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Radiographic cephalometry has been one of the most
important diagnostic tools in orthodontics, since its
introduction in the early 1930s by Broadbent in the
United States and Hofrath in Germany. Generations of
orthodontists have relied on the interpretation of these
images for their diagnosis and treatment planning as
well as for the long-term follow-up of growth and
treatment results. Also in the planning for surgical
orthodontic corrections of jaw discrepancies, lateral
and antero-posterior cephalograms have been valu-
able tools. For these purposes numerous cephalomet-
ric analyses are available. However, a major drawback
of the existing technique is that it renders only a two-
dimensional representation of a three-dimensional
structure.

It was almost 75 years before the next step could 
be taken in the use of cephalometrics for clinical and
research purposes. The development of computed 
tomography and the dramatic decrease in radiation
dose of the newer devices brings three-dimensional
analysis of the head and face to the scene. A major step
forward is also that 3D hard and soft tissue representa-
tions can be combined in the same image, which 
enables in depth analysis of these tissues in relation to
each other possible.

With “Three-Dimensional Cephalometry – A Color
Atlas and Manual” by the authors Swennen, Schutyser
and Hausamen you have an exciting book in your
hands. It shows you how the head can be analysed in
three dimensions with the aid of 3D-cephalometry.
Of course, at the moment the technique is not available
in every orthodontic office around the corner. How-
ever, especially for the planning of more complex 
cases where combined surgical – orthodontic treat-
ment is indicated, it is my sincere conviction that with-
in 10 years time 3D cephalometry will have changed
our way of thinking about planning and clinical 
handling of these patients.

July 2005 Anne Marie Kuijpers-Jagtman,
DDS, PhD, FDSRCS Eng
Professor and Chair 
Department of Orthodontics 
and Oral Biology 
Radboud University Nijmegen 
Medical Centre 
Nijmegen, The Netherlands
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Few can fail to feel enlivened by entering a bookshop,
and to encounter a new surgical textbook always pro-
vokes excitement. I am therefore most honoured to be
asked to pen this foreword to what is truly a new book.
This is not just a rehashing of old ideas on familiar top-
ics, but a most innovative exploration of an increasing-
ly important diagnostic medium, 3-D imaging.

We have all been assailed by sometimes startling 
3-D images, but on cooler reflection have realised these
were no more than clever pictures, of little value to 
patient or clinician. This book, however, provides a 
logical comprehensive text on the role of 3-D imaging
in the surgical management of facial deformity. It skil-
fully provides a range of knowledge from the basic
principles of radiological imaging to its use, giving the
patients the best options for a predictable and good
outcome. Seeing the list of authors, it should come as
no surprise that this is innovative and highly informa-
tive. Professor Jarg-Erich Hausamen has established 
a centre of excellence for maxillofacial surgery. His
modest persona, coupled with his great depth of
knowledge and teaching skills, has made his unit an in-
ternational name for innovation, training and, above
all, patient care. It is not surprising, therefore, that his

co-authors and former colleagues have shown tireless
dedication in the production of this book.

It is clear that 3-D imaging has become an essential
tool in planning and managing the treatment of facial
deformity. The development of spiral CT and cone
beam CT has revolutionised this technique, the former
providing outstanding resolution and the latter, with
its low cost, allowing unique accessibility. Both tech-
niques reduce radiation levels to permit use in non-
life-threatening conditions, such as facial deformity.
These technological advances would be worthless,
however, without this type of comprehensive textbook.
This book educates and is a source of reference for all
surgeons, regardless of seniority. It will be invaluable to
those in other surgical specialities, who are less com-
monly involved in the management of facial deformity.

This volume is a joy to read and is enhanced by the
high quality of the production and technical editing.

July 2005 Peter Ward Booth, FDS, FRCS
Consultant Maxillofacial Surgeon
Queen Victoria Hospital
East Grinstead, United Kingdom
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Similar to the biological and intellectual environment,
craniofacial growth is not a linear phenomenon. It 
is characterized by periodicity: an initial phase of
rapid growth is followed by a slowing of activity until
a provision of new resources allows a new period of
increased growth.

During the past three decades, craniofacial surgery
has witnessed a paradigm shift as a result of the work
of Paul Tessier, Fernando Ortiz Monasterio and others.
A precise craniofacial imaging system for planning,
monitoring and evaluation of results therefore became
necessary. During the same three decades, medical im-
aging has developed in the same way. Since the use of
the first cephalometric radiographs in our clinical
practice in the 1970s, the development of computer
tomography associated with the progress in computer
technology gives us today access to unprecedented
static and dynamic medical imaging. The need for an
atlas that allows appropriate application of advanced
three-dimensional craniofacial imaging methods is
apparent.

This book is not a “cookbook” for clinical practice
but a guide to three-dimensional treatment planning
and evaluation of treatment outcome. The step-by-step

method that the authors presents in this atlas will allow
all professionals, including those who are not experts
in imaging but have an interest in virtual computer-
aided planning and surgery, to become familiar with
three-dimensional cephalometry.

Gwen R. J. Swennen and his co-authors have gained
considerable experience in this field. This atlas is the
result of a team effort and the reflection of an excellent
and safe clinical practice. I have to congratulate Gwen
Swennen on his wonderful work, his boundless enthu-
siasm and his unending dedication to his profession.
It is a pleasure and a privilege to work with him in my
department as he not only acquires learning but also
transmits it.

July 2005 Albert De Mey, MD 
Professor and Chairman 
Department of Plastic Surgery 
University Hospital Brugmann 
Brussels, Belgium 
Queen Fabiola Children’s 
University Hospital 
Brussels, Belgium
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On the day he won the Nobel Prize in 1979,
Godfrey Hounsfield had some home-spun words 
of advice for all would-be Nobel laureates:

Don’t worry too much if you don’t pass exams,
so long as you feel you have understood the subject.
It’s amazing what you can get by the ability 
to reason things out by conventional methods,
getting down to the basics of what is happening.

Sir Godfrey N. Hounsfield,
28 August 1919–12 August 2004

„Cephalometric radiography“ was introduced in ortho-
dontics in 1931 by B. H. Broadbent and H. Hofrath,
who developed simultaneously and independently
standardized methods for the production of cephalo-
metric radiographs. It was, however, not until the 1960s
that this method gained worldwide acceptance for the
evaluation of craniofacial morphology and growth in
daily clinical practice. Meanwhile, cephalometric
analysis has proven to be a valuable tool for planning,
monitoring and evaluation of orthodontic, surgical
and combined treatment protocols, especially in
regard to stability.

„Computer tomography“ (CT), developed by G.N.
Hounsfield in 1972 based on the mathematical and pi-
oneer work of A.M. Cormack, represented a major
breakthrough in diagnostic radiography. Cormack and
Hounsfield’s pioneer work was rewarded with the
Nobel Prize in Medicine and Physiology, which they
shared in 1979. CT is nowadays available practically
worldwide, is becoming more and more cost-efficient,
and the new generation of spiral multi-slice (MS) CT
and cone beam CT causes less irradiation for the patient.

Currently voxel-based craniofacial surgery and vir-
tual assessment of craniofacial morphology and
growth are becoming increasingly popular. Recent
advances in computer software technology allow the
combination of conventional cephalometric radiogra-
phy and CT methods. It was therefore a fascinating
challenge to develop a new method of voxel-based
„three-dimensional cephalometry“.

Three-dimensional (3-D) cephalometry is a power-
ful tool for planning, monitoring and evaluation of
craniofacial morphology and growth. It allows objec-
tive immediate and long-term postoperative assess-
ment of virtual planned or assisted craniofacial surgi-
cal procedures. The accuracy and reliability of 3-D
cephalometry, however, depends on the correct appli-
cation of the method. This atlas is a practical straight
forward „step-by-step“ manual for both orthodontists,
maxillofacial, craniofacial and plastic surgeons inter-
ested in virtual computer-aided planning and surgery.
Because this book is an atlas and manual, the emphasis
is on little text and numerous comprehensive color
illustrations.

In order to help the reader become familiar with
voxel-based 3-D cephalometry, Chap. 1, deals with 
the principles of 3-D volumetric CT. Chapter 2 focuses 
on basic craniofacial anatomical knowledge. 3-D
cephalometry demands new knowledge from ortho-
dontists regarding interpretation of CT anatomy. On
the other hand, maxillofacial and craniofacial plastic
surgeons are often not familiar with conventional
cephalometry and may need some additional expertise
regarding cephalometric radiography. The nomencla-
ture is in English, based on the recommendations
found in the 4th edition of Nomina Anatomica. Chap-
ter 3 highlights the set-up of a precise and reliable 3-D
reference system that allows longitudinal comparison
of craniofacial growth patterns and comparison of
pre-operative findings, virtual planning and post-
operative results. In the following chapters, „step-
by-step“ virtual definition of 3-D cephalometric hard
(Chap. 4) and soft (Chap. 5) tissue landmarks is de-
scribed concisely. Only landmarks whose accuracy and
reliability has been statistically validated are described
in detail; additional landmarks are mentioned. To en-
sure uniformity, internationally accepted landmarks
are used and named according to the Greek or Latin
anatomical terminology as proposed by L.G. Farkas,
who stated „...the use of the internationally accepted
anthropometric symbols, without any individual modi-
fications, is a „sine qua non“ for easy understanding of
papers based on anthropometry...“.

Preface
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Preface

The next two chapters deal with 3-D cephalometric
planes (Chap. 6) and 3-D cephalometric hard and soft
tissue analysis (Chap. 7). A great number of analytical
and investigatory cephalometric procedures have been
described in the literature. To avoid confusion, mean-
ingful practical cephalometric measurements are de-
scribed that provide data for clinical decision making.
Moreover, additional measurements designed for sci-
entific research and validation purposes are supplied.
No descriptive data are given because normative hard
and soft tissue data are not yet available. A separate
chapter (Chap. 8) deals with the potential of 3-D
cephalometry to assess craniofacial growth. Finally,
clinical orthodontic and surgical applications of 3-D
cephalometry are illustrated in Chap. 9. Since 3-D
cephalometry is still very new, the future will certainly
bring innovations. The last chapter (Chap. 10) high-

lights some interesting future perspectives of 3-D
cephalometry.

It is our sincere hope that this atlas will prove to be 
a valuable reference on the basic principles of 3-D
cephalometry for different specialities involved in the
assessment of the head and the face, such as ortho-
dontics, maxillofacial, craniofacial and plastic surgery,
medical anthropology and dysmorphological genetics.
We hope that this atlas will stimulate both clinicians
and researchers to extend their expertise and to fur-
ther develop the rapidly expanding and interesting
field of virtual craniofacial assessment.

Hannover, Gwen R.J. Swennen, MD DMD PhD
July 2005 Filip Schutyser, MSc

Jarg-Erich Hausamen,
MD DMD PhD
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2

From 3-D Volumetric Computer Tomography to 3-D Cephalometry

With 3-D cephalometry, the head is geometrically
analysed in three dimensions. In order to do so, an ac-
curate volumetric measurement of the head is needed,
together with the appropriate tools to access this 3-D
dataset. This implies a toolset to access the data of im-
portance in a reliable and repeatable way. Moreover, it
is important to bridge classical 2-D approaches with
new 3-D analysis methods.

To measure the anatomy of the head, CT imaging is
the modality of preference because of its high contrast
for bony tissues. In Sect.1 of this chapter the focus is on
CT imaging of the head.

After a correct CT acquisition of the head, the 3-D
data need to be visualized appropriately.Therefore,a 3-
D scene approach is applied. Section 2 of this chapter
details this approach.

To bridge this new 3-D technology with the classical
clinical daily practice, which consists of the use of 2-D
cephalometry, virtual 2-D cephalograms are generated
and co-visualized with the 3-D data, taking into ac-
count the geometrical relationships. In this way, a com-
bined 2-D and 3-D approach opens the way towards re-
liable and repeatable 3-D analysis of the head. Section
3 of this chapter explains this technology.

1.1
CT Imaging of the Head

1.1.1
CT Scanner

Computed tomography is an imaging modality that
produces cross-sectional images representing the X-
ray attenuation properties of the body.

Image formation is based on the following proce-
dure. Using an X-ray beam, a set of acquisitions is
made, covering the entire field of view. This process is
repeated for a large number of angles, yielding line
attenuation measurements for all possible angles and
for all possible distances from the centre. Based on all
these measurements, the actual attenuation at each
point of the scanned volume can be reconstructed.

To acquire a volume of data, two scanning modes are
possible: sequential CT or spiral CT. With sequential
CT, the table with the patient is positioned, and attenu-
ation data are acquired. Then the table is moved to a
next position, and a new acquisition is made. With spi-
ral CT, the table moves from the starting position to the
end position while X-ray attenuation data are ac-
quired. From these data, a set of consecutive CT slices
is computed.

Three CT technologies can be distinguished (Fig.
1.1):
1. Single-slice CT

This type of CT scanner is the oldest. From an X-ray
source, a fan-beam X-ray is emitted through the im-
aged object towards a single array of detectors. The
tube–detector unit rotates around the patient. Se-
quential as well as spiral scanning is possible.

2. Multi-slice CT
The multi-slice CT scanner, introduced in 1998,
allows acquisition of multiple slices simultaneously
using adjacent detector arrays. In 2004, this number
of arrays varies from 2 to 64 slices. This technology
implies faster imaging and reduced dose. Sequential
as well as spiral scanning is possible.

3. Cone-beam CT
With cone-beam CT (CBCT) scanners, the detector
is extended to a 2-D detector. For the field of dento-

Fig. 1.1. The different types of CT scanners

Single-slice CT Multi-slice CT Cone-beam CT



By definition, the CT number of water (H2O) is 0 HU.
Air is typically about –1000 HU.

Since the dynamic range is too high to be perceived
in a single image, a window/level operation – this is a
grey level transformation – must be applied. This op-
eration rescales the CT numbers around a defined
number, i.e. the level, in a range defined by the window
to 256 grey values that are shown on the computer dis-
play. With appropriate settings of window/level, soft
tissues or bone, for example, are visualized with more
contrast (Fig. 1.2).

The spatial resolution in a CT image is non-isotrop-
ic and non-uniform and depends on a number of fac-
tors during acquisition (e.g. focal spot, size detector el-
ement and table feed) and reconstruction (reconstruc-
tion kernel, interpolation process, voxel size). For den-
to-maxillofacial CT imaging, a resolution of 0.5 mm in
X, Y and Z directions is achievable. When the resolu-
tion is reduced, the reduction typically applies to the
cranio-caudal (Z) direction.

Image noise depends on the total exposure and the
reconstruction noise. Increasing the current in the X-
ray tube increases the signal-to-noise ratio, and thus
reduces the quantum noise of the statistical nature of
X-rays, at the expense of patient dose. The applied fil-
ters and interpolation methods in the reconstruction
algorithm influence image noise.

CHAPTER 1

3

1.1 CT Imaging of the Head

maxillofacial imaging, dedicated devices are devel-
oped. With one rotation of the tube–detector unit, a
large part of the skull can be imaged. With dedicat-
ed cone-beam reconstruction algorithms, a detailed
CT data volume is obtained. Since the focus of CBCT
devices is on bone imaging, the dose can be signifi-
cantly reduced.

1.1.2 Characteristics of a CT Dataset

The attenuated X-rays are captured by the detectors of
the CT scanner and digitized. Reconstruction algo-
rithms convert these data into a single CT slice or a set
of CT slices. Thus, the slices have a digital nature. They
can be printed on film, but, with increasing frequency,
they are stored and sent digitally. For digital transmis-
sion of CT slices, a dedicated open communication
protocol has been established: Digital Imaging and
Communications in Medicine (DICOM). DICOM also
specifies a file format for storage of CT slices as digital
files. Systems to store and retrieve all this image infor-
mation have been developed. This type of information
technology system is called a Picture Archiving and
Communication System (PACS).

The CT volume consists of a 3-D array of image ele-
ments, called voxels, with a CT number with a range of
typically 12 bits, expressed in Hounsfield units (HU).

Fig. 1.2. With appropriate window/level settings, the structures of importance are visualized with the preferred contrast

Bone Soft tissue
(window = 3100 HU; level = 700 HU) (window = 2200 HU; level = 50 HU)
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From 3-D Volumetric Computer Tomography to 3-D Cephalometry

CT imaging also shows artefacts. Several factors in-
fluence these artefacts:
� Beam hardening

Ideally, an X-ray source would emit mono-energetic
rays. However, this is not the case. Low-energy pho-
tons are preferentially absorbed, i.e. the X-ray beam
hardens as it passes through tissue. The harder the
beam, the less it is further attenuated. All beams
passing through a particular point in the imaged
volume follow different paths and therefore experi-
ence a different degree of beam hardening. Hence,
they attain different attenuation values. This phe-
nomenon causes beam-hardening artefacts such as
reduced attenuation towards the centre of an object
and streaks that connect objects with strong attenu-
ation.

� Scatter
Not all photons follow a straight path due to Comp-
ton scatter. As a consequence, the measured intensi-
ty is always an underestimation of the integrated av-
eraged attenuation. This results in streaks tangent to
edges.

� Non-linear partial volume effect
Because of the finite beam width, every measure-
ment represents an intensity averaged over this
beam width. It can be shown that this value corre-
sponds with an underestimation of the integrated
averaged attenuation. The larger the attenuation dif-
ferences along the beam width, the larger this un-

derestimation. This results in streaks tangent to
edges.

� Motion
A short movement of the imaged object results in in-
consistent measurements, and thus causes artefacts
(Fig. 1.3).

� Stair-step artefact
The interpolation process inherent to spiral CT in-
volves several types of artefacts. The most common
example is the stair-step artefact. This artefact is vis-
ible as regular step-like disruptions along edges
with an inclination with respect to the longitudinal
axis. This artefact can be typically observed in the
cranium (Fig. 1.4).

� Other artefacts
A variety of other artefacts are related to poor cali-
bration or system failure. Also, the number of detec-
tors has to be sufficiently high, or the beam suffi-
ciently wide, to avoid under-sampling artefacts.
Moreover, the number of views needs to be suffi-
ciently large to avoid alternating dark and bright
streaks in the peripheral image region where the
sampling density is smallest.

Artefacts due to amalgam fillings or brackets are typi-
cally a combination of beam hardening, scatter and
non-linear partial volume effect (Figs. 1.5, 1.6).

Based on these findings, a generic CT protocol is
proposed. The patient should be scanned in one con-

Fig. 1.3. Movements of the patient during CT acquisition results in some blurred CT slices (a). As a consequence, the 3-D rendering of the bone is also distorted
(b) at the position of the blurred CT slices

a b
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tinuous acquisition, with a tube voltage of 120 kV and
current of 80 mAs. In order to reduce the artefacts, the
occlusal plane should be parallel to the axial slice
plane, and no gantry tilt should be applied. The slice
thickness should be equal to the collimation width.
The pitch (= table speed / rotation speed) is preferably

lower then 1. In order to image the soft tissues correct-
ly, the use of fixation bandages or cushions should be
avoided. Although this increases the risk of motion
artefacts, only then are the soft tissues correctly im-
aged. These are the acquisition settings.

For the reconstruction settings, a bone filter is pre-
ferred, but very sharp filters should not be used, be-
cause this boosts the amount of noise.As a reconstruc-
tion interval, half the detector width should be chosen,
and this should be in the range of 0.5–1 mm. This
typically results in datasets of 150–200 slices, or 75–
100 MB.

1.1.3
Radiation Dose

As CT imaging is based on X-rays, radiation dose
should be investigated. The absorbed dose, i.e. the en-
ergy delivered to the traversed material, is expressed in
grays (Gy). The absorbed dose is independent of the
type of irradiation. For CT, the measurements of ab-
sorbed dose are often performed according to IEC
60601–2-44. In a polymethylmethacrylate (PMMA)
cylinder with a diameter of 160 mm and a length of
200 mm, dosimeters are inserted in dedicated holes.
From these measurements, the CT dose index (CTDI)
is defined and expressed in mGy. This dose number
gives a good estimate for the average dose applied in
the scanned volume as long as the patient is similar in
size to the respective dose phantom.

Fig. 1.4. When the slice interval is large, the stair artefact is clearly visible on
the cranium

Fig. 1.5 a, b. Metal orthodontic brackets caused some artefacts at the level of the teeth. However, the amount of artefacts is fairly small

a b
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However, the biological damage varies not only with
the absorbed energy but also depends heavily on the
wavelength of the radiation. To take this effect into
account, the absorbed dose has to be multiplied by 
a radiation-weighting factor, yielding the equivalent
dose.

The harm induced by the radiation also depends on
the irradiated organ. The risk for cancer or genetic dis-
orders for the same equivalent dose varies among or-
gans. Therefore, tissue-weighting factors have been de-

veloped. Multiplying the equivalent dose of an organ
with the corresponding weighting factor gives the ef-
fective dose, expressed in sieverts (Sv), of that organ.
The effective dose for the patient then is the sum of the
effective doses for all organs. The sum of all weights
equals 1. Well-accepted weighting factors are defined
by the International Commission on Radiological Pro-
tection (ICRP) in ICRP publication 60. Because of the
potential risk of medical irradiation, the ICRP also rec-
ommends keeping the magnitude of individual exam-

a

c

b

Fig. 1.6 a–c. Amalgam filling cause several artefacts.On the axial CT slices (a),
the typical star-shaped artefacts are visible. On the bone surface (b) and skin
surface (c), the streaks are also visible. However, when the occlusal plane is
positioned parallel to the axial slices during CT acquisition, the number of
affected slices is small
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ination doses as low as reasonably achievable (ALARA
principle).

The average equivalent dose due to natural sources
is estimated at about 3 mSv per year in US.

For a multi-slice scanner (Siemens Sensation 64,
tube potential 120 kV, effective tube current 80 mAs,
slice thickness 0.75 mm, slice collimation 0.75 mm,
table feed 6 mm/s, rotation time 0.75 s, scan length
225 mm, scan time 29.48 s), the effective dose for a
complete head scan without thyroid gland is 0.93 mSv.
If the effective tube current is reduced, the dose re-
duces linearly. If the scanning area is reduced to
mandible, maxilla and eyes, a effective dose of
0.45 mSv is measured. If the area is further reduced to
the mandible and maxilla, the dose reduces to
0.31 mSv.

With CBCT scanners, an important reduction of
dose is achieved. For example, the NewTom QR DVT-
9000 can, at maximum, scan a height of 70 mm, i.e. a

range of mandible and maxilla. The tube potential is
110 kV and the tube current is about 2.5 mA. The re-
sulting effective dose is 0.05 mSv. However, due to this
lower dose, the resulting CT images show more noise
and artefacts, and detailed information about soft tis-
sues is lost.

These dose values should be compared with the
classical cephalogram and orthopantogram (OPG)
doses. Table 1.1 gives an overview of the doses, and
shows the equivalent time to have the same dose as nat-
ural background radiation.

1.1.4
3-D Image Volume

CT imaging of the maxillofacial region results in a
stack of 2-D digital images. Each voxel is characterized
with a height, width, and depth. A typical voxel size of
a CT scan of the maxillofacial complex is [vx, vy, vz] =
[0.4 mm 0.4 mm 1 mm]. When all these CT slices are
ordered, a block (rectangular prism) of image data is
obtained (Fig. 1.7). Thus, CT imaging performs a volu-
metric measurement of the X-ray attenuation values
and therefore images the patient’s anatomy in three di-
mensions with a particularly high contrast for radio-
opaque structures. These structures are typically bone.
Since the voxel sizes are known from the acquisition,
correct measurements can be performed.

This understanding of a three dimensional volume
of digital data is the key for building 3-D visualization
systems. For example, when the CT numbers at the in-
tersection of a rectangle with this volume are comput-
ed, a reconstructed slice (reslice) is obtained (Fig. 1.8).
Conventional cuts through the volume – axial, coronal
and sagittal slices – are straightforward, but also any
other reslice is defined in this way.

Table 1.1. The effective doses of different acquisition schemes accord-
ing to the settings explained in Sect. 1.1.3

Acquisition Effective Equivalent natural 
dose background radiation

CT full skull 0.93 mSv 97 days

CT mandible, maxilla, orbit 0.41 mSv 50 days

CT mandible, maxilla 0.31 mSv 38 days

CT dental mandible 0.27 mSv 33 days

CT dental maxilla 0.21 mSv 26 days

CBCT 0.05 mSv 6 days

Cephalogram 0.1 mSv 12 days

OPG 0.05 mSv 6 days

Fig. 1.7. Single CT slices of the imaged object
are composed into a block of 3-D image data
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1.2
3-D Scene Approach

To effectively depict the volumetric data block of CT
numbers, a visualization paradigm is needed. A scene-
based approach is adopted. The virtual 3-D space is
considered as a 3-D scene with medical image data as
actors. This scene is viewed with a virtual camera, and
the resulting views are shown on the screen. To inspect

the scene from various angles and positions, the cam-
era is moved around.

In this virtual scene, various actors are present.
Based on the volumetric CT data, surface models of the
bone and skin surface can be computed. These surface
representations are computed as isosurfaces. An iso-
surface is a surface that connects points within the im-
age volume with a specified CT number. These surfaces
are added to the scene. Also CT slices are positioned in
this scene. Furthermore, related data such as rulers,
surgical devices and markers feature in the scene
(Fig. 1.9).

It is important to visualize only the structures of in-
terest during a certain stage of inspecting the patient’s
anatomy or performing surgical planning. Therefore,
all the objects in the scene have a visibility property.
Any object hiding the object of interest can be made
temporarily invisible.

Besides visualizing the image data, the paradigm
also allows for actions in this scene. In addition to 
the ability to move the virtual camera around, a mode
to interact with objects is required. Then actions 
such as indicating landmarks, performing virtual os-
teotomies and moving bone fragments become possi-
ble (Fig. 1.10).

Today, these visualizations are possible on desktop
or laptop computers (e.g. CPU P4 2.0 GHz, RAM
512 MB, graphics card nVidia GeForce Series) with
dedicated image-based planning software (e.g. Maxil-
im, www.medicim.com). The Maxilim data files (.mxm)
have an average size of 50 MB.

Fig. 1.8. By computing the CT numbers at the inter-
section of a rectangle with the image volume,
any reslice can be defined

Fig. 1.9. The virtual scene can be composed with the structures of interest
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Fig. 1.10 a–d. As an example, virtual osteotomies can be simulated. First a cut surface is designed. A possibility is to draw a line (a), and add depth dimension 
(b, c). Finally the bone is cut and split (d)

a

c d

b
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1.3
Virtual Cephalograms

1.3.1
Conventional 2-D Cephalograms

Cephalometric X-ray images are widely accepted in
daily routine. The patient is installed in a standard way
in the X-ray apparatus (Fig. 1.11). Then, the patient’s
head is exposed to an X-ray beam. The image is cap-
tured on film with a screen-film detector, or digitally
stored using electronic detectors or computed radiog-
raphy. The effective dose of an X-ray of the skull is
0.1 mSv.

Ideally, a parallel X-ray beam is generated by the X-
ray tube, attenuated by the tissues of the head, and
transformed into an image without distortion, with a
high dynamic range (good contrast) and with a high
signal-to-noise ratio. The resolution, however, is relat-
ed to the quality of the anode tip, the size of the patient
(thicker patients cause more X-ray scattering, deterio-
rating the image resolution) and the conversion from
X-ray to image (either on film or digitally).

1.3.2
Generation of the Virtual Cephalogram

In a 3-D environment, 3-D CT imaging is needed to
volumetrically measure the patient’s anatomy. How-
ever, for a cephalometric analysis, the availability of
2-D lateral and frontal cephalograms is beneficial to
indicate landmarks accurately and repeatably in the 
3-D scene. Therefore, the geometrical relationship
between cephalogram and CT image volume is a pre-
requisite if one is to benefit from the combination of
CT and virtual cephalograms.

To avoid extra radiation dose, and to achieve this
geometric relationship, lateral and frontal cephalo-
grams are computed from the CT data. In this way, an
unlimited number of virtual X-ray images of the skull
can be computed (Chap. 2).

To compute a virtual X-ray image, a bundle of paral-
lel rays is cast through the CT volume (Fig. 1.12). Each
CT number is associated with an opacity value. When
a ray travels through the CT volume, the CT numbers,
modulated with the related opacity value, are accumu-
lated, resulting in a final grey value. The grey values of
the bundle of rays compose the virtual X-ray image.
Again, the contrast of this projection image can be
adjusted by modifying the window/level settings in a
similar way as on a native CT slice.

Fig. 1.11. For a lateral cephalogram, the patient is positioned in a standard way in the X-ray machine

a b
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1.3.3
Visualization of Virtual Cephalogram and 3-D Data

The orientation of the virtual X-ray image plane is per-
pendicular to the bundle of rays. Therefore, this X-ray
image can be added to the 3-D scene as a textured rec-
tangle. Since this image is a projection image, its posi-
tion on the ray is not fixed, but adjacent to the CT im-
age volume.

Since the projection direction is known, for each
point of the X-ray image a projection line is defined.All
points on this line are projected on a single point in the
X-ray image. This line also intersects with the bone or
skin surfaces in the 3-D scene. Therefore, when a point
is indicated on the cephalogram as a point on the bone
surface, the 3-D point should be positioned on this line
and on the bone surface. This combination of 2-D and
3-D information is the key to accurate indication of
landmarks in a repeatable way.

1.3.4
Benefits of This Environment

The 3-D scene allows combination of 3-D hard and soft
tissue representations with lateral and frontal cephalo-
grams. This allows the set-up of a reliable 3-D cephalo-
metric reference system (Chap. 3). Moreover, 3-D
cephalometric hard (Chap. 4) and soft (Chap. 5) tissue
landmarks can be precisely defined and accurately po-
sitioned. Each landmark is visualized on the surface
representations together with its projection points on
both cephalograms. Depending on the nature of a
landmark, it can be easily indicated on the bone sur-
face and adjusted on the cephalograms, or vice versa.
This ease of indicating landmarks is an important ben-
efit of this approach.

Once landmarks are defined, they can be combined
to define anatomical planes (Chap. 6). Moreover, based
on these landmarks and planes, a complete set of hard
and soft tissue measurements can be defined: linear
measurements (3-D distances, distances with respect
to a reference frame) angular and proportional meas-
urements (Chap. 7).

