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Atlas of Orthodontics: Principles and Clinical Applications was written with the
intention to introduce to the world of clinical orthodontics its first illustrated text.
This colorful, methodological presentation of the most up-to-date information and
direct clinical application aims to aid the students of orthodontics 1n understanding
the logical sequence from diagnosis to a successful treatment. In addition, as the
innovations and revolutionary improvements in chinical orthodontics over recent
vears have widened the scope of diagnosis and broadened the horizons of treatment,
this work aims to serve as the most updated illustrated reference of all these new
advances. Thus, the atlas can very easily serve as a guide to students, dentists, and
orthodontists alike.

Atlas of Orthodontics 1s an array of onginal photographs and drawings that high-
light the state-of-the-art modern practice of orthodontics with fresh, new ideas on
diagnosis, treatment planning, and, above all, therapy and its chinical application. It
provides the reader with a step-by-step decision-making approach to the practice of
orthodontics. The comprehensive yet easily readable text and the legends that accom-
pany the illustrations span the breadth of the references. The clinician learns various
techniques from photographic material (in color) directly from the patient’s mouth.
This atlas offers a system that gives the best results while disclosing invaluable tips on
preventing clinical blunders that would lead to complications. It methodically explains
the reasons for all the clinical techniques used based on fundamental biological and
biomechanical principles, so that the reader will easily understand the orthodontic
thinking process. Furthermore, 1t will give the practitioner the satisfaction of being
able to apply clinically all that he reads. While reflecting the most current accepted
treatment methods, its structured outline and continuity provide all the information
In an easy, commonsense format. No other book in the field of orthodontics focuses
on the chnical side of day-to-day practice with such an abundance of illustrations that
educate the reader on critical judgment and clinical modalities that give the best
treatment results. It 1s an invaluable educational source of the art and science of
clinical orthodontics for the graduate and undergraduate student, for the general
dentist, and even for the most experienced orthodontist.

My sincere appreciation i1s addressed to the following individuals for their signifi-
cant contributions to my education and academic endeavors in orthodontics: from
Baylor College of Dentistry, Drs. Richard Ceen, Robert Gaylord, Tom Matthews, and
Peter Buschang, Rohit Sachdeva, Doug Crosby, Monte Collins, Joe Jacobs, Richard
Aubrey, Moody Alexander, Wick Alexander, Ed Genecov, Larry Wolford, Mr. Stan
Richardson, and Mr. Chris Semos; from the University of Minnesota, Drs. William
Liljemark, Richard Bevis, Gerald Cavanaugh, T. Michael Speidel, Kevin Denis, Mark
Holmberg, James Swift, Robert Feigal, Robert Gorlin, William Douglas, and the
former President of the American Board of Orthodontics, Lloyd Pearson: from the
University of Maryland, Dr. Dianne Rekow; from Tufts University, Drs. Nicholas
Darzenta and Anthi Tsamtsouris; from the University of North Carolina, Dr. William
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Protht; from the University of Southern California, Dr. Peter Sinclair; from the
University of lowa, Drs. John Casko and Samir Bishara; from the University of
Athens, Drs. Merop1 Spyropoulos, Paul Apostolopoulos, and George Vouyouklakis;
from the Medical College of Virginia, Dr. Robert Isaacson; and from Louisiana State
University, Dr. Jack Sheridan; and from the University of Toronto, Dr. Angelo
Metaxas.

A special acknowledgment 1s addressed to one man who is an inspiration to many
in the field of orthodontics: Dr. T.M. Graber, Editor-in-Chief of the American Journal
of Orthodontics and Dentofacial Orthopedics. | am deeply grateful to him for his
advice, recommendations, endless energy and enthusiasm, and the wonderful support
that all my academic endeavors have enjoyed from him.

| am also grateful to all the students with whom | have had the distinct pleasure of
working, from the undergraduate junior dental class at the University of Minnesota
that presented me with the greatest honor of my academic life, the “Teacher of the
Year Award™ after my very first year in teaching, to the graduate students at the same
school and at Baylor College of Dentistry for their excellent work on all the cases that
we treated together. Their critical thinking and quest for knowledge have certainly
influenced me and the way | teach.
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a Chief Complaint

The examination of the patient in the office should always start with the medical history, as is
done in any dental office.!* The dental clinical evaluation should follow, where
general notes, as well as an evaluation of the intraoral soft tissue. teeth, and oral
function, and panoramic radiograph are made.** Any operative, periodontal, and
endodontic work (if needed) should be completed before initiation of orthodontic
treatment, whereas any temporomandibular joint (TMJ) pain or dysfunction should
be addressed before the onset of orthodontic treatment (Table Al.l1). Permanent
prosthetic work should be done afterward.

Inquiring about the patient’s chief complaint, i.e., the reason he or she seeks
orthodontic treatment, 1s of utmost importance. The chiet complaint must have been
met by the end of treatment, otherwise the patient will not be happy, even if the
orthodontic therapy 1s of the highest standards. If the patient or guardian has unrealis-
tic expectations that may not be met with treatment, the clinician ought to educate
him or her so that he or she understands the limitations of the various therapeutic
modalities 1n modern orthodontics. A good example 1s the change of the soft tissue
(lips) as a result of extraction therapy. A patient will not be satisfied if, after 2 years of
orthodontics, he or she has a beautiful occlusion accompanied by late nasal growth
that makes the lips appear more retrusive.* In addition, the low degree of predictability
associated with the upper lip in response to orthodontic tooth movement, possibly
caused by the complex anatomy or dynamics of the upper lip,! might cause undesir-
able changes in the soft-tissue profile in crowded cases that involve extractions of
permanent teeth. Nonorthodontic measures (i.¢., rhinoplasty or genioplasty) should be
discussed with the patient before the start of the orthodontic treatment.!
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Table 1.1 Clinical Information Form (Dental)

General Information

Parent name Guardian name Date
I___ihli.lf:.lu. _ | Telephone
Pauent name Grade Hobbies Chief complaint
Patient height Father's height Mother's height ‘| Patient motivation —
Prepubertal | Circumpubertal Postpubertal Habits
Family history of malocclusion
ee——————————————————————————————————————————

Intraoral Soft-Tissue Evaluation

Pathology Oral hygiene Attached gingiva Gingival recession

Attachment Pocket depth > 3mm Frenum

Intraoral Dental Evaluation and Panoramic Radiograph

Decay Extracted _‘__E_-:_m_l length \
Hypocalcification - Fractured crown | Crown/bridge |
_Mis;sing Fractured root | Supernumerary
Impacted Stained | Wisdom teeth
| Ankylosed Endodonucally treated Bone pathology
Unerupted Condylar outline Alveolar bone
Functional Evaluation
Speech pathology Muscle tenderness Internal derangement )
Breathing - Clenching - - Stage [ (early or late clicking)
Swallowing Bruxism Stage 11 (morning lock)
Tongue size Deviation upon opening | Stage III (acute lock)
Lip tomaty ‘Deviation upon closing Stage IV (function off disk)
Tonsil size Range of motion (ROM) Stage V (pain, grating sound)
CO/CR discrepancy TMJ] pain TMI dysfunction

“
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Chapter

Dental Development | |

The development of teeth begins in wutero, but it 1s not until 2 to 3 years of age that all
deciduous teeth appear in the toddler’'s mouth.'? The most common sequence of
eruption starts with the lower central incisors, followed by the upper centrals in the
first 6 months of life; the upper lateral and lower incisors erupt by the end of the first
year of age; the upper and lower first deciduous molars, followed by the cuspids,
appear by 18 months, and the lower and upper second deciduous molars erupt by the
end of the second year or as late as the third year of lhife'? (see Fig. F1.15). Past this
point, very little increase in dental arch width occurs. Spacing is desirable in the
primary dentition; lack of spacing means large teeth or small arches and is strongly |
suggestive of crowding in the permanent dentition. I

The eruption of the permanent dentition starts around the age of 5 or 6 years with |
the first permanent molars distal to the second deciduous molar teeth.'* The periods 5 |
to 8 years of age and 9 to 12 years of age are called early and late mixed dentition :
stages, respectively. Around 6.5 years of age, the lower central incisors erupt, followed '
by the upper centrals by 7 vears of age.'”* The lower laterals erupt by age 7.5 vyears. |
followed by their maxillary counterparts at age 8 years or as late as 9 years of age'”
(see Fig. F1.16). At approximately 10 years of age, the lower permanent cuspids make
their appearance in the child’s mouth, followed by the upper first bicuspids at age 10.5
years and the lower first bicuspids at age 11 vyears."” The upper and lower second
bicuspids erupt very close to each other at age 11.5 years, followed by maxillary
cuspids and the second permanent molars by the age of 12 years or as late as age 13
years.!” One must keep in mind that there is one significant variation of tooth
eruption in the population: teeth may erupt as early or as late as 2 years in relation to
the average ages mentioned above and still be considered normal.

Teeth usually erupt when the roots are one half to three quarters formed.? After the
end of the early mixed dentition stage, the upper incisors may have substantial spacing
as their crowns are inclined toward the distal. This is called the “ugly ducking stage”
and 1s considered a normal condition that will self-correct later on; 1t happens due to
the eruption path of the permanent cuspids as they come into position for eruption
along the roots of the lateral incisors (Fig. A2.1).

The sum of the mesiodistal width of the deciduous cuspid and molar teeth is 1.3
and 3.1 mm greater than the permanent cuspid and bicuspid teeth in the maxilla and
the mandible, respectively (leeway space).? This space is generally used in the perma-
nent dentition to permit improvement of possible crowding of anterior teeth and also
to allow a slight mesial migration of the first permanent mandibular molar into a solid
class I occlusion.’® The leeway space may be quickly lost from premature exfoliation
of teeth and quick mesial movement of the permanent molar to an extent that the
lower second bicuspid may be blocked out toward the lingual® (see Fig. D6.7). It
should be noted that the last increase in dental arch width occurs as the permanent
cuspid teeth erupt into their position 1n the arch. Expansion of the arches in this area
1s questionable past this stage.
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A2.1

Figure A2.1 The “ugly duckling” stage of tooth development.

In a study on the changes in the molar relation between the deciduous and perma-
nent dentitions, it was concluded that 61.6%, 34.3%, and 4.1% of patients end up with
a class I, class I, and class III permanent molar relationship, respectively.? Patients
who start with a full distal step in the deciduous dentition develop into a class Il
molar relationship; thus, treatment should be initiated in these cases as early as
possible. Conversely, almost half (50%) of patients who have a 50% class Il primary
molar relation (end-to-end flush plane) develop a class I permanent molar occlusion.?
Close observation of these patients 1s needed until a class I relation occurs.
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Chapter

Articulated Casts

The most supero-anterior position of the condyle 1s musculoskeletally the most stable position
of the joint (centric relation).!-? In this position, the condyles are resting against the
posterior slopes of the articular eminences with the articular disks properly interposed
and all of the muscles that coordinate joint movement at rest.'-? During rest and
function, this position 1s both anatomically and physiologically sound. A postenor
force to the mandible can displace the condyle to an unstable posterior (or retruded)
position. Because the retrodiscal tissues are highly vascularized, well supplied with
sensory nerve fibers, and not structured to accept forces, there 1s great potential for
eliciting pain or causing breakdown. '~

The position of the mandible where the relation of opposing teeth provides for
maximum occlusal intercuspation i1s called centric occlusion.'=* This, ideally, should
coincide with centric relation*; this is what the clinician should strive for during
orthodontic treatment. In most cases, a shght discrepancy of about 1 mm also can be
acceptable, where the position of the mandible in centric relation is slightly behind its
position 1n centric occlusion.

In contrast to craniometric variables, which have high heritabilities, almost all of
the occlusal vanability i1s acquired rather than inherited.” Thus, a careful examination
of the patient’s malocclusion 1s essential. This 15 best done from a set of articulated
casts in centric relation (CR) (Fig. A3.1).

The following wax bite registration technique is suggested for proper recording of |
the patient’s bite®: the nght thumb is placed on top of the patient’s chin with the right
index finger under the patient’s left gonial angle and the right second finger under the
patient’s right gonial angle (Fig. A3.2). The mandible 1s allowed to close (Fig. A3.3) in
such a manner that the lower incisors contact the anterior wax, until a 2-mm posterior
opening in the molar area 1s obtained (Fig. A3.4). When the patient squeezes, the
muscle contractions seat the condyles in a superior and shghtly anterior position
against the eminence.® The objective is to gain an index of both maxillary and
mandibular incisal edges without making any tooth contacts. The anterior wax is
cooled down and removed while a soft posterior wax 1s placed against the maxillary
posterior teeth (hrst molar and second premolar area) (Fig. A3.5). The hard antenor
wax 1s secured in the anternior region (Fig. A3.6) and the mandible 1s gently manipu-
lated into centric relation as described above (Fig. A3.7). After the mandibular closure
has been stopped by the limit of the indexes in the anterior section (Fig. A3.8), both
pieces of wax are removed after they are cooled down with air-spray (Fig. A3.9). A

I centric occlusion wax bite 1s also taken as the patient opens widely and bites all the
way through the wax until the teeth touch fully.

