
epigastric artery may replace the obturator artery.

6. Umbitical artery. This artery is the direct continua-
tion of the internal iliac artery. [t runs from the supe-
rior aspect of the bladder to the anterior abdominal
wall, where its continuation forms the medial um-
bilical ligament. The superior vesical arteries are
branches of the proximal portion of the umbilical
artery. These arteries pass inferiorly from the umbili-
cal artery to supply the superior aspect of the blad-
der.

1. Uterine artery. This artery courses beneath (inferior
to) the ureter to reach the lateral aspect of the uterus,
which it supplies.

2. Vaginal artery. This artery not only supplies the
vagina, but also takes the place of the male inferior
vesical artery. Therefore it also supplies the inferior
aspect of the bladder.

Another vessel associated
with the anterior surface of the sacrum is the median
sacral artery. The median (middle) sacral artery (see
Chapter 7) is a tiny unpaired artery that arises from the
posterior surface of the abdominal aorta just before the
aorta bifurcates into right and left common iliac arteries.
It then passes inferiorly along the midline of the anterior
sacrum, sending branches into the anterior sacral foram-
ina. These foraminal branches are accompanied by
branches of the lateral sacral artery.

Veins Associated with the Sacrum and
Coccyx

The venous drainage of the sacrum, coccyx, and pelvic
viscera generally flows in the opposite direction as the
arterial supply and drains into the internal iliac vein. The
internal iliac vein drains into the common iliac vein, and
the common iliac vein drains into the inferior vena cava.
One exception to this is the superior rectal vein, which
helps to form the inferior mesenteric vein. The inferior
mesenteric vein, in turn, drains into either the splenic or
superior mesenteric veins. The latter two veins combine
to form the portal vein. Blood from the inferior rectal
vein eventually drains into the inferior vena cava. The
anastomosis between the superior rectal veins and the
inferior and middle rectal veins forms an important por-
tal-caval anastomosis.

The internal and external vertebral venous plexuses
also help to drain the sacrum. These venous plexuses are
discussed with the vertebral canal in Chapter 2.
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