Fig. 1.12. A virtual cephalogram is computed
from the CT image volume. A virtual parallel X-ray
beam is sent through the patient. Extra radiation
dose is avoided, and the geometrical relationship
is known
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Basic Craniofacial Anatomical Outlines

2.1
3-D CT Anatomy of the Skull

Skull – Anterior View

Fig. 2.1. a Anterior view of the skull in centric occlusion (adult cadaver skull). 1 Frontal bone; 2 Coronal suture; 3 Parietal bone; 4 Sphenoparietal suture;
5 Sphenofrontal suture; 6 Greater wing of sphenoid bone; 7 Sphenosquamosal suture; 8 Temporal bone; 9 Lesser wing of sphenoid bone; 10 Superior orbital fissure;
11 Inferior orbital fissure; 12 Sphenozygomatic suture; 13 Zygomatic bone; 14 Zygomaticofrontal suture; 15 Supraorbital margin; 16 Supraorbital foramen; 17 Fron-
tonasal suture; 18 Nasal bone; 19 Internasal suture; 20 Nasomaxillary suture; 21 Vomer; 22 Middle nasal conchae; 23 Inferior nasal conchae; 24 Frontomaxillary
suture; 25 Infraorbital margin; 26 Infraorbital foramen; 27 Maxilla; 28 Frontal process of maxilla; 29 Zygomaticomaxillary suture; 30 Alveolar process of maxilla;
31 Anterior nasal spine; 32 Mandible; 33 Vertical ramus of mandible; 34 Mandibular angle; 35 Body (or horizontal ramus) of mandible; 36 Mental foramen;
37 Alveolar process of mandible; 38 Symphysis of mandible; 39 Fracture line; 40 Saw line
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Fig. 2.1. b Anterior view of skull in centric occlusion (3-D CT, adult cadaver skull) 
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Skull – Lateral View

Fig. 2.2. a Right lateral view of the skull in centric occlusion (adult cadaver skull). 1 Frontal bone; 2 Coronal suture; 3 Sphenofrontal suture; 4 Greater wing of 
sphenoid bone; 5 Sphenosquamosal suture; 6 Parietal bone; 7 Squamosal suture; 8 Parietomastoid suture; 9 Lambdoidal suture; 10 Squamous portion of temporal
bone; 11 Processus mastoideus of temporal bone; 12 Occipitomastoid suture; 13 Occipital bone; 14 Sphenozygomatic suture; 15 Zygomatic bone;
16 Zygomatic arch; 17 Zygomaticofrontal suture; 18 Zygomaticotemporal suture; 19 Zygomaticomaxillary suture; 20 Nasal bone; 21 Nasomaxillary suture; 22 Fron-
tomaxillary suture; 23 Lacrimal bone; 24 Maxillary bone; 25 Anterior nasal spine; 26 External acousticus meatus; 27 Styloid process (incomplete);
28 Condyle of mandible; 29 Coronoid process of mandible; 30 Vertical ramus of mandible; 31 Mandibular angle; 32 Body of mandible; 33 Mental foramen;
34 Mental protuberance; 35 Saw line; 36 Screwhole; 37 Condylar process of mandible
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Fig. 2.2. b Right lateral view of skull in centric occlusion (3-D CT, adult cadaver skull)
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Skull Base – Endocranial View

Fig. 2.3. a Endocranial view of the skull base (adult cadaver skull). 1 Anterior cranial fossa; 2 Crista galli; 3 Frontal bone; 4 Frontal crest; 5 Frontoethmoidal suture;
6 Cribriform plate of ethmoid bone; 7 Sphenofrontal suture; 8 Middle cranial fossa; 9 Sphenoid bone; 10 Lesser wing of sphenoid bone; 11 Tuberculum sellae;
12 Hypophyseal fossa (sella turcica); 13 Dorsum sellae; 14 Optic canal; 15 Anterior clinoid process; 16 Posterior clinoid process; 17 Carotid sulcus;
18 Foramen rotundum; 19 Lingula of sphenoid bone; 20 Oval foramen of sphenoid bone (foramen ovale); 21 Spinous foramen (foramen spinosum); 22 Foramen
lacerum; 23 Squamous portion of temporal bone; 24 Petrous portion of temporal bone; 25 Petrosquamosal fissure; 26 Jugular foramen (foramen jugulare);
27 Internal acoustic meatus; 28 Parietal bone; 29 Posterior cranial fossa; 30 Occipital bone; 31 Clivus; 32 Great foramen (foramen magnum); 33 Occipitomastoid
suture; 34 Internal occipital crest; 35 Internal occipital protuberance; 36 Frontal sinus
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Fig. 2.3. b Endocranial view of the skull base (3-D CT, adult cadaver skull)
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Skull Base – Exocranial View

Fig. 2.4. a The skull base with the mandible removed: exocranial view (adult cadaver skull). 1 Median palatine suture; 2 Palatine process of maxilla; 3 Incisive 
foramen (foramen incisivum); 4 Transverse palatine suture; 5 Palatine bone; 6 Greater palatine foramen; 7 Posterior nasal spine; 8 Vomer; 9 Zygomatic process of
maxilla; 10 Zygomatic arch; 11 Zygomatic process of temporal bone; 12 Pterygoid hamulus; 13 Medial lamina of pterygoid process; 14 Lateral lamina of pterygoid
process; 15 Infratemporal crest, greater wing of sphenoid bone; 16 Oval foramen of sphenoid bone (foramen ovale); 17 Spinous foramen (foramen spinosum);
18 Foramen lacerum; 19 Articular tubercle; 20 Carotid canal; 21 Incomplete styloid process; 22 Mandibular fossa; 23 Jugular foramen (foramen jugulare);
24 Stylomastoid foramen; 25 Mastoid foramen; 26 External acoustic meatus; 27 Occipitomastoid suture; 28 Occipital condyle; 29 Parietal bone; 30 Condylar canal;
31 Lambdoidal suture; 32 Inferior nuchal line; 33 External occipital protuberance; 34 Great foramen (foramen magnum)
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Fig. 2.4. b The skull base with the mandible removed: exocranial view (3-D CT, adult cadaver skull)
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Skull – Superior View (Calvaria)

Fig. 2.5. a Superior view of the skull (calvaria) (adult cadaver skull). 1 Frontal bone; 2 Fracture line; 3 Coronal suture; 4 Parietal bone; 5 Sagittal suture
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Fig. 2.5. b Superior view of the skull (calvaria) (3-D CT, adult cadaver skull)
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Calvaria – Interior View

Fig. 2.6. a Interior view of the calvaria (adult cadaver skull). 1 Frontal sinus; 2 Frontal bone; 3 Fracture line; 4 Outer table; 5 Diploe; 6 Inner table; 7 Frontal crest;
8 Coronal suture; 9 Parietal bone; 10 Sagittal suture; 11 Foveolae for arachnoid granulations; 12 Meningeal arterial grooves
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Fig. 2.6. b Interior view of the calvaria (3-D CT, adult cadaver skull)
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Skull – Dorsal View

Fig. 2.7. a Dorsal view of the skull (adult cadaver skull). 1 Parietal bone; 2 Sagittal suture; 3 Saw line; 4 Occipital bone; 5 Suture bone; 6 Lambdoidal suture;
7 Parietomastoid suture; 8 Occipitomastoid suture; 9 Mastoid process; 10 Superior nuchal line; 11 Inferior nuchal line
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Fig. 2.7. b Dorsal view of the skull (3-D CT, adult cadaver skull)
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Skull – Paramedian Sagittal View

Fig. 2.8. a Paramedian view of the skull with the mandible and calvaria removed (adult cadaver skull). 1 Frontal bone; 2 Parietal bone; 3 Arteria sulci;
4 Occipital bone; 5 Squamosal portion of temporal bone; 6 Coronal suture; 7 Squamosal suture; 8 Lambdoidal suture; 9 Frontal sinus; 10 Sphenoidal sinus; 11 Nasal
bone; 12 Frontonasal suture; 13 Perpendicular plate of ethmoid bone; 14 Vomer; 15 Dorsum sellae; 16 Clivus; 17 Spina nasalis anterior; 18 Spina nasalis posterior;
19 Hypophyseal fossa (sella turcica); 20 Hypoglossal canal; 21 Internal acoustic meatus; 22 Pterygoid fossa; 23 Pterygoid hamulus; 24 Alveolar process of maxillary
bone; 25 Incisive canal; 26 Palatine process of maxilla; 27 Screwhole
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Fig. 2.8. b Paramedian view of the skull with mandible and calvaria removed (3-D CT, adult cadaver skull)
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Skull of a Newborn

Fig. 2.9. a The skull of a new-born: anterior view (cadaver skull). b The skull of a new-born: anterior view (3-D CT, cadaver skull). 1 Anterior fontanelle; 2 Frontal
eminence; 3 Frontal suture; 4 Parietal eminence; 5 Coronal suture; 6 Deciduous molar

a b

Fig. 2.10. a The skull of a new-born: right lateral view (cadaver skull). b The skull of a new-born: right lateral view (3-D CT, cadaver skull). 1 Anterior fontanelle;
2 Frontal eminence; 3 Coronal suture; 4 Parietal eminence; 5 Lambdoidal suture; 6 Sphenoidal fontanelle; 7 Greater wing of sphenoid bone; 8 Squamous portion 
of temporale bone; 9 Transverse occipital suture; 10 Squamous portion of occipital bone; 11 Posterolateral fontanelle; 12 Tympanic ring

a b
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Fig. 2.11. a The skull base of a new-born: exocranial view (cadaver skull). b The skull base of a new-born: exocranial view (3-D CT, cadaver skull). 1 Mandible;
2 Premaxilla; 3 Choana; 4 Vomer; 5 Tympanic ring; 6 Lateral portion of occipital bone; 7 Petrous portion of temporal bone; 8 Squamous portion of temportal bone;
9 Parietal eminence; 10 Mastoid fontanelle; 11 Transverse occipital suture; 12 Squamous portion of occipital bone

a b

Fig. 2.12. a The skull of a new-born: superior view (cadaver skull). b The skull of a new-born: superior view (3-D CT, cadaver skull). 1 Frontal eminence; 2 Anterior
fontanelle; 3 Coronal suture; 4 Parietal eminence; 5 Sagittal suture; 6 Posterior fontanelle; 7 Squamous portion of occipital bone

a b
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Skull of a Newborn

Fig. 2.13. a The skull of a new-born: dorsal view (cadaver skull). b The skull of a new-born: dorsal view (3-D CT, cadaver skull). 1 Parietal eminence; 2 Sagittal 
suture; 3 Posterior fontanelle; 4 Squamous portion of occipital bone

a b
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Skull of a 6-Year-Old Child

Fig. 2.14. a The skull of a 6-year-old child: anterior view (cadaver skull). b The skull of a 6-year-old child: anterior view (3-D CT, cadaver skull). 1 Deciduous (milk)
teeth; 2 Rudiments of permanent teeth

a b

Fig. 2.15. a The skull of a 6-year-old child: right lateral view (cadaver skull). b The skull of a 6-year-old child: right lateral view (3-D CT, cadaver skull)

a b
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Skull of a 6-Year-Old Child

Fig. 2.16. a The skull base of a 6-year-old child: exocranial view (cadaver skull). b The skull base of a 6-year-old child: exocranial view (3-D CT, cadaver skull)

a b

Fig. 2.17. a The skull of a 6-year-old child. Superior view (cadaver skull). b The skull of a 6-year-old child. Superior view (3-D CT, cadaver skull)

a b
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Fig. 2.18. a The skull of a 6-year-old child: dorsal view. (cadaver skull). b The skull of a 6-year-old child: dorsal view. (3-D CT, cadaver skull)

a b
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2.2
Multiplanar CT Anatomy of the Skull

2.2.1
Axial CT Slices

Fig. 2.19. a Virtual scene shows 3-D hard-tissue surface representation and orientation of axial, virtually reconstructed coronal and sagittal slices (patient K.C.).
b Virtual scene shows orientation of axial, virtually reconstructed coronal and sagittal slices (patient K.C.)

a b

Fig. 2.20. 3-D hard-tissue surface representation shows the position of orbito-
meatal orientated axial slices 1–8 (Figs. 2.21–2.28) (patient K.C.)
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Axial CT – Slice 1

Fig. 2.21. Axial CT slice 1 (patient K.C.). 1 Frontal bone; 2 Frontal sinus; 3 Sphenoid bone; 4 Sphenosquamosal suture; 5 Temporal bone
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Axial CT – Slice 2

Fig. 2.22. Axial CT slice 2 (patient K.C.). 1 Frontal bone; 2 Frontal sinus; 3 Orbital roof; 4 Optic canal; 5 Anterior cranial fossa; 6 Sphenoid bone; 7 Sphenosquamosal
suture; 8 Temporal bone
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Axial CT – Slice 3

Fig. 2.23. Axial CT slice 3 (patient K.C.). 1 Nasal bone; 2 Maxillary bone; 3 Nasomaxillary suture; 4 Nasal septum; 5 Ethmoid air cells; 6 Orbita; 7 Frontal bone;
8 Sphenoid bone; 9 Superior orbital fissure; 10 Sphenoidal sinus; 11 Medial cranial fossa; 12 Sella turcica; 13 Posterior clinoid process; 14 Dorsum sellae; 15 Internal
acoustic meatus; 16 Mastoid air cells; 17 Posterior cranial fossa
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Axial CT – Slice 4

Fig. 2.24. Axial CT slice 4 (patient K.C.). 1 Nasal bone; 2 Maxillary bone; 3 Nasal septum; 4 Orbita; 5 Zygomatic bone; 6 Ethmoidal air cells; 7 Sphenoid bone;
8 Superior orbital fissure; 9 Sphenoidal sinus; 10 Medial cranial fossa; 11 Posterior cranial fossa; 12 Mastoid air cells; 13 External acoustic meatus
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Axial CT – Slice 5

Fig. 2.25. Axial CT slice 5 (patient K.C.). 1 Nasal bone; 2 Nasomaxillary suture; 3 Maxillary bone; 4 Maxillary sinus; 5 Zygomaticomaxillary suture; 6 Zygomati-
cotemporal suture; 7 Zygomatic arch; 8 Temporal bone; 9 Nasal septum; 10 Sphenoidal sinus; 11 Zygomatic bone; 12 Clivus; 13 Oval foramen of sphenoid bone 
(foramen ovale); 14 Spinous foramen (foramen spinosum); 15 Foramen lacerum; 16 Carotid canal; 17 Jugular foramen (foramen jugulare); 18 External acoustic 
meatus; 19 Occipital bone; 20 Hypoglossal nerve canal; 21 Condyle of mandible; 22 Mastoid air cells; 23 Posterior cranial fossa
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2.2 Multiplanar CT Anatomy of the Skull

Axial CT – Slice 6

Fig. 2.26. Axial CT slice 6 (patient K.C.). 1 Maxillary bone; 2 Maxillary sinus; 3 Infraorbital canal; 4 Zygomatic bone; 5 Nasal septum; 6 Palatine bone; 7 Medial 
lamina of pterygoid process; 8 Lateral lamina of pterygoid process; 9 Coronoid process of mandible; 10 Condylar process of mandible; 11 Styloid process;
12 Mastoid process; 13 Occipital condyle; 14 Great foramen (foramen magnum)
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Basic Craniofacial Anatomical Outlines

Axial CT – Slice 7

Fig. 2.27. Axial CT slice 7 (patient K.C.). 1 Upper central incisors; 2 Upper left lateral incisor; 3 Upper left canine; 4 Upper left premolars; 5 Upper left first molar;
6 Upper left second molar; 7 Upper left third molar; 8 Vertical ramus of mandible; 9 Mandibular canal; 10 Body of 2nd cervical vertebra (axis); 11 Incisive foramen
(foramen incisivum)



CHAPTER  2

45

2.2 Multiplanar CT Anatomy of the Skull

Axial CT – Slice 8

Fig. 2.28. Axial CT slice 8 (patient K.C.). 1 Upper central incisors; 2 Lower central incisors; 3 Lower left lateral incisor; 4 Lower left canine; 5 Lower left premolars;
6 Lower left molars; 7 Mandibular body; 8 Mandibular canal; 9 Body of 3rd cervical vertebra; 10 Vertebral foramen; 11 Articular process of 3rd cervical vertebra;
12 Arch of 3rd cervical vertebra; 13 Spinous process of 3rd cervical vertebra
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Basic Craniofacial Anatomical Outlines

2.2.2
Virtual Coronal (Frontal) Slice Reconstructions Coronal Reconstruction – Slice 1

Fig. 2.29. a 3-D hard-tissue surface representations show the position of coronal reconstruction slice 1 (patient K.C.)
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2.2 Multiplanar CT Anatomy of the Skull

Fig. 2.29. b Coronal reconstruction slice 1 (patient K.C.). 1 Frontal bone; 2 Nasal bone; 3 Maxillary bone; 4 Anterior nasal spine; 5 Alveolar process of maxilla;
6 Upper central incisors
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Basic Craniofacial Anatomical Outlines

Coronal Reconstruction – Slice 2

Fig. 2.30. a. 3-D hard-tissue surface representations show the position of coronal reconstruction slice 2 (patient K.C.)
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2.2 Multiplanar CT Anatomy of the Skull

Fig. 2.30. b Coronal reconstruction slice 2 (patient K.C.). 1 Frontal bone; 2 Anterior cranial fossa; 3 Crista galli; 4 Orbital roof; 5 Medial wall of orbit; 6 Fronto-
zygomatic suture; 7 Orbital floor; 8 Infraorbital canal; 9 Ethmoidal air cells; 10 Nasal septum; 11 Inferior nasal concha; 12 Medial nasal concha; 13 Maxillary sinus;
14 Zygomatic bone; 15 Palatine process of maxilla; 16 Alveolar process of maxilla; 17 First upper right molar; 18 Second lower right premolar; 19 Alveolar process of
mandible; 20 Body of mandible; 21 Mandibular canal



CHAPTER 2

50

Basic Craniofacial Anatomical Outlines

Coronal Reconstruction – Slice 3

Fig. 2.31. a 3-D hard-tissue surface representations show the position of coronal reconstruction slice 3 (patient K.C.)
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2.2 Multiplanar CT Anatomy of the Skull

Fig. 2.31. b Coronal reconstruction slice 3 (patient K.C.). 1 Frontal bone; 2 Anterior cranial fossa; 3 Orbital roof; 4 Cribriform plate of ethmoid bone (lamina
cribrosa); 5 Perpendicular plate of ethmoid bone; 6 Ethmoidal air cells; 7 Lateral wall of orbit; 8 Orbit; 9 Zygomatic arch; 10 Medial nasal concha; 11 Inferior nasal
concha; 12 Nasal septum; 13 Palatine bone; 14 Maxillary tuberosity; 15 Upper right third molar; 16 Body of mandible; 17 Mandibular canal; 18 Lower right third molar
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Basic Craniofacial Anatomical Outlines

Coronal Reconstruction – Slice 4

Fig. 2.32. a 3-D hard-tissue surface representations show the position of coronal reconstruction slice 4 (patient K.C.)
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2.2 Multiplanar CT Anatomy of the Skull

Fig. 2.32. b Coronal reconstruction slice 4 (patient K.C.). 1 Frontal bone; 2 Lesser wing (ala minor) of sphenoid bone; 3 Greater wing (ala major) of sphenoid bone;
4 Sphenoidal sinus; 5 Superior orbital fissure; 6 Pterygopalatine fossa; 7 Superior nasal concha; 8 Medial nasal concha; 9 Nasal septum; 10 Medial lamina of ptery-
goid process; 11 Pterygoid fossa; 12 Lateral lamina of pterygoid process; 13 Zygomatic arch; 14 Coronoid process of mandible; 15 Vertical ramus of mandible;
16 Mandibular canal; 17 Greater cornu of hyoid bone; 18 Superior cornu of thyroid cartilage
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Basic Craniofacial Anatomical Outlines

Coronal Reconstruction – Slice 5

Fig. 2.33. a 3-D hard-tissue surface representations show the position of coronal reconstruction slice 5 (patient K.C.)
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2.2 Multiplanar CT Anatomy of the Skull

Fig. 2.33. b Coronal reconstruction slice 5 (patient K.C.). 1 Middle cranial fossa; 2 Parietal bone; 3 Squamosal suture; 4 Temporal bone; 5 Lesser wing (ala minor) 
of sphenoid bone; 6 Optic canal; 7 Superior orbital fissure; 8 Spenoidal sinus; 9 Sphenosquamosal suture; 10 Greater wing (ala major) of sphenoid bone; 11 Ptery-
goid canal; 12 Nasal septum; 13 Medial lamina of pterygoid process; 14 Pterygoid fossa; 15 Lateral lamina of pterygoid process; 16 Zygomatic arch; 17 Vertical ramus
of mandible; 18 Mandibular canal; 19 Greater cornu of hyoid bone
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Basic Craniofacial Anatomical Outlines

Coronal Reconstruction – Slice 6

Fig. 2.34. a 3-D hard-tissue surface representations show the position of coronal reconstruction slice 6 (patient K.C.)
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2.2 Multiplanar CT Anatomy of the Skull

Fig. 2.34. b Coronal reconstruction slice 6 (patient K.C.). 1 Middle cranial fossa; 2 Parietal bone; 3 Squamosal suture; 4 Temporal bone; 5 Anterior clinoid process;
6 Hypophyseal fossa (sella turcica); 7 Carotid sulcus; 8 Spenoidal sinus; 9 Sphenosquamosal suture; 10 Greater wing (ala major) of sphenoid bone; 11 Foramen
rotundum; 12 Vertical ramus of mandible; 13 Greater cornu of hyoid bone; 14 Thyroid cartilage
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Basic Craniofacial Anatomical Outlines

Coronal Reconstruction – Slice 7

Fig. 2.35. a 3-D hard-tissue surface representations show the position of coronal reconstruction slice 7 (patient K.C.)
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2.2 Multiplanar CT Anatomy of the Skull

Fig. 2.35. b Coronal reconstruction slice 7 (patient K.C.). 1 Middle cranial fossa; 2 Parietal bone; 3 Squamosal suture; 4 Temporal bone; 5 Posterior clinoid process;
6 Clivus; 7 Carotid sulcus; 8 Spenoidal sinus; 9 Sphenosquamosal suture; 10 Sphenoid bone; 11 Condylar process of mandible; 12 Cervical vertebra
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Basic Craniofacial Anatomical Outlines

Coronal Reconstruction – Slice 8

Fig. 2.36. a 3-D hard-tissue surface representations show the position of coronal reconstruction slice 8 (patient K.C.)
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2.2 Multiplanar CT Anatomy of the Skull

Fig. 2.36. b Coronal reconstruction slice 8 (patient K.C.). 1 Parietal bone; 2 Squamosal suture; 3 Temporal bone; 4 Middle cranial fossa; 5 Posterior cranial fossa;
6 External acoustic meatus; 7 Vestibulum; 8 Arcuate eminence; 9 Foramen stylomastoideum; 10 Facial canal; 11 Styloid process; 12 Petro-occipital fissure 
(synchondrosis); 13 Occipital bone; 14 Atlanto-occipital articulation; 15 Transverse process of atlas; 16 Lateral mass of atlas; 17 Dens axis (odontoid process);
18 2nd cervical vertebra; 19 3rd cervical vertebra; 20 4th cervical vertebra; 21 5th cervical vertebra
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Basic Craniofacial Anatomical Outlines

Coronal Reconstruction – Slice 9

Fig. 2.37. a 3-D hard-tissue surface representations show the position of coronal reconstruction slice 9 (patient K.C.)
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2.2 Multiplanar CT Anatomy of the Skull

Fig. 2.37. b Coronal reconstruction slice 9 (patient K.C.). 1 Posterior cranial fossa; 2 Foramen magnum; 3 Parietal bone; 4 Mastoid process; 5 Mastoid air cells;
6 Petro-occipital fissure (synchondrosis); 7 Occipital bone; 8 Jugular foramen (foramen jugulare); 9 Atlanto-occipital articulation; 10 Transverse process of atlas;
11 2nd cervical vertebra; 12 3rd cervical vertebra; 13 4th cervical vertebra; 14 5th cervical vertebra
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Basic Craniofacial Anatomical Outlines

2.2.3
Virtual Sagittal Slice Reconstructions Sagittal Reconstruction – Slice 1

Fig. 2.38. a 3-D hard-tissue surface representations show the position of sagittal reconstruction slice 1 (patient K.C.)
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2.2 Multiplanar CT Anatomy of the Skull

Fig. 2.38. b Sagittal reconstruction slice 1 (patient K.C.). 1 Frontal bone; 2 Frontal sinus; 3 Crista galli; 4 Anterior cranial fossa; 5 Cribriform plate of ethmoid bone
(lamina cribrosa); 6 Tuberculum sellae; 7 Hypophyseal fossa (sella turcica); 8 Dorsum sellae; 9 Clivus; 10 Sphenoidal sinus; 11 Ethmoidal air cells; 12 Nasal bone;
13 Frontonasal suture; 14 Sphenoid bone; 15 Occipital bone; 16 Great foramen (foramen magnum); 17 Vertebral canal; 18 Anterior nasal spine; 19 Alveolar process
of maxilla; 20 Upper central incisor; 21 Incisive canal; 22 Palatine process of maxilla; 23 Palatine bone; 24 Posterior nasal spine; 25 Anterior arch of atlas; 26 Posterior
arch of atlas; 27 Dens axis; 28 Spinous process of axis; 29 3rd cervical vertebra; 30 Spinous process of 3rd cervical vertebra; 31 4th cervical vertebra; 32 Spinous
process of 4th cervical vertebra; 33 5th cervical vertebra; 34 Spinous process of 5th cervical vertebra; 35 Symphysis of mandible; 36 Alveolar process of mandible;
37 Lower central incisor; 38 Hyoid bone
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Basic Craniofacial Anatomical Outlines

Sagittal Reconstruction – Slice 2

Fig. 2.39. a 3-D hard-tissue surface representations show the position of sagittal reconstruction slice 2 (patient K.C.)
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2.2 Multiplanar CT Anatomy of the Skull

Fig. 2.39. b Sagittal reconstruction slice 2 (patient K.C.). 1 Frontal bone; 2 Frontal sinus; 3 Anterior cranial fossa; 4 Ethmoidal air cells; 5 Sphenoidal sinus;
6 Sphenoid bone; 7 Carotid canal; 8 Hypoglossal nerve canal; 9 Occipital bone; 10 Great foramen (foramen magnum); 11 Vertebral canal; 12 Alveolar process of 
maxilla; 13 Upper lateral incisor; 14 Palatine process of maxilla; 15 Posterior palatine artery canal; 16 Atlanto-occipital articulation; 17 Anterior arch of atlas;
18 Posterior arch of atlas; 19 2nd cervical vertebra; 20 Spinous process of axis; 21 3rd cervical vertebra; 22 Spinous process of 3rd cervical vertebra; 23 4th cervical
vertebra; 24 Spinous process of 4th cervical vertebra; 25 5th cervical vertebra; 26 Spinous process of 5th cervical vertebra; 27 Body of mandible; 28 Alveolar process
of mandible; 29 Lower canine; 30 Hyoid bone
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Basic Craniofacial Anatomical Outlines

Sagittal Reconstruction – Slice 3

Fig. 2.40. a 3-D hard-tissue surface representations show the position of sagittal reconstruction slice 3 (patient K.C.)
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2.2 Multiplanar CT Anatomy of the Skull

Fig. 2.40. b Sagittal reconstruction slice 3 (patient K.C.). 1 Frontal bone; 2 Anterior cranial fossa; 3 Orbital roof; 4 Sphenoid bone; 5 Orbit; 6 Orbital floor; 7 Medial
cranial fossa; 8 Oval foramen (foramen ovale); 9 Carotid canal; 10 Internal acoustic meatus; 11 Posterior cranial fossa; 12 Occipital bone; 13 Maxillary sinus; 14 Ptery-
gopalatine fossa; 15 Lateral lamina of pterygoid process; 16 Alveolar process of maxilla; 17 Second upper premolar; 18 First upper molar; 19 Second upper molar;
20 Third molar; 21 Maxillary tuberosity; 22 Body of mandible; 23 First lower molar; 24 Second lower molar; 25 Mandibular canal; 26 Atlanto-occipital articulation;
27 Lateral mass of atlas; 28 22nd cervical vertebra; 29 3rd cervical vertebra; 30 4th cervical vertebra; 31 5th cervical vertebra
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Basic Craniofacial Anatomical Outlines

Sagittal Reconstruction – Slice 4

Fig. 2.41. a 3-D hard-tissue surface representations show the position of sagittal reconstruction slice 4 (patient K.C.)
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2.2 Multiplanar CT Anatomy of the Skull

Fig. 2.41. b Sagittal reconstruction slice 4 (patient K.C.). 1 Frontal bone; 2 Anterior cranial fossa; 3 Orbital roof; 4 Sphenoid bone; 5 Orbit; 6 Orbital floor; 7 Medial
cranial fossa; 8 Internal acoustic meatus; 9 Temporal bone; 10 Posterior cranial fossa; 11 Occipital bone; 12 Maxillary sinus; 13 Transverse process of atlas; 14 Body 
of mandible; 15 Mandibular canal
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Basic Craniofacial Anatomical Outlines

Sagittal Reconstruction – Slice 5

Fig. 2.42. a 3-D hard-tissue surface representations show the position of sagittal reconstruction slice 5 (patient K.C.)



CHAPTER  2

73

2.2 Multiplanar CT Anatomy of the Skull

Fig. 2.42. b Sagittal reconstruction slice 5 (patient K.C.). 1 Frontal bone; 2 Anterior cranial fossa; 3 Medial cranial fossa; 4 Posterior cranial fossa; 5 Lateral orbital
wall; 6 Temporal bone; 7 Occipital bone; 8 Facial canal; 9 Styloid process; 10 Stylomastoid foramen (foramen stylomastoideum); 11 Tympanic cavity; 12 Zygomatic
bone; 13 Condyle of mandible; 14 Coronoid process of mandible; 15 Vertical ramus of mandible; 16 Mandibular canal
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Basic Craniofacial Anatomical Outlines

Sagittal Reconstruction – Slice 6

Fig. 2.43. a 3-D hard-tissue surface representations show the position of sagittal reconstruction slice 6 (patient K.C.)
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2.2 Multiplanar CT Anatomy of the Skull

Fig. 2.43. b Sagittal reconstruction slice 6 (patient K.C.). 1 Frontal bone; 2 Frontozygomatic suture; 3 Zygomatic bone; 4 Sphenoid bone; 5 Temporal bone;
6 Mastoid air cells; 7 External acoustic meatus; 8 Occipital bone; 9 Mandibular fossa; 10 Condyle of mandible; 11 Condylar process of mandible; 12 Vertical ramus 
of mandible
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Basic Craniofacial Anatomical Outlines

2.3
Virtual X-Rays of the Skull Virtual X-Ray – Frontal View

Fig. 2.44 a,b. Lateral view (patient K.C.). In order to compute the virtual lateral X-ray, the skull is virtually positioned in the right profile view with the cantho-
meatal or trago-canthal line (the line that extends from the external acoustic meatus or tragus to the lateral junction of the eyelids) parallel to the horizontal plane

a b
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2.3 Virtual X-Rays of the Skull

Fig. 2.45. Virtual X-ray film of the skull, lateral view (patient K.C.)
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Virtual X-Ray – Frontal View

Fig. 2.46 a,b. Frontal view (patient K.C.). In order to compute the virtual frontal X-ray, the skull is virtually positioned in the frontal view with the cantho-meatal
or trago-canthal line parallel to the horizontal plane

a b
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2.3 Virtual X-Rays of the Skull

Fig. 2.47. Virtual X-ray film of the skull, frontal view (patient K.C.)
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Basic Craniofacial Anatomical Outlines

Virtual X-Ray – Modified Waters View

Fig. 2.48 a,b. Modified Waters view (patient K.C.). In order to compute the virtual modified Waters X-ray, the skull is virtually positioned in the frontal view and
posteriorly inclined until the cantho-meatal or trago-canthal line is 37° to the horizontal plane

a b
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2.3 Virtual X-Rays of the Skull

Fig. 2.49. Virtual X-ray film of the skull, modified Waters view (patient K.C.)
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Basic Craniofacial Anatomical Outlines

Virtual X-Ray – Modified Caldwell View

Fig. 2.50 a,b. Modified Caldwell view (patient K.C.). In order to compute the virtual modified Caldwell X-ray, the skull is virtually positioned in the frontal view
and posteriorly inclined until the cantho-meatal or trago-canthal line is approximately 23° (15° for children) to the horizontal plane

a b
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2.3 Virtual X-Rays of the Skull

Fig. 2.51. Virtual X-ray film of the skull, modified Caldwell view (patient K.C.)
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Virtual X-Ray – Base View

Fig. 2.52 a,b. Base view (patient K.C.). In order to compute the virtual base view X-ray, the skull is virtually positioned in the frontal view and posteriorly inclined
until the cantho-meatal or trago-canthal line is perpendicular to the vertical plane

a b
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2.3 Virtual X-Rays of the Skull

Fig. 2.53. Virtual X-ray film of the skull, base view (patient K.C.)
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Virtual Lateral Cephalogram

Fig. 2.54 a,b. Virtual lateral cephalogram (patient K.C.). In order to compute the virtual lateral cephalogram, the skull is virtually positioned in the right profile
view with Frankfort horizontal (FH) parallel to the horizontal plane

a b
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2.3 Virtual X-Rays of the Skull

Fig. 2.55. Virtual lateral cephalogram (patient K.C.)