— e
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T
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A3.2

Figure A3.2 Hand manipulation for recording centric rela- A3.35
- tion (CR) position: the clinician’s rnight thumb is placed on Figu
A3.1 top of the patient’s chin, the right index finger under the agai

patient’s left gonial angle, and the night second finger under

Figure A3.1 Articulated casts on SAM 2 (Great Lakes, NY) _ > :
the patient’s nght gonal angle.

articulator. Only by mounting the casts are we able to
notice any prematurities, functional shifts, and the exact
relationship of teeth in centric relation. Hand-articulating
polished casts cannot capture 1nitial tooth contacts.

A3.7

Figu

‘- 1 3 1 ._____ . '_. > R B = Ly _i. :;__; __ : lntﬂ

: N A34 upp

A3.3 . g 0 o dibl
‘ Figure A3.4 The closing motion is stopped when the lower
Figure A3.3 The patient’s mandible 1s allowed to close gently. incisors come in contact with the anterior wax. Note the

bite opening in the bicuspid/molar area. No postenor teeth
are allowed to contact.
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A35 S ' A3.6

Figure A3.5 A soft posterior piece of wax is pressed lightly Figure A3.6 While gently holding the posterior wax in place,
against the posterior teeth, the hard anterior wax is secured in its position. Note the
indentations of the lower incisors recorded previously.

R e T e : Ag_ﬂ i . . N |

Figure A3.7 The mandible 1s again very gently manipulated Figure A3.8 The mandibular closing motion i1s stopped as -
into CR. Note that the anterior wax is held against the soon as the lower anterior teeth come in contact with the

upper anterior teeth during the closing motion of the man- hard anterior wax. The posterior teeth made their cusp |
dible. indentations in the posterior wax, without even coming in |

contact with their counterparts. This way, the muscles have |
guided and seated the condyles in the most supero-anterior
position against the eminence. |
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A3.9

Figure A3.9 The wax pieces are cooled down with air-spray
before they are removed from the mouth.

Once mounted on the articulator, the dental casts are used to evaluate the following’:

Angle Classification

A class I molar relation exists when the mesiobuccal cusp tip of the upper first molar
occludes in the buccal groove of the lower first molar (see Fig. E3.7). Similarly, a class
I cuspid relation exists when the upper cuspid occludes in the embrasure between the
lower first bicuspid and the lower cuspid (see Fig. F4.72). A full cusp width ahead of
the class I position is defined as a full-step class 11 (see Figs. F4.84, F4.92, F4.96). A
full cusp width back of the class I position 1s a full class III (see Fig. C1.15). An
end-to-end relation 1s termed as a 50% class Il (see Fig. D11.1) or 50% class 111 (see
Fig. D9.33), depending on the direction of discrepancy.

Overbite
The vertical overlap of teeth is the overbite (OB). The OB in the incisor area should
be approximately 2 mm (see Fig. C1.18).

Overjet
The horizontal overlap of teeth is the overjet (OJ). The OJ in the incisor area should
be 1 to 2 mm (see Fig. C1,18).

Crowding
The best and most accurate way to evaluate the existing arch length discrepancy is by
measuring the width of all the teeth in the arch with a campus, as well as measuring
the actual arch length.” A clinical way to assess crowding is by “eyeballing™ it, taking
into consideration the average width of various major teeth (bicuspids—7 mm;
cuspids—8 mm; lower incisors—6 mm; upper centrals— 10 mm). By subtracting
how much tooth material 1s blocked out of the arch or is in a crowded position, one
may very quickly evaluate the space that i1s needed to obtain good tooth alignment.
This 1s undoubtedly a very crude method, but one that chinical experience has shown
to approximate (1 mm) to the exact discrepancy (see Figs. D6.6, D6.7, D9.18,
D9.19, F4.62, F4.63, F5.3, F5.4, F5.11, F5.12, F5.24, F5.25). The cause of crowding
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may differ from one subject to another, or there may be more than one factor
contributing to the development of crowding in any one individual.®

Crossbite

Crossbite occurs when one or more teeth are in an abnormal buccolingual relation-
ship.” Single-tooth crossbites are usually dental in nature (see Figs. E4.1. E4.2).
Multiple-tooth crossbites are anterior (see Fig. C1.13) or posterior (see Figs. Cl1.13,
C1.26, C1.30) and usually skeletal in nature.” Anterior tooth crossbites may be
“pseudo class Il (due to a shift) (see Figs. F1.16, F1.17) or *““true class III" (true
skeletal) (see Fig. C1.13).” Posterior crossbites are unilateral or bilateral. Unilateral,
multiple-tooth crossbites are usually the result of a side shift to one side from a
bilateral skeletal crossbite. The vast majority of multiple-tooth crossbites are bilateral
and are due to a constricted maxilla (see Fig. F4.105). Multiple-tooth crossbites
should be corrected as soon as possible (the youngest known patient i1s 3 years old) to
avoid the possible development of a skeletal malocclusion or abnormal eruption of
teeth, as well as to improve the patient’s esthetics? (see Figs. F1.12 through F1.15).

Dental Midlines
The facial midline (see Fig. B1.1) (middle of eyebrows, tip of the nose, cupid’s bow)
should coincide with the upper dental midline (between the upper centrals) and the |
lower dental midline (between the lower centrals) (see Fig. 129.27). If a compromise W
must be made due to the patient’s malocclusion, it may be best to leave the lower
midline off by | to 2 mm (a lot of patients do not show their lower teeth upon
smiling). The upper dental midline should coincide with the facial midline for an
esthetically pleasing smile (see Fig. A8.3). |

Tooth-Size Discrepancy
A tooth-size discrepancy (TSD) exists when the size of the lower or the upper teeth is
not in proportion with that of their counterparts.'®'> An anomaly in the size of the
upper lateral incisors i1s the most common cause, but vanations in bicuspids or other
teeth may be present’ (see Figs. A3.10, F3.7, F5.22). In such a case, it would be
impossible to obtain an ideal OB/OJ relation of 2 mm when the cuspids are in a class

A3.10

Figure A3.10 Small upper left lateral. Spaces were left next
to 1t for prosthetic work.
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| occlusion. If there 1s excess maxillary tooth matenal, we will end up with an
excessive OJ (see Fig. F5.8); if the excess is in the mandibular arch, then minimal
OB/OJ will exist and the cuspids will occlude in a slight class I1I relation.

A large percentage of patients have mesial—distal tooth-size discrepancies, approxi-
mately 13.8% and 9.2% for the mandibular and maxillary dentitions, respectively.!'!
Such discrepancies, if left untreated, could lead to future posttreatment relapse, espe-
cially in the mandibular incisor area. Interproximal reduction will, in most cases.
alleviate such discrepancies. -

A method used to assess TSD is Bolton’s analysis.”'? If alterations of tooth size are
to be done in the upper arch, the sum of the width of the lower antenor teeth is
multiplied by 1.3 to give the dimensions of the ideal upper arch for these particular
lower anteriors.'? If alterations of tooth size are to be done in the lower arch, then the
width of the upper anterior teeth is multiplied by .775 to give the ideal lower arch.'®
If the TSD is in the posterior teeth, then they may be selectively reduced in width,
enough to obtain a class | cuspid relation (see Figs. F3.7, F3.8). Interproximal reduc-
tion should be done in the upper or lower arch in order to make these teeth fit in
relation to their counterparts.
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Chapter

Radiographic Evaluation

A careful dental and radiographic (panoramic or penapical) evaluation may reveal a number of
situations that need to be addressed belore the imitiation of orthodontic mechano- |
therapy. |

Ankylosis

Ankylosis,! a localized fusion of alveolar bone and cementum, 1s the result of a
defective or discontinuous periodontal membrane and is apparently caused by me-
chanical, thermal, or metabolic trauma to the periodontal membrane during or after
tooth eruption. It occurs most often in the primary dentition (see Fig. D10.8) in the
mandibular teeth, and in molars. It can sometimes be detected from radiographic
evidence of periodontal membrane obliteration or by a sharp or ringing sound upon
percussion and by lack of tooth mobility or soreness, even with heavy, continuous
orthodontic forces.'

In the primary dentition, ankylosis i1s usually treated by simple neglect, restoration,
or extraction.! Ankylosis of a permanent tooth, however, 1S more complicated if |
orthodontic treatment is planned. Intervention can include luxation, corticotomy, or
ostectomy.

Most infra-occluded and ankylosed primary molars with a permanent successor
exfoliate normally.? The decreased height of the alveolar bone level at the site of the |
infra-occluded primary molar has been reported to normalize after the eruption of the
permanent successor. Infra-occlusion and ankylosis of primary molars does not con-
stitute a general risk of future alveolar bone loss mesial to the first permanent molars.

Primary Failure of Eruption

Primary failure of eruption describes a condition in which nonankylosed, usually

posterior teeth fail to erupt, either fully or partially, because of failure of the eruption

mechanism.?~3 The teeth most commonly involved are the deciduous and permanent

molars, although premolars and cuspids may also be affected.” There appears to be no

mechanical impediment to eruption in these cases.” Unilateral situations occur more

frequently than bilateral ones. A posterior open bite, caused by a primary failure of |
eruption, will not respond to orthodontic treatment; a segmental alveolar osteotomy |
offers the only possible treatment modality.

Diastemas ‘
Midline diastemas are quite common among individuals (see Fig. F4.11). Closing
them poses no problem orthodontically, but in many patients they tend to re-open, |
especially if caused by an abnormal labial frenum.® -'
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It 1s important to close the space orthodontically as soon as possible and then
perform the surgical procedure of abnormal labial frenum, thus allowing healing of
the tissues to occur with the teeth in their newly established positions.® It is suggested
that when the frenum is wide and attached below the mucogingival junction in
keratinized tissue, 1t often will regenerate after frenectomy.” To prevent this from
occurring, epithelial graft from the palate i1s placed over the area on removal of the
frenum, preventing its ingrowth.’

Root Resorption

Root resorption occurs in every patient who undergoes orthodontic treatment. In the
majority of cases, it is a mere blunting of the root apices. In some patients, it is more
severe for reasons that seem to be idiopathic, with the exception of previously trau-
matized teeth, which are more susceptible to resorption and loss of vitality (Fig.
Ad.1).* Around 16.5% of patients have approximately | mm of resorption of the
maxillary incisor teeth.® Maxillary incisors have been reported to be the most suscep-
tible to this severe resorption. with other teeth less affected. A recent study showed
that 3% of patients have severe resorption (greater than one quarter of the root
length) of both maxillary central incisors (Fig. A4.2).

Less resorption 1s observed in patients treated before age 11 years, perhaps due to a
preventive effect of the thick layer of predentin on young, undeveloped roots.” Con-
tact of maxillary incisors with the lingual cortical plate may predispose to resorption.®
Class III patients are overrepresented in the group with severe resorption.?

of
ro«

A4

Figure A4.1 Trauma to these central incisors from a bicycle
accident led to their severe root resorption and loss of
vitality.
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A4.2

Figure A4.2 Resorption of central incisor teeth after 2 years t
of orthodontic treatment. One quarter to one third of these
roots have been lost.

The longer the active treatment time, the greater the chance of severe resorption.
Obviously, a patient with small, rounded roots i1s not a good candidate for excessive
tooth movement. latrogenic root resorption is caused by jiggling teeth over long
periods of time, indecisive treatment that causes changes in the direction of tooth
movement, and proximating of the cortical plate.'® No relation has been found |
between the amount of root shortening and degree of intrusion achieved.!' In general, 1
treatment time 1s the most significant factor for occurrence of root shortening. In a |
recent long-term evaluation of root resorption occurring during orthodontic treat- |
ment, it was shown that there are no apparent changes after appliance removal except ‘
remodeling of rough and sharp edges.!?

Impacted Cuspids
Impaction of the cuspid teeth'*-?° is caused primarily by the rate of root resorption of
the deciduous teeth, disturbances in tooth eruption, tooth size/arch length discrepan-
cies, rotation or trauma of tooth buds, premature root closure, ankylosis, cystic or
neoplastic formation, clefts, and i1diopathic causes. Most of the impactions are unilat-
‘ eral and on the palatal side.'® The evidence of maxillary impaction ranges from 0.92%
to 2.2%; maxillary impaction is twice as common in females than in males.'® The
incidence of mandibular impaction is much less, 0.35%.'* Impacted cuspids may
’ cause resorption of the adjacent incisor teeth; thus, their extraction or uncovering and
| movement into the dental arch is necessary (Fig. A4.3). Potential incisor resorption
cases from impacted cuspids are those in which the cuspid cusp in periapical and
panoramic films is positioned medially to the midline of the lateral incisor (0.71%).' '-
The risk of resorption also increases with a more mesial horizontal path of eruption.?! '.
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A4.3

Figure A4.3 An impacted cuspid has caused almost complete
resorption of the lateral incisor tooth and significant de-
struction of the central incisor tooth.

Surgical uncovering of these teeth is the standard treatment procedure, followed by
direct bonding of an orthodontic bracket onto the tooth and mechanical traction with
elastics or springs to bring the teeth into the arch (see Fig. F4.58). An apically
repositioned flap for labially situated cuspids 1s recommended.'* Adequate attached
gingiva need be present (or surgically placed) to avoid mucogingival problems. Wire
ligation (“‘lasso™ type) instead of direct bracket placement onto the uncovered tooth is
prohibited because 1t leads to loss of attachment and to external root resorption and |
ankylosis.'® In addition, any surgical exposure beyond the cement-enamel junction f
leads to bone loss.
Treatment of cases with impacted cuspids is quite lengthy, depending on the
position and orientation of the impacted tooth in the bone.'®!7 [t may take between
12 and 30 months. Also, at the end of treatment, these teeth will show the presence of
a 5- to 7-mm pocket, usually on the distal side. They display significantly more loss
of periodontal support on the buccal and palatal surfaces than do normal teeth.'”
Excellent oral hygiene will preserve these teeth throughout life without further sequelae.
An alternative to surgical uncovering and lengthy orthodontic treatment of im-
pacted teeth is the autotransplantation of these teeth. Autotransplantation should be
performed at a stage when optimal root development of the transplant may be
expected; namely, one half to three quarters of the full root length.'® When transplan-
tation is performed at an earlier stage of root development, the final root length may

be shorter than desirable. If autotransplantation is performed at a later stage of root Ad.

development, the risk of root resorption increases. The surgical procedure should be

as atraumatic as possible and requires a surgeon well acquainted with the method. Flg
Teeth transplanted with incomplete and complete root formation show 96% and ::E

15% pulp healing, respectively.!” The size of the apical foramen and possibly the
avoidance of bacterial contamination during the surgical procedure are explanatory
factors for pulpal healing. Trauma to the periodontal ligament (PDL) of the trans-
plant 1s the explanatory factor for the development of root resorption.'”
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A fairly new technique, transalveolar transplantation, is used to remove large
amounts of bone with a bur except for a thin laver close to the root surface.?® This
bone 1s then very gently removed with an elevator to avoid damage to the cementum.
The tooth 1s stored in the socket throughout the operative procedure. Finally, the
cuspid 1s moved through the alveolar process into its determined position. A sectional
arch wire 1s used to stabilize but not immobilize the transplanted cuspid. Sometimes,
grinding of the antagonist tooth 1s required to avoid traumatic occlusion. A postoper-

\ ative orthodontic apphance check 1s performed | week later, when the sutures are
removed. Further orthodontic controls are performed every 2 weeks for 6 to 8 weeks.

Tooth Transpositions
Transposition has been described as an interchange in the position of two permanent
teeth within the same quadrant of the dental arch.”*-** The maxillary permanent
cuspid 1s the tooth most frequently involved in transposition with the first bicus-
pid,2>?* less often with the lateral incisor (Fig. A4.4).222* The retained deciduous
cuspid may be the primary cause for deviation of the permanent cuspid from its
normal path of eruption.

If the mandibular cuspid and lateral incisor have already erupted in their trans-
posed position, correction to their normal position should usually not be attempted.?
Alignment 1n their transposed position with reshaping of their incisal surfaces will not
damage the teeth or supporting structures and will present an acceptable esthetic
result. If one of the transposed or adjacent teeth is severely affected by caries or
trauma or if there 1s a severe lack of space, extraction of that tooth should be
considered.??? If tooth movement 1s undertaken to correct the transposition, in order |
to avoid root interference or resorption during treatment and to prevent bony loss at
the cortical plate of the labially positioned cuspid, the transposed tooth (premolar or
lateral incisor) should first be moved palatally, enough to allow for a free movement |
of the cuspid to its normal place.?*** This last method is the least desirable treatment |

,' of choice.

Ad.4 | |

|
) Figure Ad4.4 Transposed maxillary right cuspid, as it is erupt-
ing distal to the first bicuspid. Note the retained primary

cuspid.
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Supernumerary Teeth
Supernumerary (extra teeth) or congenitally missing teeth occur quite frequently
among patients.”® The most common situation of a supernumerary tooth is a meso-
dens between the central incisors, which may prevent their normal eruption. The
most frequent missing teeth are the upper laterals (see Fig. F5.30), followed by the
lower second bicuspids, the upper second bicuspids, and lower incisors. Of course, the
third molars (wisdom teeth) are missing in a large percentage of the population.

Third Molars

The role of mandibular third molars in the relapse of lower anterior crowding after
the cessation of retention in orthodontically treated cases has provoked much specu-
lation in the dental literature over many years.?’” Most practitioners are of the opinion
that third molars sometimes produce crowding of the mandibular anterior teeth.?® A
number of studies over recent years have substantiated very clearly that the presence
of third molars does not appear to produce a greater degree of lower anterior crowd-
ing than that which occurs in patients with no third molars.?’-?° Therefore, the
recommendation for mandibular third molar removal with the objective of relieving
interdental pressure and thus alleviating or preventing mandibular incisor crowding is
not justified.?***
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Chapter

The Temporomandibular Joint |

The key to understanding temporomandibular disorders (TMDs) is in the differential diagnosis

of joint (internal derangement) versus muscle pathology (myofacial pain) or a combi- '
nation of the two.'"® Internal derangement of the temporomandibular joint (TMJ)
refers to any abnormal anatomic relation between the three parts of the TMJ, namely.
the condyle, the disk, and the articular fossa."*® The most common internal derange-
ment 1s that of anterior disk displacement, which results in the clinical sign of “click- ,
ing” or “popping” as the condyle snaps over the posterior band of the disk and on to ‘
it during mandibular movements' (stage I). The click may again be audible in a |
closing movement as the condyle slips off the back of the disk, and this is termed a 1'
reciprocal click."*® This clicking on and off the disk i1s called anterior disk displace- |
ment with reduction.’

Anterior disk displacement also may occur without reduction (the condyle functions
off the disk —stage I1). Extracapsular muscle pain (myofacial pain) with no internal |
derangement usually presents with bilateral or unilateral soreness in the muscles of |
mastication and restricted mandibular motion due to muscle spasm'® (but not due to
internal derangement—no joint sounds should be present and radiographs should |
reveal normal osseous contours).

One should keep in mind that as much as 50%, if not more, of the population has
one sign of joint dysfunction (noise, tenderness, etc.); the female to male ratio ranges
from 3:1 to 9:1, and only 5% of the patients with signs and symptoms are in need of
TMJ therapy.® During the TMJ examination of the patient, the clinician should look |
for possible sore muscles (1n the neck and mouth area) and any “chcking™” noises (with |
the use of a stethoscope or digital palpation), as well as any deviation on opening and |
closing’-? (the mandible will deviate toward the side of an anteriorly dislocated disk). |
any signs of bruxism and clenching (it 1s nighttime clenching that 1n many cases |
results in morning headaches), and the overall strain-level status of the patient. |

The mouth should be able to open anywhere between 35 to 45 mm. Often, the
patient may have a “closed lock™ where he or she cannot open the mouth because the
displaced disk i1s hindering mouth opening (stage III). At other times, the patient
cannot close the mouth, “open lock,” because a posteriorly displaced disk may not |
allow the condyle to return to its position in the fossa.”-” This may occur in the '
orthodontic office during bracket placement, where the patient’s mouth remains open |
for a long period of time. If the joints demonstrate a high level of mobility (“loose
joint™), it should be noted in order to avoid overstretching the already compromised |
ligaments.* Any crepitus joint sound (a cracking sound indicating a rough condyle. |
disk, or eminence surface) may be the result of direct, long-term bone contacts |
between the fossa and the condyle'* (stage IV). Unless the condition stabilizes at this |
point, pain and degeneration of tissues may develop, resulting in severe dysfunction®
(stage V).

The management of TMJ disorders ranges from behavior modification, pharmaco- 'r
therapy, and palliative home care to physical therapy, orthopedic appliance therapy, |
and surgical treatment.*® The description of these is beyond the scope of this text.

L
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A5

Figure A5.1 An interocclusal appliance (splint).

Excellent sources are available in the literature on such treatment modalities.*-%!"
Self-care, including a soft diet (no gum or caffeine), limited function, heat, and
self-massage, should be instituted.” Disk displacement may be an adaptation to stabil-
ity and should not necessarily be viewed as pathologic.? It is most probably due to a
slow alteration and not to trauma.”

No orthodontic treatment should be initiated before possible TMJ pain or dysfunc-
tion is under control. Sometimes this can be addressed with simultaneous orthodontic
therapy, but in no case should it be postponed until after orthodontic tooth move-
ment. In most cases, an interocclusal appliance (splint) generally improves the TMJ
status of the patient.!' An interocclusal appliance is generally considered to be a
removable device made of hard acrylic resin that fits between the maxillary and
mandibular teeth (Fig. A5.1). It stabilizes and improves the function of the TMJ and
the masticatory system and protects the teeth from attntion and the TMJ from
traumatic loading. In some instances, however, TMJ surgery 1s the treatment modality
of choice, which is sometimes combined with orthognathic surgery.'?

The clinician must make every possible attempt to ensure that orthodontic me-
chanotherapy does not aggravate a patient’s compromised TMJ status.'*-'5 In the
treatment of class Il patients with deep bites and high cusps, a flat plate of acrylic that
is placed over the occlusal surfaces of the lower posterior teeth in conjunction with
fixed appliance therapy may prevent any unnecessary distal pressures on the con-
dyles.” One must be careful, however, not to create posterior open bites. In the
treatment of class IIl patients, chin-cap and class IlI elastics that exert distal pressure
should not be used during sleeping hours, when the muscles are relaxed and therefore
when there is more distal pressure on the condyles.” In the retention phase of a deep
bite, one may consider the use of a Hawley bite plate to prevent the bite from getting
deeper and thus exerting distal pressure on the condyle.’

TMJ dysfunction symptoms after orthodontic therapy may occur in an individual
case, but in general there seems to be no connection between functional disturbances
and well-planned orthodontic therapy.'® Several good, scientific, controlled, long-term
studies indicate that orthodontics is not a cause of TMJ dysfunction.'’-'* No data
exist to support the notion that orthodontic treatment of children or adults prevents
or lowers the risk of subsequently developing TMD.? Postorthodontic patients who
were treated in various traditional ways of orthodontic treatment have no more TMD
symptoms than do people with untreated malocclusion or people with normal occlu-
sions.?® If TMD symptoms arise during orthodontic treatment, observation and com-
mon sense are the best approaches.?® If the symptoms are painful, it may be necessary
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to modify active therapy: reduce forces, stop headgear, eliminate direct mandibular
distalizing forces, minimize interarch elastic use, and eliminate gross occlusal interfer-
ences, preferably by bite plates that open the bite by | or 2 mm, and occlusal
coverage splints. These measures will allow sore muscles and joints to recover so
treatment may proceed.?
Orthodontic treatment does not appear to pose an increased risk for development
of TMJ sounds or symptoms, irrespective of whether extraction or nonextraction
) treatment strategies are used.?! The original growth pattern that caused the teeth to be
selected for extraction—rather than the extraction itself—is the most likely factor
responsible for the frequency of TMD reported years later.?? Bicuspid extractions and
subsequent orthodontic treatment do not lead to irreparable damage of TMJ mus-
cles.** Condylar position is unrelated to extraction treatment and to bite depth.?* It
has been shown that the claim that bicuspid extraction and incisor retraction must, of
necessity, lead to unsightly profiles and distal mandibular displacement cannot be
supported.?® Persons who have undergone orthodontic treatment have a significantly
lower clinical dysfunction index than those who have not.?® Orthodontically treated
patients are not more likely to develop TMD signs while undergoing treatment.?” A
relation between either the onset of TMJ pain and dysfunction and the course of
orthodontic treatment or the change in TMJ pain and dysfunction and the course of
orthodontic treatment has not been established.?®
At the end of the orthodontic treatment, the patient should be left with a healthy, |
functional occlusion in centric, excursive, and protrusive movements.??* Centric |
occlusion (maximum 1ntercuspation) should coincide with the centric relation posi-
tion (rest position) (Fig. A5.2). In excursive movements on the working side (the side |
to which the mandible 1s moved when food is chewed), the maxillary cuspid should I
contact the mandibular cuspid, whereas no posterior teeth should contact at any point |
| (mutually protected occlusion) (Fig. A5.3). In the event that cuspid guidance cannot
be achieved (due to severe wear, absence of maxillary cuspids, or cuspids in place of
laterals), the maxillary buccal cusp inclines of the posterior teeth should be in even
contact with the mandibular buccal cusp inclines of the lowers (unilaterally balanced
occlusion or group function). In both cuspid guidance and group function, there
should be no tooth contacts on the side opposite the working side (nonworking or
balancing side). In protrusive movement, there should be no posterior tooth contact

T

AS.2 | | A5.3

Figure A5.2 Patient in centric occlusion that coincides with Figure A5.3 Cuspid guidance in excursive movement (work-
centric relation., ing side). Note the clearance of posterior tooth contacts.