CHAPTER 2

88

Basic Craniofacial Anatomical Outlines

Virtual Frontal Cephalogram

Fig. 2.56 a,b. Virtual frontal cephalogram (patient K.C.). In order to compute the virtual frontal cephalogram, the skull is virtually positioned in the frontal view
with Frankfort horizontal (FH) parallel to the horizontal plane

a b
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2.3 Virtual X-Rays of the Skull

Fig. 2.57. Virtual frontal cephalogram (patient K.C.)
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Assessment of craniofacial morphology is inherently
influenced by the experience and subjective perception
of the examiner. Hence, standardized positioning of
the patient and standardized measurement acquisition
systems are crucial for objective assessment. Standard-
ized methods for the production of cephalometric ra-
diographs were introduced and developed by Broad-
bent and Hofrath in 1931. In cephalometric radiogra-
phy special holders known as cephalostats (Chap. 1,
Fig. 1.11), are used to keep the patient’s head in a stan-
dardized position to the Frankfort horizontal (FH).
Cross-sectional and longitudinal multicentre studies
on craniofacial morphology, however, often have to
deal with different enlargement factors used in
cephalometric radiography. To minimize analysis bias,
scaling procedures (e.g. to the anterior cranial base)
are frequently used or linear measurements are ex-
cluded and only angular and proportional measure-
ments are employed.

Spiral CT-based 3-D cephalometry using standard-
ized CT scanning protocols (Chap. 1) has the great ad-
vantage that all measurements are real size (1:1) which
allows both cross-sectional and longitudinal compari-
son of 3-D distances, linear projective and orthogonal
measurements. Contrary to cephalometric radiogra-
phy, spiral CT-based 3-D cephalometry does not neces-
sitate standardized fixation of the skull during record
taking, because the 3-D virtual scene approach allows
standardized virtual positioning of the skull to the FH.

Once standardized data are available, an accurate 
3-D coordinate system is required that can be reliably
transferred to allow cross-sectional and longitudinal
comparison of craniofacial morphology and pre-oper-
ative status, virtual planning and post-operative surgi-
cal treatment outcome. In conventional radiographic
cephalometry, different anatomic reference systems
have been proposed. The best-known of these are

based on the FH or the anterior cranial base (S-N).
Proffit and co-workers advocate a reference system
with the horizontal plane six degrees below the 
Sella–Nasion (S-N) line.

This chapter describes, step by step, the set-up of a
Cartesian anatomical 3-D cephalometric reference sys-
tem. The 3-D virtual scene approach allows standard-
ized virtual positioning of the patient, generation of
virtual cephalograms, easy and accurate location of the
Sella and Nasion landmarks, subsequently automatic
definition of a horizontal plane according to Proffit
and co-workers and finally the set-up of the 3-D
cephalometric reference system. The presented 3-D
cephalometric system can be used as a registration sys-
tem for evaluation of craniofacial growth and develop-
ment (Chap. 8); however, it is important to take into
account that the cranial base undergoes remodelling
changes during childhood and that cranial base-relat-
ed landmarks such as Sella and Nasion can change
during growth.

The potential of the presented 3-D cephalometric
reference system lies in the fact that both hard and 
soft tissue CT surface representations are linked to the
same Cartesian anatomic coordinate system, which
allows cross-sectional and longitudinal quantitative
comparison of craniofacial morphology and growth
patterns. Moreover, the 3-D cephalometric reference
system presents an alternative and is complementary
to rigid registration (point-, surface- or voxel-based)
techniques to compare pre-operative status, virtual
planning and post-operative outcome of voxel-based
surgery. The orthogonal coordinate data of the 3-D
cephalometric landmarks have been used for valida-
tion of the 3-D cephalometric reference system and
have shown a high intra-observer and inter-observer
accuracy and reliability (Chap. 7).
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3-D Cephalometric Reference System

3.1
Standardized Virtual Positioning of the Skull

Once the 3-D CT hard and soft tissue representations
of the patient’s skull are rendered in the virtual scene,
the skull has to be positioned virtually in a standard-
ized manner.

Standardized Virtual Positioning of the Skull

Step 1: Position the skull oriented to the median
plane using paired midfacial anatomic struc-
tures (e.g. the orbits, frontal process of the
maxilla, frontozygomatic suture) in the
frontal view of the 3-D hard tissue surface
representation (Fig. 3.1).

Step 2: Position the skull parallel to the FH in the
right profile view of the 3-D hard tissue sur-
face representation (Fig. 3.2). The FH con-
nects the most superior point of the external
acoustic meatus (Porion) with the most infe-
rior point of the infraorbital rim (Orbitale)
(Chap. 4).

Step 3: Verify the position of the skull with regard to
the FH in the left profile view of the 3-D hard
tissue surface representation (Fig. 3.3). If a
discrepancy between the right and left FH is
present (Fig. 3.3), always orient the skull par-
allel to the right FH. In unilateral congenital
malformations (e.g. Goldenhar syndrome,
hemifacial microsomia) or acquired malfor-
mations (e.g. fracture of the infraorbital rim)
the non-affected FH should be used to posi-
tion the skull, while in bilateral malforma-
tions, an effort should be made to orient the
skull parallel to the FH using other land-
marks.

Fig. 3.1. Virtual positioning of the skull in the frontal view of the 3-D hard tis-
sue surface representation (3-D CT, patient K.C.)
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3.1 Standardized Virtual Positioning of the Skull

Fig. 3.2. Virtual positioning of the skull parallel to the right Frankfort horizon-
tal (FH) (3-D CT, patient K.C.)

Fig. 3.3. The left profile view of the 3-D hard tissue surface representation
illustrates a discrepancy between the right and the left FH, due to an uneven
vertical level of the Porion 3-D cephalometric landmarks.The left Porion is more
inferiorly localized than the right Porion. In case of uneven FHs, it is proposed to
orient the skull on the right FH for standardization. (3-D CT, patient K.C.)
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3-D Cephalometric Reference System

3.2
Computing of Virtual Lateral and Frontal Cephalograms

Once the patient’s skull is virtually placed in the stan-
dardized position, virtual lateral (Fig. 3.4, Fig. 2.55)
and frontal (Fig. 3.5, Fig. 2.57) cephalograms are gen-
erated from the CT data set (Chaps. 1 and 2) and linked
to the 3-D hard tissue surface representation.

Fig. 3.4. Virtual lateral cephalogram linked 
to the 3-D hard tissue surface representation 
(patient K.C.)
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3.2 Computing of Virtual Lateral and Frontal Cephalograms

Fig. 3.5. Virtual frontal cephalogram linked 
to the 3-D hard tissue surface representation 
(patient K.C.)
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Fig. 3.6. Virtual lateral and frontal cephalograms linked 
to the 3-D hard tissue surface representation (patient K.C.)

Fig. 3.7. Virtual lateral and frontal cephalograms linked 
to the 3-D hard tissue surface representation (patient K.C.)
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3.3 Definition of the Nasion and Sella 3-D Cephalometric Landmarks

3.3
Definition of the Nasion 
and Sella 3-D Cephalometric Landmarks

Nasion: N

Definition of the Nasion Landmark

Nasion is the midpoint of the frontonasal suture.

Fig. 3.10. Nasion. Profile view right (cadaver skull) Fig. 3.11. Nasion. Profile view right (3-D CT, cadaver skull)

Fig. 3.8. Nasion. Frontal view (cadaver skull) Fig. 3.9. Nasion. Frontal view (3-D CT, cadaver skull). Note that it is not possi-
ble to precisely define the Nasion landmark on the 3-D hard tissue representa-
tion because the frontonasal suture is not clearly visible
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3-D Cephalometric Reference System

Virtual Definition of the Nasion Landmark

Step 1: Define Nasion on the virtual lateral cephalo-
gram (Figs. 3.12, 3.13).

Step 2: Verify and correct the median position of
the Nasion landmark on the frontal view 
of the 3-D hard tissue surface representation
(Fig. 3.14).

Step 3: The position of the Nasion landmark is veri-
fied on the left and right 3-D profile views of
the 3-D hard tissue surface representations
(Figs. 3.15, 3.16).

Fig. 3.12. Nasion.Virtual lateral cephalogram (patient K.C.) Fig. 3.13. Nasion. Virtual lateral cephalogram linked to the 3-D hard tissue
surface representation (patient K.C.)
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3.3 Definition of the Nasion and Sella 3-D Cephalometric Landmarks

Fig. 3.15. Nasion. Profile view right (3-D CT, patient K.C.) Fig. 3.16. Nasion. Profile view left (3-D CT, patient K.C.)

Fig. 3.14. Nasion. Frontal view (3-D CT, patient K.C.)
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Fig. 3.17. Nasion.Virtual lateral and frontal
cephalograms linked to the 3-D hard tissue
surface representation (patient K.C.)
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3.3 Definition of the Nasion and Sella 3-D Cephalometric Landmarks

Sella: S

Definition of the Sella Landmark

Sella is the centre of the hypophyseal fossa 
(sella turcica).

Fig. 3.20. Sella. Endocranial skull base view (cadaver skull)

Fig. 3.18. Sella. Paramedian view right (cadaver skull) Fig. 3.19. Sella. Paramedian view right (3-D CT, cadaver skull)

Fig. 3.21. Sella. Endocranial skull base view (3-D CT, cadaver skull)
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Virtual Definition of the Sella Landmark

Step 1: Define Sella on the virtual lateral cephalo-
gram (Figs. 3.22, 3.23).

Step 2: Verify the position of the Sella landmark 
on the left and right paramedian views of
the 3-D hard tissue surface representation
(Figs. 3.24, 3.25).

Step 3: Verify the midline position of the Sella land-
mark on the endocranial skull base view
(Fig. 3.26).

Fig. 3.22. Sella.Virtual lateral cephalogram (patient K.C.) Fig. 3.23. Sella. Virtual lateral cephalogram linked to the 3-D hard tissue
representation
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Fig. 3.24. Sella. Paramedian view right (3-D CT, patient K.C.) Fig. 3.25. Nasion. Paramedian view left (3-D CT, patient K.C.)

Fig. 3.26. Sella. Endocranial skull base view (3-D CT, patient K.C.)
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3.4
Set-up of the Anterior Cranial Base (S-N) Plane

Once virtual definition of the Nasion and Sella 3-D
cephalometric landmarks is accomplished, the anteri-
or cranial base (S-N) plane is automatically computed.

Virtual Definition 
of the Anterior Cranial Base (S-N) Plane

The anterior cranial base (S-N) plane is a plane that
passes the Nasion and Sella landmarks and is perpen-
dicular to the virtual lateral cephalogram (Fig. 3.27).

Fig. 3.27. Anterior cranial base (S-N) plane.Virtual lateral cephalogram linked to the 3-D hard tissue surface representation (3-D CT, patient K.C.)
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3.5
Set-up of the 3-D Cephalometric Reference System

With the geometric information that is now available,
the 3-D virtual scene approach allows the automatic
generation of a 3-D cephalometric reference system as
an anatomic Cartesian coordinate system.

Virtual Definition of the 3-D Cephalometric 
Reference System

The horizontal (x) 3-D cephalometric reference plane
is automatically computed as a plane 6 degrees below
the anterior cranial base (S-N) plane, with the origin in
Sella perpendicular to the virtual lateral cephalogram
(Fig. 3.28). The vertical (y) 3-D cephalometric refer-
ence plane is computed as a plane with the origin 
in Sella and perpendicular to the horizontal (x) 3-D
cephalometric reference plane. The median (z) 3-D
cephalometric reference plane is computed as a plane
with the origin in Sella and perpendicular to both the
horizontal (x) and the vertical (y) 3-D cephalometric
reference plane (Fig. 3.29).
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3-D Cephalometric Reference System

Fig. 3.28. Horizontal (x) 3-D cephalometric reference plane.Virtual lateral cephalogram linked to the 3-D hard tissue surface representation (3-D CT, patient K.C.)
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Fig. 3.29. 3-D cephalometric reference system.Virtual lateral cephalogram linked to the 3-D hard tissue surface representation (3-D CT, patient K.C.)
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Fig. 3.30. 3-D cephalometric reference system.Virtual lateral cephalogram linked to the 3-D soft tissue surface representation (3-D CT, patient K.C.)
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Fig. 3.31 a, b. 3-D cephalometric reference system superimposed on the hard tissue surface representations (3-D CT, patient K.C.)

Fig. 3.32 a, b. 3-D cephalometric reference system superimposed on the hard and transparent soft tissue surface representations (3-D CT, patient K.C.)

a b

a b
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Fig. 3.33 a, b. 3-D cephalometric reference system superimposed on the soft tissue surface representations (3-D CT, patient K.C.)

a b
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Cephalometric radiography, introduced by Broadbent
and Hofrath in 1931, allows orthodontists, maxillo-
facial, craniofacial and plastic surgeons to diagnose 
the patient’s craniofacial morphology and growth and
enables them to plan, monitor and evaluate the appro-
priate treatment. The most important shortcoming 
of cephalometric radiography is its two-dimensional
character. Lateral cephalometric radiographs are most
commonly used and allow 2-D evaluation of cranio-
facial morphology and growth but ignore the medio-
lateral axis. Frontal cephalometric radiographs are
useful for facial asymmetry assessment but neglect 
the postero-anterior dimension. Multi-planar cephalo-
metric radiography was developed by Grayson and 
co-workers. By tracing cephalometric landmarks lo-
calized on the midsagittal plane (Sella, Nasion, An-
terior Nasal Spine, incisal tip of maxillary central inci-
sor, incisal tip of mandibular central incisor, Menton
and Pogonion) on both lateral and postero-anterior
cephalometric radiographs, 3-D cephalograms could
be generated after combining and integrating the data
of both 2-D projecting cephalograms. The major
shortcoming of this method is that the 3-D cephalo-
gram does not present a truly 3-D depiction; they are
generated from 2-D cephalometric radiographs, which
involves an inherent analysis bias.

Recent innovations in computer software technolo-
gy enabled the development of a new virtual voxel-
based 3-D cephalometric method by our research
group. This approach of 3-D cephalometry is based on
a single dataset in which virtual lateral and frontal
cephalograms are linked to the 3-D hard and soft tis-
sue surface representations. It is therefore less sensitive
to analysis bias than multi-planar cephalometric ra-
diography. Moreover, it offers real three-dimensional
landmark definition and cephalometric analysis.

Precise definition of cephalometric landmarks is es-
sential for the accuracy and reliability of the cephalo-
metric analysis. In this atlas we decided to define land-
marks that are situated on the bone (also referred as
“osseous”, “bony”) as “3-D cephalometric hard tissue
landmarks”, whereas landmarks situated on the skin
are termed “3-D cephalometric soft tissue landmarks”.
Abbreviations (symbols) for  hard tissue landmarks
are in capitals as in conventional cephalometry, where-
as  soft tissue landmarks are styled in lower-case letters
as in anthropometry and conventional soft tissue
cephalometric analysis.

This chapter deals with the definition and identifi-
cation of 3-D cephalometric hard tissue landmarks.
Accurate identification of landmarks requires anatom-
ic knowledge and experience in landmark definition.
Compared to conventional cephalometric radiogra-
phy, some landmarks (e.g. Anterior Nasal Spine) are
easier, others (e.g. Sella) more difficult to define in 3-D
cephalometry. Moreover, sometimes the definition of
conventional 2-D cephalometric landmarks has to be
modified because of the third dimension, or new 3-D
cephalometric landmarks (e.g. Posterior Maxillary
Point) have to be defined for computing 3-D cephalo-
metric planes. This chapter offers “step-by-step”guide-
lines for precise definition of 3-D cephalometric hard
tissue landmarks. A total of 18 landmarks in regard to
the facial skeletal units (forehead, nasal, periorbital,
midface and mandible) are described in detail. Two
other 3-D cephalometric hard tissue landmarks (Na-
sion and Sella) have already been described in Chap. 3.
Some more facial skeletal and skull cephalometric
landmarks are merely listed at the end of this chapter
because they have not yet been validated.
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4.1
Definition of 3-D Cephalometric Hard Tissue Landmarks

Porion: Por – Pol

Definition of the Porion Landmarks

Porion (Po) is the most superior point of each external
acoustic meatus.

Fig. 4.1. Porionr. Profile view right (cadaver skull) Fig. 4.2. Porionr. Profile view right (3-D CT, cadaver skull)
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Virtual Definition of the Porion Landmarks

Step 1: Define Porionr and Porionl on the right
(Fig. 4.3) and left (Fig. 4.4) profile views of the
3-D hard tissue surface representations.

Step 2: Verify the transversal position of Porionr and
Porionl on the linked virtual frontal cephalo-
gram (Fig. 4.5).

Fig. 4.3. Porionr. Profile view right (3-D CT, patient K.C.)

Fig. 4.5. Porion.Virtual frontal cephalogram linked to the 3-D hard tissue sur-
face representation (3-D CT, patient K.C.) allows verification of the transversal
position of the Porion landmarks

Fig. 4.4. Porionl. Profile view left (3-D CT, patient K.C.)
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Orbitale: Orr – Orl

Definition of the Orbitale Landmarks

Orbitale (Or) is the most inferior point of each infra-
orbital rim.

Fig. 4.6. Orbitar and Orbital. Frontal view (cadaver skull) Fig. 4.7. Orbitar and Orbital. Frontal view (3-D CT, cadaver skull)
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Virtual Definition of the Orbitale Landmarks

Step 1: Define Orbitar and Orbital on the frontal view
of the 3-D hard tissue surface representation
(Fig. 4.8).

Step 2: Verify the position of Orbitar and Orbital
on the linked virtual frontal cephalogram
(Fig. 4.9).

Fig. 4.8. Orbitar and Orbital. Frontal view (3-D CT, patient K.C.) Fig. 4.9. Orbitar and Orbital.Virtual frontal cephalogram linked to the 3-D hard
tissue surface representation (3-D CT, patient K.C.) allows verification of the
position of the Orbitar and Orbital landmarks
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Anterior Nasal Spine: ANS

Definition of the Anterior Nasal Spine Landmark

Anterior Nasal Spine is the most anterior midpoint of
the anterior nasal spine of the maxilla.

Fig. 4.12. Anterior nasal spine. Profile view right (cadaver skull) Fig. 4.13. Anterior nasal spine. Profile view right (3-D CT, cadaver skull)

Fig. 4.10. Anterior nasal spine. Frontal view (cadaver skull) Fig. 4.11. Anterior nasal spine. Frontal view (3-D CT, cadaver skull)
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Virtual Definition of the Anterior Nasal Spine Landmark

Step 1: Define Anterior Nasal Spine on the virtual 
lateral cephalogram (Figs. 4.14, 4.15).

Step 2: Verify and correct the median position 
of Anterior Nasal Spine on the frontal view of
the 3-D hard tissue surface representation
(Fig. 4.16).

Step 3: The position of Anterior Nasal Spine is veri-
fied on the left and right 3-D profile views of
the 3-D hard tissue surface representations
(Figs. 4.17, 4.18.). Additionally Anterior Nasal
Spine can be verified on the virtual frontal
cephalogram linked to the 3-D hard tissue
surface representation (Fig. 4.19).

Fig. 4.14. Anterior Nasal Spine.Virtual lateral cephalogram (patient K.C.) Fig. 4.15. Anterior Nasal Spine. Virtual lateral cephalogram linked to the 3-D
hard tissue surface representation (patient K.C.)
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Fig. 4.16. Anterior Nasal Spine. Frontal view (3-D CT, patient K.C.)

Fig. 4.17. Anterior Nasal Spine. Profile view right (3-D CT, patient K.C.) Fig. 4.18. Anterior Nasal Spine. Profile view left (3-D CT, patient K.C.)
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Fig. 4.19. Anterior Nasal Spine.Virtual frontal
cephalogram linked to the 3-D hard tissue surface
representation (3-D CT, patient K.C.)
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Posterior Nasal Spine: PNS

Definition of the Posterior Nasal Spine Landmark

Posterior Nasal Spine is the most posterior midpoint of
the posterior nasal spine of the palatine bone.

Fig. 4.20. Posterior nasal spine. Exocranial skull base view (cadaver skull) Fig. 4.21. Posterior nasal spine. Exocranial skull base view (3-D CT, cadaver
skull)
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Virtual Definition of the Posterior Nasal Spine Landmark

Step 1: Define Posterior Nasal Spine on the exocra-
nial skull base view of the 3-D hard tissue sur-
face representation (Fig. 4.22).

Step 2: Verify and correct the vertical position of
Posterior Nasal Spine on the virtual lateral
cephalogram (Fig. 4.23) which is linked to 
the 3-D hard tissue surface representation
(Fig. 4.24).

Fig. 4.22. Posterior nasal spine.Exocranial skull base view (3-D CT,patient K.C.)
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Fig. 4.23. Posterior Nasal Spine.Virtual lateral
cephalogram linked to the 3-D hard tissue surface
representation (3-D CT, patient K.C.)

Fig. 4.24. Posterior Nasal Spine. Virtual lateral cephalogram (3-D CT, patient
K.C.)
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Posterior Maxillary Point: PMPr – PMPl Definition of the Posterior Maxillary Point Landmarks

Posterior Maxillary Point is the point of maximum
concavity of the posterior border of the palatine bone
in the horizontal plane at both sides.

Fig. 4.26. Posterior Maxillary Point (PMPr – PMPl) landmarks. Exocranial skull
base view (3-D CT, cadaver skull)

Fig. 4.25. Posterior Maxillary Point (PMPr-PMPl) landmarks. Exocranial skull
base view (cadaver skull)
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Virtual Definition of the Posterior Maxillary Point
Landmarks

Step 1: Define Posterior Maxillary Pointr and Posteri-
or Maxillary Pointl on the exocranial skull
base view of the 3-D hard tissue surface rep-
resentation (Fig. 4.27).

Step 2: Verify the vertical position of Posterior Max-
illary Pointr and Posterior Maxillary Pointl on
the virtual frontal cephalogram which is
linked to the 3-D hard tissue surface repre-
sentation (Figs. 4.28, 4.29).

Fig. 4.27. Posterior Maxillary Point (PMPr – PMPl) landmarks. Exocranial skull
base view (3-D CT, patient K.C.)



CHAPTER  4

129

4.1 Definition of 3-D Cephalometric Hard Tissue Landmarks

Fig. 4.28. Posterior Maxillary Point 
(PMPr – PMPl) landmarks.Virtual frontal cephalo-
gram linked to the 3-D hard tissue surface 
representation (3-D CT, patient K.C.)

Fig. 4.29. Posterior Maxillary Point (PMPr – PMPl) landmarks. Virtual frontal
cephalogram (3-D CT, patient K.C.)
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Upper Incisor: UIr – UIl

Definition of the Upper Incisor Landmarks

Upper Incisor (UI) is the most mesial point of the tip 
of the crown of each upper central incisor.

Fig. 4.30. Upper Incisorr. Frontal view (cadaver skull) Fig. 4.31. Upper Incisorr. Frontal view (3-D CT, cadaver skull)

Fig. 4.32. Upper Incisorl. Frontal view (cadaver skull) Fig. 4.33. Upper Incisorl. Frontal view (3-D CT, cadaver skull)
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Virtual Definition of the Upper Incisor Landmarks

Step 1: Define Upper Incisorr and Upper Incisorl on
the frontal view of the 3-D hard tissue surface
representation (Figs. 4.34–4.36).

Step 2: Verify the position of Upper Incisorr and Up-
per Incisorl on the virtual lateral (Figs. 4.37,
4.38) and frontal (Fig. 4.39) cephalograms
which are linked to the 3-D hard tissue sur-
face representation.

Fig. 4.34. Upper Incisorr. Frontal view (3-D CT, patient K.C.) Fig. 4.35. Upper Incisorl. Frontal view (3-D CT, patient K.C.)

Fig. 4.36. Upper Incisorr. and Upper Incisorl. Frontal view (3-D CT, patient K.C.)



CHAPTER 4

132

3-D Cephalometric Hard Tissue Landmarks

Fig. 4.37. Upper Incisor (UIr – UIl) landmarks.
Virtual lateral cephalogram linked to the 3-D hard
tissue surface representation (3-D CT, patient K.C.)

Fig. 4.38. Upper Incisor (UIr – UIl) landmarks.Virtual lateral cephalogram (3-D
CT, patient K.C.)
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Fig. 4.39. Upper Incisor (UIr – UIl) landmarks.Virtual frontal cephalogram (3-D
CT, patient K.C.)
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Lower Incisor: LIr – LIl

Definition of the Lower Incisor Landmarks

Lower Incisor (LI) is the most mesial point of the tip 
of the crown of each lower central incisor.

Fig. 4.40. Lower Incisorr. Submental view (cadaver skull) Fig. 4.41. Lower Incisorr. Submental view (3-D CT, cadaver skull)

Fig. 4.42. Lower Incisorl. Submental view (cadaver skull) Fig. 4.43. Lower Incisorl. Submental view (3-D CT, cadaver skull)
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Virtual Definition of the Lower Incisor Landmarks

Step 1: Define Lower Incisorr and Lower Incisorl on
the submental view of the 3-D hard tissue sur-
face representation (Figs. 4.44–4.46)

Step 2: Verify the position of Lower Incisorr and Low-
er Incisorl on the virtual lateral (Figs. 4.47,
4.48) and frontal (Fig. 4.49) cephalograms
which are linked to the 3-D hard tissue sur-
face representation.

Fig. 4.44. Lower Incisorr. Submental view (3-D CT, patient K.C.) Fig. 4.45. Lower Incisorl. Submental view (3-D CT, patient K.C.)

Fig. 4.46. Lower Incisorr. and Lower Incisorl landmarks. Submental view (3-D
CT, patient K.C.)
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Fig. 4.47. Lower Incisor (LIr – LIl) landmarks.
Virtual lateral cephalogram linked to the 3-D hard
tissue surface representation (3-D CT, patient K.C.)

Fig. 4.48. Lower Incisor (LIr – LIl) landmarks. Virtual lateral cephalogram (3-D
CT, patient K.C.)

Fig. 4.49. Lower Incisor (LIr – LIl) landmarks.Virtual frontal cephalogram (3-D
CT, patient K.C.)
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Upper Molar Cusp: UMcuspr – UMcuspl

Definition of the Upper Molar Cusp Landmarks

Upper Molar cusp (UMcusp) is the most inferior point
of the mesial cusp of the crown of each first upper
molar in the profile plane.

Virtual Definition of the Upper Molar Cusp Landmarks

Step 1: Define Upper Molar Cuspr and Upper Molar
Cuspl on the profile views of the 3-D hard tis-
sue surface representation (Fig. 4.52, 4.53).

Step 2: Verify the position of Upper Molar Cuspr and
Upper Molar Cuspl on the virtual lateral
(Fig. 4.54) cephalogram linked to the 3-D
hard tissue surface representation.

Fig. 4.50. Upper Molar Cuspr. Profile view right (cadaver skull) Fig. 4.51. Upper Molar Cuspr. Profile view right (3-D CT, cadaver skull)
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Fig. 4.52. Upper Molar Cuspr. Profile view right (3-D CT, patient K.C) Fig. 4.53. Upper Molar Cuspl. Profile view left (3-D CT, patient K.C.)

Fig. 4.54. Upper Molar Cuspr. and Upper Molar
Cuspl.Virtual lateral cephalogram linked to 
the 3-D hard tissue surface representation 
(3-D CT, patient K.C.)
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Lower Molar Cusp: LMcuspr – LMcuspl

Definition of the Lower Molar Cusp Landmarks

Lower Molar Cusp (LMcusp) is the most superior point
of the mesial cusp of the crown of each first lower
molar in the profile plane.

Virtual Definition of the Lower Molar Cusp Landmarks

Step 1: Define Lower Molar Cuspr and Lower Molar
Cuspl on the profile views of the 3-D hard tis-
sue surface representation (Figs. 4.57, 4.58).

Step 2: Verify and correct the position of Lower Mo-
lar Cuspr and Lower Molar Cuspl on the virtu-
al lateral (Fig. 4.59) cephalogram linked to the
3-D hard tissue surface representation.

Fig. 4.55. Lower Molar Cuspr. Profile view right (cadaver skull) Fig. 4.56. Lower Molar Cuspr. Profile view right (3-D CT, cadaver skull)
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Fig. 4.57. Lower Molar Cuspr. Profile view right (3-D CT, patient K.C.) Fig. 4.58. Lower Molar Cuspl. Profile view left (3-D CT, patient K.C.)

Fig. 4.59. Lower Molar Cuspr. and Lower Molar
Cuspl.Virtual lateral cephalogram linked to 
the 3-D hard tissue surface representation 
(3-D CT, patient K.C.)
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Fig. 4.60. Virtual frontal cephalogram linked 
to the 3-D hard tissue surface representation
shows an overview of dental landmarks 
(3-D CT, patient K.C.)
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Menton: Men

Definition of the Menton Landmark

Menton is the most inferior midpoint of the chin on the
outline of the mandibular symphysis.

Fig. 4.61. Menton. Profile view right (cadaver skull) Fig. 4.62. Menton. Profile view right (3-D CT, cadaver skull)

Fig. 4.63. Menton. Base view (cadaver skull) Fig. 4.64. Menton. Base view (3-D CT, cadaver skull)
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Virtual Definition of the Menton Landmark

Step 1: Define Menton on the virtual lateral cephalo-
gram (Figs. 4.65, 4.66).

Fig. 4.65. Menton.Virtual lateral cephalogram (patient K.C.) Fig. 4.66. Menton. Virtual lateral cephalogram linked to the 3-D hard tissue
surface representation (patient K.C.)
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Step 2: The position of Menton is verified on the right
(Fig. 4.67) and left (Fig. 4.68) profile views of
the 3-D hard tissue surface representations.

Step 3: Verify the midline position of Menton on the
base view of the 3-D hard tissue surface rep-
resentation (Fig. 4.69). Note that Menton is
the skeletal midline point of the chin and 
can therefore be out of the midplane.

Fig. 4.67. Menton. Profile view right (3-D CT, patient K.C.) Fig. 4.68. Menton. Profile view left (3-D CT, patient K.C.)