There is also posternior disclusion of teeth on the other
(balancing) side.
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when the maxillary six anterior teeth contact the eight most anterior mandibular teeth
in an edge-to-edge position (in both cuspid guidance and group function scenarios)

(Fig. A5.4).
AS.4
Figure A5.4 Protrusive movement. Again, note the absence
ol posterior tooth contacts.
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Chapter

Nasorespiratory Function

A thorough functional evaluation i1s an essential part of the development of the patient’s
stomatognathic problem list. Habits should be evaluated carefully, keeping in mind |
that approximately 50% of children without malocclusions have what is considered to
be bad habits.! The duration and intensity may be more important than the actual
presence of an abnormal condition.!

Nasal obstruction, causing mouth-breathing and a lowering of the mandible and
tongue, may produce remarkable changes in the dental and facial relationships?® (Figs. |
A6.1 and A6.2). If, after the age of 5 years, especially in the early mixed dentition
stage of 6 to 8 years of age, the child has difficulty breathing through the nose, a
referral to the otolaryngologist would be most appropnate. Although the literature is
replete with statements that airway impairment alters facial and dental growth, there is
substantial evidence to the contrary.? ‘
In a recent study of mandibular and maxillary growth in boys after a changed
breathing mode 5 years after adenoidectomy, it was found that there was almost a
4 mm greater mandibular growth (statistically significant) but no change in maxillary
growth direction.* Conversely, there was also no change in the breathing mode in 20% |
of the sample. A concurrent study® on the relation between vertical dentofacial mor-
phology and respiration 1n adolescents concluded that different breathing modes may
be behaviorally based, rather than airway dependent, and that intervention to alter the |
nasal airway and thus to influence dentofacial growth is unjustified. What may be an ‘

ee——" —

excellent therapeutic modality for one patient does not indicate that it will have the
same effect in the majority of patients. Although there seems to be a weak tendency '|
among mouth breathers toward a class II skeletal pattern, increased anterior facial
height, high mandibular plane angles, and retroclined incisors —all characteristics of a |
long face—a more thorough analysis of respiratory pattern is required to support the [
decision for clinical intervention.® |-
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pG.2

Figure A6.2 Antenor view of the occlusion of the same
patient as in Figure A6.1. Note the open bite, gingival
inflammation, and constricted upper arch, all associated
with a chronic mouth-breather.

AB.1

Figure A6.1 Severe nasal obstruction has led to mouth-
breathing and significant changes in this patient’s facial
charactenstics, such as hypotonic rest position and lip in-
competency.
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Oral Hygiene Considerations

Enamel demineralization (Fig. A7.1) i1s associated with fixed orthodontic therapy in an ex- |
tremely rapid process that is caused by a high and continuous cariogenic challenge in .
the plaque developed around brackets and underneath ill-fitting bands' (Fig. A7.2).
Because orthodontic apphiances tend to increase the accumulation of plaque on the
teeth, 1t i1s not surprising that gingival inflammation tends to increase in orthodontic

patients as well.2-® | |
Careful inspection at every visit, preventive fluoride programs, and oral hygiene are |

very important throughout the duration of orthodontic treatment.'-* Proper brushing |

and flossing three times daily 1s recommended, followed by fluoride mouth rinses once I'II

a day.’ The combination of daily brushing with a fluoridated dentifrice, coupled with |
daily rinsing with a fluonide wash provides complete protection for the orthodontic il
patient by inhibiting demineralization or by promoting remineralization of the surfaces | |
at risk.” Toothbrushing with a relatively new electric, counterrotational power tooth- !
brush i1s highly advisable. A rotary electric toothbrush 1s more effective than conven-

tional toothbrushes for removing plaque and controlling gingivitis in adolescents dur-

ing orthodontic treatment with fixed appliances.®* A recent study that compared |

electric and manual toothbrushing found that the use of the electric system resulted in ' -
overall lower plaque scores.? Another study of the effectiveness of the new appliance !‘
concluded that plaque and gingival scores were significantly lower after brushing for 2 ~
months with the electric counterrotational toothbrush than following brushing with the l
manual one.? The orthodontic treatment itself has an impact on oral hygiene in the

long term as well; a study showed that children who received orthodontic treatment P

had a greater reduction of plaque and gingivitis than children who did not.* This was |
related more to behavior factors than to improved tooth alignment.*

Orthodontic treatment during adolescence has no discernible effect on late perio-
dontal health.? In the absence of compromising conditions (e.g., high decayed-
missing-filled (teeth) [DMF] scores, periodontitis), adult patients are not inherently ‘
more likely than adolescents to lose dental support (e.g., crestal bone height) during |
treatment.'® In patients with passive-controlled periodontal disease, no increased pro- 1
gression of marginal periodontitis will occur due to orthodontic tooth movement |
provided that excellent oral hygiene 1s maintained throughout the orthodontic therapy |
and that the patient visits the periodontist every 3 to 4 months for check-ups.'' -3 Oral ‘
irrigators generally enjoy a high rate of compliance with adults.'' Oral rinses, such as |
Listerine, can be effective adjuncts if compliance 1s good.!'" Cases with unmanageable |
gingival inflammation can be put on a 6-week regimen of rinsing with Peridex (Proc- ‘
tor & Gamble) twice daily'' (Figs. A7.3 and A7.4). Dental cleaning will be needed at ‘
the end of the 6 weeks to remove stain.'' Surgical treatment is generally employed for |

| definitive pocket reduction postorthodontically. In addition, although grafting before i
[ orthodontics to prevent recession of prominent lower anteriors is highly recom- ‘
| mended, there may be no need for grafting to prevent further recession in the post-
I treatment patient because most recession occurs quickly and then stabilizes.® Bony
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) o A7.5
AT7.1 AT .2

Figure
Figure A7.1 Severe enamel demineralization and white spot Figure A7.2 Severe tooth decay underneath an ill-fitting ease,
formation due to lack of proper oral hygiene after 2 vears band that was placed for space maintenance until the erup- ment.
of orthodontic therapy. tion of the bicuspid teeth.

7.4

A7.3 A

Figure A7.3 Severe gingival inflammation, despite thorough Figure A7.4 Occlusal view of the same patient as in Figure
brushing. This patient was placed on Pendex (Proctor and A7.3. Note that the central incisors are almost buried un-
Gamble, Cincinnati, OH). derneath the soft-tissue overgrowth.

dehiscences can be created during the treatment phase, especially with a thin alveolar
process, by inflammation or overzealous brushing® (Figs. A7.5 and A7.6).

During orthodontic treatment, forces should always be kept within physiological
limits,'? with the appliances and the mechanics used as simple as possible.® In general,
the forces used in adults should be kept at a lower level than those used in children.
Light, continuous, intrusive forces should be maintained during tooth displace-
ment.'*'* When dealing with teeth with bony defects, especially in the anterior regions
(i.e., flared upper incisors with palatal bony defects), it is advisable to consider me-
chanics that will intrude those teeth.'*'* Even if no intrusion takes place, this intrusive
force may negate the effects of the extrusive component.'® If the orthodontist is
contemplating bodily movement of teeth into areas of intrabony pockets, it is often
prudent for the periodontist to do an open debridement procedure to prepare the root
surface adjacent to the pocket.'® Bodily movement of teeth can enhance bone growth
and reattachment if the periodontium is properly prepared.'®
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AT.5 A7.6 ‘

Figure A7.5 This patient, who has extensive periodontal dis- Figure A7.6 Overzealous brushing in combination with a |
ease, would not be a good candidate for orthodontic treat- prominent occlusion and thin tissues has led to gingival |
ment. recession, gingival clefts, and tooth abrasions. ,

Edentulous areas of the mouth need special attention during the treatment-planning |
| phase, especially if attempting to move teeth through these spaces.'”'®* When attempt-
ing to close the edentulous space of a lost first molar by mesial and distal movements
of the second molar and premolar, respectively, one should expect a definite loss of
bone averaging more than | mm around the second molar and 0.5 mm around the
premolar tooth."” As much as 4 to 5 mm of reduction in vertical bone height can
occur.'” Closed spaces are difficult to maintain in these patients as well.'® In addition,
the longer the treatment tenure, the greater the amount of root resorption of the
second molar.'”'® Although younger patients respond more favorably, older patients
| seem to resist the opposition of new alveolar bone.!’
In cases of overerupted maxillary molars, where the use of conventional fixed
apphiances would lead to undesired extrusion of the adjacent teeth (extrusion happens
much faster than intrusion), a single-stage osteotomy is used to reposition the in-
volved tooth with its surrounding bone at the proper level." Orthodontic tooth
movement with sectional archwires will stabilize the result before the bone heals |
completely.' In cases where teeth need to be extruded, ample time needs to be given |
for “bone fill-in” around the new position of these teeth (1 mm/month),2° |
In patients with mild incisor irregularity or anterior tooth size discrepancies, inter-
proximal enamel i1s removed during orthodontic treatment, and the roots are brought
into closer proximity. In other patients with unusual crown/root morphology, root
proximity 1s inevitable in order to produce alignment of the crown. The clinician
need not be overly concerned, because these situations do not seem to result in a
higher predilection for periodontal breakdown.?!
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Finally, one should be very careful in cases with a prominent dentition relative to
the alveolar cortical plate with thin, overlying soft tissue and inadequate oral hygiene.
Recession can occur quite rapidly. The donor site should be carefully evaluated for
the existence of fenestration or dehiscence?? (Figs. A7.7 and A7.8).

A7.8
AT.7

Figure A7.8 A fenestration in the lower bicuspid area that

Figure A7.7 Severe gingival recession of all the lower ante- was revealed.

nor teeth that was created within a few months of ortho-
dontic treatment. This was a result of tooth movement in
an environment with poor oral hygiene, prominent roots,
and parafunctional habits.
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Periodontal Plastic Surgery |

periodontal mucogingival surgery., Today that goal has been largely met with the use
of various techniques.'~* The larger arena of esthetic enhancement now dominates our
thought processes in dentistry, Periodontal plastic surgery is the term used to describe
surgical procedures performed to correct or eliminate anatomic, developmental, or J
traumatic deformities of the gingiva and alveolar mucosa.! These procedures would
also include treatment of marginal tissue recession, excessive gingival margins, and
localized alveolar ridge deficiency, and exposure of unerupted teeth for orthodontic
treatment.?

Excessive gingival display is a condition resulting from excessive exposure of maxil-
lary gingiva during smiling, commonly called gummy smile or high lip line.? This
condition may be caused by a skeletal deformity, a soft-tissue deformity, or a combi-
nation of the two. Another cause is short clinical crowns due to incomplete exposure
of the anatomic crowns. If short clinical crowns result in a gummy smile. gingival
contouring may be accomplished to achieve the desired esthetic result.

Periodontal plastic surgery may be used not only to enhance esthetics but also to
aid 1n orthodontic treatment by a variety of means. The gummy smile can be man-
aged to create proper clinical crown length and achieve pleasing gingival contours. |
Diagnosis of this problem can be made by the orthodontist early in treatment. Evalu- |

|

For years, covering exposed roots with soft-tissue grafting has been the ultimate goal in ‘

—r—

ation of the smile line, lip line, and tooth length can help differentiate between
excessive gingival display due to vertical maxillary excess (Fig. A8.1) or insufficient
crown length (Figs. A8.2 through A8.5). Furthermore, the establishment of the mar-
ginal tissue at the level of the cemento-enamel junction (CEJ) enhances esthetics and
creates a situation in which the orthodontist can have a larger comfort zone when
treating periodontally involved cases.

In addition, successful root coverage techniques can aid in the treatment of inade-
quate attached gingiva as well as root sensitivity and unesthetic appearance. Root
coverage techniques for treatment of cuspid marginal tissue recession in the past have
been relatively unpredictable procedures. Soft-tissue grafting was done primarily to
increase the band on attached gingiva. In 1982, a predictable technique was described
for covering roots using the free gingival graft following citric acid root conditioning. |
In 1985, the subepithehial connective tissue graft for improved esthetics in root cover- |
age grafting was introduced. Since then, it has proved especially useful in the treat- |
ment of gingival recession (Figs. A8.6 through A8.9). |
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Figure AB.1 Excessive gingival display due to vertical maxil-
lary excess.

INCIS

AB.2 o A8 .3

Figure A8.2 LExcessive gingival display due to insufficient Figure A8.3 The same patient as in Figure AB.2 after perio-
crown length. dontal plastic surgery.




Figure AB.4 Anterior view: lower incisor spacing and inade-
quate clinical crown length of the upper anterior teeth.

A8.6

Figure AB.6 Soft-tissue recession in the maxillary central
incisor area that resulted in root exposure.
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ABS5

Figure A8.5 The same patient as in Figure A8.4 after perno-
dontal plastic surgery.

AB.7

Figure A8.7 The same patient as in Figure A8.6 | month
after a CT graft was placed over the exposed root surfaces
in the CEJ area of the central incisors.
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AB.8 A89

Figure AB.8 Gingival recession of the mandibular right cus- Figure AB.9 The same patient as in Figure A8.8 3 months
pid. Periodontal grafting is highly recommended to prevent after a CT graft covered the exposed root. Orthodontic
further recession during tooth movement. treatment can now be attempted.
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Chapter

Natural Head Position

Facial examination is the key to diagnosis.! Orthodontic complications nearly always stem

from errors in diagnosis, not from failures in execution of treatment. After the prelim-
inary dental clinical information i1s obtained, the evaluation continues with the exami-
nation of the face from the frontal and profile views. The patient is instructed to sit
upright and look straight ahead into the horizon or directly into a mirror on the wall.
This position, called the natural head position (NHP), is the position in which the
patient carries himself or herself in everyday life>-® (Figs. B1.1 and B1.2). Therefore,
this is the reference position we should use in our examination. In this position the
pupils of the eyes are centered in the middle of the eyes, defining the line of vision or
true horizontal (TH).*~® The TH line should be parallel to the floor.®

Natural head position has been established over the past 30 years as the most
appropriate reference position for cephalometric radiography.”?-* It has been shown
that it i1s related to the correct natural body posture and alignment with the cervical
column, is based on the line of vision, and is determined by the overall head and body
balance when the individual looks straight ahead.**°-'> The reproducibility of NHP
has been shown to be within the clinically acceptable spectrum of variance of 4
degrees, which is certainly much better than the 26-degree variability of the Frankfurt
horizontal and SN plane among different individuals.*-°

An NHP radiograph 1s taken with the patient in the cephalometer looking straight
ahead into a mirror. The patient is observed from the side to ensure that the pupil is
in the middle of the eye. In the event that the patient states that he or she 1s in NHP
but the pupils are not centered in the middle of the eyes, the clinician should correct
the head position.®-®* Any habitual tendency for an individual to keep the head in an
“unnatural” flexed or extended position must be observed, and it may be necessary to
“correct” the registered head position.'® Recently, using tracings of facial profiles,
observers made independent, subjective estimations of NHP in 28 adults.!” The results
of these estimations were compared with recordings of NHP obtained through photo-
graphic registration of the same subjects. Only minor average differences (between 0
and 1.4 degrees) were found between the two methods. Estimation of NHP may,
therefore, be performed with acceptable accuracy in most cases. Thus, it is the clini-
cian, and not the patient, who determines the final position.®-*

The ear rods should be placed directly in front of the tragus so that they lightly
contact the skin, establishing bilateral head support in the transverse plane. Lateral
cephalostats with ear rods alter the position of the head and neck during postural
recordings.'® Subjects extend their heads and necks higher with ear rods in place than
they do without ear rods.'® The patient should be comfortable and relaxed, and the
head should not be tilted or tipped. The correct position is confirmed by checking the
patient from the front. The nose piece is then placed so that it lightly contacts the
skin, to establish support in the vertical plane. The three light contact points secure
the patient in NHP, After a final check, the x-ray is taken. The entire procedure
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should take only 1 to 3 minutes. The determination of an aesthetic true horizontal by
visual inspection of the patient’s face has been shown to be highly reproducible and to
have more relevance to the soft tissue than does the Frankfort horizontal.'?-23

B1.2

Figure B1.2 The true horizontal coincides with the line of
vision. The pupils of the eves are centered in the middle of
the eyes. The major cephalometric landmarks are also indi-
cated.

B1.1

Figure B1.1 Natural head position. The patient is looking
straight ahead. The true vertical 1s perpendicular to the
floor. The true horizontal 1s parallel to the floor and 1s
defined from the pupil of the eyes.

References

|. Arnett GW: Excellent treatment results using 1ideal orthodontic/orthognathic treatment planning. Sum-
manzed by Nichols LO. PCSO Bulletin, 37-39, 1991,

. Moorrees CFA, and Kean MR: Natural head position, a basic consideration in the interpretation of

cephalometnc radiographs. Am J Phys Anthropol 16:213-234, 1956.

3. Solow B, and Tallgren A: Head posture and craniofacial morphology. Am J Phys Anthropol 44:417-
436, 1976

4. Solow B, Siersbaek-Nielsen S, and Greeve E: Airway adequacy, head posture, and craniofacial mor-
phology. Am J Orthod 86:495-500, 1983.

5. Cooke MS, and Wer SHY: A summary five-factor cephalometnic analysis based on natural head
posture and the true honizontal. Am J Orthod 93:213-223, 1988,

6. Viazis AD: A cephalometric analysis based on natural head position. J Clin Orthod 25:172-182, 1991.

7. Viazis AD: A new measurement of profile esthetics. ] Chin Orthod 25:15-20, 1991,

8. Viazis AD: The cranial base tnangle. J Clin Orthod 25:565-570, 1991,

9. Luyk NP, Whitfield PH, Ward-Booth RP, and Willhams ED: The reproducibility of the natural head
position in lateral cephalometnc radiographs. Br J Oral Maxillofacial Surg 24:357 - 366, 1986.

10. Cannon J: Head posture — An histonical review of the literature. Aust Orthod 9:234-237, 1985.

1. Solow B, Siersbaek-Nielsen S, and Greeve E: Airway adequacy, head posture, and craniofacial mor-
phology. Am J Orthod 86:214-223, 1984,

12. Vig PS, Showfety KJ, and Phillips CP. Experimental manipulation of head posture. Am J Orthod
77:258-268, 1980,

e




1 3.
14.
5.
16.
17.

| 8.

Chapter 1 Natural Head Position ® 43

Luyk NP, Whitfield PH, Ward-Booth RP, and Williams ED: The reproducibility of the natural head
position in lateral cephalometnic radiographs. Br J Oral Maxillofacial Surg 24:357-366, 1986.

Cole SC: Natural head position, posture, prognathism, Br J Orthod 15:227-239, 1988,

Michiels LYF, and Tourne LPM: Nasion true vertical: A proposed method for testing the clinical
validity of cephalometrnic measurcments applied to a new cephalometric reference line. Int J Adull
Orthod Orthog Surg 5:43-52, 1990,

Lundstrom A: Guest editonal: Intercramial reference lines versus the true hornizontal as a basis for
cephalometnc analysis. Eur J Orthod 13:167- 168, 1991.

Lundstrom A, Fosberg CM, Westergren H, and Lundstrom F: A comparison between estimated and
registered NHP. Eur J Orthod 13:59-64, 1991.

Greenfield B, Kraus S, Lawrence E, and Woll SL: The influence of cephalostatic ear rods on the
positions of the head and neck during postural recordings. Am J Orthod Dentofacial Orthop 95:312-
318, 1989.

. Bass NM: The aesthetic analysis of the face. Eur J Orthod 13:343-350, 199].

Siersbaek-Nielsen S, and Solow B: Intra- and interexaminer vanability in head posture recorded by
dental auxihanes. Am J Orthod 82:50-57, 1982,

. Chang HP: Assessment of anteroposterior jaw relationship. Am J Orthod 92:117-122, 1987.
. Showfety KJ, Vig PS, and Matteson SA: A simple method for taking natural-head-position cephalo-

grams. Am J Orthod 83:495- 500, 1983.
Lundstrom F, and Lundstrom A: Clinical evaluation of maxillary and mandibular prognathism. Eur J
Orthod 11:408-413, 1989,




Chapter

Bolton and Michigan Standards

A major disadvantage of most existing cephalometric analyses is that their differences in
normative sample selection make direct comparisons among them scientifically unreli-
able, even though, in practice, many clinicians use measurements from various analy-
ses to support their diagnoses.

In addition, most analyses offer only one mean for adolescents, regardless of the age
or gender of the growing patient. Although patients should not be treated “by the F
numbers,” a clinician using measurements from a particular analysis should be re-
ferred to a table appropriate to the patient’s age. Such tables are available in the
Bolton and Michigan standards. !

Many of the Bolton and Michigan standards are based on the Frankfort horizontal.
Downs? has said that this plane could be considered level (that is. the same as the true
horizontal) when the subject is standing and looking straight ahead. In the cases where
he found a discrepancy between cephalometric measurements and his clinical impres-
sion, he noticed that the Frankfort horizontal deviated from the true horizontal plane )

(Fig. B2.1). When he included the degrees of deviation in his calculations (in other
words, when he leveled the Frankfort honizontal), he found that his measurements
agreed with his clinical findings.

In essence, Downs used a true horizontal plane in conjunction with the norms
based on the Frankfort horizontal. We can follow this concept by taking radiographs
in natural head position (NHP), basing the measurements on the true horizontal. and
comparing them to the means and standard deviations of the Bolton and Michigan
standards.
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Figure B2.1 Note the marked inclination of Frankfort hon-
zontal (FH) relative to the true honizontal (TH). Although
the maxilla is prognathic relative to the TH, it appears
retrognathic relative to the FH. (See Anteroposterior Skele-
tal Assessmenti.)
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’ Cephalometric Landmarks .

The following are some cephalometric landmarks most commonly used in cephalometric
analyses'-? (Fig. B1.2):

A-point (A): An arbitrary point at the innermost curvature from the anterior nasal spine at |
the crest of the maxillary alveolar process. 1

Anterior nasal spine [ANS): The process of the maxilla that forms the most anterior
projection of the floor of the nasal cavity.

Articulare: A constructed point at the intersection of the posterior cranial base and the ramus
of the mandible.

B-point (B): An arbitrary point on the anterior profile curvature from the mandibular land- ‘
mark, pogonion, to the crest ol the alveolar process.

Columella (Cm): The most antenor and inferior point of the nose. |

! Glabella (Gl): The most anterior soft-tissue point of the frontal bone.

Gnathion (Gn): The most downward and forward point on the profile curvature of the
svmphysis of the mandible. |‘

Gonion (Go): The most posterior and inferior point on the angle of the mandible that is |
formed by the junction of the ramus and the body of the mandible.

Hairline (Hr): The midpoint of the forehead where the hairline begins.
Inferior labial sulcus (ILS): A point at the innermost curvature of the lower lip.

Labialis inferioris (LI): An arbitrary point at the vermillion of the lower lip,
Labialis superioris (LS): An arbitrary point at the vermillion of the upper lip.

Menton (Me): The most inferior point on the symphysis of the mandible. il
Middle of the nose (No): The midpoint between Sn and Pr on the true horizontal, pro- .'
jected on the inferior outline of the nose.

Nasion (N or Na): The most anterior point of the frontal suture.

I
|
Pogonion (P or Pg): The most anterior point on the symphysis of the mandible. |
I

Posterior nasal spine (PNS): The process formed by the most posterior projection of the
juncture of the palatine bones in the midline.

Pronasale (Pr): The tip of the nose.

Sella (S): A constructed point in the middle of the sella turcica. I|

Soft-tissue menton (Me’): The point on the lower contour of the chin opposite to the
hard-tissue menton.

Soft-tissue pogonion (P’): The most anterior soft-tissue point of the chin.

Stomion (St'): A point at the interlabial junction of the mouth where the upper and lower |
lips connect.
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Subnasale (Sn): The point at which the base of the nose meets the upper lip.
Th-point: The point at the junction of the neck and the submandibular soft tissue.

V-point: The midpoint of the distance between A-point and Sn.

Zygoma (Zy): The outermost point of the zygomatic processes on the soft tissue.
L
L
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Soft-Tissue Evaluation

The significance of soft-tissue evaluation lies in the importance of the role that dentofacial |
attractiveness plays in our society.’* As clinicians, we need to make sure that we do |
not compromise the soft tissue for a good occlusion and vice versa. A soft-tissue
evaluation from the facial and profile view is essential in order to have a comprehen-
sive understanding of the patient’s esthetic characteristics.” See the previous chapter for
a glossary of cephalometric landmarks used in abbreviations here.

Rules of Thirds®”
The midline true vertical, as it passes through the middle of the forehead (Gl), tip of
the nose (Pr), and the lips, divides the face into two halves and crosses perpendicular
to the line of vision (true horizontal; TH) (see Fig. B1.1). A very slight asymmetry is
normal and should be present in all individuals® (Fig. B4.1).
Along the true vertical, one may define the three equal vertical facial thirds’ (Fig. |
B4.2) as the upper facial third, middle facial third, and lower facial third. The main |
Jace (eye to eye) may be divided into three equal thirds along the true horizontal (Fig. |
B4.3): right eye width, nasal width, and left eve width. According to this dimension,

the eyes, intercanthal distance, and alar base should all be of approximately equal |
width. The whole face (ear to ear) may also be divided into equal thirds along the |
true horizontal (Fig. B4.3): right facial width, mouth width, and left facial width. The

aforementioned thirds provide the clinician with a fairly good idea of the overall

facial appearance and proportionality of the patient.