Fig. 4.69. Menton. Base view (3-D CT, patient K.C.)
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Fig. 4.70. Menton.Virtual lateral and frontal
cephalograms linked to the 3-D hard tissue sur-
face representation (3-D CT, patient K.C.)
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Gonion: Gor – Gol

Definition of the Gonion Landmarks

Gonion (Go) is the point at each mandibular angle that
is defined by dropping a perpendicular from the inter-
section point of the tangent lines to the posterior 
margin of the mandibular vertical ramus and inferior
margin of the mandibular body or horizontal ramus.

Virtual Definition of the Gonion Landmarks

Step 1: Define Gonionr and Gonionl on the right
(Fig. 4.73) and left (Fig. 4.74) profile views of
the 3-D hard tissue surface representation.

Step 2: Verify the correct transversal position of Go-
nionr and Gonionl on the base view (Fig. 4.75)
of the 3-D hard tissue surface representation.

Fig. 4.71. Gonionr. Profile view right (cadaver skull) Fig. 4.72. Gonionr. Profile view right (3-D CT, cadaver skull)
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Fig. 4.73. Gonionr. Profile view right (3-D CT, patient K.C.) Fig. 4.74. Gonionl. Profile view left (3-D CT, patient K.C.)

Fig. 4.75. Gonionr and Gonionl. Caudal view (3-D CT, patient K.C.)
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Fig. 4.76. Gonionr and Gonionl.Virtual lateral
and frontal cephalograms linked to the 3-D hard
tissue surface representation (3-D CT, patient K.C.)
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Frontozygomatic Point: Fzr – Fzl Definition of the Frontozygomatic Landmarks

Frontozygomatic (Fz) is the most medial and anterior
point of each frontozygomatic suture at the level of the
lateral orbital rim

Fig. 4.77. Frontozygomaticr and Frontozygomaticl. Frontal view (cadaver skull)

Fig. 4.78. Frontozygomaticr and Frontozygomaticl. Frontal view (3-D CT,
cadaver skull)
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Virtual Definition of the Frontozygomatic Landmarks

Step 1: Define Frontozygomaticr and Frontozygo-
maticl on the frontal view (Fig. 4.79) of the 
3-D hard tissue surface representation.

Step 2: Verify the sagittal position of Frontozygo-
maticr and Frontozygomaticl on the virtual
lateral cephalogram linked to the 3-D hard
tissue surface representation (Fig. 4.81)

Fig. 4.79. Frontozygomaticr and Frontozygomaticl. Frontal view (3-D CT,
patient K.C.)

Fig. 4.80. Frontozygomaticr and Frontozygomaticl. Virtual frontal cephalo-
gram (3-D CT, patient K.C.)
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Fig. 4.81. Frontozygomaticr and Frontozygo-
maticl.Virtual lateral and frontal cephalograms
linked to the 3-D hard tissue representation 
(3-D CT, patient K.C.)
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Zygion: Zyr – Zyl

Definition of the Zygion Landmarks

Zygion (Zy) is the most lateral point on the outline of
each zygomatic arch.

Fig. 4.82. Zygionr and Zygionl. Exocranial skull base view (cadaver skull) Fig. 4.83. Zygionr and Zygionl. Exocranial skull base view (3-D CT, cadaver
skull)

Fig. 4.84. Zygionl. Close-up zygomatic arch, endocranial skull base view 
(cadaver skull)

Fig. 4.85. Zygionl. Close-up zygomatic arch, endocranial skull base view (3-D
CT, cadaver skull)
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Virtual Definition of the Zygion Landmarks

Step 1: Define Zygionr and Zygionl on the exocranial
skull base view (Fig. 4.86) of the 3-D hard tis-
sue surface representation. If marked amal-
gam artefacts are present (Fig. 4.90), Zygion
can be defined on the endocranial skull base
view by inclining medially until the complete
zygomatic arch is visualized (Figs. 4.91, 4.92).

Step 2: Verify the vertical position of Zygionr and 
Zygionl on the frontal (Figs. 4.87, 4.93) and/or
profile (Figs. 4.88, 4.89, 4.94, 4.95) views of the
3-D hard tissue surface representation.

Fig. 4.86. Zygionr and Zygionl. Exocranial skull base view (3-D CT, patient K.C.) Fig. 4.87. Zygionr and Zygionl. Frontal view (3-D CT, patient K.C.)
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Fig. 4.88. Zygionr . Profile view right (3-D CT, patient K.C.) Fig. 4.89. Zygionl. Profile view left (3-D CT, patient K.C.)

Fig. 4.90. Due to amalgam artefacts, definition of Zygionr and Zygionl land-
marks is not possible on the exocranial skull base view (3-D CT, patient A.G.)
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Fig. 4.91. Zygionl. Close-up zygomatic arch, endocranial skull base view (3-D
CT, patient A.G.)

Fig. 4.92. Zygionl. Close-up zygomatic arch, endocranial skull base view (3-D
CT, patient A.G.)

Fig. 4.93. Zygionr and Zygionl. Frontal view (3-D CT, patient A.G.)
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Fig. 4.94. Zygionr . Profile view right (3-D CT, patient A.G.) Fig. 4.95. Zygionl. Profile view left (3-D CT, patient A.G.)
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A-Point: A

Definition of the A-Point Landmark

A-Point is the point of maximum concavity in the mid-
line of the alveolar process of the maxilla.

Fig. 4.96. A-Point. Profile view right (cadaver skull) Fig. 4.97. A-Point. Profile view right. (3-D CT, cadaver skull)
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Virtual definition of the A-Point Landmark

Step 1: Define A-Point on the virtual lateral cephalo-
gram (Figs. 4.98, 4.99).

Step 2: The position of A-Point is verified on the right
(Fig. 4.100) and left (Fig. 4.101) profile views
of the 3-D hard tissue surface representations.

Step 3: Verify the midline position of A-Point on the
maxillary dento-alveolar process on the
frontal view of the 3-D hard tissue surface
representation (Fig. 4.102). The virtual frontal
cephalogram (Fig. 4.103, 4.104) is helpful to
define the midline position of A-Point.

Fig. 4.98. A-Point.Virtual lateral cephalogram (patient K.C.) Fig. 4.99. A-Point. Virtual lateral cephalogram linked to the 3-D hard tissue
surface representation (patient K.C.)
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Fig. 4.100. A-Point. Profile view right (3-D CT, patient K.C.) Fig. 4.101. A-Point. Profile view left (3-D CT, patient K.C.)

Fig. 4.102. A-Point. Frontal view (3-D CT, patient K.C.)
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Fig. 4.103. A-Point.Virtual frontal cephalogram
linked to the 3-D hard tissue surface representa-
tion (3-D CT, patient K.C.)

Fig. 4.104. A-Point.Virtual frontal cephalogram (patient K.C.)
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B-Point: B

Definition of the B-Point Landmark

B-Point is the point of maximum concavity in the mid-
line of the alveolar process of the mandible.

Fig. 4.106. B-Point. Profile view right. (3-D CT, cadaver skull)Fig. 4.105. B-Point. Profile view right (cadaver skull)
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Virtual Definition of the B-Point Landmark

Step 1: Define B-Point on the virtual lateral cephalo-
gram (Figs. 4.107, 4.108).

Step 2: The position of B-Point is verified on the right
(Fig. 4.109) and left (Fig. 4.110) profile views
of the 3-D hard tissue surface representations.

Step 3: Verify the midline position of B-Point on the
mandibular dento-alveolar process on the
frontal view of the 3-D hard tissue surface
representation (Fig. 4.111). The virtual frontal
cephalogram (Figs. 4.112, 4.113) is helpful to
define the midline position of B-Point.

Fig. 4.107. B-Point.Virtual lateral cephalogram (patient K.C.) Fig. 4.108. B-Point. Virtual lateral cephalogram linked to the 3-D hard tissue
surface representation (patient K.C.)
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Fig. 4.109. B-Point. Profile view right (3-D CT, patient K.C.) Fig. 4.110. B-Point. Profile view left (3-D CT, patient K.C)

Fig. 4.111. B-Point. Frontal view (3-D CT, patient K.C.)
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Fig. 4.112. B-Point.Virtual frontal cephalogram
linked to the 3-D hard tissue surface representa-
tion (3-D CT, patient K.C.)

Fig. 4.113. B-Point.Virtual frontal cephalogram (patient K.C.)
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Pogonion: Pog

Definition of the Pogonion Landmark

Pogonion is the most anterior midpoint of the chin on
the outline of the mandibular symphysis.

Fig. 4.116. Pogonion. Base view (cadaver skull) Fig. 4.117. Pogonion. Base view (3-D CT, cadaver skull)

Fig. 4.114. Pogonion. Profile view right (cadaver skull) Fig. 4.115. Pogonion. Profile view right (3-D CT, cadaver skull)
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Virtual Definition of the Pogonion Landmark

Step 1: Define Pogonion on the virtual lateral ce-
phalogram (Figs. 4.118, 4.119).

Step 2: The position of Pogonion is verified on the
right (Fig. 4.120) and left (Fig. 4.121) profile
views of the 3-D hard tissue surface represen-
tations.

Step 3: Verify the midline position of Pogonion on
the base view of the 3-D hard tissue surface
representation (Fig. 4.122). Note that Pogo-
nion is the most anterior skeletal midline
point of the chin and can therefore be out of
the midplane.

Fig. 4.118. Pogonion.Virtual lateral cephalogram (patient K.C.) Fig. 4.119. Pogonion.Virtual lateral cephalogram linked to the 3-D hard tissue
surface representation (patient K.C.)
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Fig. 4.120. Pogonion. Profile view right (3-D CT, patient K.C.) Fig. 4.121. Pogonion. Profile view left (3-D CT, patient K.C.)

Fig. 4.122. Pogonion. Base view (3-D CT, patient K.C.)
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Fig. 4.123. Pogonion.Virtual lateral and frontal
cephalograms linked to the 3-D hard tissue sur-
face representation (3-D CT, patient K.C.)
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Basion: Ba

Definition of the Basion Landmark

Basion is the most anterior point of the great foramen
(foramen magnum)

Virtual Definition of the Basion Landmark

Step 1: Define Basion on the exocranial skull base
view (Fig. 4.126) of the 3-D hard tissue sur-
face representation.

Step 2: Verify the vertical position of Basion on the
virtual lateral cephalogram linked to the 
3-D hard tissue surface representation (Figs.
4.127, 4.128).

Fig. 4.124. Basion. Exocranial skull base view (3D-CT, cadaver skull) Fig. 4.125. Basion. Exocranial skull base view (3-D CT, cadaver skull)
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Fig. 4.126. Basion. Exocranial skull base view (3-D CT, patient K.C.) Fig. 4.127. Basion.Virtual lateral cephalogram (3-D CT, patient K.C.)

Fig. 4.128. Basion.Virtual lateral cephalogram
linked to the 3-D hard tissue surface representa-
tion (3-D CT, patient K.C.)



CHAPTER  4

171

4.1 Definition of 3-D Cephalometric Hard Tissue Landmarks

Condylion: Cor – Col

Definition of the Condylion Landmarks

Condylion (Co) is the most postero-superior point of
each mandibular condyle in the sagittal plane.

Virtual Definition of the Condylion Landmarks

Step 1: Define Condylionr and Condylionl on the
right (Fig. 4.131) and left (Fig. 4.132) profile
views of the 3-D hard tissue surface represen-
tations.

Step 2: Verify the transverse position of Condylionr
and Condylionl on the linked virtual frontal
cephalogram (Fig. 4.134).

Fig. 4.129. Condylionr. Profile view right (cadaver skull) Fig. 4.130. Condylionr. Profile view right (3-D CT, cadaver skull)
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Fig. 4.131. Condylionr. Profile view right (3-D CT, patient K.C.) Fig. 4.132. Condylionl. Profile view left (3-D CT, patient K.C.)

Fig. 4.133. Condylionr and Condylionl.
Virtual lateral cephalogram (3-D CT, patient K.C.)
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Fig. 4.134. Condylionr and Condylionl.Virtual
frontal cephalogram linked to the 3-D hard tissue
surface representation (3-D CT, patient K.C.)
allows verification of the transverse position of
the Condylion landmarks
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4.2
Set-up of 3-D Cephalometric Hard Tissue Landmarks

Fig. 4.135 a–d. Set-up of 3-D cephalometric hard tissue landmarks. (3-D CT, patient K.C.)

ba

c d
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Fig. 4.136. Set-up of 3-D cephalometric hard tis-
sue landmarks.Virtual lateral cephalogram linked
to the 3-D hard tissue surface representation 
(3-D CT, patient K.C.)
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Fig. 4.137. Set-up of 3-D cephalometric hard tissue landmarks.Virtual lateral cephalogram (3-D CT, patient K.C.)
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Fig. 4.138. Set-up of 3-D cephalometric hard 
tissue landmarks.Virtual frontal cephalogram
linked to the 3-D hard tissue surface representa-
tion (3-D CT, patient K.C.)
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Fig. 4.139. Set-up of 3-D cephalometric hard tissue landmarks.Virtual frontal cephalogram (3-D CT, patient K.C.)
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Fig. 4.140. Set-up of 3-D cephalometric hard 
tissue landmarks. Linked virtual lateral and frontal
cephalograms (3-D CT, patient K.C.)
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Fig. 4.141. Set-up of 3-D cephalometric hard
tissue landmarks.Virtual lateral and frontal
cephalograms linked to the 3-D hard tissue
surface representation (3-D CT, patient K.C.)
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4.3
Additional 3-D Cephalometric Hard Tissue Landmarks

The following list shows some other conventional
cephalometric landmarks described in the literature
that could be used in 3-D cephalometry.
▬ Antegonion: The highest point of the notch or con-

cavity of the lower border of the vertical mandibular
ramus where it joins the body of the mandible

▬ Articulare according to Bjork: The intersection of the
posterior border of the vertical mandibular ramus
and the outer margin of the cranial base

▬ Articulare according to Bolton: The intersection of
the posterior border of the condyle of the mandible
with the Bolton plane (a line joining the Bolton
point and the Nasion landmark on the lateral
cephalogram)

▬ Bolton point: A point in space about the centre of the
foramen magnum that is located on the lateral
cephalogram by the highest point in the profile im-
age of the postcondylar notches of the occipital bone

▬ Bregma: The crossing of the coronal and sagittal
sutures on top of the skull

▬ Coronoid process: The most superior point of the
coronoid process

▬ Dacryon: Point on the inner wall of the orbit at the
junction of the nasal process of the frontal bone, the
frontal process of the maxilla and the lacrimal bone

▬ Frontomaxillary nasal suture: The junction of the
frontal, maxillary and nasal bones

▬ Frontotemporale: Point near the root of the zygo-
matic process of the frontal bone at the most anteri-
or point along the curvature of the temporal line

▬ Glabella: The most anterior point of the frontal bone
▬ Gnathion: The most anterior and inferior point on

the contour of the mandibular symphysis

▬ Infradentale: The anterior superior point on the
mandible at its labial contact between the mandibu-
lar central incisors

▬ Inferior zygoma: The lowest point of the outline of
each zygoma

▬ O-Point: The centre for convergence area of hori-
zontal planes used in Sassouni’s analysis

▬ Opisthion: The posterior midsagittal point on the
posterior margin of the foramen magnum

▬ Prosthion: The lowest, most anterior point on the
alveolar portion of the premaxilla, in the median
plane, between the upper central incisors

▬ Sellion according to A.M. Schwarz: The midpoint of
the entrance of the sella turcica

▬ Sphenoethmoidal suture: The most superior point of
the sphenoethmoidal suture

▬ Spheno-occipital synchondrosis: The most superior
point of the junction between the sphenoid and
occipital bones

▬ Staphylion: Point in the medial line (interpalatal
suture) of the posterior part of the hard palate
where it is crossed by a line drawn tangent to the
curves of the posterior margins of the palate

▬ Supradentale: The anterior inferior point on the
maxilla at its labial contact between the lower cen-
tral incisors

▬ Supraorbitale: The most superior point of the supe-
rior orbital rim

▬ Temporale: Point at the intersection of the shadows
of the ethmoid and the anterior wall of the in-
fratemporal fossa

▬ Vertex: The most superior point on the cranial vault
▬ Zygion: Point on the zygoma on either side at the

extremity of the bizygomatic diameter
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According to the ancient Greeks, facial beauty derives
from harmony and balance of the proportions of the
individual components of the face. In daily clinical
practice, orthodontists and maxillofacial and plastic
surgeons often decide on what is beautiful and bal-
anced based on anthroscopy (from the Greek “anthro-
pos”, human and “copein”, examine) or visual assess-
ment. Because the examiner’s judgement is inherently
influenced by his or her aesthetic perception and per-
sonal experience, anthroscopy remains highly subjec-
tive. Anthropometry (“metron”, measure), in contrast,
is the biological science of studying and measuring
human physical dimensions. Anthropometry of the
head and face was pioneered by Aleš Hrdlička
(1869–1943) but extensively developed and popular-
ized by Leslie G. Farkas, whose clinical and scientific
work on direct and indirect (photogrammetry) an-
thropometry has made a major contribution on today’s
clinical assessment of the head and face. Potential
sources of error in anthropometry are incorrect land-
mark definition, improper use of measuring equip-
ment and/or an inadequate measuring method. The
major shortcoming of direct anthropometry is that it
necessitates a wide range of measurement tools (slid-
ing and spreading callipers, soft measuring tape, etc.),
demands great experience on the part of the investiga-
tor and is very time-consuming. The disadvantages of
indirect anthropometry or photogrammetry are diffi-
culties in standardization of photographs, inaccuracy
in definition of bone-related soft tissue landmarks
(e.g. soft tissue orbitale, soft tissue gonion and zygion)
and its two-dimensional character.

Advances in both computer hardware and software
technology led to 3-D anthropometric methods such
as laser surface scanning, stereo photogrammetry, CT
and MRI (Chap. 10). Recently a new innovative voxel-
based method of 3-D cephalometry was developed by
our research group. CT based 3-D cephalometry of soft
tissues has the advantage that bone-related landmarks
can be defined in a more accurate and reliable way be-
cause the 3-D virtual scene approach allows visualiza-

tion of the underlying hard tissues. Therefore, no sur-
face analogues of bony landmarks are necessary. More-
over, analysis bias caused by improper use of measur-
ing equipment or inadequate measurement technique
is decreased because of standardized virtual position-
ing of the skull with the set-up of a 3-D cephalometric
reference system (Chap. 3) and the automatic genera-
tion of measurements (Chap. 7). The important dis-
advantages of spiral-CT based 3-D cephalometry are
the radiation dose (Chap. 1) and the horizontal posi-
tion of the head during scanning, which has an impact
on the facial soft tissue mask due to gravity. These
problems will be resolved in the near future with the
application of cone-beam CT in clinical routine be-
cause of its low radiation dose and its ability to scan the
patient in the vertical rest position (Chap. 1). Cone-
beam-CT-based 3-D cephalometry will allow the gen-
eration of 3-D cephalometric reference data including
hard and soft tissue data and bone–soft tissue move-
ment ratios.

As already mentioned in Chap. 4, landmarks situat-
ed on the skin are referred to as 3-D cephalometric soft
tissue landmarks and their abbreviations (symbols)
are marked in lower-case letters as in anthropometry
and conventional soft tissue cephalometry. This chap-
ter offers “step-by-step” guidelines for precise defini-
tion of such landmarks. Sometimes the anthropo-
metric definitions had to be modified. A total of 28
landmarks with regard to the facial soft tissue units
(forehead, nasal, periorbital, midface and mandible)
are described in detail. Additionally, ear- and head-
related landmarks are listed at the end of the chapter
because they have not yet been validated.An important
shortcoming of CT-based 3-D cephalometry of soft 
tissues remains improper or impossible identification
of soft tissue landmarks that are related to the hair 
(trichion, superciliare, frontotemporale) or eye-lids
(palpebrale superius, palpebrale inferius). Registration
of the natural texture of the face by means of 3-D pho-
tographic techniques could be a solution and is there-
fore an interesting topic for future research (Chap. 10).
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5.1
Definition of 3-D Cephalometric Soft Tissue Landmarks

Glabella: g

Definition of the glabella Landmark

Glabella (g) is the most anterior midpoint on the fron-
to-orbital soft tissue contour. In 3-D cephalometry, this
is a well-defined soft tissue landmark and is therefore
not the same as the anthropometric glabella landmark
according to L.G. Farkas, which is identical to the bony
Glabella landmark on the frontal bone.

Virtual Definition of the glabella Landmark

Step 1: Define glabella on the right profile view of
the 3-D soft tissue surface representation
(Fig. 5.1) and verify its position on the left
profile view (Fig. 5.2). The position of the
glabella landmark can also be verified on the
virtual lateral cephalogram (Figs. 5.76, 5.77).

Step 2: Verify the midline position of the glabella
landmark on the frontal view of the 3-D soft
tissue surface representation (Fig. 5.4).

Fig. 5.1. Glabella. Profile view right (3-D CT, patient K.C.) Fig. 5.2. Glabella. Profile view left (3-D CT, patient K.C.)
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Soft tissue nasion: n

Definition of the soft tissue nasion Landmark

Soft tissue nasion (n) is the midpoint on the soft tissue
contour of the base of the nasal root at the level of the
frontonasal suture. In 3-D cephalometry, this is a 
well-defined soft tissue landmark and is therefore not
the same as the anthropometric soft nasion landmark
according to L.G. Farkas, which is identical to the bony
Nasion.

Virtual Definition of the soft tissue nasion Landmark

Step 1: Define soft tissue nasion on the right profile
view of the 3-D transparent soft tissue surface
representation (Fig. 5.5).

Step 2: Visualize the position of the soft tissue nasion
on the right (Fig. 5.6) and left (Fig. 5.7) profile
view of the 3-D soft tissue surface representa-
tion. The position of the soft tissue nasion
landmark can also be verified on the virtual
lateral cephalogram (Figs. 5.76, 5.77).

Step 3: Verify the midline position of the soft tissue
nasion landmark on the frontal view of the 
3-D soft tissue surface representation (Fig. 5.8).

Fig. 5.3. Glabella. Profile view right. Note that the 3-D soft tissue cephalomet-
ric glabella landmark is located on the soft tissues and is therefore not identical
to the anthropometric glabella landmark, which is the same as the bony Glabel-
la landmark. (3-D CT, transparent soft tissues, patient K.C.)

Fig. 5.4. Glabella. Frontal view (3-D CT, patient K.C.)
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Fig. 5.5. Soft tissue nasion. Note that the 3-D cephalometric soft tissue nasion
landmark is located on the soft tissues and is therefore not identical to the
anthropometric soft nasion landmark, which is the same as the bony Nasion
landmark. (3-D CT, transparent soft tissues, patient K.C.)

Fig. 5.6. Soft tissue nasion. Profile view right (3-D CT, patient K.C.)

Fig. 5.7. Soft tissue nasion. Profile view left (3-D CT, patient K.C.) Fig. 5.8. Soft tissue nasion. Frontal view (3-D CT, patient K.C.)
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Sellion (subnasion): se

Definition of the sellion Landmark

Sellion (se) is the most posterior point of the fron-
tonasal soft tissue contour in the midline of the base of
the nasal root.

Virtual Definition of the sellion Landmark

Step 1: Define sellion on the right profile view of
the 3-D soft tissue surface representation
(Fig. 5.9) and verify its position on the left
profile view (Fig. 5.10). The position of the
sellion landmark can also be verified on the
virtual lateral cephalogram (Figs. 5.76, 5.77).

Step 2: Verify the midline position of the sellion
landmark on the frontal view of the 3-D soft
tissue surface representation (Fig. 5.12).

Fig. 5.9. Sellion. Profile view right (3-D CT, patient K.C.) Fig. 5.10. Sellion. Profile view left (3-D CT, patient K.C.)
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Fig. 5.11. Sellion. Profile view right. Note that sellion is usually situated more
inferiorly than soft tissue nasion (3-D CT, transparent soft tissues, patient K.C.)

Fig. 5.12. Sellion. Frontal view (3-D CT, patient K.C.)
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Endocanthion: enr, enl

Definition of the endocanthion Landmarks

Endocanthion (en) is the soft tissue point located at the
inner commissure of each eye fissure.

Virtual Definition of the endocanthion Landmarks

Define endocanthionr and endocanthionl on the frontal
view of the 3-D soft tissue surface representation
(Fig. 5.13).

Fig. 5.13. Endocanthionr and endocanthionl. Frontal view (3-D CT, patient K.C.) Fig. 5.14. Endocanthionr and endocanthionl. Note that the endocanthion
landmarks are located laterally from the medial orbital wall. Frontal view (3-D
CT, transparent soft tissues, patient K.C.)



CHAPTER 5

192

3-D Cephalometric Soft Tissue Landmarks

Exocanthion: exr, exl

Definition of the exocanthion Landmarks

Exocanthion (ex) is the soft tissue point located at the
outer commissure of each eye fissure.

Virtual Definition of the exocanthion Landmarks

Define exocanthionr and exocanthionl on the frontal
view of the 3-D soft tissue surface representation
(Fig. 5.15).

Fig. 5.15. Exocanthionr and exocanthionl. Frontal view (3-D CT, patient K.C.) Fig. 5.16. Exocanthionr and exocanthionl.Note that although the exocanthion
landmarks are mostly located slightly medially from the lateral orbital rim, they
can be projected onto the lateral orbital rim, especially if scanning was done
with closed eyes. Frontal view (3-D CT, transparent soft tissues, patient K.C.)
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Maxillofrontale: mfr, mfl

Definition of the maxillofrontale Landmarks

Maxillofrontale (mf) is the soft tissue point located at
each lateral margin of the base of the nasal root at the
level of the endocanthion.

Virtual Definition of the maxillofrontale Landmarks

Step 1: Define maxillofrontaler and maxillofrontalel
on the frontal view of the 3-D soft tissue sur-
face representation (Fig. 5.17).

Fig. 5.17. Maxillofrontaler and maxillofrontalel. Frontal view (3-D CT, patient
K.C.)
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Soft tissue orbitale: orr - orl

Definition of the soft tissue orbitale Landmarks

Soft tissue orbitale (or) is the soft tissue point located
at the most inferior level of each infraorbital rim, lo-
cated at the level of the 3-D hard tissue cephalometric
Orbitale landmark (Chap. 4). In 3-D cephalometry, this
is a well-defined soft tissue landmark and is therefore
not the same as the anthropometric orbitale landmark
according to L.G. Farkas, which is identical to the bony
Orbitale.

Virtual Definition of the soft tissue orbitale Landmarks

Step 1: Define soft tissue orbitaler and soft tissue
orbitalel on the frontal view of the 3-D 
transparent soft tissue surface representation
(Fig. 5.18).

Step 2: Visualize both soft tissue orbitale landmarks
on the frontal view of the 3-D soft tissue sur-
face representation (Fig. 5.19).

Fig. 5.18. Soft tissue orbitaler and soft tissue orbitalel. Frontal view.The trans-
parent soft tissue representation visualizes the underlying bony structures and
allows accurate definition of the soft tissue orbitale landmarks (3-D CT, trans-
parent soft tissues, patient K.C.)

Fig. 5.19. Soft tissue orbitaler and soft tissue orbitalel. Frontal view (3-D CT,
patient K.C.)
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Orbitale superius: osr, osl

Definition of the orbitale superius Landmarks

Orbitale superius (os) is the soft tissue point located at
the most superior level of each supraorbital rim. This
landmark is close to the anthropometric orbitale land-
mark according to L.G. Farkas, which is defined as the
highest point on the lower border of the eyebrow.

Virtual Definition of the orbitale superius Landmarks

Step 1: Define orbitale superiusr and orbitale su-
periusl on the frontal view of the 3-D trans-
parent soft tissue surface representation
(Fig. 5.20).

Step 2: Visualize both orbitale superius landmarks
on the frontal view of the 3-D soft tissue sur-
face representation (Fig. 5.21).

Fig. 5.20. Orbitale superiusr and orbitale superiusl. Frontal view.The transpar-
ent soft tissue representation visualizes the underlying bony structures and
allows accurate definition of the soft tissue orbitale landmarks (3-D CT, trans-
parent soft tissues, patient K.C.)

Fig. 5.21. Orbitale superiusr and orbitale superiusl. Frontal view (3-D CT,
patient K.C.)
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Zygion: zyr, zyl

Definition of the zygion Landmarks

Zygion (zy) is the most lateral point on the soft tissue
contour of each zygomatic arch, located at the level of
the 3-D hard tissue cephalometric Zygion landmark
(Chap. 4). In 3-D cephalometry, zygion is a well-
defined soft tissue landmark and is therefore not 
the same as the anthropometric zygion landmark ac-
cording to L.G. Farkas, which is identical to the bony
Zygion.

Virtual Definition of the zygion Landmarks

Step 1: Define zygionr and zygionl on the right
(Fig. 5.22) and left (Fig. 5.23) profile views of
the 3-D transparent soft tissue surface repre-
sentation at the level of the 3-D hard tissue
cephalometric Zygion landmarks.

Step 2: Verify the position of both zygion landmarks
on the frontal view of the 3-D soft tissue sur-
face representation (Fig. 5.24, Fig. 5.25).

Fig. 5.22. Zygionr . Right profile view. The transparent soft tissue representa-
tion visualizes the underlying bony structures and allows accurate definition of
the zygion landmarks (3-D CT, transparent soft tissues, patient K.C.)

Fig. 5.23. Zygionl . Left profile view (3-D CT, transparent soft tissues, patient
K.C.)
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Fig. 5.24. Zygionr and zygionl. Frontal view (3-D CT, patient K.C.) Fig. 5.25. Zygionr and zygionl. Proclined frontal view (3-D CT, transparent soft
tissues, patient K.C.)
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Tragion: tr, tl

Definition of the tragion Landmarks

Tragion (t) is the point located at the upper margin of
each tragus.

Virtual Definition of the tragion Landmarks

Step 1: Define tragionr and tragionl on the right
(Fig. 5.26) and left (Fig. 5.27) profile views of
the 3-D soft tissue surface representation.

Step 2: Verify the position of both tragion landmarks
on the frontal view of the 3-D soft tissue sur-
face representation (Fig. 5.28).

Fig. 5.26. Tragionr . Right profile view (3-D CT, transparent soft tissues, patient
K.C.)

Fig. 5.27. Tragionl . Left profile view (3-D CT, transparent soft tissues, patient
K.C.)

Fig. 5.28. Tragionr and tragionl. Frontal view (3-D CT, transparent soft tissues,
patient K.C.)
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Pronasale: prn

Definition of the pronasale Landmark

Pronasale (prn) is the most anterior midpoint of the
nasal tip. If a bifid nose is present, the more protruding
tip is chosen to determine pronasale as proposed by
L.G. Farkas.

Virtual Definition of the pronasale Landmark

Step 1: Define pronasale on the right profile view of
the 3-D soft tissue surface representation
(Fig. 5.29) and verify its position on the left
profile view (Fig. 5.30). The position of the
pronasale landmark can also be verified on
the virtual lateral cephalogram (Figs. 5.76,
5.77).

Step 2: Verify the midline position of the pronasale
landmark on the base view of the 3-D soft tis-
sue surface representation (Fig. 5.31).