Facial Ratios®*®*

We can define facial height as the distance between the glabella (Gl) and the soft- |
tissue menton (Me’) and facial width as the distance between the two most outer
points of the malar prominences. Their ratio should be about 90%. The pupil width
and gonial width should be around 50% and 75% of the facial width, respectively, The
nasal width should be about 70% of nasal height (GIPr). Again, these ratios give a
good impression of the patient’s specific facial charactenstics and proportions (Fig.
B4.4).

Facial Taper 1
The facial taper may easily be determined from the facial taper angle that is formed

by extending the right and left lines connecting the most lateral points of the orbits _

and the junction of the upper and lower lips at the corners of the mouth (Fig. B4.5). f!
Their intersection forms an angle that, with a mean plus or minus one standard
deviation (+SD), is 45 degrees + 5 degrees. Larger values of this angle would indicate

a wider, more square face, whereas lower ones indicate a longer, narrower face.

I
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B4.2

Figure B4.2 The face divided into three equal vertical thirds.

B4.1

Figure B4.1 A very shight asymmetry 1s normal in every
individual,

B4.4

Q:1(
heigl

B4.3

Figure B4.3 The face divided into equal thirds along the true
horizontal; the eye width should equal the nasal width; the
mouth width should equal the distance from the ears to the
corners of the eyes on each side,
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B4.4 B4.5
Figure B4.4 The facial ratios. Facial height:facial width = Figure B4.5 The facial taper angle indicates a square, nor-
9:10; pupil width:facial width = 1:2: nasal width: nasal mal, or narrow face.

height = 7: 10; gomal width ; facial width = 7.5: 10.

Evaluation of the Nose

The ratio of the nasal width to the nasal height (Gl/-Sn) should be 70%. It gives us an
overall estimate of nasal proportion.? A wider alar base appears to flatten the midface,
and a narrow one lengthens the upper lip.

Two perpendicular lines to the TH from Sn and Pr define the nasal length as the
distance of these two points on TH (Fig. B4.6). The mean = SD is 18 + 2 mm. If we i
locate the midpoint of Sn-Pr on TH and draw a vertical line to the lower contour of
the nose, we may define the middle of the nose (No). Female profiles with smaller ‘
noses are considered more esthetically pleasing.® It is considered ideal for females to
have less prominent noses and for males to have more prominent ones in relation to |
their chins.’

Convexity of the Profile
A parallel to the true vertical from No and the line NoPg’ define the V-angle® (Fig.
B4.6). This angle denotes the convexity of the face.®* The mean £ SD is —13
degrees + 4 degrees. The NoPg’ line (Steiner’s S-line)® —the line connecting the mid-
dle of the nose (No) and the chin (Pg)—should barely touch the upper and lower
lips. Steiner’s S-line” has been used for more than 25 years as a quick reference of the
anteroposterior position of the lips relative to the nose and chin.

The V-angle is similar to the facial contour angle (FCA) (GISn-SnPg")'%!" but
provides a better indication of profile convexity because it concentrates on the lower
half of the face and takes into account the size of the nose. It does not allow the size
of the nose to affect the evaluation of lip position as much as the E-line (the line l
connecting the tip of the nose to the chin, PrPg’) does,'?>-'* because it uses only half
of the nose length.
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B4.11
Figure B4.11 Thin lips (anterior view). Figure B4.12 Thin lips (side view). Extraction of teeth
should be avoided in such patients.
B4.15
Figure B4.15
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B4.13 B4.14
Figure B4.13 Thick lips (anterior view), Figure B4.14 Thick lips (side view). Extractions may nol
induce any significant lip changes.
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B4.15

Figure B4.15 A 1:1:1 ratio of upper lip:lower lip:chin
thickness. A 2:1 ratio exists between lower anterior dental
height and upper lip length.

B4.17

Figure B4.17 Upon smiling, the lips should reveal 0 to
2 mm of gingiva above the incisors,
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B4.16

Figure B4.16 [he lp rattos (SnLi:LIMe = 1:1 and
SnSt:StMe’ = 1:2),

. s A
E!:l 'I.: :-
B4.18

Figure B4.18 Tooth exposure at rest should be in the range
of 2 to 3 mm.
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3 mm.'*=1® These are the most important observations from the facial view. The
desire to have a beautiful smile is the primary reason patients seek orthodontic
treatment, and we must ensure that we set our esthetic goals from the onset of therapy.

Evaluation of the Throat

We can dehne the throat line by Th and Me’ (see Fig. B4.15). As this line intersects
the V-line (No perp), the throat angle is formed. The mean + SD should be 105
degrees + 5 degrees. The throat length (Th-Me’) should be approximately 40 mm =+
> mm (Fig. B4.19). These measurements are important in planning mandibular or-
thognathic procedures; i.e., a mandibular setback may not be possible when there is

a short throat length.

A thorough evaluation of the soft tissue enables the clinician to develop a better
understanding of the skeletal and dental problems of the individual patient (Figs.

B4.20 and B4.21).

B4.19

Figure B4.19 The throat length and angle. These are very

important measurements in cases of orthognathic surgery of

the mandible.

B4.20

Figure B4.20 This 10-year-old boy presents with a severe
class 1l, division 1 malocclusion. It 1s obvious from the
soft-tissue evaluation that this individual has significant dis-
crepancies in the anteroposterior dimension. The increased
convexity (V angle = 18 ), the significant tooth exposure a
rest (6 mm), the distances of the soft-tissue points LS, LI,
and P from the Sn perpendicular, as well as the 5-mm
postenior relationship of the chin in relation to the V per-
pendicular (normal = 0 mm) and the short throat length,
are 1n accordance with the overall assessment of this pa-
tient as dentoalveolar maxillary protrusive and mandibular
retrognathic.
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Horizontal

___1_______-_1 g |

B4.21 |

Figure B4.21 The projection of the maxillary incisors results
in a strong alteration of the soft tissue.
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Chapter

Anteroposterior Skeletal -
Assessment ~'

The anteroposterior position of the jaws 1s assessed based on measurements that use the true
horizontal (TH) as the reference line' (Fig. B5.1). See Chapter 3 in this part for a
glossary of abbreviations used here.

Size of the Mandible (GoGn) Relative to the Anterior Cranial Base (SNa)
A ratio of GoGn:SN = | indicates a well-balanced mandibular body relative to the
cranial base (Fig. B5.2). A differential of 0 to 5 mm (SNa > GoGn) would be ex-
pected for the prepubertal period and the opposite (SNa > GoGn) for the postpuber-
tal period. The size of the anterior cranial base, unless severely deformed due to a
genetic disorder/malformation, may be considered constant or of normal size in all
cases. Therefore, the maxilla and mandible have to be in good anteroposterior rela-
tion to the “normal” anterior cranial base length.
The importance of this measurement lies in the fact that a very retrognathic profile
may be due to a short mandibular body (that affects the anteroposterior plane), which |
may require surgical intervention, depending on the deformity and the age of the |
patient.

Maxillomandibular Ratio (PNS-ANS: ArGn) ‘
According to the Michigan growth atlas,? the length of the mandible, defined from |
articulare (Ar) to gnathion (Gn), i1s almost exactly double of the maxillary length, |
defined from the posterior and anterior nasal spine (PNS-ANS), for all age groups |
and for both males and females. The actual length 1s not as important as i1s the |
maxillomandibular ratio, PNS-ANS:ArGn (similar to the maxillomandibular differ-
ential®), that provides the relationship of the two jaws relative to each other (Fig. '
B5.2). A ratio of 1:2 indicates that the actual lengths of the maxilla and mandible are |
in good balance with each other. This information, along with the relationship of the |
body of the mandible to the cranial base, relate the cranial base, maxilla, and mandi- |
ble with each other.

Assessment of the Position of the Jaws Using Linear and Angular Measurements
Proffit and White* have proposed using a perpendicular from the nasion with the TH
1 in assessing the maxillary and mandibular anteroposterior relationship with linear
measurements. Three suggested linear measurements from points A, B, and pogonion |
(Pg) to nasion perpendicular to TH relate the position of the maxilla, mandible, and
chin, respectively. A-point should be | mm in front of the Na-perpendicular, whereas

. B-point and Pg should be 3 mm and | mm behind the line, respectively (Fig. B5.3).
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B5.2

Figure B5.2 The cranial base mandibular differential (solid
lines) and the maxillomandibular ratio (dotted lines) of the

Jaws.

True Horlzonta

| SN:Goln

PNS ANS: ArGn

| EE———

A:NperpTH

B:NperpTH

Measurement

+ 1 mm

—

P:NperpTH

“True Wits" (ab)

Chin Length (bp)

NaA-TH

NaB-TH
NaP-TH

ANB

BNPg

-3 mm

—

— 1 mm

44+ 2mm

H

2 mm * 2 mm

90° + 3°

e g

RO° + 3°

B5.1

Figure B5.1 The 12 cephalometric measurements used in the

anteroposterior assessment of the jaws.

B5.3

Figure B5.3 Nasion perpendicular to the true horizontal
Note the relationships of points A, B, and P to this line.

As
Mz

B5.4

Figure E
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Values
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Due to the impostance of accurate assessment of the anteroposterior position of
both the maxilla and the mandible relative to each other and the cranial base, angular
measurements are also calculated between the TH and NaA, NaB, and NaP. These
are 90 degrees + 3 degrees, 87 degrees and 89 degrees + 3 degrees, respectively® (Fig.
B5.4).

Assessment of the Relative Anteroposterior Position of the Maxilla and the

Mandible —the True Horizontal Wits and the ANB Angle
If points A and B are projected on the TH through perpendicular lines, points A and
B are defined, respectively.! The AB distance is defined as the frue horizontal Wits
(Fig. B5.5) versus the onginal Wits on the occlusal plane. The TH Wits provides a
better and more clear relationship of the anteroposterior position of the jaws relative
to each other than does the original Wits, which can sometimes be affected by the
inclination of the occlusal plane or by the inclinations of the Frankfort horizontal®-'?
(Fig. B5.6). The Wits appraisal does not necessarily focus attention on changes actu-
ally occurring in the sagittal relation between the mandible and the maxilla.®’” Rather,
because of changes in the angulation of the occlusal plane, the true sagittal changes
are likely to be disguised.'!"'* A correlation between angle ANB and Wits would not
be expected because they each involve an exclusive point or plane, which is not
necessarily biologically related. The mean £ SD for this measurement is 4 = 2 mm.

'|IIHI

|

=K |
H]T "/ 4 K True ! [

True Horizontal - | T / ! h a Ty \\hﬂrllﬂﬂtﬂi |
. ; . i ;,- — |
/ s ' \ |
& True horizonta

i |
| /’ 3 P i t (or TH Wits)

:qtzmm . I

--'j’-. I
/ - |
f
B5.4 B5.5 '
Figure B5.4 Angular measurements that assess the antero- Figure B5.5 The “true hornizontal Wits™ and the chin length
posterior position of the jaws from points A, B, and P. measurements.

Values above the mean indicate prognathism, whereas
values less than the mean (especially more than | standard
deviation) indicate retrognathia.
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Occlusal plane

True horizontal b, .a
i

Occlusal plane

B5.6

Figure B5.6 The value of the Wits can be affected by the
inclination of the occlusal plane.

In addition to the TH Wits linear measurement, an angular measurement, the
ANB angle, 1s also used to assess the anteroposterior position of the jaws. The ANB
angle 1s a very popular measurement; its use has been well documented in the
literature.'~'* The mean =+ SD is 3 degrees + 2 degrees (see Fig. B5.4).

Anteroposterior Assessment of the Chin—the Chin Length and the BNP Angle

A line parallel to the TH is drawn tangent to the mandible at menton (Me). Projec-
tions of B-point and Pg define the chin length (BP). The mean + SD for this mea-
surement 15 2 + 2 mm' (see Fig. B5.5). An angular measurement, the BNP angle,
assesses the prominence of the chin relative to the body of the mandible (see Fig.
B5.4). The mean =+ SD for the BNP angle is — 2 degrees + 2 degrees.