Fig. 5.29. Pronasale. Profile view right (3-D CT, patient K.C.) Fig. 5.30. Pronasale. Profile view left (3-D CT, patient K.C.)
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Subnasale: sn

Definition of the subnasale Landmark

Subnasale (sn) is the midpoint on the nasolabial soft
tissue contour between the columella crest and the
upper lip.

Fig. 5.31. Pronasale. Base view (3-D CT, patient K.C.)
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Virtual Definition of the subnasale Landmark

Step 1: Define subnasale on the right profile view of
the 3-D soft tissue surface representation
(Fig. 5.32) and verify its position on the left
profile view (Fig. 5.33). The position of the
subnasale landmark can also be verified on
the virtual lateral cephalogram (Figs. 5.76,
5.77).

Step 2: Verify the midline position of the subnasale
landmark on the base view of the 3-D soft tis-
sue surface representation (Fig. 5.34)

Fig. 5.32. Subnasale. Profile view right (3-D CT, patient K.C.) Fig. 5.33. Subnasale. Profile view left (3-D CT, patient K.C.)

Fig. 5.34. Subnasale. Base view (3-D CT, patient K.C.)
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Subnasale’: snr’, snl’

Definition of the subnasale’ Landmarks

Subnasale’ (sn’) is the point at each margin of the mid-
portion of the columella crest.

Virtual Definition of the subnasale’ Landmarks

Define subnasale’r and subnasale’l on the base view of
the 3-D soft tissue surface representation (Fig. 5.35)

Fig. 5.35. Subnasale’r and subnasale’l. Base view (3-D CT, patient K.C.)
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Alare: alr, all

Definition of the alare Landmarks

Alare (al) is the most lateral point on each alar contour.

Virtual Definition of the alare Landmarks

Define alarer and alarel on the base view of the 3-D soft
tissue surface representation (Fig. 5.36).

Fig. 5.36. Alarer and alarel. Base view (3-D CT, patient K.C.)



CHAPTER 5

204

3-D Cephalometric Soft Tissue Landmarks

Alar curvature point: acr, acl

Definition of the alar curvature point Landmarks

Alar curvature point (ac) is the point located at the
facial insertion of each alar base.

Virtual Definition of the alar curvature point Landmarks

Define alar curvature pointr and alar curvature pointl
on the submental view of the 3-D soft tissue surface
representation (Fig. 5.37).

Fig. 5.37. Alar curvature pointr and alar curvature pointl. Submental view 
(3-D CT, patient K.C.)
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Nostril top point: ntr, ntl

Definition of the nostril top point Landmarks

Nostril top point (nt) is the highest point of each nos-
tril or the superior terminal point of each nostril axis.
This landmark is close to the columella breakpoint (c’)
of Daniel.

Virtual Definition of the nostril top point Landmarks

Define nostril top pointr and nostril top pointl on the
base view of the 3-D soft tissue surface representation
(Fig. 5.38).

Fig. 5.38. Nostril top pointr and nostril top pointl. Base view (3-D CT, patient
K.C.)
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Columella constructed point: c’’

Definition of the columella constructed point Landmark

Columella constructed point (c’’) is the midpoint of
the columella crest at the level of the nostril top points.

Virtual Definition of the columella 
constructed point Landmark

Define columella constructed point on the base view of
the 3-D soft tissue surface representation (Fig. 5.39).

Fig. 5.39. Columella constructed point. Base view (3-D CT, patient K.C.)
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Nostril base point: nbr, nbl

Definition of the nostril base point Landmarks

Nostril base point (nb) is the lowest point of each nos-
tril or the inferior terminal point of each nostril axis.

Virtual Definition of the nostril base point Landmarks

Define nostril base pointr and nostril base pointl on the
base view of the 3-D soft tissue surface representation
(Fig. 5.40).

Fig. 5.40. Nostril base pointr and nostril base pointl. Base view (3-D CT, patient
K.C.)
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Subspinale: ss

Definition of the subspinale Landmark

Subspinale (ss) is the most posterior midpoint of the
philtrum.

Virtual Definition of the subspinale Landmark

Step 1: Define subspinale on the right or left profile
view of the 3-D soft tissue surface representa-
tion (Fig. 5.41).

Step 2: Correct the midline position of the subspinale
landmark on the submental view of the 3-D
soft tissue surface representation (Fig. 5.42).
In most cases the landmark is now no longer
visible on the right and left profile views of
the 3-D soft tissue surface representation
(Fig. 5.43). However, it is still visible on the
profile 3-D transparent soft tissue surface
representation (Fig. 5.44) and on the virtual
lateral cephalogram (Figs. 5.76, 5.77).

Step 3: Verify the position of the subspinale land-
mark on the right (Fig. 5.45) and left
(Fig. 5.46) three-quarter views of the 3-D soft
tissue surface representation.

Fig. 5.41. Subspinale. Profile view right (3-D CT, patient K.C.) Fig. 5.42. Subspinale. Submental view (3-D CT, patient K.C.)
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Fig. 5.43. Subspinale. Profile view right (3-D CT, patient K.C.)

Fig. 5.45. Subspinale.Three-quarter view right (3-D CT, patient K.C.)

Fig. 5.44. Subspinale. Profile view left (3-D CT, transparent soft tissues, patient
K.C.)

Fig. 5.46. Subspinale.Three-quarter view left (3-D CT, patient K.C.)
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Labiale (or labrale) superius: ls

Definition of the labiale superius Landmark

Labiale superius (ls) is the midpoint of the vermilion
line of the upper lip.

Virtual Definition of the labiale superius Landmark

Step 1: Define labiale superius on the submental view
of the 3-D soft tissue surface representation
(Fig. 5.47).

Step 2: Verify the position of the labiale superius
landmark on the right (Fig. 5.48) and left
(Fig. 5.49) three-quarter views of the 3-D soft
tissue surface representation. The position of
the subspinale (ss) landmark can also be ver-
ified on the virtual lateral cephalogram (Figs.
5.76, 5.77).

Fig. 5.47. Labiale superius. Submental view (3-D CT, patient K.C.)
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Fig. 5.48. Labiale superius.Three-quarter view right (3-D CT, patient K.C.) Fig. 5.49. Labiale superius.Three-quarter view left (3-D CT, patient K.C.)
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Crista philtri: cphr, cphl

Definition of the crista philtri Landmarks

Crista philtri (cph) is the point at each crossing of
the vermilion line and the elevated margin of the
philtrum.

Virtual Definition of the crista philtri Landmarks

Step 1: Define crista philtrir and crista philtril on the
submental view of the 3-D soft tissue surface
representation (Fig. 5.50).

Step 2: Verify the position of the crista philtri land-
marks on the right (Fig. 5.51) and left
(Fig. 5.52) three-quarter views of the 3-D soft
tissue surface representation.

Fig. 5.50. Crista philtrir and crista philtril.Submental view (3-D CT,patient K.C.)

Fig. 5.52. Crista philtrir and crista philtril. Three-quarter view left (3-D CT,
patient K.C.)

Fig. 5.51. Crista philtrir and crista philtril. Three-quarter view right (3-D CT,
patient K.C.)
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Stomion: sto

Definition of the stomion Landmark

Stomion (sto) is the midpoint of the horizontal labial
fissure. When the lips are not closed in the rest posi-
tion, stomion is a constructed point defined as the
midpoint of the interlabial gap. In this case, additional
landmarks stomionu (stou; midpoint of the lower bor-
der of the upper lip) and stomioni (stoi; midpoint of the
upper border of the lower lip) are defined to construct
stomion.

Virtual Definition of the stomion Landmark

Step 1: Define stomion on the right profile view of the
3-D soft tissue surface representation (Fig.
5.53) and verify its position on the left profile
view (Fig. 5.54). The position of the stomion
landmark can also be verified on the virtual
lateral cephalogram (Figs. 5.76, 5.77).

Step 2: Verify the midline position of the stomion
landmark on the frontal view of the 3-D soft
tissue surface representation (Fig. 5.55).

Fig. 5.53. Stomion. Profile view right (3-D CT, patient K.C.) Fig. 5.54. Stomion. Profile view left (3-D CT, patient K.C.)
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Fig. 5.55. Stomion. Frontal view (3-D CT, patient K.C.)
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Cheilion: chr, chl

Definition of the cheilion Landmarks

Cheilion (ch) is the point located at each labial com-
missure.

Virtual Definition of the cheilion Landmarks

Step 1: Define the cheilionr and cheilionl landmarks
on the frontal view of the 3-D soft tissue sur-
face representation (Fig. 5.56).

Fig. 5.56. Cheilionr and cheilionl. Frontal view (3-D CT, patient K.C.)



CHAPTER 5

216

3-D Cephalometric Soft Tissue Landmarks

Labiale (or labrale) inferius: li

Definition of the labiale inferius Landmark

Labiale inferius (li) is the midpoint of the vermilion
line of the lower lip.

Virtual Definition of the labiale inferius Landmark

Step 1: Define labiale inferius on the right profile
view of the 3-D soft tissue surface representa-
tion (Fig. 5.57) and verify its position on the
left profile view (Fig. 5.58). The position of the
labiale inferius landmark can also be verified
on the virtual lateral cephalogram (Figs. 5.76,
5.77).

Step 2: Verify the midline position of the labiale
inferius landmark on the submental view 
of the 3-D soft tissue surface representation
(Fig. 5.59).

Fig. 5.57. Labiale inferius. Profile view right (3-D CT, patient K.C.) Fig. 5.58. Labiale inferius. Profile view left (3-D CT, patient K.C.)

Fig. 5.59. Labiale inferius. Submental view (3-D CT, patient K.C.)
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Soft tissue gonion: gor, gol

Definition of the soft tissue gonion Landmarks

Soft tissue gonion (go) is the most lateral point on the
soft tissue contour of each mandibular angle, located at
the same level as the 3-D hard tissue cephalometric
Gonion landmark (Chap. 4).

Virtual Definition of the soft tissue gonion Landmarks

Step 1: Define soft tissue gonionr and soft tissue
gonionl on the right (Fig. 5.60) and left (Fig.
5.61) profile views of the 3-D transparent soft
tissue surface representation.

Step 2: Verify the position of both soft tissue gonion
landmarks on the frontal view of the 3-D
transparent soft tissue surface representation
(Fig. 5.62).

Step 3: Visualize both soft tissue gonion landmarks
on the frontal view of the 3-D soft tissue sur-
face representation (Fig. 5.63).

Fig. 5.60. Soft tissue gonionr. Profile view right (3-D CT, transparent soft
tissues, patient K.C.)

Fig. 5.61. Soft tissue gonionl. Profile view left (3-D CT, transparent soft tissues,
patient K.C.)
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Fig. 5.62. Soft tissue gonionr and soft tissue gonionl. Frontal view. The trans-
parent soft tissue representation visualizes the underlying bony structures and
allows accurate definition of the soft tissue gonion landmarks (3-D CT, trans-
parent soft tissues, patient K.C.)

Fig. 5.63. Soft tissue gonionr and soft tissue gonionl. Frontal view (3-D CT,
patient K.C.)
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Sublabiale: sl

Definition of the sublabiale Landmark

Sublabiale (sl) is the most posterior midpoint on the
labiomental soft tissue contour that defines the border
between the lower lip and the chin.

Virtual Definition of the sublabiale Landmark

Step 1: Define sublabiale on the right profile view of
the 3-D soft tissue surface representation
(Fig. 5.64) and verify its position on the left
profile view (Fig. 5.65). The position of the
sublabiale landmark can also be verified on
the virtual lateral cephalogram (Figs. 5.76,
5.77).

Step 2: Verify the midline position of the sublabiale
landmark on the submental view of the 3-D
soft tissue surface representation (Fig. 5.66).

Fig. 5.64. Sublabiale. Profile view right (3-D CT, patient K.C.) Fig. 5.65. Sublabiale. Profile view left (3-D CT, patient K.C.)

Fig. 5.66. Sublabiale. Submental view (3-D CT, patient K.C.)
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Soft tissue pogonion: pg

Definition of the soft tissue pogonion Landmark

Soft tissue pogonion (pg) is the most anterior mid-
point of the chin.

Virtual Definition of the soft tissue pogonion Landmark

Step 1: Define soft tissue pogonion on the right pro-
file view of the 3-D soft tissue surface repre-
sentation (Fig. 5.67) and verify its position on
the left profile view (Fig. 5.68). The position of
the soft tissue pogonion landmark can also be
verified on the virtual lateral cephalogram
(Figs. 5.76, 5.77).

Step 2: Verify the midline position of the soft tissue
pogonion landmark on the submental view of
the 3-D soft tissue surface representation
(Figs. 5.69, 5.70).

Fig. 5.67. Soft tissue pogonion. Profile view right (3-D CT, patient K.C.) Fig. 5.68. Soft tissue pogonion. Profile view left (3-D CT, patient K.C.)
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Fig. 5.69. Soft tissue pogonion. Submental view left (3-D CT, patient K.C.) Fig. 5.70. Soft tissue pogonion. Profile view right. Note that the soft tissue
pogonion landmark is usually more superiorly located than the bony Pogonion
landmark (3-D CT, transparent soft tissues, patient K.C.)
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Soft tissue gnathion (or menton): gn

Definition of the soft tissue gnathion Landmark

Soft tissue gnathion (gn) is the most inferior midpoint
on the soft tissue contour of the chin located at the 
level of the 3-D cephalometric hard tissue Menton
landmark (Chap. 4). In 3-D cephalometry, soft tissue
gnathion is a well-defined soft tissue landmark and is
therefore not the same as the anthropometric gnathion
landmark according to L.G. Farkas, which is identical
to the bony Gnathion.

Virtual Definition of the soft tissue gnathion Landmark

Step 1: Define soft tissue gnathion on the right profile
view of the transparent 3-D soft tissue sur-
face representation (Fig. 5.71) and verify its
position on the left profile view of the trans-
parent 3-D soft tissue surface representation
(Fig. 5.72). The position of the soft tissue
gnathion landmark can also be verified on the
virtual lateral cephalogram (Figs. 5.76, 5.77).

Step 2: Verify the midline position of the soft tissue
gnathion landmark on the base view of
the 3-D soft tissue surface representation
(Fig. 5.73).

Fig. 5.71. Soft tissue gnathion. Profile view right (3-D CT, transparent soft
tissues, patient K.C.)

Fig. 5.72. Soft tissue gnathion. Profile view left (3-D CT, transparent soft
tissues, patient K.C.)

Fig. 5.73. Soft tissue gnathion. Base view (3-D CT, patient K.C.)
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5.2
Set-up of 3-D Cephalometric Soft Tissue Landmarks

Fig. 5.74 a–d. Set-up of 3-D cephalometric soft tissue landmarks. (3-D CT, patient K.C.)

a

c d

b
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Fig. 5.75. Set-up of 3-D cephalometric soft tis-
sue landmarks.Virtual lateral and frontal cephalo-
grams linked to the 3-D soft tissue surface repre-
sentation (3-D CT, patient K.C.)
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Fig. 5.77 a,b. Virtual lateral cephalograms linked to the 3-D hard and transparent soft tissue surface representations, illustrating 3-D soft tissue cephalometric
landmarks located in the midplane (3-D CT, patient K.C.)

Fig. 5.76. Virtual lateral cephalogram linked to the 3-D hard tissue surface
representation, illustrating 3-D soft tissue cephalometric landmarks located in
the midplane (3-D CT, patient K.C.)

a b



CHAPTER 5

226

3-D Cephalometric Soft Tissue Landmarks

5.3
Additional 3-D Cephalometric Soft Tissue Landmarks

The following list shows some additional anthropo-
metric landmarks described by L.G. Farkas that can be
used in 3-D cephalometry, once these are validated.

▬ Eurion: Landmark defined as the most lateral point
of the parieto-temporal region of the skull

▬ Opisthocranion: Landmark defined as the most pos-
terior point of the occipital region of the head and
the most distant from glabella

▬ Otobasion inferius: Landmark defined as the point
of attachment of the ear lobe to the cheek, which
determines the lower border of the ear insertion

▬ Otobasion superius: Landmark defined as the point
of attachment of the helix in the temporal region,
which determines the upper border of the ear inser-
tion

▬ Porion (soft): Landmark defined as the highest point
on the upper margin of the cutaneous auditory mea-
tus

▬ Postaurale: Landmark defined as the most posterior
point on the free margin of the ear

▬ Preaurale: Landmark defined as the most anterior
point of the ear, located at the level of the helix
attachment to the head

▬ Subaurale: Landmark defined as the lowest point on
the free margin of the ear lobe

▬ Superaurale: Landmark defined as the highest point
on the free margin of the auricle

▬ Vertex: Landmark defined as the highest point of
the head when the head is oriented to the Frankfort
horizontal

Fig. 5.78 a–c. Ear related 3-D cephalometric soft tissue landmarks. Right profile (a), frontal (b), dorsal (c) view (3-D CT, patient K.C.)

b

a

c
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Once virtual definition of the 3-D cephalometric hard
and soft tissue landmarks has been accomplished,
3-D cephalometric planes can be automatically com-
puted. 3-D cephalometric hard and soft tissue planes
can be used for both qualitative and quantitative assess-
ment of craniofacial morphology.

The 3-D virtual scene approach allows the genera-
tion of several types of 3-D cephalometric planes that
are automatically computed based on one or more 
3-D cephalometric hard tissue (Chap. 4) or soft 
tissue (Chap. 5) landmarks, with regard to the virtual
cephalograms or the 3-D cephalometric reference
planes (Chap. 3):
▬ A 3-D cephalometric plane computed from one 

3-D cephalometric landmark is defined by a plane
that passes one landmark and that is parallel to one
of the 3-D cephalometric reference planes

▬ A 3-D cephalometric plane computed from two 
3-D cephalometric landmarks is defined by a plane
that passes two landmarks and that is perpendicular
to one of the 3-D cephalometric reference planes

▬ A 3-D cephalometric plane computed from three
3-D cephalometric landmarks is defined by a plane
that passes three landmarks (e.g. maxillary plane,
mandibular plane, facial midplane)

▬ A 3-D cephalometric plane computed from four
3-D cephalometric landmarks is defined by a plane
that passes two landmarks and the mean of two 
other landmarks (e.g. Frankfort horizontal plane)

▬ A 3-D cephalometric plane computed from more
than four 3-D cephalometric landmarks is defined
by a plane that passes the means of different pairs of
landmarks (e.g. occlusal plane)

In this chapter important craniofacial 3-D cephalo-
metric planes are described whose accuracy and relia-
bility has been tested (Chap. 7). Other 3-D cephalomet-
ric hard and soft tissue planes can easily be computed
depending on the clinical or research purpose.
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6.1
3-D Cephalometric Planes

Frankfort horizontal Plane: FH-Pl

Virtual Definition of the Frankfort horizontal Plane

The Frankfort horizontal plane is defined by a plane
that passes both Orbita (Orbitar and Orbital) land-
marks and the mean of the two Porion (Porionr and
Porionl) landmarks.

Fig. 6.1. Orbitar,Orbital and the mean of Porionr and Porionl define the Frank-
fort horizontal plane (linked virtual lateral and frontal cephalograms, patient
K.C.)

Figs. 6.2, 6.3. Orbitar,Orbital and the mean of Porionr and Porionl define the Frankfort horizontal plane [linked virtual lateral and frontal cephalograms to 
3-D hard (6.2) and soft (6.3) tissue representations, patient K.C.]
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Figs. 6.4, 6.5. Frankfort horizontal plane [linked virtual lateral cephalogram to 3-D hard (6.4) and soft (6.5) tissue representations, patient K.C.]

Fig. 6.6. Frankfort horizontal plane (3-D hard tissue representation, patient
K.C.)

Fig. 6.7. Frankfort horizontal plane (3-D soft tissue representation, patient
K.C.)
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Maxillary Plane: Mx-Pl Virtual Definition of the Maxillary Plane

The maxillary plane is defined by a plane that passes
the Anterior Nasal Spine and both Posterior Maxillary
Point (PMPr–PMPl) landmarks.

Fig. 6.8. Anterior Nasal Spine and both Posterior Maxillary Point (PMPr – PMPl)
landmarks define the maxillary plane (linked virtual lateral and frontal cephalo-
grams, patient K.C.)

Figs. 6.9, 6.10. Anterior Nasal Spine and both Posterior Maxillary Point (PMPr-PMPl) landmarks define the maxillary plane [linked virtual lateral and frontal
cephalograms to 3-D hard (6.9) and soft (6.10) tissue representations, patient K.C.]
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Figs. 6.11, 6.12. Maxillary plane [linked virtual lateral cephalogram to 3-D hard (6.11) and soft (6.12) tissue representations, patient K.C.]

Fig. 6.13. Maxillary plane (3-D hard tissue representation, patient K.C.) Fig. 6.14. Maxillary plane (3-D soft tissue representation, patient K.C.)
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Occlusal Plane: Occ-Pl Virtual Definition of the Occlusal Plane

The occlusal plane is defined by a plane that passes (1)
the mean of Upper Incisorr – Upper Incisorl and Lower
Incisorl – Lower Incisorl landmarks, (2) the mean of
Upper Molar Cuspr and Lower Molar Cuspr landmarks
and (3) the mean of Upper Molar Cuspr and Lower
Molar Cuspr landmarks.

Fig. 6.15. Tooth-related landmarks that define the occlusal plane (linked vir-
tual lateral and frontal cephalograms, patient K.C.)

Figs. 6.16, 6.17. Tooth-related landmarks that define the occlusal plane [linked virtual lateral and frontal cephalograms to 3-D hard (6.16) and soft (6.17) tissue
representations, patient K.C.]
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Figs. 6.18, 6.19. Occlusal plane [linked virtual lateral cephalogram to 3-D hard (6.18) and soft (6.19) tissue representations, patient K.C.]

Fig. 6.20. Occlusal plane (3-D hard tissue representation, patient K.C.) Fig. 6.21. Occlusal plane (3-D soft tissue representation, patient K.C.)
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Mandibular Plane: Md-Pl Virtual Definition of the Mandibular Plane

The mandibular plane is defined by a plane that passes
the Menton and both Gonion (Gor – Gol) landmarks.

Fig. 6.22. Menton and both Gonion (Gor – Gol) landmarks define the
mandibular plane (linked virtual lateral and frontal cephalograms, patient K.C.)

Figs. 6.23, 6.24. Menton and both Gonion (Gor – Gol) landmarks define the mandibular plane [linked virtual lateral and frontal cephalograms to 3-D hard (6.23)
and soft (6.24) tissue representations, patient K.C.]
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Figs. 6.25, 6.26. Mandibular plane [linked virtual lateral cephalogram to 3-D hard (6.25) and soft (6.26) tissue representations, patient K.C.]

Fig. 6.27. Mandibular plane (3-D hard tissue representation, patient K.C.) Fig. 6.28. Mandibular plane (3-D soft tissue representation, patient K.C.)
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Facial Midplane Virtual Definition of the Facial Midplane

The facial midplane is defined by a plane that passes
the Sella, Nasion and Menton landmarks.

Fig. 6.29. Sella, Nasion and Menton landmarks define the facial midplane
(linked virtual lateral and frontal cephalograms, patient K.C.)

Figs. 6.30, 6.31. Sella, Nasion and Menton landmarks define the facial midplane [linked virtual lateral and frontal cephalograms to 3-D hard (6.30) and soft
(6.31) tissue representations, patient K.C.]
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Figs. 6.32, 6.33. Facial midplane [linked virtual lateral cephalogram to 3-D hard (6.32) and soft (6.33) tissue representations, patient K.C.]

Fig. 6.34. Facial midplane (3-D hard tissue representation, patient K.C.) Fig. 6.35. Facial midplane (3-D soft tissue representation, patient K.C.)
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6.2
Set-up of 3-D Cephalometric Planes

Fig. 6.36. Set-up of 3-D cephalometric reference system in conjunction with
the Frankfort horizontal plane, maxillary plane, occlusal plane and mandibular
plane (3-D hard tissue and transparent soft tissue surface representation,
patient K.C.)

Fig. 6.37. Set-up of 3-D cephalometric reference system in conjunction with
the Frankfort horizontal plane, maxillary plane, occlusal plane and mandibular
plane (3-D soft tissue representation, patient K.C.)
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Many different cephalometric and anthropometric
analyses have been developed and are currently in use
worldwide for assessment of the head and face in ortho-
dontics, maxillofacial, plastic and craniofacial surgery,
genetic dysmorphology and medical anthropology.

CT-based 3-D cephalometry is still in its early phase
but has the potential to provide automatically a huge
amount of accurate and reliable hard and soft tissue
data without being time-consuming. The presented 
3-D virtual scene approach allows generation of several
types of 3-D cephalometric hard and soft tissue meas-
urements for assessment of craniofacial morphology
that can be used for both clinical and research purpos-
es. Based on the 3-D cephalometric reference system
(Chap. 3), the 3-D cephalometric hard (Chap. 4) and
soft (Chap. 5) tissue landmarks and the 3-D cephalo-
metric planes (Chap. 6), linear, angular, orthogonal
and proportional measurements can automatically be
computed.
▬ Linear measurements

∑ Linear projective measurements are measurements
between two 3-D cephalometric landmarks that
are projected on one of the 3-D cephalometric ref-
erence planes and are expressed in millimetres.
– Linear projective width measurements are hor-

izontal measurements between two 3-D cephalo-
metric landmarks projected parallel to the me-
dian (z) and horizontal (x) planes on the verti-
cal (y) plane.

– Linear projective height measurements are ver-
tical measurements between two 3-D cephalo-
metric landmarks projected parallel to the hor-
izontal (x) and vertical (y) planes on the medi-
an (z) plane.

– Linear projective depth measurements are sagit-
tal projective measurements between two 3-D 
cephalometric landmarks projected parallel to
the horizontal (x) and vertical (y) planes on the
median (z) plane.

∑ 3-D distances are direct linear measurements be-
tween two 3-D cephalometric landmarks and are
expressed in millimetres.

▬ Angular measurements
– Angular projective measurements (I) are measure-

ments between three or four 3-D cephalometric
landmarks projected on one of the 3-D cephalo-
metric reference planes and are expressed in
degrees.

– Angular projective measurements (II) are meas-
urements between two 3-D cephalometric land-
marks and a 3-D cephalometric reference plane
projected on one of the 3-D cephalometric refer-
ence planes and are expressed in degrees.

– Angular projective measurements (III) are meas-
urements between two 3-D cephalometric planes
projected on one of the 3-D cephalometric refer-
ence planes and are expressed in degrees.

▬ Orthogonal measurements are perpendicular meas-
urements from the various 3-D cephalometric land-
marks to each of the 3-D cephalometric reference
planes and are expressed in millimetres.

▬ Proportional correlation measurements are ratios
between two 3-D cephalometric measurements and
are expressed as percentages.

This chapter gives an introduction to voxel-based 3-D
cephalometric analysis of hard and soft tissues. Be-
cause many different conventional cephalometric and
anthropometric analyses have been developed to 
answer different questions, it is simply not possible to
implement all existing cephalometric analyses.

The 3-D cephalometric analyses presented here are
based on a set of measurements that are useful for clin-
ical routine and that were used for statistical valida-
tion. As far as 3-D cephalometric soft tissue analysis is
concerned, an effort was made to implement the direct
anthropometric measurements of the head and face
described by L.G. Farkas. Direct anthropometric meas-
urements consist of direct linear (projective or tangen-
tial) and angular measurements with the head in rest,
Frankfort horizontal or recumbent position. In 3-D
cephalometry, modifications were made because 3-D
cephalometric projective linear and angular measure-
ments are automatically computed with regard to the
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3-D cephalometric reference system. Tangential linear
measurements were not implemented; instead, 3-D
distances were computed. The 3-D virtual scene ap-
proach presents several advantages. It allows automat-
ic generation of a huge amount of real-size cephalo-
metric data that are immediately available for clinical
decision making or statistical evaluation without being
time-consuming.

This chapter illustrates the different 3-D cephalo-
metric hard and soft tissue measurements. Only statis-
tically validated measurements are shown. For valida-
tion a total of 7,360 hard tissue and 20,560 soft tissue 
3-D cephalometric measurements were performed.
Statistical evaluation of 3-D cephalometric hard tissue
measurements showed that the intra-observer meas-
urement error was less than 0.85° for angular measure-
ments and less than 0.78 mm, 0.88 mm, 0.76 mm and

0.84 mm for linear, horizontal, vertical and transverse
orthogonal measurements, respectively. The inter-
observer measurement error was less than 1.03° for
angular measurements and less than 0.84 mm,
0.78 mm, 0.86 mm and 1.26 mm for linear, horizontal,
vertical and transverse orthogonal measurements,
respectively. Squared correlation coefficients showed
high intra-observer and inter-observer reliability
(Swennen et al. 2004). As far as validation of 3-D
cephalometric soft tissue measurements is concerned,
measurement error and reliability were found to be in
the same range as the 3-D cephalometric hard tissue
measurements (unpublished results). The presented 
3-D cephalometric hard and soft tissue analyses
proved to be accurate and reliable and therefore repre-
sent a valuable tool for objective evaluation of cranio-
facial morphology.
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7.1
3-D Cephalometric Hard Tissue Analysis

7.1.1
Linear Hard Tissue Analysis

7.1.1.1
Linear Projective Hard Tissue Analysis

7.1.1.1.1
Hard Tissue Widths

Fig. 7.1. Bizygomatic width, Zyr-Zyl (3-D CT, hard tissues, patient K.C.)

Fig. 7.3. Bicondylar width, Cor-Col (3-D CT, transparent hard tissues, patient K.C.)

Fig. 7.2. Bigonial width, Gor-Gol (3-D CT, hard tissues, patient K.C.)
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7.1.1.1.2
Hard Tissue Heights

Fig. 7.4. Anterior total facial height, N-Men (3-D CT, hard tissues, patient K.C.)

Fig. 7.6. Anterior lower facial height,ANS-Me (3-D CT,hard tissues,patient K.C.)

Fig. 7.5. Anterior midfacial height, N-ANS (3-D CT, hard tissues, patient K.C.)
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Fig. 7.7. Posterior total facial height right, S-Gor (3-D CT, transparent hard tis-
sues, patient K.C.)

Fig. 7.8. Posterior midfacial height, S-PNS (3-D CT, transparent hard tissues,
patient K.C.)
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7.1.1.1.3
3-D Modified „Wit’s“ Measurement

Fig. 7.9. The modified 3-D Wit’s measurement is a projective linear measure-
ment between the 3-D cephalometric hard tissue A and B landmarks that are
projected perpendicular on the 3-D occlusal plane and the median (z) 3-D
cephalometric reference plane (3-D CT, transparent hard tissues, patient K.C.)
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7.1.1.2
3-D Hard Tissue Distances

Fig. 7.11. Mandibular horizontal ramus length, Gor-Pog / Gol-Pog (3-D CT,
hard tissues, patient K.C.)

Fig. 7.10. Right (a) and left (b) mandibular vertical ramus length, Cor-Gor / Col-Gol, (3-D CT, hard tissues, patient K.C.)

a b
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Fig. 7.12. Right (a) and left (b) total mandibular length, Cor-Pog / Col-Pog (3-D CT, hard tissues, patient K.C.)

a b

Fig. 7.13 a, b. Right and left mandibular vertical ramus, body and total mandibular length (3-D CT, hard tissues, patient K.C.)

a b
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Fig. 7.14 a, b. Right and left mandibular vertical ramus, body and total mandibular length (3-D CT, hard tissues, patient K.C.)

a b

Fig. 7.15. Anterior cranial base length, S-N (3-D CT, hard tissues, patient K.C.) Fig. 7.16. Maxillary length, ANS-PNS (3-D CT, transparent hard tissues, patient
K.C.)