By applving the aforementioned measurements, the clinician will develop an ap-
preciation of the position of the jaws in the anteroposterior plane (Fig. B5.7 through
B5.12) and will then be ready for the evaluation of the skeletal substrate in the
vertical plane.
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B5.7

Figure B5.7 Ten-year-old patient who, according to the 12
cephalometric measurements ol anteroposterior skeletal as-
sessment, demonstrates a slightly small mandible (the dif-
ferential with the cranial base 1s 7 mm and the maxillo-
mandibular ratio greater than |:2, approximately 1.1:2).
There i1s a significant discrepancy of the true hornzontal
Wits and the ANB measurements, due partly to the size of
the mandible but mostly to the procumbency of the maxil-
lary substrate. These observations are in accordance with
the clinical impression of a retrognathic profile.

nial
“True

horizontal
Wits"

859

Figure B5.9 A follow-up of this same patient after 5 vyears
cearly shows that the true horizontal Wits has remained
the same.
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Measurement ' Patient

SNaGoGn 1:1 . 7 mm differential
(SN > GoGn)

 —

PNS ANS: ArGn 1:2 5 mm shorter body
A:NaperpTH +1 mm : +11 mm

| B:NaperpTH — 3 mm _ :_ 5 mm
P:Naperpl H — 1 mm 4 mm
“True Wits” (ab) 4+ 2 mm Il mm

'[ Chin Length (bp) 2mm %2 mm ] mm
NaA-TH 90° £ 3° 97°
NaB-TH 87° £+ 3° _ H?’_'
NaP-TH 89° + 3 | RE”
ANB [ gl I
BNPg —2" }°

B5.8

Figure B5.8 The 12 cephalometric measurements of the pa-
tient 1n Figure B5.7.
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ntal

Patient

B5.10

Figure B5.10 This |l-vear-old patient has a cranial base
differential and maxillomandibular ratio within normal
limits. The cephalometric measurements reveal a slight
procumbency of both maxillary and mandibular skeletal
bases relative to the cramal base. The true horizontal Wits
reveals that the two jaws are in good anteroposterior rela-
tionship to each other, even though the ANB angle is
slightly increased.

SNa:GolGn [:1 Differential 1s 4
mm (within
‘ normal limits)
PNS ANS: ArGn L7, ‘ Approximately
1:2
.a‘a:.‘*&u;f.fpl H - + 1 mm +7 mm
B:NaperpTH imm + 1 mm
P:NaperpTH =1 mm +2 mm
“True Wits” (ab) 4+ 2mm 6 mm
Chin Length (bp) 2mm * 2 mm | mm
NaA-TH - x 3° 97°
NaB-TH 87" + 3° 90
NaP-TH B9® + 3° v1*
ANB 343 7°
i BNPg =22 =]
B5.11

Figure B5.11 The 12 cephalometric measurements of the
patient in Figure B5.10.

B5.12

Figure B5.12 Five years later, at the age of 16, the same
skeletal relationships are still evident.
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Chapter

Vertical Skeletal Assessment

during, or after orthodontic intervention has been the center of extensive investiga-
tions over the past 40 years.'-'” A number of diagnostic modalities have been intro-

The influence of mandibular growth rotation in the development of deep or open bites before, \
|

duced to provide the chinician with the ability to “predict” abnormal rotational pat- t
terns that may appear as part of the growth and development of the patient’s facial | ﬂ
skeleton, especially of the mandible #-%8-1014-17 [t has been shown that there is no {
measurement or set of measurements that can be used successfully to predict growth

rotation, even by experienced clinicians.!® Conversely, the orthodontist may use some |
cephalometric parameters to assess the individual patient. The following 10 cephalo- "
metric measurements may aid the clinician in appreciating a patient’s facial vertical
growth.'”® A fair number of these measurements indicate a rotational pattern tendency
that will increase the relative prediction ability of the clinician when evaluating the |
unique features of each individual case (Figs. B6.1 and B6.2). See Chapter 3 in this | !
part for a glossary of abbreviations used here. |

Width of the Symphysis Parallel to the True Horizontal from Pogonion (P TH)
The greater this measurement is, the more of a forward growth rotation (a deep bite
tendency 1n most cases) 1s to be expected (see Part C, Chapter 1, Growth Considera-
tions). A narrow symphysis corresponds to a backward growth rotation (an open-bite
tendency).'*'* The mean = SD is 16.5 mm =+ 3 mm.

Angle of the Symphysis (BP-MeTH)
This 1s defined by the line connecting B-point and pogonion (P) as it crosses a line
parallel to the true hornizontal (TH) at menton (Me). The mean = SD is 75
degrees = 5 degrees. If the symphysis is inclined backward, that is, if the angle of the |
symphysis 1s acute, this 1s an indication of a forward growth rotational pattern.®'4-16 {
If 1t 1s inclined forward (angle 1s obtuse), there will be backward rotation,”'4-'6 '

Mandibular Plane Angle (GoMe-TH) :
One of the most widely used cephalometric measurements, this angle may sometimes ]
mask the true growth tendencies of the mandible due to extensive remodeling changes
occurring at the angle of the mandible and the symphysis. High values indicate a |I
backward growth rotator, and low ones indicate a horizontal growth pattern. The |
mean = SD 1s 27 degrees =5 degrees. The angle will decrease approximately 2 |
degrees + 2 degrees from childhood to adulthood.
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Mean = SD/
Measurement Ratios Patient
I. Symphysis Width 16.5 mm & 3 mm
(PgTH) ,
2. Symphysis Angle 7l B iy
(BPg-MeTH)
3. Mandibular Plane Angle 7. e, i
(GoMe-TH)
4, Sum of Posterior Angles 396° + 4° = TNE
(SNa - SAr - ArGo - GoMe)
5, Gonial Angle 1305 2 7°
(ArGo-GoMe)
6. Gonial Angle Ratio 75%
(ArGoNa:NaGoMe)
7. Post.Cranial Base 10 Ramus 715%
Height Ratio
(SAr:ArGo)
B6.2
8. Ell:;:hr:l?u?i:tmm Facial 65% Figure B6.2 The 10 measurements of vertical assessment
(SGo:NaMe) drawn on a single tracing.
9. Posterior/Anterior Maxillary 0%
Height Ratio
(EPNS:NaANS)
10. Lower to Total Facial Height 60%
Ratio
(ANSMe:NaMe)

B6.1

Figure B6.1 The 10 cephalometric measurements used to
assess the vertical relationship of the jaws.

Sum of Posterior Angles

The mean value of the sum of the cranial flexure angle SNa-SAr (saddle angle),
articular angle (SAr-ArGo), and gonial angle (ArGo-GoMe) is 396 degrees + 4
degrees.”'” High values indicate a vertical growth pattern (clockwise, opening, or
backward rotation), whereas low ones show a horizontal growth pattern (counter-
clockwise, closing, or forward growth rotation). The mean *+ SD of the individual
angles is: SNa-SAr, 123 degrees £ 5 degrees; SAr-ArGo, 143 degrees + 6 degrees:
ArGo-GoMe; 130 degrees + 7 degrees. The saddle and the articular angle increase
approximately 1 degree each from ages 12 to 20 vears, but the sum remains the same
because the gonial angle will decrease by 2 degrees during this period.!”

Gonial Angle (ArGoMe)
As described by Bjork'’ and Jarabak and Fizzell,®? with a mean of 130 degrees + 7
degrees, an increased gonial angle indicates a backward growth rotator, and a de-
creased one indicates a forward growth rotator.

L.
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Gonial Angle Ratio
A line from gonion to nasion divides the gonial angle into upper (ArGoNa) and lower
(NaGoMe). If the ratio of the upper to the lower angle is more than 75% (high upper
angle), we have an increased horizontal growth rotation.* The opposite (high lower
angle) indicates a vertical growth pattern.

Posterior Cranial Base to Ramus Height Ratio (SAr: ArGo)
The length of the posterior cranial base needs to be measured and compared to the
mean for the individual sex and age group. Providing that the length of Ar i1s within
normal hmits, a ratio value of more than 75% would indicate a short ramus height,
thus contributing to a clockwise rotation skeletal pattern. A short posterior cranial
base is also indicative of a backward growth rotator.

Posterior/Anterior Face Height Ratio (SGo: NaMe)
Values higher than 65% favor a forward growth pattern, whereas a ratio of less than
65% indicates a backward growth rotator.

Posterior/Anterior Maxillary Height Ratio ([EPNS:Na ANS)
Values higher than 90% indicate an upward rotation of the anterior maxilla and a
downward movement of its posterior component, thus contributing to an open bite.
Values lower than 90% may indicate a rotational pattern that contributes to a deep
bite.

Lower to Total Anterior Facial Height Ratio (ANSMe : NaMe)
Values higher than 60% or a long lower face height are indicative of a backward
growth rotator. Low ratio values suggest a forward growth rotator.

The distinction between open- and deep-bite tendencies, especially in borderline
cases, is very important, not only for the initial diagnosis, but also for the planning of
the treatment mechanics of choice. A deep mandibular antegonial notch 1s indicative
of a diminished mandibular growth potential and a vertically directed mandibular
growth pattern.'” High-angle cases generally may be more prone to mechanical extru-
sion of posterior teeth during orthodontic treatment, primarily because the high
mandibular plane angle 1s associated with less muscle strength.,

The vertical assessment of the jaws aids the clinician in recognizing open-bite
tendency patterns that may be detrimental to a successfully treated case (Figs. B6.3
through B6.8).
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Mean = SD/

Measurement Ratios Patienl‘
m.l
. Symphysis Width 16.5 mm + 3 mm 7 mm*
True (PgTH)
horizontal " . i
2. Symphysis Angle 15" x5 00*
(BPg-MeTH)
3. Mandibular Plane Angle 2L Y 29
(GoMe-TH)
\ 4. Sum of Posterior Angles 396° + 4° 399 S
(SNa - SAr - ArGo - GoMe)
5. Gonial Angle 130" £ 7° 141*
(ArGo-GoMe)
6. Gonial Angle Ratio T5% 80%
(ArGoNa:NaGoMe)
1. Post.Cramal Base to Ramus 75% 8 1%*
B6.3 LUrania
Height Ratio B6.5
Figure B6.3 A |2-year-old boy who presented clinically with (SAr:ArGo) - 3
a |l-mm open-bite relationship. 14 - . | gure B
: e g Tl n',ﬁ]"p ,“.H _apparent that 2 suc 8. Postenor/Anterior Facial 65% 62%" eXpresses
cessful treatment outcome for this individual would depend Height Ratio .
greatly on the open-bite tendency that he may exhibit, es- (SGo:NaMe) n?cn t."h
pecially durning his pubertal growth spurt. of choice
Y. Postenor/Antenor Maxillary 00% 100%*
Height Ratio
(EPNS:NaANS)
- - —_—
10. Lower to Total Facial Height 6% 56%
Rauo | \
(ANSMe:NaMe) M_—
B6.4 1. Symj
. : . — S (PgT’
Figure B6.4 Same patient as in Figure B6.3. Six of the 10 =
measurements (*) are beyond | standard deviation from the 2. Symy
mean, indicating a backward growth pattern, i.e., a strong [Bﬂ‘_h'
open-bite tendency. Not all of the measurements show us 3 M
this tendency. The clinician may use his or her judgment ' {Gaﬂlﬁ
and clinical expertise to balance the information presented —
by the individual case. 4. Sum |
(SNa
5. Gonis
(ArGi
6. Gonis
(ArGe
7. Post.C
Heigh
(SAr:4
8. Posten
Heighi
(SGo:l
9. Poster
Height
(EPNS
10. Lower
Ratio
(ANSN




B6.5

Figure B6.5 Three years later, the patient in Figure B6.3 had
expressed a significant vertical growth, which increased his
open bite by 4 mm. A surgical approach was the treatment

of choice.

Measurement

True
horizontal

Mean = SD/

Ratios

|. Symphysis Width 16.5 mm £ 3 mm |5 mm
(PgTH)
2. Symphysis Angle T =5 B3°*
(Bg-MeTH)
3. Mandibular Plane Angle A e i 21.5°%
(GoMe-TH)
4. Sum of Posterior Angles 396" = 4° 396°
(SNa - SAr - ArGo - GoMe)
5. Gomal Angle 130° + 7° 132
(ArGo-GoMe)
6. Gomal Angle Ratio 75% 76%
(ArGoNa:NaGoMe)
1 1. Post.Cranial Base to Ramus 75% 87.5%*
| Height Ratio
I (SArArGo)
8. Posterior/Antenior Facial 65% GO%*
Height Ratio
. (SGo:NaMe)
4 Posterior/Anterior Maxillary 90% 91%
Height Ratio
(EPNS:NaANS)
-_ Lower to Total Facial Height 60% 55%"**

Ratio
[ANSMe:NaMe)
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Na

True
honzonlal

B6.6

Figure B6.6 This 10-year-old boy presents with [-mm open-
bite relationship.

B6.7

Figure B6.7 The same patient as in Figure B6.6. The cepha-
lometric evaluation shows that three (*) of the measure-
ments indicate backward growth (open-bite tendency),
whereas two (**) indicate forward growth (deep-bite tend-
ency). The rest of the measurements are right on or around
the mean values. It was decided that this patient would
continue to grow in the same manner (the open bite would
not get worse) and orthodontic mechanotherapy would try
to limit any extrusive side effects as much as possible.