CHAPTER  7

251

7.1 3-D Cephalometric Hard Tissue Analysis

7.1.2
Angular Hard Tissue Analysis

Fig. 7.17. The lateral inclinations of the Frankfort horizontal plane (FH-Pl), the
maxillary plane (Mx-Pl), the occlusal plane (Occ-Pl) and the mandibular plane
(Md-Pl) from the horizontal (x) 3-D cephalometric reference plane are project-
ed angular measurements on the median (z) 3-D cephalometric reference plane
(3-D CT, hard tissues, patient K.C.)
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Fig. 7.18. The frontal inclinations of the Frank-
fort horizontal plane (FH-Pl), the maxillary plane
(Mx-Pl), the occlusal plane (Occ-Pl) and the
mandibular plane (Md-Pl) from the horizontal (x)
3-D cephalometric reference plane are projected
angular measurements on the vertical (y) 
3-D cephalometric reference plane (3-D CT,
hard tissues, patient K.C.)
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Fig. 7.19. The frontal inclination of the facial midplane from the median (z) 
3-D cephalometric reference plane is a projected angular measurement on the
vertical (y) 3-D cephalometric reference plane (3-D CT, hard tissues, patient K.C.)

Fig. 7.20. The right (a) and left (b) gonial angles, Cor-Gor-Men / Col-Gol-Men, are projected angular soft tissue measurements on the median (z) 3-D cephalomet-
ric reference plane (3-D CT, hard tissues, patient K.C.)

a b
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7.1.3
Orthogonal Arithmetical Hard Tissue Analysis

7.1.3.1
Orthogonal Analysis to the Horizontal (x) Plane

Fig. 7.21 a, b. Set-up of vertical orthogonal hard tissue measurements to the
horizontal (x) plane (3-D CT, patient K.C.)

a

b
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7.1.3.2
Orthogonal Analysis to the Vertical (y) Plane

Fig. 7.22 a, b. Set-up of horizontal orthogonal hard tissue measurements to
the vertical (y) plane (3-D CT, patient K.C.)

a

b
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7.1.3.3
Orthogonal Analysis to the Median (z) Plane

Fig. 7.23 a, b. Set-up of transverse orthogonal hard tissue measurements to
the median (z) plane (3-D CT, patient K.C.)

a

b
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7.2
3-D Cephalometric Soft Tissue Analysis

7.2.1
Linear Soft Tissue Analysis

7.2.1.1
Linear Projective Soft Tissue Analysis

Fig. 7.24. 3-D cephalometric projective soft tissue width measurements (3-D
CT, transparent soft tissues, patient K.C.)

Fig. 7.26. 3-D cephalometric projective soft tissue depth measurements (3-D
CT, transparent soft tissues, patient K.C.)

Fig. 7.25. 3-D cephalometric projective soft tissue height measurements (3-D
CT, transparent soft tissues, patient K.C.)
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7.2.1.1.1
Soft Tissue Widths

Fig. 7.27. Width of the skull base, tr-tl (3-D CT, transparent soft tissues, patient
K.C.)

Fig. 7.28. Upper face width or bizygion diameter or width of the face, zyr-zyl

(3-D CT, transparent soft tissues, patient K.C.)
Fig. 7.29. Lower face width or bigonial diameter or mandibular width, gor-gol

(3-D CT, transparent soft tissues, patient K.C.)
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Fig. 7.30. Intercanthal width, enr-enl (3-D CT, transparent soft tissues, patient
K.C.)

Fig. 7.31. Biocular width, exr-exl (3-D CT, transparent soft tissues, patient K.C.)

Fig. 7.32. Right and left eye fissure length,exr-enr / exl-enl (3-D CT,transparent
soft tissues, patient K.C.)

Fig. 7.33. Right endocanthion-facial midline, enr-se (3-D CT, transparent soft
tissues, patient K.C.)
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Fig. 7.34. Width of the nasal root, mfr-mfl (3-D CT, transparent soft tissues,
patient K.C.)

Fig. 7.35. Morphological width of the nose according to Farkas, alr-all (3-D CT,
transparent soft tissues, patient K.C.)

Fig. 7.36. Anatomical width of the nose according to Knussmann, acr-acl (3-D
CT, transparent soft tissues, patient K.C.)

Fig. 7.37. Width of the columella according to Knussmann, snr’-snl’, (3-D CT,
transparent soft tissues, patient K.C.)
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Fig. 7.38. Width of the philtrum, cphr-cphl (3-D CT, transparent soft tissues,
patient K.C.)

Fig .7.39. Width of the mouth, chr-chl (3-D CT, transparent soft tissues, patient
K.C.)

Fig. 7.40. Right half of the labial fissure length, chr-sto (3-D CT, transparent
soft tissues, patient K.C.)

Fig. 7.41. Left half of the labial fissure length, chl-sto (3-D CT, transparent soft
tissues, patient K.C.)
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7.2.1.1.2
Soft Tissue Heights

Fig. 7.42. Morphological height of the face, n-gn (3-D CT, transparent soft tis-
sues, patient K.C.)

Fig. 7.43. Height of the upper face, n-sto (3-D CT, transparent soft tissues,
patient K.C.)

Fig. 7.44. Height of the lower face, sn-gn (3-D CT, transparent soft tissues,
patient K.C.)

Fig. 7.45. Height of the mandible, sto-gn (3-D CT, transparent soft tissues,
patient K.C.)
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Fig. 7.46. Height of the chin,sl-gn (3-D CT,transparent soft tissues,patient K.C.) Fig. 7.47. Height of the lower profile, prn-gn (3-D CT, transparent soft tissues,
patient K.C.)

Fig. 7.48. Height of the nose,n-sn (3-D CT,transparent soft tissues,patient K.C.) Fig. 7.49. glabella-subnasale height, g-sn (3-D CT, transparent soft tissues,
patient K.C.)
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Fig. 7.50. Height of the upper lip, sn-sto (3-D CT, transparent soft tissues,
patient K.C.)

Fig. 7.51. Height of the skin portion of the upper lip, sn-ls (3-D CT, transparent
soft tissues, patient K.C.)

Fig. 7.52. Height of the vermilion of the upper lip, ls-sto (3-D CT, transparent
soft tissues, patient K.C.)
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Fig. 7.53. Height of the lower lip, sto-sl (3-D CT, transparent soft tissues,
patient K.C.)

Fig. 7.54. Height of the vermilion of the lower lip, sto-li (3-D CT, transparent
soft tissues, patient K.C.)

Fig. 7.55. Height of the skin portion of the lower lip, li-sl (3-D CT, transparent
soft tissues, patient K.C.)
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Fig. 7.56. Height of the right orbit according to Martin and Saller, orr-osr (3-D
CT, transparent soft tissues, patient K.C.)

Fig. 7.57. Lower right half of the craniofacial height, enr-gn (3-D CT, transpar-
ent soft tissues, patient K.C.)
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7.2.1.1.3
Soft Tissue Depths

Fig. 7.58. Left depth of the upper third of the face measured between tragion
and glabella or left tragion-glabellar depth,tl-g (3-D CT,transparent soft tissues,
patient K.C.)

Fig. 7.59. Left depth of the upper third of the face measured between tragion
and soft tissue nasion or left tragion-nasion depth, tl-n (3-D CT, transparent soft
tissues, patient K.C.)
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Fig. 7.60. Left depth of the middle third of the face, tl-sn (3-D CT, transparent
soft tissues, patient K.C.)

Fig. 7.61. Left depth of the lower third of the face, tl-gn (3-D CT, transparent
soft tissues, patient K.C.)

Fig. 7.62. Left depths of the upper,middle and lower thirds of the face (3-D CT,
transparent soft tissues, patient K.C.)
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Fig. 7.63. Left depth of the mandible, gol-gn (3-D CT, transparent soft tissues,
patient K.C.)

Fig. 7.64. Left orbito-tragion distance, exl-tl (3-D CT, transparent soft tissues,
patient K.C.)

Fig. 7.65. Right orbito-gonial distance, exr-gor (3-D CT, transparent soft tis-
sues, patient K.C.)

Fig. 7.66. Left orbito-glabellar distance, exl-g (3-D CT, transparent soft tissues,
patient K.C.)
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Fig. 7.67. Nasal tip protrusion, sn-prn (3-D CT, transparent soft tissues, patient
K.C.)

Fig. 7.68. Right nasal root protrusion, enr-se (3-D CT, transparent soft tissues,
patient K.C.)

Fig. 7.69. Right columella base-facial insertion ala depth,acr-sn (3-D CT,trans-
parent soft tissues, patient K.C.)
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Fig. 7.70. Right endocanthion-exocanthion depth,enr-exr (3-D CT,transparent
soft tissues, patient K.C.)

Fig. 7.71. Right upper-lower orbital rim depth, osr-orr (3-D CT, transparent soft
tissues, patient K.C.)
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7.2.1.2
3-D Soft Tissue Distances

Fig. 7.72. Right and left eye fissure length, exr-enr / exl-enl (3-D CT, patient K.C.) Fig. 7.73. Nasal bridge length, n-prn (3-D CT, patient K.C.)

Fig. 7.74. Columella length, sn-c’’ (3-D CT, patient K.C.) Fig. 7.75. Right and left ala length, acr-prn / acl-prn (3-D CT, patient K.C.)
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Fig. 7.76. Set-up of 3-D soft tissue distances (3-D CT, patient K.C.) Fig. 7.77. Superimposition of 3-D soft tissue distances on the hard tissue sur-
face representation (3-D CT, patient K.C.)

Fig. 7.78. Set-up of 3-D soft tissue distances (3-D CT,hard and transparent soft
tissues, patient K.C.)
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7.2.3
Angular Soft Tissue Analysis

Fig. 7.79. The glabellonasal angle, g’-g-n, is a projected angular soft tissue
measurement on the median (z) 3-D cephalometric reference plane. glabella’
(g’) localized on the midline tangent of the frontal contour cranial to glabella (g)
is used to determine the glabellonasal angle (3-D CT, soft tissues, patient K.C.)

Fig. 7.80. The nasofrontal angle, g-se / nasal root tangent, is a projected an-
gular soft tissue measurement on the median (z) 3-D cephalometric reference
plane. The nasal root tangent is defined by a proximal and distal point on the
midline of the nasal root (3-D CT, soft tissues, patient K.C.)
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Fig. 7.81. The nasal tip angle or Joseph’s septodorsal angle, nasal root tangent
/ c’’-sn, is a projected angular soft tissue measurement on the median (z) 3-D
cephalometric reference plane (3-D CT, soft tissues, patient K.C.)

Fig. 7.82. The nasolabial angle, septolabial, columella-labial or labial-col-
umellar angle,c’’-sn-ss-ls, is a projected angular soft tissue measurement on the
median (z) 3-D cephalometric reference plane (3-D CT, soft tissues, patient K.C.)

Fig. 7.83. The labiomental angle, li-sl-pg, is a projected angular soft tissue
measurement on the median (z) 3-D cephalometric reference plane (3-D CT,soft
tissues, patient K.C.)

Fig. 7.84. The mentocervical angle, sl-pg / gn-gn’, is a projected angular soft
tissue measurement on the median (z) 3-D cephalometric reference plane.The
landmark gnathion’ (gn’) localized on the midline tangent of the chin contour
posterior to gnathion (gn), is used to determine the mentocervical angle (3-D
CT, soft tissues, patient K.C.)
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Fig. 7.85. The soft tissue convexity angle, n-sn-pg, is a projected angular soft
tissue measurement on the median (z) 3-D cephalometric reference plane (3-D
CT, soft tissues, patient K.C.)

Fig. 7.86. The full soft tissue convexity angle, n-prn-pg, is a projected angular
soft tissue measurement on the median (z) 3-D cephalometric reference plane
(3-D CT, soft tissues, patient K.C.)



CHAPTER  7

277

7.2 3-D Cephalometric Soft Tissue Analysis

Fig. 7.87. The inclination of the upper face profile from the vertical plane,
g-sn / y-plane, is a projected angular soft tissue measurement on the median (z)
3-D cephalometric reference plane (3-D CT, soft tissues, patient K.C.)

Fig. 7.88. The inclination of the lower face profile from the vertical plane, sn-
pg / y-plane, is a projected angular soft tissue measurement on the median (z)
3-D cephalometric reference plane (3-D CT, soft tissues, patient K.C.)

Fig. 7.89. The inclination of the mandible from the vertical plane, li-pg / 
y-plane, is a projected angular soft tissue measurement on the median (z) 3-D
cephalometric reference plane (3-D CT, soft tissues, patient K.C.)

Fig. 7.90. The inclination of the chin from the vertical plane, sl-pg / y-plane, is
a projected angular soft tissue measurement on the median (z) 3-D cephalo-
metric reference plane (3-D CT, soft tissues, patient K.C.)
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Fig. 7.91. The inclination of the Leiber line from the vertical plane, g-ls / 
y-plane, is a projected angular soft tissue measurement on the median (z) 3-D
cephalometric reference plane (3-D CT, soft tissues, patient K.C.)

Fig. 7.92. The inclination of the general profile line from the vertical plane,
g-pg / y-plane, is a projected angular soft tissue measurement on the median
(z) 3-D cephalometric reference plane (3-D CT, soft tissues, patient K.C.)

Fig. 7.93. The inclination of the upper lip from the vertical plane, sn-ls / 
y-plane, is a projected angular soft tissue measurement on the median (z) 3-D
cephalometric reference plane (3-D CT, soft tissues, patient K.C.)

Fig. 7.94. The inclination of the lower lip from the vertical plane, li-sl / y-plane,
is a projected angular soft tissue measurement on the median (z) 3-D cephalo-
metric reference plane (3-D CT, soft tissues, patient K.C.)
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Fig. 7.95. The inclination of the nasal bridge from the vertical plane,nasal root
tangent / y-plane, is a projected angular soft tissue measurement on the medi-
an (z) 3-D cephalometric reference plane (3-D CT, soft tissues, patient K.C.)

Fig. 7.96. The inclination of the right orbital rim line from the vertical plane,
osr-orr / y-plane, is a projected angular soft tissue measurement on the median
(z) 3-D cephalometric reference plane (3-D CT, soft tissues, patient K.C.)

Fig. 7.97. The inclination of the columella from the vertical plane, sn-c’’ / 
y-plane, is a projected angular soft tissue measurement on the median (z) 3-D
cephalometric reference plane (3-D CT, soft tissues, patient K.C.)

Fig. 7.98. The inclination of the nasal tip from the vertical plane, c’’-prn / 
y-plane, is a projected angular soft tissue measurement on the median (z) 3-D
cephalometric reference plane (3-D CT, soft tissues, patient K.C.)
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Fig. 7.99. The inclination of the right eye-fissure from the horizontal plane,
exr-enr / x-plane, is a projected angular soft tissue measurement on the vertical
(y) 3-D cephalometric reference plane (3-D CT, soft tissues, patient K.C.)

Fig. 7.100. The inclination of the left eye-fissure from the horizontal plane,
exl-enl / x-plane, is a projected angular soft tissue measurement on the vertical
(y) 3-D cephalometric reference plane (3-D CT, soft tissues, patient K.C.)

Fig. 7.101. The inclination of the labial fissure from the horizontal plane,
chr-chl/ x-plane, is a projected angular soft tissue measurement on the vertical
(y) 3-D cephalometric reference plane (3-D CT, soft tissues, patient K.C.). Note
that in this particular case the inclination of the labial fissure from the horizon-
tal plane is 0°
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Fig. 7.102. The deviation of the nasal bridge from the median plane n-prn / 
z-plane, is a projected angular soft tissue measurement on the vertical (y) 3-D
cephalometric reference plane (3-D CT, soft tissues, patient K.C.)

Fig. 7.103. The deviation of the columella from the median plane, sn-c’’ / 
z-plane, is a projected angular soft tissue measurement on the horizontal (x) 
3-D cephalometric reference plane (3-D CT, soft tissues, patient K.C.)

Fig. 7.104. The right nostril inclination nbr-ntr / y-plane, is a projected angular
soft tissue measurement on the horizontal (x) 3-D cephalometric reference
plane (3-D CT, soft tissues, patient K.C.)

Fig. 7.105. The left nostril inclination nbl-ntl / y-plane, is a projected angular
soft tissue measurement on the horizontal (x) 3-D cephalometric reference
plane (3-D CT, soft tissues, patient K.C.)
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Fig. 7.106. The nasal root slope angle, mfr-se-mfl, is a projected angular soft
tissue measurement on the horizontal (x) 3-D cephalometric reference plane 
(3-D CT, soft tissues, patient K.C.)

Fig. 7.107. The modified alar slope angle, alr-prn-all, is a projected angular
soft tissue measurement on the horizontal (x) 3-D cephalometric reference
plane (3-D CT, soft tissues, patient K.C.).Note that the alar slope angle according
to L.G. Farkas is the angle between the right and left alar slope tangents

Fig. 7.108. The modified right alar slope inclination, alr-prn / y-plane, is a pro-
jected angular soft tissue measurement on the horizontal (x) 3-D cephalomet-
ric reference plane (3-D CT, soft tissues, patient K.C.)

Fig. 7.109. The modified left alar slope inclination, all-prn / y-plane, is a pro-
jected angular soft tissue measurement on the horizontal (x) 3-D cephalomet-
ric reference plane (3-D CT, soft tissues, patient K.C.)
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7.2.4
Orthogonal Arithmetical Soft Tissue Analysis

7.2.4.1
Orthogonal Analysis to the Horizontal (x) Plane

Fig. 110a, b. Set-up of vertical orthogonal soft tissue measurements to the x-
plane (3-D CT, patient K.C.)

a

b
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7.2.4.2
Orthogonal Analysis to the Vertical (y) Plane

Fig. 7.111 a, b. Set-up of horizontal orthogonal soft tissue measurements to
the y-plane (3-D CT, patient K.C.)

a

b
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7.2.4.3
Orthogonal Analysis to the Median (z) Plane

Fig. 7.112. a Set-up of transverse orthogonal soft tissue measurements to the
z-plane (3-D CT, patient K.C.). b Set-up of transverse orthogonal soft tissue
measurements to the z-plane (3-D CT, transparent soft tissues, patient K.C.)

a

b
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7.2.5
Proportional Correlation Soft Tissue Analysis

n-gn ¥ 100 / zyr-zyl Facial index
sto-gn ¥ 100 / gor-gol Height of mandible / 

lower face width index
n-sto ¥ 100 / n-gn Height of upper face / 

morphological height 
of face index

sto-gn ¥ 100 / n-gn Height of mandible / 
morphological height 
of face index

gor-gol ¥ 100 / zyr-zyl Lower face width / 
upper face width index

tr-sn ¥ 100 / tr-gn Depth of middle / lower third 
of face (right) index

tl-sn ¥ 100 / tl-gn Depth of middle / lower third 
of face (left) index

enr-enl ¥ 100 / exr-exl Intercanthal index
alr-all ¥ 100 / n-sn Nasal index
sn-prn ¥ 100 /alr-all Nasal tip protrusion index
n-sn ¥ 100 / n-gn Height of nose / 

morphological height 
of face index

alr-all ¥ 100 / zyr-zyl Width of nose / 
upper face width index

sn-sto ¥ 100 / chr-chl Upper lip height / 
mouth width index

sto-sl ¥ 100 / sn-sto Lower / upper lip height index
sn-ls ¥ 100 / sn-sto Upper lip skin portion height /

upper lip height index
ls-sto ¥ 100 / sn-sto Upper vermilion height / 

upper lip height index
ls-sto ¥ 100 / sn-ls Upper vermilion height / 

upper lip skin portion 
height index

chr-chl ¥ 100 / zyr-zyl Width of mouth / 
upper face width index

n-sto ¥ 100 / zyr-zyl Upper face index
alr-all ¥ 100 / chr-chl Width of nose / 

width of mouth index
n-sn ¥ 100 / n-sto Height of nose / 

height of upper face index
sn-gn ¥ 100 / n-gn Lower face height index
sto-gn ¥ 100 / n-sto Height of mandible / 

height of upper face index
sto-gn ¥ 100 / sn-gn Height of mandible / 

height of lower face index
ls-sto ¥ 100 / sto-li Vermilion height index
gor-gol ¥ 100 / n-gn Lower face width / 

morphological height 
of face index
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7.2.6
Additional 3-D Cephalometric Soft Tissue Measurements

The following list shows some additional anthropo-
metric measurements described by L.G. Farkas that
can be used in 3-D soft tissue cephalometry, once the
soft tissue landmarks that define these measurements
have been validated.

Additional Soft Tissue Widths

eur-eul Width of head
prar-par Width of right auricle
pral-pal Width of left auricle

Additional Soft Tissue Heights

v-n Anterior height of head
v-en Special height of head
v-sn Height of head and nose according 

to Knussmann
v-gn Combined height of head and face
v-por Right auricular height of head
v-pol Left auricular height of head
v-tr Right distance between vertex and tragion
v-tl Left distance between vertex and tragion
sar-sbar Length of right auricle
sal-sbal Length of left auricle

Additional Soft Tissue Depths

g-op Length of head
exr-obsr Right orbito-aural distance
ex-lobsl Left orbito-aural distance
n-obsr Right upper naso-aural distance
n-obsl Left upper naso-aural distance
n-obir Right lower naso-aural distance
n-obil Left lower naso-aural distance
sn-obsr Right upper subnasale-aural distance
sn-obsl Left upper subnasale-aural distance
sn-obir Right lower subnasale-aural distance
sn-obil Left lower subnasale-aural distance
gn-obsr Right upper gnathion-aural distance
gn-obsl Left upper gnathion-aural distance
gn-obir Right lower gnathion-aural distance
gn-obil Left lower gnathion-aural distance
op-por Right occipito-aural distance
op-pol Left occipito-aural distance
obsr-obir Morphological width of right ear
obsl-obil Morphological width of left ear
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Additional Soft Tissue Proportions

prar-par ¥ 100 / sar-sbar Right ear index
pral-pal ¥ 100 / sal-sbal Left ear index
sar-sbar ¥ 100 / n-gn Right ear length / 

face height index
sal-sbal ¥ 100 / n-gn Left ear length / 

face height index
eur-eul ¥ 100 / g-op Cephalic index
v-por ¥ 100 / v-pol Vertex / ear canal level index
v-n ¥ 100 / v-gn Anterior height of head /

combined height of head 
and face index

Other Soft Tissue Measurements

The following anthropometric measurements de-
scribed by L.G. Farkas currently cannot be used in 3-D
cephalometry of soft tissues. These measurements 
are based on soft tissue landmarks that are improper
or impossible to identify in CT-based 3-D cephalome-
try of soft tissues. Methods registering the natural 
texture of the face with the 3-D CT skin surface could
overcome this problem in the future (Chap. 10).

tr-g Height of forehead I,
according to Knussmann

tr-n Height of forehead II,
between trichion and nasion

ft-ft Width of forehead
tr-gn Physiognomic height of face
v-tr Height of calvarium
tr-prn Height of upper profile
p-se Pupil-facial midline distance
ps-pi Height of eye fissure
or-sci Combined height of orbit 

and eyebrow
os-ps Height of upper lid
p-os Pupil-upper lid height
pi-or Height of lower lid
p-or Pupil-lower lid height
sbal-sn Width of nostril floor
sbalr-sball Width between labial insertions

of alar base
tr-g / vertical Inclination of anterior surface

of forehead from vertical
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Cephalometric radiography has yielded fundamental
knowledge on craniofacial morphogenesis and led to
the development of craniofacial growth concepts (e.g.
Moss’ functional matrix theory, Enlow’s counterpart
theory, Delaire’s architectural craniofacial analysis).
Huge amounts of cephalometric data have been col-
lected, and cephalometric reference data have been de-
veloped by different research groups (e.g. Bolton stan-
dards of dentofacial developmental growth, cephalo-
metric standards by Riolo and co-workers).

Craniofacial growth and development is a compos-
ite result of different fundamental growth processes
that take place simultaneously in different regional de-
velopmental fields. Each of these has its proper amount
and direction of growth which determine its growth
vector. According to Enlow’s counterpart theory, three
principal craniofacial growing parts exist, each having
its proper development timing although they are all in-
terrelated: the neurocranium (brain) and basicranium
(cranial base); the airway; and the oral region. The vis-
cerocranium (the face) develops in phylogenetic asso-
ciation with the neurocranium, with the basicranium
as a template in between.

Craniofacial growth and development of the visce-
rocranium and neurocranium are based on two differ-
ent processes of skeletal movement that are interrelat-
ed and occur simultaneously: displacement and re-
modelling. Primary displacement involves a bony dis-
placement away from the other skeletal parts triggered
by the traction forces of the expanding functional soft
tissue matrix (the so-called carry effect) in order to
create space for enlargement and relocation of bones.
During primary displacement the moving bone and
other skeletal parts are growing simultaneously, while
in secondary displacement the displacement of a bone
is not directly related to its own enlargement. Remod-
elling is a different process that takes place through

patterns of deposition and resorption, in an opposite
direction to primary displacement. The amount of new
bone regeneration by bony deposition is equal to the
amount of primary bone displacement. During this
complex process, developmental growth rotations and
growth compensations (e.g. palatal, mandibular verti-
cal ramus, dento-alveolar) take place as developmental
adjustments in order to create balance during cranio-
facial development.

Although conventional cephalometry has made a
huge contribution to the current concepts on craniofa-
cial growth and development, it has the important lim-
itation that it is two-dimensional. The separate effects
of craniofacial growth by displacement or by deposi-
tion and resorption are not distinguishable. A conven-
tional lateral cephalogram, for example, can show re-
modelling changes on the anterior and posterior sur-
face of the vertical mandibular ramus but cannot visu-
alize what is happening transversely. This chapter
represents an introduction to the potential of 3-D
cephalometry for further investigation of craniofacial
growth patterns. It aims to illustrate some of the con-
cepts of Enlow’s counterpart theory of facial growth.
Superimposition of 3-D hard tissue surface representa-
tions and serial 3-D cephalometric tracings of a new-
born, a 6-year-old and an adult cadaver skull are used
to illustrate the composite result of multi-directional
growth changes relative to the 3-D cephalometric ref-
erence system based on the Sella and Nasion land-
marks (Chap. 3). It is important to keep in mind that,
according to Enlow, superimposition of cephalometric
tracings is appropriate and valid, as long as one is
aware that the cranial base also undergoes remodelling
during craniofacial growth and that therefore cranial
base-related landmarks such as Sella and Nasion are
not absolutely fixed.
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8.1
The Basicranium as a Template for Facial Growth

Human craniofacial growth and development is basi-
cally not different from that in other mammalian
species. In mammals the neurocranium (brain) deter-
mines in a phylogenetic relationship the development
and growth of the viscerocranium (face), with the basi-
cranium (cranial base) as a template in between. The
enormous expansion of the human brain led to expan-
sion (Fig. 8.1) and bending (so-called basicranial flex-
ure; Fig. 8.2) of the basicranium. This process resulted
in an inferior and posterior rotation of the human face
with forward rotation of the orbits. Therefore, the
architectonic morphologic plan of the human face is
wide and vertically flattened, in contrast to the narrow
and long viscerocranium of phylogenetically lower
mammalian species (e.g. sheep; Figs. 8.3, 8.4).

Fig. 8.1. Comparison of the human and sheep basicranium illustrates the
enormous enlargement of the human anterior and middle cranial fossa due to
expansion of the frontal and temporal cerebral lobes. Endocranial skull base
view (3-D CT hard tissue surface representations of adult sheep and human
cadaver skulls)
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Fig. 8.2 a, b. Virtual lateral cephalograms with superimposed tracing of the cranial base (Basion–Sella–Nasion) show the typical flexure of the human basi-
cranium with relocation of the foramen magnum in order to allow vertical passing of the spinal cord into the vertical directed vertebral column (b). In contrast, the
basicranium of the sheep skull is flat with the foramen magnum located in the posterior region to allow horizontal passing of the spinal cord into the horizontally
directed vertebral column (a). (adult sheep and human cadaver skulls)

a b

Fig. 8.3. Comparison of frontal views of a sheep skull and a human skull illus-
trates the typical wide human face with squared zygomatic bones, a small nasal
airway and the developmental horizontal and vertical rotation of the orbits to
the midline due to frontal and temporal cerebral lobe expansion. In contrast the
sheep has a narrow muzzle with a large nasal space, divergent orbital axes and
a large intraorbital distance.(3-D CT hard tissue surface representations of adult
sheep and human cadaver skulls)
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Fig. 8.4. Comparison of left profile views of a sheep skull and a human skull shows the forward remodelling rotation of the upper part of the human face and 
posterior rotation of the lower part due to the basicranial flexure. The human face is typically vertically flattened with an upright bulbous forehead and presents
an anterior and inferior rotation of the orbits due to expansion of the frontal and temporal cerebral lobes. In contrast, the sheep displays a protruding muzzle and
divergent orbits in front of the basicranium. (3-D CT hard tissue surface representations of adult sheep and human cadaver skulls)
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The basicranium acts as a template for the growth
fields in which the nasomaxillary complex, the zygo-
matic bones and the mandible develop. In infancy the
human face appears wide and short due to the wide
basicranium and the small mandible (Fig. 8.5). The
increase in basicranial flexure (Fig. 8.6) and the expan-
sion of the airway and oral region result in vertical
changes, with lowering of the mandible by an increase

in vertical mandibular ramus height. Ideally this re-
sults in a balanced face, which is proportionate in
width and height. If the vertical changes are increased,
this process leads to the dolichocephalic head form,
with a narrower and longer face (so-called long-face).
If, in contrast, the vertical changes are decreased, the
result is the brachycephalic head form, with a wider
and shorter face (so-called short-face).

Fig. 8.6. Virtual lateral cephalograms of newborn and adult cadaver skulls with superimposed tracing of the cranial base (Basion–Sella–Nasion) show the
increase in basicranial flexure

Fig. 8.5. Frontal (a) and left profile (b) views of a newborn and an adult skull illustrate the typical wide and short face in infancy in contrast to the adult face,
which is more proportionate in width and height (3-D CT hard tissue surface representations of newborn and adult human cadaver skulls)

a b
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8.2
Superimposition of Serial 3-D Cephalometric Tracings

The 3-D virtual scene approach allows superimposi-
tion of serial 3-D cephalometric tracings and/or 3-D
surface representations using the 3-D cephalometric
reference system (Chap. 3) as a registration method
(Figs. 8.7, 8.8).

Fig. 8.7. a–c The cadaver skulls of a newborn (a), a 6-year-old child (b) and an adult (c) with overlay of the 3-D cephalometric reference system (x, y, z-plane) 
(3-D CT hard tissue surface representations). d Superimposition of 3-D cephalometric tracings of the newborn, the 6-year-old and the adult cadaver skull on the 
3-D cephalometric reference system (the y-plane is blended out)

a

c d

b
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Fig. 8.8. a–c The cadaver skulls of a newborn (a), a 6-year-old child (b) and an adult (c) with superimposition of 3-D cephalometric tracings of the three skulls.
d Overlay of the three skulls (transparent 3-D CT hard tissue surface representations; registration on the 3-D cephalometric reference system)

a

c d

b
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Fig. 8.9 a, b. Left profile (a) and frontal (b) views of the skull of a newborn with superimposition of 3-D cephalometric tracings of the cadaver skulls of the new-
born, a 6-year-old child and an adult (transparent 3-D CT hard tissue surface representations; registration on the 3-D cephalometric reference system)

a b

Fig. 8.10 a, b. Left profile (a) and frontal (b) views of the skull of a 6-year-old child with superimposition of 3-D cephalometric tracings of the cadaver skulls of a
newborn, the 6-year-old child and an adult (transparent 3-D CT hard tissue surface representations; registration on the 3-D cephalometric reference system)

a b
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8.3
Displacement – Remodelling – Relocation

The basicranium acts as a template for facial growth
and development. Expansion of the functional soft tis-
sue matrix triggers primary displacement of facial
bones (carry effect) with simultaneous 3-D remodel-
ling in the opposite direction resulting in relocation of
bones.

Midface

During craniofacial growth and development the
entire nasomaxillary complex is primary displaced
from the basicranium in an antero-inferior direction
(Figs. 8.9–8.11) with simultaneous remodelling in a
postero-superior direction (Figs. 8.12, 8.13). The
amount of bone deposition at the sutures is equal to
the amount of primary displacement. The zygomatic
bone and arch undergo antero-inferior displacement
with the same growth vector (direction and amount)
as the nasomaxillary complex. The maxillar and zygo-
matic bones relocate predominantly posteriorly while
the zygomatic arch relocates predominantly laterally
during enlargement.

Fig. 8.11 a, b. Left profile (a) and frontal (b) views of an adult skull with superimposition of 3-D cephalometric tracings of the cadaver skulls of a newborn,
a 6-year-old child and the adult (transparent 3-D CT hard tissue surface representations; registration on the 3-D cephalometric reference system)

a b
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Fig. 8.12. Mandible of an adult cadaver skull with superimposition of the midfacial complex and cranium of the cadaver skulls of a newborn, a 6-year-old child
and the adult illustrates extensive remodelling of the nasomaxillary complex during antero-inferior displacement (3-D CT hard tissue surface representations;
registration on the 3-D cephalometric reference system)
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Fig. 8.13. Mandible of an adult cadaver skull with superimposition of the midfacial complex and cranium of a newborn, a 6-year-old child and an adult cadaver
skull illustrates relocation of the zygomatic arch and lateral development of the midfacial complex (3-D CT hard tissue surface representations; registration on the
3-D cephalometric reference system)
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Fig. 8.14. Superimposition of the cadaver skulls
of a newborn, a 6-year-old child and an adult with
removed mandibles illustrates orbital relocation
during craniofacial growth and development 
(3-D CT hard tissue surface representations;
registration on the 3-D cephalometric reference
system)
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Mandible

The mandible displaces away from the mandibular
fossa in an antero-inferior direction (Figs. 8.9–8.11) as
it simultaneously remodels predominantly in the
opposite postero-superior direction. The vertical

mandibular ramus relocates postero-superiorly while
the entire mandible displaces antero-inferiorly, which
causes posterior lengthening of the horizontal
mandibular ramus (Figs. 8.15, 8.16).

Fig. 8.15 a–d. Newborn cadaver skull with superimposition of the mandibles of the cadaver skulls of a 6-year-old child and an adult (transparent 3-D CT hard
tissue surface representations; registration on the 3-D cephalometric reference system)

a b

c d
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Fig. 8.16 a–d. Superimposition of the mandibles of the cadaver skulls of a newborn, a 6-year-old child and an adult on the mandibular symphysis shows that the
principal vector of mandibular growth is postero-superior.This results in a superior and posterior relocation of the mandibular vertical ramus with lengthening of
the mandibular horizontal ramus. Note also postero-medial growth and relocation of the lingual mandibular tuberosity. (transparent 3-D CT hard tissue surface
representations)

a b

c d
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8.4
Developmental Growth Rotations

During craniofacial growth and development two dif-
ferent types of growth rotations occur: displacement
and remodelling rotations.

Remodelling Growth Rotation

Midfacial Complex
Due to the basicranial flexure, the upper part (upper
facial region and midfacial complex) of the human 
face undergoes an anterior remodelling rotation. The
combination of anterior remodelling of the superior
orbital rim and nasal region and posterior remodelling
of the zygomatic bones, inferior and lateral orbital 
rim results in the typical forward slant of the orbits 
in humans compared to other mammalian species
(Figs. 8.2, 8.4).

Vertical Mandibular Ramus
The remodelling rotation of the vertical mandibular
ramus plays a key role in facial growth and develop-
ment. In order to position the mandibular horizontal
ramus with its dento-alveolar process in a best-fit
relationship to the nasomaxillary complex and middle
cranial fossa, the vertical mandibular ramus be-
comes more upright with closing of the gonial angle
(Fig. 8.17).

Fig. 8.17 a, b. Superimposition of the cadaver skulls of a newborn and an adult illustrates the remodelling rotation of the vertical ramus of the mandible with
uprighting of the vertical ramus and closing of the gonial angle during facial growth and development (right and left profile 3-D CT hard tissue surface represen-
tations; registration on the 3-D cephalometric reference system)

a b
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Displacement Growth Rotation

Nasomaxillary Complex
During craniofacial growth and development displace-
ment rotations of the nasomaxillary complex can oc-
cur, resulting in either a deep bite (clockwise) or open
bite (counter-clockwise; Fig. 8.18) deformity depend-
ing on growth activities of the basicranium and mid-
facial sutural growth. In minor cases these can be in-
trinsically corrected by developmental adjustments
(„growth compensation mechanisms“) such as count-
er-directional palatal remodelling rotations or remod-
elling of the dento-alveolar curve of Spee. More impor-
tant deformities, however, require orthodontic or com-
bined orthodontic–surgical treatment.

Mandible
Displacement rotations of the mandible occur when
mandibular growth and development does not accom-
modate to vertical nasomaxillary growth. The entire
mandible (horizontal and vertical ramus) can rotate
infero-posteriorly or supero-anteriorly (Fig. 8.19) to
compensate increased or, more usually, decreased ver-
tical height of the nasomaxillary complex, respectively.

Fig. 8.18. Counter-clockwise displacement rotation of the maxilla resulting in
an open-bite deformity in a 5-year-old girl with plagiocephaly. (3-D CT hard
tissue surface representation, patient G.P.)

Fig. 8.19. Supero-anterior displacement rotation of the mandible in an adult
cleft patient. The forward and upward rotation of the mandible to meet the
short midface causes mandibular protrusion. (3-D CT hard tissue surface repre-
sentation, patient B.V.)
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Case 1

B.R. was a 9-year-old girl with mandibular asymmetry
caused by loss of the right condylar process. In early
infancy she had an episode of malignant external otitis
(MEO) that resulted in temporomandibular joint in-
volvement with bony destruction of the right condylar
process. She had decreased length of the right vertical
mandibular ramus with deviation of the chin to the
right. Mouth opening was limited and painful due to
trismus.

Reconstruction of the right condylar process by
unilateral distraction osteogenesis (DO) was planned
virtually and performed via an extra-oral sub-
mandibular approach using a modified McCormick
technique. The 3-D virtual scene approach provided
exact information on the position of the inferior alve-
olar nerve. A reverse-L osteotomy was created posteri-
or to the path of the inferior alveolar nerve, to a posi-
tion 15 mm below the mandibular notch (incisura
mandibulae), 10 mm anterior and parallel to the poste-
rior border of the right vertical mandibular ramus.
Voxel-based virtual planning was transferred into the
operation theatre through the use of a commercial cal-
liper. An individual template was not necessary. Intra-
operatively, the mobility of the proximal segment was

verified. There was no bony ankylosis. A unidirection-
al internal distraction device was positioned parallel to
the posterior border of the right vertical mandibular
ramus. Because of trismus, right coronoidectomy was
performed additionally. Distraction was initiated after
a latency period of 5 days at a rate of 1.00 mm
(2 × 0.5 mm) daily. A total of 12 mm of distraction was
performed followed by a consolidation period of 8
weeks.

Five days after removal of the distraction device, spi-
ral CT was carried out and voxel-based 3-D cephalo-
metric hard and soft tissue analysis was performed.
The length of the right vertical mandibular ramus was
significantly increased. The deviation of the facial mid-
plane was also partially corrected. Following distrac-
tion the patient was able to open her mouth wide and
could masticate a regular diet. Note that 5 days after
distractor removal, there was still significant soft tissue
swelling. Therefore, one cannot make conclusions
based on 3-D cephalometric soft tissue analysis. It is
recommended to perform the post-operative spiral 
CT once soft tissue swelling has completely subsided
(Figs. 9.1–9.22).

Fig. 9.1. Pre-operative clinical frontal view of a 9-year-old girl with a
mandibular asymmetry due to loss of the right condylar process after a malig-
nant external otitis (MEO) in early infancy. Note the deviation of the chin to the
right (patient B.R.)

Fig. 9.2. Pre-operative 3-D CT soft tissue surface representation with set-up of
3-D cephalometric soft tissue landmarks. Frontal view. (3-D CT, patient B.R.)



CHAPTER 9

310

Clinical Applications

Fig. 9.3 a–d. Pre-operative 3-D CT hard tissue surface representations with set-up of 3-D cephalometric hard tissue landmarks.a Frontal view; b linked lateral and
frontal virtual cephalograms; c profile view right; d profile view left. (3-D CT, patient B.R.)

a b

c d
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Table 9.1. Results of pre-operative voxel-based 3-D cephalometric
hard tissue analysis using the Maxilim version 1.3.0 software (Medicim
NV, Sint-Niklaas, Belgium, http://www.medicim.com) (patient B.R.)

3-D Cephalometry Report (1)

3-D Cephalometric Hard Tissue Analysis according to Swennen

Patient name: B.R.

Physician name: S.G.

Angular analysis

Lateral inclination to horizontal plane (deg)

Frankfort plane 2.22
Maxillary plane 7.49
Occlusal plane 25.58
Mandibular plane 32.14

Frontal inclination to horizontal plane (deg)

Frankfort plane 0.14
Maxillary plane 1.56
Occlusal plane 10.46
Mandibular plane 2.13

Frontal inclination to median plane (deg)

Facial midplane 10.33

Further angular measurements (deg)

Cor-Gor-Men ^ z-plane (right gonial angle) 112.55
Col-Gol-Men ^ z-plane (left gonial angle) 114.06

Linear analysis

3-D linear measurements (mm)

Col-Gol 47.64
Cor-Gor 39.80
Gol-Pog 70.85
Gor-Pog 60.80
Col-Pog 101.06
Cor-Pog 83.61
S-N 63.00
PNS-ANS 48.07

Linear height measurements (mm)

ANS-Men 43.42
S-PNS 31.23
N-ANS 37.81
S-Go 55.87
N-Men 89.68

Linear width measurements (mm)

Zyr-Zyl 116.88
Cor-Col 105.94
Gor-Gol 79.91

Further linear measurements (mm)

Wit’s 7.33
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Table 9.1. (Continued)

3-D Cephalometry Report (2)

3-D Cephalometric Hard Tissue Analysis according to Swennen

Patient name: B.R.

Physician name: S.G.

Orthogonal analysis

To vertical To horizontal To median 
plane (mm) plane (mm) plane (mm)

Zyl –2.33 –14.50 56.85
Zyr –0.32 –16.01 –60.03
UIl 57.33 –60.26 –2.40
UIr 58.39 –60.61 –3.55
LIl 47.84 –58.47 –7.50
LIr 47.53 –57.96 –8.83
ANS 62.63 –39.68 –1.95
UM–cuspl 29.03 –52.16 21.67
A 57.66 –45.37 –2.76
UM–cuspr 32.21 –45.16 –27.22
PNS 15.33 –31.23 –0.81
LM–cuspl 25.34 –51.46 18.39
B 38.06 –69.37 –10.29
LM–cuspr 27.86 –43.11 –30.59
Pog 33.62 –78.91 –13.75
Men 28.55 –83.10 –15.71
Col –8.95 –13.74 50.70
Cor –5.91 –18.02 –55.24
Gol –13.81 –58.35 34.70
Gor –13.03 –55.87 –45.21
Orl 46.08 –16.93 33.59
Orr 49.46 –16.90 –31.53
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Fig. 9.4 a, b. Orbitomeatally oriented axial CT at the level of the lingula shows the entrance of the inferior alveolar nerve in the right vertical mandibular ramus.
a Axial CT; b axial CT with overlay of 3-D hard tissue surface representation of the mandible (patient B.R.)

a b

Fig. 9.5. Virtual planning of a reverse L-osteotomy of the right vertical
mandibular ramus.The position of the lingula (15 mm anterior to the posterior
border of the vertical mandibular ramus and 19 mm inferior to the mandibular
notch) is marked on the buccal cortex of the right vertical mandibular ramus.
The reverse-L osteotomy is planned 10 mm anterior and parallel to the posteri-
or border of the vertical mandibular ramus and 15 mm inferior to the mandibu-
lar notch in order to avoid nerve lesion. Profile view right. (3-D CT hard tissue
surface representation, patient B.R.)



CHAPTER 9

314

Clinical Applications

Fig. 9.6 a, b. Voxel-based virtual planning of a right reverse-L osteotomy for reconstruction of the right condylar process, positioning of a virtual internal unidirec-
tional Zurich Pediatric Ramus Distractor (cloverleaf design) and osteotomy of the right mandibular coronoid process using the Maxilim version 1.3.0 software (Medicim
NV, Sint-Niklaas, Belgium, http://www.medicim.com).a Profile view right; b close-up view.(3-D CT hard tissue surface representation, patient B.R.)

a b

Fig. 9.7. Intra-operative view of the reverse-L osteotomy and positioning of
the internal unidirectional Zurich Pediatric Ramus Distractor (cloverleaf design;
KLS Martin, Tuttlingen, Germany, http://www.klsmartin.com) after a right sub-
mandibular approach. The voxel-based virtual surgical planning is clinically
transferred to the patient using a commercial calliper (10 mm anterior and par-
allel to the posterior border of the vertical mandibular ramus and 15 mm infe-
rior to the mandibular notch). Note that no lingual periosteal degloving is per-
formed (patient B.R.)

Fig. 9.8. Post-operative clinical frontal view at 5 days shows the flexible acti-
vator of the distraction device which is passed extra-orally through a small inci-
sion (patient B.R.)
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Fig. 9.9 a–c. Voxel-based virtual planning of 12 mm lengthening of the right vertical mandibular ramus by unidirectional distraction osteogenesis with the 
intra-oral Zurich Pediatric Ramus Distractor (Maxilim version 1.3.0). 3-D CT hard tissue surface representations with set-up of 3-D cephalometric hard tissue land-
marks. a Frontal view; b profile view right; c profile view left. (3-D CT, patient B.R.)

a

b c
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Fig. 9.10. Post-distraction 3-D CT hard tissue surface representations with set-up of 3-D cephalometric hard tissue landmarks show significant increase in length
of the right vertical mandibular ramus. a Frontal view; b profile view right; c profile view left. (3-D CT, patient B.R.)

a

b c
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Fig. 9.11. Superimposition of pre-operative and post-distraction 3-D CT hard
tissue surface representations using the 3-D cephalometric reference system
(3-D CT, patient B.R.)

Table 9.2. The data of the voxel-based 3-D cephalometric hard tissue analysis showed that voxel-based virtual planning of increase of right ver-
tical mandibular ramus length by unidirectional distraction osteogenesis was very precise.Anterior facial height and anterior lower facial height,
however, were slightly overcorrected. The discrepancy in posterior facial height between the virtual planning and post-distraction result can 
be explained by the spontaneous closure of the right lateral open bite during the consolidation period with downward cant of the maxillary and
occlusal plane (patient B.R.)

Parameter Pre-operative Virtual planning Post-operative

Cor-Gor (mm) 39.80 49.18 49.27

Gor-Pog (mm) 60.80 61.03 61.73

Cor-Pog (mm) 83.61 91.11 92.30

Gor-Gol (mm) 79.91 79.77 81.61

N-Men (mm) 89.68 92.93 95.02

ANS-Men (mm) 43.42 46.61 47.98

S-PNS (mm) 31.23 31.81 34.86

S-Go (mm) 55.87 66.70 66.70

Gonial angler (deg) 112.55 111.73 114.74

Facial midplane / z (deg) 10.33 6.08 7.72
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Fig. 9.12 a, b. Superimposition of pre-operative (green) and post-distraction (purple) 3-D CT hard tissue surface representations and 3-D cephalometric tracings
using the 3-D cephalometric reference system. Note the lengthening of the right vertical mandibular ramus and improvement of chin position. Frontal view.
(3-D CT, patient B.R.)

a b

Fig. 9.13. Post-distraction clinical frontal view at 1 week after removal of the
distraction device (patient B.R.)

Fig. 9.14. Post-distraction 3-D CT soft tissue surface representation with set-
up of 3-D cephalometric soft tissue landmarks. Frontal view. Note artefacts at
the level of the right ear (3-D CT, patient B.R.)
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Fig. 9.15. Superimposition of pre-operative (green) and post-distraction (purple) 3-D CT hard tissue surface representations (a) and 3-D cephalometric tracings
(b) using the 3-D cephalometric reference system. Note the lengthening of the right vertical mandibular ramus, improvement in chin projection and increase of
anterior and posterior facial height. Profile view right. (3-D CT, patient B.R.)

a b

Fig. 9.16. Pre-operative clinical right profile view (patient B.R.) Fig. 9.17. Post-distraction clinical right profile view at 1 week after removal of
the distraction device (patient B.R.)
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Fig. 9.18. Superimposition of pre-operative (green) and post-distraction (purple) 3-D CT hard tissue surface representations (a) and 3-D cephalometric tracings
(b) using the 3-D cephalometric reference system. Note the improvement in chin projection and increase of anterior and posterior facial height. Profile view left.
(3-D CT, patient B.R.)

a b

Fig. 9.19. Pre-operative clinical left profile view (patient B.R.) Fig. 9.20. Post-distraction clinical right profile view at 1 week after removal of
the distraction device (patient B.R.)
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Fig. 9.22. Post-operative 3-D CT soft tissue surface representations with set-up of 3-D cephalometric soft tissue landmarks at 1 week after removal of the dis-
traction device. Right (a) and left (b) three-quarter views. (3-D CT, patient B.R.)

a b

Fig. 9.21. Post-distraction clinical right (a) and left (b) three-quarter views at 1 week after removal of the distraction device (3-D CT, patient B.R.)

a b
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Case 2

H.T. was a 5-year-old boy with left hemifacial microso-
mia (Goldenhar variant) (Pruzansky class IIb). He had
a hypoplastic mandibular vertical ramus, a canted oc-
clusal plane and labial fissure and a hypoplastic auri-
cle. His left gonial angle was blunt and his chin was
slightly deviated to the affected side.

Reconstruction of the left mandibular vertical ra-
mus and gonial angle by unilateral DO was planned
virtually and performed via an intra-oral approach.
The 3-D virtual scene approach allowed definition of
the ideal position and inclination of the osteotomy and
distraction device. In order to transfer the voxel-based
virtual surgical planning precisely into the operation
theatre, a stereolithographic model was made of the
mandible that incorporated the virtually planned os-
teotomy line and screw-holes of the distraction device.
The use of two custom-made surgical guides allowed

accurate and easy transfer of the position and inclina-
tion of both the osteotomy and the unidirectional dis-
traction device into surgery. Distraction was initiated
after a latency period of 5 days at a rate of 1.00 mm
(2¥0.5 mm) daily. A total of 12 mm of distraction was
performed, followed by a consolidation period of 8
weeks.

One week after removal of the distraction device,
spiral CT was carried out and voxel-based 3-D cephalo-
metric analysis was performed. There was significant
uprighting of the left mandibular vertical ramus with
good restoration of the left gonial angle. The length of
the left mandibular vertical ramus, however, was still
undercorrected. The patient had good symmetry of
the oral commissures and cheek contour (Figs. 9.23–
9.41).

Fig. 9.23. Pre-operative clinical frontal view of a 5-year-old boy with Golden-
har syndrome (patient H.T.)

Fig. 9.24. Pre-operative virtual frontal cephalogram (patient H.T.)
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Fig. 9.25 a–d. Pre-operative 3-D CT hard tissue surface representations with set-up of 3-D cephalometric hard tissue landmarks. a Frontal view; b linked lateral
and frontal virtual cephalograms; c profile view right; d profile view left. (3-D CT, patient H.T.)

a b

c d
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Table 9.3. Results of pre-operative voxel-based 3-D cephalometric
hard tissue analysis using the MaxilimTM version 1.3.0 software
(Medicim NV, Sint-Niklaas, Belgium, http://www.medicim.com) (pa-
tient H.T.)

3-D Cephalometry Report (1)

3-D Cephalometric Hard Tissue Analysis according to Swennen

Patient name: H.T.

Physician name: S.G.

Angular analysis

Lateral inclination to horizontal plane (deg)

Frankfort plane 0.07
Maxillary plane 0.14
Occlusal plane 23.77
Mandibular plane 39.03

Frontal inclination to horizontal plane (deg)

Frankfort plane 0.07
Maxillary plane 5.78
Occlusal plane 7.61
Mandibular plane 4.92

Frontal inclination to median plane (deg)

Facial midplane 0.29
Further angular measurements (deg)
Cor-Gor-Men ^ z-plane (right gonial angle) 132.86
Col-Gol-Men ^ z-plane (left gonial angle) 165.65

Linear analysis

3-D linear measurements (mm)

Col-Gol 30.81
Cor-Gor 42.08
Gol-Pog 55.59
Gor-Pog 63.73
Col-Pog 82.84
Cor-Pog 92.15
S-N 63.56
PNS-ANS 44.30

Linear height measurements (mm)

ANS-Men 53.38
S-PNS 29.31
N-ANS 35.94
S-Go 55.12
N-Men 89.98

Linear width measurements (mm)

Zyr-Zyl 102.10
Cor-Col 84.70
Gor-Gol 73.49

Further linear measurements (mm)

Wit’s 3.79
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Table 9.3. (Continued)

3-D Cephalometry Report (2)

3-D Cephalometric Hard Tissue Analysis according to Swennen

Patient name: H.T.

Physician name: S.G.

Orthogonal analysis

To vertical To horizontal To median 
plane (mm) plane (mm) plane (mm)

Zyl 7.44 –21.72 48.18
Zyr 10.02 –13.61 –53.92
UIl 60.29 –54.84 0.91
UIr 60.90 –55.57 0.07
LIl 58.39 –54.98 –0.49
LIr 58.70 –55.31 –1.80
ANS 65.01 –30.34 –1.37
UM–cuspl 38.84 –42.73 20.23
A 62.93 –35.16 0.33
UM–cuspr 50.54 –53.37 –21.82
PNS 20.73 –29.31 –2.23
LM–cuspl 37.57 –43.49 18.88
B 53.44 –66.70 –0.48
LM–cuspr 47.07 –53.77 –20.29
Pog 45.82 –76.70 0.34
Men 40.29 –83.35 0.43
Col –9.14 –28.88 39.78
Cor –3.91 –13.68 –44.91
Gol 7.63 –54.02 33.76
Gor 1.20 –55.12 –39.73
Orl 47.77 –16.71 30.27
Orr 52.82 –16.78 –24.29
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Fig. 9.26 a, b. Voxel-based virtual planning of a horizontal osteotomy of the left vertical ramus and positioning of a virtual internal unidirectional Zurich Pediatric
Ramus Distractor (cloverleaf design, 15 mm) using the Maxilim version 1.3.0 software. Note that there was not enough space for a longer (20 or 25 mm) intra-oral
distraction device. a Frontal view; b profile view left; (3-D CT hard tissue surface representation, patient H.T.)

a b

Fig. 9.27. Close-up view of the isolated mandible shows that the virtual hori-
zontal osteotomy of the left vertical ramus is planned just above the entrance
(lingula) of the inferior alveolar nerve in the mandible (3-D CT hard tissue sur-
face representation, patient H.T.)
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Fig. 9.28. For accurate transfer of (a) voxel-based virtual distraction planning into the operation theatre, (b) a stereolithographic model (KLS Martin) of the 
isolate mandible was manufactured. Both the osteotomy line and screw holes of the fixation plates of the distraction device were colour-marked in this model.
Using two custom-made acrylic surgical guides, the position and inclination of both the osteotomy and the intra-oral unidirectional Zurich Pediatric Ramus Dis-
tractor (cloverleaf design) could be transferred precisely into the operation theatre after creation of a left intra-oral approach (patient H.T.)

a b

Fig. 9.29. Custom-made acrylic surgical guide for precise transfer of the virtu-
ally planned osteotomy

Fig. 9.30. Post-operative clinical frontal view at 1 week shows the flexible
activator of the distraction device, which is passed extra-orally through a small
incision (patient H.T.)
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Fig. 9.31 a–c. Voxel-based virtual planning of 12 mm lengthening of the left vertical mandibular ramus by unidirectional distraction osteogenesis with the 
intra-oral Zurich Pediatric Ramus Distractor (Maxilim version 1.3.0. 3-D CT hard tissue surface representations with set-up of 3-D cephalometric hard tissue land-
marks. a Frontal view; b profile view right; c profile view left. (3-D CT, patient H.T.)

a

b c
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Fig. 9.32. Post-distraction 3-D CT hard tissue surface representations with set-up of 3-D cephalometric hard tissue landmarks. Note uprighting of the left
mandibular vertical ramus with good morphology of the left gonial angle. a Frontal view; b profile view right; c profile view left. (3-D CT, patient H.T.)

a

b c
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Fig. 9.33. Superimposition of pre-operative and post-distraction 3-D CT hard
tissue surface representations using the 3-D cephalometric reference system
(3-D CT, patient H.T.)

Table 9.4. The results of the voxel-based 3-D cephalometric hard tissue analysis showed a pleasing restoration of the left gonial angle. The
uprighting of the left vertical ramus after DO also led to autorotation of the mandible with decrease in anterior lower facial height. The decrease
in mandibular vertical ramus length in both the virtual planning and post-distraction results is misleading. Due to the uprighting of the left
vertical ramus by DO, the position of the left Gonion landmark changed and moved posteriorly. The length of the mandibular vertical ramus
remained, however, slightly undercorrected (patient H.T.)

Parameter Pre-operative Virtual planning Post-operative

Col-Gol (mm) 30.81 29.01 29.12

Gol-Pog (mm) 55.59 61.97 59.95

Col-Pog (mm) 82.84 85.76 81.70

Gor-Gol (mm) 73.49 71.17 70.64

Cor-Col (mm) 84.70 83.22 81.86

ANS-Men (mm) 53.38 53.26 51.65

S-Go (mm) 55.12 55.30 56.71

Occl-Pl frontal inclination (deg) 7.61 5.43 5.01

Md-Pl frontal inclination (deg) 4.92 0.36 1.54

Gonial anglel (deg) 165.65 143.43 140.87
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Fig. 9.34. Superimposition of pre-operative (green) and post-distraction (purple) 3-D CT hard tissue surface representations (a) and 3-D cephalometric tracings
(b) using the 3-D cephalometric reference system. Frontal view. (3-D CT, patient H.T.)

a b

Fig. 9.35. Post-distraction clinical frontal view at 1 week after removal of the
distraction device. Note good symmetry of the oral commissures and cheek
contour. (patient H.T.)
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Fig. 9.36. Superimposition of pre-operative (green) and post-distraction (purple) 3-D CT hard tissue surface representations (a) and 3-D cephalometric tracings
(b) using the 3-D cephalometric reference system. Profile view right. (3-D CT, patient H.T.)

a b

Fig. 9.37. Pre-operative clinical right profile view (patient H.T.) Fig. 9.38. Post-distraction clinical right profile view at 1 week after removal of
the distraction device (patient H.T.)
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Fig. 9.39. Superimposition of pre-operative (green) and post-distraction (purple) 3-D CT hard tissue surface representations (a) and 3-D cephalometric tracings
(b) using the 3-D cephalometric reference system. Note the uprighting of the left mandibular vertical ramus with closure of the left gonial angle. Profile view left.
(3-D CT, patient H.T.)

a b

Fig. 9.40. Pre-operative clinical left profile view (patient H.T.) Fig. 9.41. Post-distraction clinical right profile view at 1 week after removal of
the distraction device (patient H.T.)
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Case 3

T.H. was a 56-year-old man with a recurrent carcinoma
of the left mandible with infiltration of the buccal mu-
cosa. The patient had undergone primary radiothera-
py with a total radiation dose of 66 Gy for a squamous
cell carcinoma of the tonsillar fossa several years be-
fore.

Panoramic X-ray and axial CT now showed exten-
sive tumour infiltration of mandibular bone and soft
tissues. Due to the extensive soft tissue infiltration, sur-
gical planning included composite tumour resection of
the left mandible and floor of the mouth and buccal
mucosa with immediate primary micro-vascular re-
construction using a double-flap technique. For soft
tissue reconstruction a radial forearm flap was select-
ed. After thorough clinical and radiological investiga-
tion of the tumour, voxel-based virtual resection and
reconstruction of the left mandible using a free fibula
bone graft was planned. A modified voxel-based 3-D
cephalometric hard tissue analysis allowed accurate
planning of reconstruction of the left horizontal and
vertical mandibular ramus as well as the left gonial
angle. The ideal position and angulation of the osteo-

tomies of the fibula bone graft could be calculated in
the three planes (x, y, z) in order to create an ideal „best
fit“ of the neo-mandible into the resection site. To fa-
cilitate transfer of the voxel-based virtual planning
into the operation theatre, an individual metal tem-
plate was configured based on the 3-D cephalometric
data. This approach allowed contouring of the fibula
bone graft while it was still pedicled on the peroneal
vessels, which significantly decreased the ischaemia
time of the microsurgical bony transfer. The post-op-
erative outcome was uneventful and no complications
appeared.

After a 6-month follow-up period, no evidence of
disease was found and the patient had almost undis-
turbed mandibular function. He showed a pleasing
aesthetic reconstruction with good three-dimensional
morphology and projection of the neo-mandible. 3-D
cephalometric hard tissue analysis showed a nearly
perfect reconstruction of the left gonial angle in the
profile and base views. The frontal view, however,
showed undercorrection of the left gonial angle
(Figs. 9.42–9.52).

Fig. 9.42. A 56-year-old man diagnosed with a recurrent squamous cell carcinoma of the left mandible with infiltration of the buccal mucosa. Pre-operative
panoramic X-ray (a) and axial CT (b) show the lesion. Note that application of an individual reconstruction template on the mandible is not possible due to exten-
sive soft tissue infiltration (patient T.H.)

a b
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a b

c

Fig. 9.43 a–c. Pre-operative 3-D CT hard tissue surface representations with
set-up of 3-D cephalometric hard tissue landmarks. a Frontal view; b profile
view left; c base view.Note that the quality of the 3-D CT hard tissue surface rep-
resentations is less than ideal, because 3.75-mm axial slices from the spiral CT
performed during pre-operative tumour staging were used. (3-D CT, patient
T.H.)
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a b

c

Fig. 9.44. Voxel-based virtual planning of resection and reconstruction of the
left mandible. The 3-D cephalometric data were used for planning of the ideal
position and angulation of the osteotomies of the free fibula bone graft in order
to create an ideal „best fit“ of the neo-mandible into the resection site. a Frontal
view; b profile view left; c base view. (3-D CT, patient T.H.)
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Fig. 9.45. A mandibular reconstruction template (Synthes, Bochum, Germany,
http://www.synthes) was contoured using commercially available callipers
based on the 3-D cephalometric data as an additional aid for optimal contour-
ing of the free fibula bone graft

Fig. 9.46. Intra-operative clinical view shows contouring of the left fibula
bone graft with titanium miniplates while is it still pedicled on the peroneal
vessels to reduce ischaemia time. The ideal position and angulation of the
osteotomies of the fibular bone graft were calculated using the 3-D cephalo-
metric data and verified with the individual metal template (patient T.H.)

Fig. 9.47. Intra-operative clinical view shows osteosynthesis with miniplates
of the contoured free fibula bone graft into the mandibular bony defect after
tumour resection with micro-vascular anastomoses (patient T.H.)
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Fig. 9.48. Post-operative clinical frontal view at 1 month follow-up (patient T.H.) Fig. 9.49. Post-operative clinical intra-oral view at 1 month follow-up shows
good intra-oral soft tissue reconstruction with a free radial forearm flap (patient
T.H.)

Fig. 9.50. Post-operative clinical frontal view at 6 months follow-up shows a
pleasing aesthetic mandibular reconstruction (patient T.H.)

Fig. 9.51. Private clinical photograph of the same patient before his cancer
disease (patient T.H.)
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a b

c

Fig. 9.52. Post-operative 3-D CT hard tissue surface representations with set-
up of 3-D cephalometric hard tissue landmarks. a Frontal view; b profile view
left; c base view. (3-D CT, patient T.H.)
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Table 9.5. Results of a modified voxel-based 3-D cephalometric hard
tissue analysis showed nearly perfect reconstruction of the left gonial
angle in the profile and base views, while there was still some under-
correction of the left gonial angle in the frontal view (patient T.H.)

Pre-operative Post-operative

Col-Gol-Men ^ z-plane (deg) 138.79 141.08

Col-Gol-Men ^ x-plane (deg) 138.82 139.53

Col-Gol-Men ^ y-plane (deg) 135.91 111.65
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10.2 Registration of 3-D Cephalometric Data Sets with 3-D Photographs

10.1
3-D Cephalometric Reference Data

Normative data on craniofacial morphology are essen-
tial for the assessment of the head and face. The litera-
ture provides a huge amount of conventional craniofa-
cial data, mainly from cephalometric radiographs and
anthropometric sources. However, age-, sex- and race-
matched 3-D craniofacial normative datasets are not
available yet. The necessity of collecting 3-D cross-sec-
tional and longitudinal growth craniofacial reference
data was pointed out by Hassfeld and co-workers. The
effects of both growth and bone movements during
surgery on the overlying soft tissue functional matrix
also remain poorly understood.

3-D cephalometry of hard and soft tissues is a pow-
erful measurement tool for the acquisition of 3-D cran-
iofacial reference data because of its accuracy and reli-
ability. Moreover, it has the advantage of providing
both hard and soft tissue data and can therefore pro-
vide bone–soft tissue movement ratio data.

The challenge is to develop 3-D cephalometric refer-
ence data from birth to young adulthood, as has been
done for conventional cephalometry and anthropome-
try. 3-D cephalometric reference data should be
matched by age, sex and race and should ideally in-
clude:
� Normative hard and soft tissue craniofacial data
� Reference hard and soft tissue craniofacial data of

congenital and developmental abnormalities
� Reference data on craniofacial bone–soft tissue

movement ratios

These 3-D cephalometric reference data should be
based on standardized CT protocols (see Chap. 1) and
should include means and standard deviations. This
will not be easy because from an ethical point of view,
one cannot irradiate individuals just to obtain refer-
ence data. Hence, cooperation among craniofacial cen-
tres and intensive cooperation with radiological de-
partments will be crucial to collect the necessary
amount of reference data in the future.

Once available, reference 3-D cephalometric hard
and soft tissue data will allow orthodontists, maxillofa-
cial, craniofacial and plastic surgeons, medical anthro-
pologists and genetic dysmorphologists to use these
data for different clinical and research purposes, such
as:
� Assessment of normal craniofacial morphology and

dysmorphology (congenital and developmental)
� Assessment of craniofacial growth characteristics

(e.g. rate of growth, changes of growth, prediction of
growth)

� Assessment of treatment results

� Optimizing voxel-based surgical planning
� Optimizing surgical simulation of soft tissues
� Reconstruction of facial soft tissues (e.g. missing

persons, ancient skulls)
� Optimizing manufacturing of custom-made cranio-

facial implants and epitheses

10.2
Registration of 3-D Cephalometric Data Sets 
with 3-D Photographs

An important shortcoming of CT-based 3-D cephalo-
metry of soft tissues is improper or impossible identi-
fication of soft tissue landmarks that are related to hair
(trichion, superciliare, frontotemporale) or eyelids
(palpebrale superius, palpebrale inferius).

Registration of the natural texture of the face with
the 3-D CT skin surface could be a solution. Several 3-
D photographic techniques have been developed. With
laser surface scanning, the skin surface is digitized by
a laser scanner that consecutively senses the surface.
Active systems project a pattern (e.g. a linear grid) on
the patient’s face. Based on the deformation of the grid
on the photograph, 3-D depth information is obtained.
Typically, several photos are combined to obtain a dig-
itization of the complete face. Stereo imaging uses two
or more cameras that acquire images simultaneously.
Based on stereoscopic matching, 3-D depth informa-
tion is computed.Another method to obtain a comput-
erized surface model of the face is holographic imag-
ing.After holographic acquisition, the hologram is dig-
itized and a surface model is generated.

Although laser surface scanning permits very accu-
rate measurements, this technique is quite slow, so that
motion artefacts can impair the result. Active systems
with multiple cameras (often a combination of active
and stereoscopic methods) yield detailed face models
with an acquisition time of a few milliseconds and are
therefore very promising for the future. Holographic
imaging has the potential for acquisition of a full face
in a few nanoseconds but is still under development.
Also the holographic digitization process needs fur-
ther research.

De Groeve and co-workers have already shown that
registration of 3-D photographs with spiral CT images
provides an accurate match between the two surfaces.
Our research group is currently testing the registration
of 3-D CT data sets (Fig. 10.5) with commercially avail-
able 3-D photographic systems (Figs. 10.6–10.9.).

Acquisition of surface data using 3-D photographic
techniques allows more detailed, textured rendering of
facial surface structures (including hairline, eyebrows
and eyelashes), which allows definition of the above-
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Fig. 10.1. Soft tissue simulation of the patient (Chap. 9) who underwent right
condylar reconstruction using intraoral unidirectional distraction osteogenesis
(frontal view, 3-D CT soft tissue surface representation, patient B.R.). Soft tissue
simulation is based on volumetric deformation algorithms including soft tissue
properties such as elasticity and growth due to stress

Fig. 10.2. Clinical post-operative result of the same patient (clinical frontal
view, patient B.R.). Comparison of 3-D CT soft tissue simulation and the clinical
outcome shows good similarity in chin position. An important discrepancy at
the right mandibular angle is certainly partially due to post-operative swelling
after distractor removal

Fig. 10.3. Soft tissue simulation of the same patient (right quarter view, 3-D
CT soft tissue surface representation, patient B.R.)

Fig. 10.4. Clinical post-operative result of the same patient (clinical right
quarter view, patient B.R.). Comparison of 3-D CT soft tissue simulation and the
clinical outcome illustrates the discrepancy at the right mandibular angle 
partially due to post-operative swelling after distractor removal
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mentioned soft tissue landmarks. Moreover, acquisi-
tion of surface data using these systems involves no
ionizing radiation and allows inexpensive serial soft-
tissue data collection for long-term follow-up.

10.3
Visualization of 3-D Cephalometric Data 
with Stereoscopic Displays

Classically, the 3-D image content is rendered on a flat
2-D screen. Recent advances in computer hardware
technology allow real-time, in-depth spatial viewing
through the use of a new generation of so-called
stereoscopic displays.

The key to in-depth spatial viewing of a 3-D image is
presenting different views to the right and left eye. The
difference between these two views is provided by a
slightly different viewing position to mimic natural
stereoscopic vision. The brain reconstructs the 3-D in-
formation and allows in-depth spatial viewing. Several
techniques have been developed to realize in-depth
spatial viewing. Currently, however, all systems have
limited viewing angles.

An early attempt consisted of colour-coding the
views. The user wears a special pair of glasses with one
green and one red glass. In this way, reddish renderings
are not visible for the eye with the red glass, and vice
versa. The disadvantage of this method is that colour
rendering is not possible.

Another technology is based on an alternative type
of glasses, so-called shutter glasses. The computer
screen renders first the image for the right eye and sub-
sequently the image for the left eye. When the image
for the right eye is rendered, the glass of the left eye is
not transparent and vice versa. The computer screen
and the glasses are synchronized. Typically the glasses
consist of LCDs that switch between two states,“black”
and “transparent”.

More recently, auto-stereoscopic displays have been
developed. Auto-stereoscopic 3-D displays incorporate
a set of lenses, mounted on the computer screen. The
lenses are manipulated in a way that the left eye sees
one image, the right eye the other. Therefore, these dis-
plays track the position of the eyes. On the computer
screen, every second vertical image line is viewed by
one eye and the intervening lines by the other eye. The
lenses ensure that the eyes see the appropriate images.
A disadvantage is that the vertical resolution is divided
by two because of the two images. Since the screen res-
olutions, however, are very large (e.g. 1600×1200 pix-
els) sufficient resolutions for detailed rendering are
achieved.

Fig. 10.5. 3-D CT soft tissue surface presentation (Maxilim, version 1.3,
www.medicim.com) of a patient (patient F.L.)

Fig. 10.6. High-resolution full-face colour surface model of the same patient,
acquired with a 3-D surface imaging system based on active stereo pho-
togrammetry (Fig. 10.7.) (patient F.L.)
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Stereoscopic viewing needs also in-depth spatial
measurement tools. Our research group is currently
testing different hardware tools (variants of the so-
called space mouse) that allow in depth interaction for
3-D cephalometry. The accuracy and reliability, howev-
er, of in-depth spatial 3-D cephalometry has to be sta-
tistically validated.

Fig. 10.7. Set-up of a commercial hardware system for 3-D surface imaging
(3dMDface system, www.3dMD.com) based on active stereo photogrammetry

Figs. 10.8, 10.9. After registration of the 3-D photograph for  3-D CT, the texture map of the 3-D photograph is fitted onto the CT skin surface (Maxilim, version
1.3.0, www.medicim.com) (patient F.L.). In this way, all data remain related to the CT data.This technique allows identification of both bone- and hair-related soft
tissue landmarks
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Fig. 10.10. Workstation with a commercial auto-stereoscopic 3-D display (C-i display, www.seereal.com) for real time spatial in depth 3-D cephalometry

Fig. 10.11. Close-up view of auto-stereoscopic 3-D display (C-i display,
www.seereal.com) (3-D CT hard and soft tissue surface presentation, patient
K.C.)
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A
Absorbed dose 5
Accuracy 93
Acoustic meatus
– external 16, 20, 41, 42, 61
– internal 18, 20, 28, 69, 71, 75
Acquisition 5
Ala length 272
Alar curvature point 204
Alar slope angle, modified 282
Alar slope inclination
– modified left 282
– modified right 282
ALARA(As Low As Reasonably Achievable)

principle 7
Alare 203
Alveolar process of mandible 14
Amalgam filling 4
ANS see nasal spine, anterior
Anterior cranial base
– length 250
– plane 106
Anterior nasal spine (ANS) see nasal spine
A-Point 157-160
Arcuate eminence 61
Artefact
– stair-step 4
Arteria sulci 28
Articular tubercle 20
Assessment
– qualitative 229
– quantitative 229
Atlanto-occipital articulation 61, 63, 67, 69
Atlas
– anterior arch 65, 67
– lateral mass 61, 69
– modified left 282
– posterior arch 65, 67
– transverse process 61, 63, 71
Auricle
– left 287
– – length 287
– – width 287
– right 287
– – length 287
– – width 287
Auto-stereoscopic 3-D display 345, 347
Axis, spinous process 65, 67

B
Basicranial flexure 292, 295
Basicranium 291, 292, 295
Basion 169, 170
Beam hardening 4
Bicondylar width 244
Bigonial diameter 258
Bigonial width 244
Biocular width 259
Bizygion diameter 258
Bizygomatic width 244
Body (or horizontal ramus) of mandible 14
Bone-soft tissue movement ratio 343
B-Point 161-164
Bracket 4

C
Calvarium 22-25, 28
Canine
– lower 67
– – left 45
– upper left 44
Carotid canal 20, 42, 67, 69
Carotid sulcus 18, 57, 59
Cartesian anatomic coordinate system 93,

107
Centric occlusion 14, 15, 16
Cephalic index 288
Cephalogram 7
– 2-D 10
– 3-D 115
– virtual 10, 11
– – frontal 96, 97, 98
– – lateral 86, 88 96, 98
Cephalometric landmark, 3-D 99
– hard tissue 11, 115
– – analysis 311, 312, 317, 324, 325, 330, 340
– soft tissue 11, 115
Cephalometric plane, 3-D 229
Cephalometric radiography 93
– multi-planar 115
Cephalometric reference system
– 3-D 11, 94-112, 107
– horizontal (x) 107, 108
– median (z) 107
– vertical (y) 107
Cephalometric tracing, superimposition 

of 3-D 296, 297, 298

Cephalometry, 3-D 2
Cephalostat 93
Cervical vertebra 59, 65
– 2nd 61, 63, 67, 69
– – body 44
– 3rd 63, 65, 67, 69
– – arch of 3rd 45
– – articular process 45
– – body of 3rd 45
– – spinous process 45, 65, 67
– 4th 63, 65, 67, 69
– – spinous process 65, 67
– 5th 63, 65, 67, 69
– – spinous process 65, 67
Cheilion 215
Chin, height 263
Choana 31
Clinoid process
– anterior 18, 57
– posterior 18, 40, 59
Clivus 18, 28, 42, 59, 65
Columella
– base-facial insertion ala depth 270
– constructed point 206
– deviation from the median plane 281
– – labial angle 275
– length 272
– width 260
Computer tomography see CT
Condylar canal 20
Condylion 171
Coronal reconstruction 46-63
Coronal suture 14, 16, 22, 24, 28, 30, 31
Cranial fossa
– anterior 18, 39, 49, 51, 65, 67, 69, 71, 73
– medial (middle) 18, 40, 41, 55, 57, 59, 61,

69, 71, 73
– posterior 18, 40-42, 61, 63, 69, 71, 73
Craniofacial growth
– changes 343
– prediction 343
– rate 343
Craniofacial height, lower half 266
Craniofacial implant 343
Cribriform plate of ethmoid bone 18
Crista galli 18, 49, 65
Crista philtri 212
Cross-sectional comparison 93
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CT (computer tomography)
– anatomy, multiplanar 37
– cone-beam (CT) 2
– multi-slice 2
– protocol 4
– sequential 2
– single-slice 2
– slice, axial 37, 39-45
– spiral 2
CTDI (CT dose index) 5

D
Deciduous molar 30
Dens axis (odontoid process) 61, 65
DICOM (Digital Imaging and Communica-

tions in Medicine) 3
Diploe 24
Displacement 299
– growth rotation 306
Distraction device 309, 322
Distraction osteogenesis 309
Dorsum sellae 18, 28, 65
Double-flap technique 334

E
Ear
– index 288
– morphological width 287
Effective dose 6, 7, 10
Endocanthion 191
Endocanthion-exocanthion depth 271
Endocanthion-facial midline 259
Endocranial view of skull base see skull base
Environment, 3-D 10
Epitheses 343
Equivalent dose 6
Ethmoid air cells 40, 41
Ethmoid bone
– cribriform plate (lamina cribrosa) 51, 65
– perpendicular plate 28, 51
Ethmoidal air cells 49, 51, 65, 67
Exocanthion 192
Eye fissure length 259, 272

F
Face
– depth
– – of the lower third 268
– – of the middle third 268
– – of the upper third 267
– height 262
– – morphological 262
– – of the upper 262
– – of the lower 262
– upper face index 287
– width 258
– – of the lower part 258
– – of the upper part 258
Facial canal 61, 73
Facial height
– anterior lower 245
– anterior total 245

– posterior total 246
Facial index 286
Facial midplane 238, 239, 253
Fibula bone graft 334, 336. 337
Focal spot 3
Fontanelle 30
– anterior 30, 31
– mastoid 31
– posterior 31
– posterolateral 30
– sphenoidal 30
Foramen incisivum 20, 44
Foramen jugulare 18, 20, 42, 63
Foramen lacerum 18, 20, 42
Foramen magnum 18, 20, 43, 63, 65, 67
Foramen mastoideum 20
Foramen orbitale 28
Foramen ovale 18, 20, 42, 69
Foramen rotundum 18, 57
Foramen spinosum 18, 20, 42
Foramen stylomastoideum 20, 61
Foramen supraorbitale 14
Foveolae for arachnoid granulations 24
Fracture line 14, 22, 24
Frankfort horizontal (FH) 93, 94, 95
– plane 230, 231, 240, 251, 252
Frontal bone 14, 16, 18, 22, 24, 28, 38-40, 47,

49, 51, 53, 65, 67, 68, 71, 73, 75
Frontal crest 18, 24
Frontal eminence 30, 31
Frontal sinus 18, 24, 28, 37, 65, 67
Frontal suture 30
Frontoethmoidal suture 18
Frontomaxillary suture 14, 16
Frontonasal suture 14, 28, 65
Frontozygomatic landmark 149, 150
Frontozygomatic suture 49, 75
Full soft tissue convexity angle 276

G
Gantry 5
Glabella 186, 187
Glabella-subnasale height 263
Glabellonasal angle 274
Gnathion, soft tissue 222
Gnathion-aural distance
– lower 287
– upper 287
Goldenhar variant see hemifacial microso-

mia
Gonial angle 253
Gonion 146-148
– soft tissue 217, 218
Grays 5
Great foramen see foramen magnum
Grey value 10
Growth compensation mechanism 306

H
Head
– form
– – brachycephalic 295
– – dolichocephalic 295

– height
– – and nose according to Knussmann 287
– – anterior 287
– – combined of head and face 287
– – left auricular 287
– – right auricular 287
– – spezial 287
– length 287
– width 287
Hemifacial microsomia 

(Goldenhar variant) 322
Hologram 343
Holographic aquisition 343
Holographic imaging 343
Hounsfield unit (HU) 3
Hyoid bone 65, 67
– greater cornu 53, 55, 57
Hypoglossal nerve canal 28, 42, 67
Hypophyseal fossa (sella turcica) 18, 28, 57,

65

I
ICRP (International Commission 

on Radiological Protection) 6
Incisive canal 28, 65
Incisive foramen see foramen incisivum
Incisor
– lower (LI) 134-136
– – central 45, 65
– upper (UI) 130-133
– – central 44-47, 65, 67
– – left lateral 44, 45
Inclination
– of the chin from the vertical plane 277
– of the columella from the 

vertical plane 279
– of the eye-fissure from the 

horizontal plane 280
– of the general profile line from the 

vertical plane 278
– of the Leiber line from the 

vertical plane 278
– of the lower face profile from the 

vertical plane 277
– of the lower lip from the 

vertical plane 278
– of the mandible from the 

vertical plane 277
– of the nasal bridge from the 

vertical plane 279
– of the nasal tip from the 

vertical plane 279
– of the right orbital rim line from the 

vertical plane 279
– of the upper face profile from the 

vertical plane 277
– of the upper lip from the 

vertical plane 278
In-depth spatial measurement tool 346
In-depth spatial viewing 345
Inferior nasal conchae 14
Infraorbital canal 43, 49
Infraorbital margin 14
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Infratemporal crest
– greater wing of sphenoid bone 20
Inner table 24
Intercanthal width 259
Internasal suture 14
International Commission on Radiological

Protection see ICRP
Interpolation process 3
Irradiation 5
Isosurface 8

J
Joseph’s septodorsal angle 275
Jugular foramen see foramen jugulare

L
Labial fissure
– length 261
– inclination from the horizontal plane 280
Labial-columellar angle 275
Labiale inferius 216
Labiale superius 210, 211
Labiomental angle 275
Lacrimal bone 16
Lambdoidal suture 16, 20, 26, 28, 30
Lamina cribrosa 51, 65
Laser scanner 343
Laser surface scanning 343
LI see incisor, lower
Linear grid 343
Lip see upper and lower lip
Longitudinal comparison 93
Lower incisor (LI) see incisor
Lower lip 265
– height 265
– – of the skin portion 265
– – of the vermilion 265
Lower molar cusp see molar cusp
Lower profile, height 263

M
Malignant external otitis 309
Mandible 14, 28, 31
– alveolar process 49, 65, 67
– body 16, 49, 51, 67, 69, 71
– condylar process 16, 43, 59, 75
– condyle 16, 42, 73, 75
– coronoid process 16, 43, 53, 73
– depth 269
– height 262
– symphysis 14, 65
– vertical ramus 16, 44, 53, 55, 57, 73, 75
Mandibular angle 14, 16
Mandibular body 45
Mandibular canal 44, 45, 49, 51, 53, 55, 69,

71, 73
Mandibular fossa 20, 75
Mandibular length, total 249
Mandibular plane 236, 237, 240, 251, 252
Mandibular width 258
Mastoid air cells 41, 42, 63, 75
Mastoid foramen see foramen mastoideum

Mastoid process 26, 43, 63
Maxilla 14
– frontal process 14
– alveolar process 14, 47, 49, 65, 67, 69
– zygomatic process 20
– palatine process 28, 65, 67
Maxillary bone 16, 28, 40-43, 47
– alveolar process 28
Maxillary length 250
Maxillary plane 232, 233, 240, 251, 252
Maxillary point, posterior (PMP) 127-129
Maxillary sinus 42, 43, 49, 69, 71
Maxillary tuberosity 51, 69
Maxillofrontale 193
Measurement 11
– angular 11
– – projective (I) 242
– – projective (II) 242
– – projective (III) 242
– linear 11, 242
– – 3-D distance 242
– – projective 242
– – projective depth 242
– – projective height 242
– – projective width 242
– orthogonal 242
– orthogonal hard tissue 254
– – horizontal 255
– – transverse 256
– – vertical 254
– projective soft tissue 257
– – depth 257
– – height 257
– – width 257
– proportional 11
– proportional correlation 242
Meningeal arterial grooves 24
Mental protuberance 16
Mentocervical angle 275
Menton 142-145
Microsurgical bony transfer 334
Micro-vascular anastomoses 337
Micro-vascular reconstruction 334
Middle nasal conchae 14
Midfacial height
– anterior 245
– posterior 246
Modified 3-D Wit’s measurement 247
Molar cusp
Molar
– upper 137, 138
– – first 44, 49, 69
– – second 44
– – third 44, 49, 51, 69
– lower 139, 140
– – first 69
– – left 45
– – second 69
– – third 51
Motion 4
Mouth, width 261
Multi-planar cephalometric radiography 

see cephalometric radiography

N
Nasal bone 14, 16, 28, 40-42, 47, 65
Nasal bridge
– deviation from the median plane 281
– length 272
Nasal concha 49
– inferior 49, 51
– medial 49, 51, 53
– superior 53
Nasal index 286
Nasal root
– protrusion 270
– slope angle 282
– width 260
Nasal septum 40-43, 49, 51, 53, 55
Nasal spine 
– anterior (ANS) 16, 47, 65, 120-123
– posterior (PNS) 20, 65, 124-126
Nasal tip
– angle 275
– protrusion 270
– – index 286
Nasion 99-102
– soft tissue 187, 188
Naso-aural distance
– upper 287
– lower 287
Nasofrontal angle 274
Nasolabial angle 275
Nasomaxillary suture 14, 16, 40, 42
Neo-mandible 334, 336
Neurocranium 291
Noise 3
Normative data 343
Nose 260
– anatomical width 260
– height 263
– morphological width 260
Nostril base point 207
Nostril inclination 281
Nostril top point 205
Nuchal line
– inferior 20, 26
– superior 26

O
Occipital bone 16, 18, 26, 28, 42, 65, 67, 71,

75
– lateral portion 31
– squamous portion 30-32
Occipital condyle 43
Occipital crest, internal 18
Occipital protuberance
– external 20
– internal 18
Occipital suture, transverse 30, 31
Occipito-aural distance 287
Occipitomastoid suture 16, 18, 20, 26
Occipital bone 61, 63, 69, 73
Occlusal plane 234, 235, 240, 251, 252
Occipital condyle 20
Odontoid process 61
Optic canal 18, 39, 55
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Orbit 40, 41, 69, 71
– height 266
– lateral wall 51
– medial wall 49
Orbital fissure
– inferior 14
– superior 14, 40, 41, 53, 55
Orbital floor 49, 68, 71
Orbital rim depth, upper/lower 271
Orbital roof 39, 51, 69, 71
Orbital wall, lateral 73
Orbitale 118, 119, 194
– superius 195
– tissue 194
Orbito-aural distance 287
Orbito-glabellar distance 269
Orbito-gonial distance 269
Orbitomeatal 37
Orthopantogram 7
Outer table 24

P
PACS (Picture Archiving and Communica-

tion System) 3
Palatine artery canal, posterior 67
Palatine bone 20, 43, 51, 65
Palatine process of maxilla 20
Palatine suture
– median 20
– transverse 20
Parietal bone 14, 16, 18, 20, 22, 24, 25, 28, 55,

57, 59, 61, 63
Parietal eminence 30-32
Parietomastoid suture 16, 26
Partial volume effect 4
Petro-occipital fissure 

(synchondrosis) 61, 63
Petrosquamosal fissure 18
Philtrum, width 261
Photograph, 3-D 343
Photographic system, 3-D 343
Photographic technique, 3-D 343
Pitch 5
Plane 11
PMMA (polymethylmethacrylate) 5
PMP see maxillary point, posterior
PNS see nasal spine, posterior
Pogonion 165-168
– soft tissue 220, 221
Polymethylmethacrylate see PMMA
Porion 116, 117
Posterior maxillary point (PMP) 

see maxillary point
Posterior nasal spine (PNS) 

see nasal spine
Premaxilla 31
Premolar
– lower left 45
– lower right 49
– upper 69
Primary displacement 291
Pronasale 199
Pterygoid canal 55

Pterygoid fossa 28, 53, 55
Pterygoid hamulus 20, 28
Pterygoid process
– lateral lamina 20, 43, 53, 55, 69
– medial lamina 20, 43, 53, 55
Pterygopalatine fossa 53, 69

Q
Quantum noise 3

R
Radiation dose 5
Radiation-weighting factor 6
Ramus length
– mandibular vertical 248
– mandibular horizontal 248
Rate of growth 343
Real-time 345
Reconstruction kernel 3
Registration system 93
Reliability 93
Relocation 299, 304
Remodelling 291, 299
– growth rotation 305
Reslice 7
Resolution 3, 345
Reverse-L osteotomy 309, 313, 314
Rotation speed 5

S
Sagittal reconstruction 64-75
Sagittal suture 22, 24, 25, 31, 32
Saw line 14, 16, 24
Scan length 7
Scan time 7
Scatter 4
Screwhole 16, 28
Secondary displacement 291
Sella 103-105
Sella turcica 40, 65, 103
Sellion 189, 190
Septolabial angle 275
Short-face 295
Shutter glasses 345
Sieberts 6
Signal-to-noise ratio 3, 10
Size detector element 3
Skull base 258
– endocranial view 18-21
– width 258
Skull, virtual X-rays 76
Slice collimation 7
Soft tissue
– convexity angle 276
– gnathion see gnathion
– gonion see gonion
– measurement
– – horizontal orthogonal 284
– – transverse orthogonal 285
– – vertical orthogonal 283
– pogonion see pogonion
Spenoidal sinus 57, 59

Sphenofrontal suture 14, 16, 18
Sphenoid bone 18, 37, 39-41, 59, 65, 67, 69,

71, 75
– greater wing (ala major) 14, 16, 30, 53, 55,

57
– lesser wing (ala minor) 14, 18, 53, 55
– lingula 18
– oval foramen 18, 20, 42
Sphenoidal sinus 28, 40-42, 53, 55, 65, 67
Sphenoparietal suture 14
Sphenosquamosal suture 14, 16, 37, 39, 55,

57, 59
Sphenozygomatic suture 14, 16
Spina nasalis
– anterior 28
– posterior 28
Spinous foramen see foramen spinosum
Squamosal suture 16, 28, 55, 57, 59, 61
Stair-step artefact see artefact
Stereolithographic model 322, 327
Stereoscopic display 345
Stereoscopic matching 343
Stereoscopic viewing 346
Stomion 213, 214
Styloid process 16, 43, 61, 73
– incomplete 20
Stylomastoid foramen see foramen stylomas-

toideum
Sublabiale 219
Subnasale 200-202
Subnasale-aural distance
– lower 287
– upper 287
Subspinale 208, 209
Supraorbital margin 14
Supraorbital foramen see foramen supra-

orbitale
Surface model 8
Suture bone 26
Symphysis of mandible see mandible
Synchondrosis 61, 63

T
Table feed 3
Table speed 5
Template 337
Temporal bone 14, 37, 39, 42, 55, 57, 59, 61,

71, 73, 75
– petrous portion 18, 31
– processus mastoideus 16
– squamous portion 16, 18, 30, 31
– zygomatic process 20
Three-dimensional cephalometry 

see cephalometry
Thyroid cartilage 57
– superior cornu 53
Tissue orbitale see orbitale
Tragion 198
Tube voltage 5
Tuberculum sellae 18, 65
Tympanic cavity 73
Tympanic ring 30, 31
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U
UI see incisor
Upper face index see face
Upper incisor (UI) see incisor
Upper lip
– height 264
– – of the skin portion 264
– – height of the vermilion 264
Upper molar cusp see molar cusp

V
Vermilion heigh index 286
Vertebral canal 65, 67
Vertex and tragion
– left distance 287
– right distance 287
Vertical ramus of mandible 14
Vestibulum 61

Virtual cephalogram 
see cephalogram

Virtual lateral cephalogram 
see cephalogram

Virtual osteotomy 9
Virtual positioning 94
Virtual scene 8
Virtual X-ray image see X-ray image
Virtual X-rays 76, 77
– base view 84
– Caldwell view 82
– frontal view 76, 78
– of the skull 76
– Waters view 80
Viscerocranium 291
Visibility property 8
Vomer 14, 20, 28, 31
Voxel 7
– size 3

W
Window/level 3

X
X-ray attenuation 2
X-ray image, virtual 10, 11
X-ray scattering 10

Z
Zygion 196
– landmark 152, 153
Zygomatic arch 16, 20, 42, 51, 53, 55
Zygomatic bone 14, 16, 41-43, 49, 73, 75
Zygomatic process of maxilla see maxilla
Zygomaticofrontal suture 14, 16
Zygomaticomaxillary suture 14, 16, 42
Zygomaticotemporal suture 16, 42
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