72 ® Part B Facial and Cephalometric Evaluation

tal

1 mm OB
0 mm OB
The i
BE6.8
Figure B6.8 Five years later, the patient has a similar rela- Incli
tionship, with an overbite of 0 mm. Clinical judgment and
realistic evaluation of the numbers from the cephalometnc
evaluation allowed for a thorough understanding of the
individual patient’s growth tendencies in the vertical plane.
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Cephalometric Dental Evaluation

The inclination of the dentition relative to the skeletal substrate is provided with the following !
measurements' (Fig. B7.1). See Chapter 3 in this part for a glossary of abbreviations )

used here,

Inclination of the Functional Occlusal Plane (Occlusal Plane Angle)
The angle between TH and the functional occlusal plane (OP) is derived from the
lower molar and bicuspid cusp tips and locates the teeth in occlusion relative to the
rest of the face. As with the mandibular plane, high values indicate a backward and
low values a forward growth rotation. The mean = SD is 8 degrees + 2 degrees.

Inclination of the Upper Incisor to the Maxillary Plane (Upper Incisor Angle)
This is the angle formed from the long axis of the upper incisor (Ul) and the
ANS/PNS line. The mean = SD is 110 degrees * 5 degrees. i

Inclination of the Lower Incisor to the Mandibular Plane (Lower Incisor Angle)
The long axis of the lower incisor (L1) and the GoGn plane form this angle. The |

mean * SD 1s 92 degrees * 5 degrees (GoMe can be used as well). |

——
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As er

B7.1

Figure B7.1 The inclination of the dentition is determined
from the occlusal plane angle and the relation of the inci-
sors to their skeletal substrate.
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. Posteroanterior Cephalometrics

As emphasized by Proffit and White,! the primary indication for obtaining a posteroanterior
cephalometric film is the presence of facial asymmetry, A tracing is made and vertical
planes are used to illustrate transverse asymmetries.! Lines are drawn through the
angles of the mandible and the outer borders of the maxillary tuberosity (Figs. B8.I 1
and B8.2). Vertical asymmetry can be observed readily by drawing transverse occlusal |
planes (molar to molar) at various vertical levels and observing their vertical orienta- i
tion."! If a significant skeletal asymmetry is detected, orthognathic surgery may be |
incorporated in the treatment plan. A more thorough evaluation would then be |
needed.?? |
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B8.1

Figure B8.1 A posteroanterior cephalometric radiograph.
B8.2

Figure B8.2 Vertical and honzontal lines are a good hrst
impression of the existence of facial asymmetry.
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Chapter

Growth Considerations

Craniofacial growth is a complex phenomenon and its understanding requires an in-depth study |
of the changes that occur from infancy to adulthood.'-'* The clinician should be |
aware of a few basic principles of maxillary and mandibular growth.!-!?

The maxilla and the mandible grow in both a downward and forward direction
relative to the cranial base (Fig. C1.1). At the peak of the juvenile growth spurt (7 to 9
vears of age), the maxilla grows | mm/yr and the mandible 3 mm/yr, whereas during
the prepubertal period (10 to 12 years of age) there will be a reduced rate of growth t
(maxilla, 0.25 mm/yr; mandible, 1.5 mm/yr), only to reach maximum growth levels
during puberty (12 to 14 years of age) (maxilla, 1.5 mm/yr; mandible, 4.5 mm/yr).B-!! |
The lower facial height (ANS-Me) increases approximately 1 mm/yr, and the pogon- _.
1on (Pg) comes forward about | mm/vr. ;

In general, from 4 to 20 years of age, there will be on average 10 mm of pure
alveolar growth (Fig. C1.2).8-'? Overall, mandibular growth is approximately twice
that of overall maxillary growth.” The average direction of maxillary sutural growth
has been found to be 45 degrees to 51 degrees in relation to the nasion-sella line from |
8.5 to 14.5 years of age.®-!' Mechanisms responsible for the maxillary growth dis-
placement may be different in the earlier and later periods of maxillary growth, as the

S . : : +
direction of sutural growth changes to almost horizontal at the age of 14.5 years. This [
corresponds to the finding that the mean vertical maxillary displacement has termi-
nated by the age of 15 years, whereas the horizontal displacement continues until 18 '
years of age in boys and until 16 years of age in girls. The angle of maxillary
prognathism (NA-TH) remains almost constant duning growth because the forward !
displacement of the maxilla is accompanied by a forward displacement of the nasion |
point due to periosteal apposition. If the maxillary growth in boys is assumed to have
terminated by age 18 years and in girls by age 16 years, this corresponds to an average
annual lowering of 0.7 mm. Furthermore, increase in facial height (vertical growth)
continues at a much reduced rate throughout early adulthood both in men and
women. The mean increase for total face height (nasion to menton) during adulthood
1s almost 3 mm, but in individual cases it may be in the order of 10 mm (1 cm)!'? All
of the aforementioned guidelines should be taken into consideration when evaluating
the cephalometric measurements of the individual patient relative to the presented
average values.

The position of the condylar surfaces relative to the articular fossae probably does
not change appreciably with growth. The lowering of the maxillary complex displaces
the anterior, tooth-bearing part of the mandible, whereas condylar growth and lower-
ing of the articular fossae displace its posterior part.'2 If the amounts of lowering of 1
the anterior and posterior parts are not equal, the mandibular displacement will i
contain a component of rotation.? |

When the direction of condylar growth i1s upward and forward in relation to the o
mandibular base, the lowering of the posterior part of the mandible usually exceeds '
that of the anterior part. The resulting type of mandibular rotation is termed forward
growth rotation"*#-"! (counterclockwise rotation). If, during the forward growth rota-
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C1.1 C1.2

Figure C1.1 Growth of the jaws in a downward and forward Figure C1.2 Alveolar growth from childhood to adulthood.
direction.

tion, there i1s occlusal contact in the incisal region, the eruption of the posterior teeth
normally serves to maintain occlusal contact in the posterior part of the dental arches.
If there 1s no occlusal contact in the incisal part of the dental arches, the forward
growth rotation occurs as a rolling movement around a point in the bicuspid region of
the dental arches. The incisal segment of the lower dental arch is thereby carried inside
the incisal segment of the upper dental arch, leading to the development of skeletal
deep bite"*-'"' (Figs. C1.3 and Cl1.4). Depending on the severity of these cases,
adjunctive orthodontic/surgical treatment may be needed.'?'*

[f the lowering of the antenior and posterior parts of the mandible is identical, there
will be no component of rotation and the mandibular displacement with growth will
be a pure translation.

In subjects with a predominantly backward direction of the condylar growth or with
only a small amount of condylar growth, the lowering of the posterior part of the
mandible can be smaller than that of its anterior part. Mandibular displacement in
such nstances will contain a component of backward rotation and the mandible will
seem to roll backward around a point in the molar region. This is termed backward
growth rotation**-"" (clockwise rotation). In such cases, occlusal contact in the anterior
segment of the dental arches can be maintained by increased eruption of the front
teeth. If the teeth are not able to compensate by supra-eruption, a skeletal open bite
develops (see Figs. C1.20 to C1.22). Again, an orthognathic surgical approach should
be considered for the severe cases.!*!4

It should be emphasized that facial changes also occur 1in adulthood. Males tend to Figure
have a counterclockwise rotation of the mandible, whereas the mandibles of females Fetog)
seem to rotate clockwise. This may have a bearing on the long-term stability of
treated cases; a treated class Il female might be more prone to relapse toward a class
Il situation, and a treated class 111 male might be more prone to relapse to class Ill. In
addition, as some individuals age, the mandible might appear less protrusive owing to
a number of factors: the maxillary incisors are continually uprighting during adult-
hood, and with the continued growth of the nose and chin, the repositioning of the
lips, and the vertical increase, one could easily envision that the adult face would
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appear less protrusive over time.® This might make us more conservative in our \
diagnosis of bimaxillary protrusion.®
Every climcian who practices contemporary orthodontics should be able to recog- |
nize and diagnose cases with skeletal problems that should not be treated by ortho-
dontic means alone, but with an adjunctive orthognathic procedure. These problems
may involve the anteroposterior dimension, mandibular retrognathia (Figs. CI1.3
through C1.11), mandibular prognathism (Figs. C1.12 through C1.18), or the vertical
dimension (Figs. C1.19 through C1.24) with the clinical appearance of a skeletal open
bite. Sometimes, they may involve skeletal discrepancies in both dimensions (Figs.
C1.25 through C1.29). Problems in the transverse dimension should be detected as
well (Fig. C1.30). The ability to evaluate and recognize these cases should be in the
realm of every practitioner.
The description of the treatment of these cases is beyond the scope of this text. The
clinician who becomes involved in the treatment of such cases must first spend a
considerable amount of time studying the state-of-the-art literature on the subject of |
comprehensive surgical/orthodontic treatment.'*'* A thorough understanding of the |
numerous orthognathic procedures available (and their advantages and drawbacks) is
an absolute must for the successful management of these cases: failure, sometimes i
beyond repair, 1s otherwise guaranteed. ‘

3 b o, o -.-. .' . _. 5 “ : I

|

| |

f |

C1.4 |

Figure C1.4 Same patient as in Figure C1.3, The anterior
view of his occlusion reveals a very deep bite (the lower
incisors cannot even be seen!). His overjet was 12 mm, and
he had a full class Il molar relationship.

N

C1.3

- ——— =

Figure C1.3 Adult patient with the clinical impression of a
retrognathic mandible. Note the deep labiomental fold.

=
T

-
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C1.5

Figure C1.5 A mandibular advancement orthognathic proce-
dure 1s the surgery performed on patients with mandibular
retrognathia.

C1.6

Figure C1.6 The same patient as in Figure C1.3 after ortho-
dontic treatment and surgery. Note the improvement in the
patient’s prohle.

C1.7

Figure C1.7 The denution after surgery in the patient seen
in Figure C'1.3.

C1.8

Figure C1.8 Bu
rognathia. Note
is a full (100%
150% OB!).

C1.10

Figure C1.1I
orthodontic
(mandibula
molar relat.
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1
C1.8 C1.9
Figure C1.8 Buccal view of a patient with mandibular ret- Figure C1.9 Anterior view of the same patient as in Figure l
rognathia. Note the |15 mm overjet. The molar relationship C1.8, T
s a full (100%) class II. The bite 1s very deep (more than |
150% OBY). 1
1

C1.10 C1.11

Figure C1.10 Buccal view ol the patient in Figure C1.8 after Figure C1.11 Anterior view of the patient in Figure CI.10, '
orthodontic treatment followed by orthognathic surgery Note the dramatic improvement in the overbite relationship. I

(mandibular advancement). Note the class I cuspid and
molar relationship.
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C1.13

Figure C1.13 Same patient as in Figure C1.12. Right buccal
view of the occlusion. Note the retroclined lower incisors
and the end-to-end multiple crossbites.

i ey

C1.12
Figure C1.12 A |0-year-old girl with evident mandibular C1.16
prognathism. Figure C1.
ular setba
a positive

C1.15
: i e : C1.18
Figure C1.15 Same patient as in Figure C1.14. Fixed orthe
dontic apphances in preparation for surgery. Figure C1.
view of tl
in the oc
relationsh

C1.14

Figure C1.14 Same patient as in Figure C1.12 after puberty
and cessation of mandibular growth. Note the prognathic
profile.




Chapter | Growth Considerations ® 85

rue Horizanta

C1.16 G117 ' |

Figure C1.16 Same patient as in Figure Cl.14, In a mandib- Figure C1.17 Patient shown in Figure C1.14 after surgery. i'
ular setback procedure, the mandible is brought back until f
a positive overjet is achieved. )
|
|

C1.18

Figure C1.18 Same patient as in Figure C1.17. Right buccal
view of the occlusion after surgery. Note the improvement
in the occlusion. The cuspid teeth are in a solid class |

relationship.

C1.19 '

Figure C1.19 Cephalometric radiograph of a patient with a
significant vertical problem.
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G6.5mm OPEN BITE

!//)

/ C1.22

Figure C1.22 Anterior view of the same patient as in Figure

C1.19. Note the “rainbow™ appearance of the skeletal open
bite,

C1.20

Figure C1.20 Same patient as in Figure C1.19. The cephalo-
metric tracing reveals a 6.5-mm open bite, high mandibular
plane angle (32°), and a very long lower face.

Figure C1
posterior
problem)

C1.23

Figure C1.23 In cases with such a significant vertical prob
lem, a LeFort I osteotomy is performed above the maxilla,

h

Ci1.21

1.27
Figure C1.21 Right buccal view of the same patient as in C"! 25 c::.
Figure C1.19. Note the extent of the open bite all the way i h
to the posterior teeth. P . (t
mandibul

C1.24

Figure C1.24 A segment of bone 1s removed and the whok
maxilla 15 repositioned superiorly. In most instances, ti

mandible autorotates and aids in the closing of the ope
bite.
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C1.26 | - |

Figure C1.26 Same patient as in Figure C1.25. Right buccal
view of the occlusion. Note that the open bite extends
posteriorly to the molar area. .

Figure C1.25 Patient with mandibular prognathism (antero- .
posterior problem) and a very long lower face (vertical .

C1.25 [
problem). i
|I

C1.27 C1.28 |

Figure C1.27 Anterior view of the same patient as in Figure  Figure C1.28 Cephalometric radiograph of the patient in 1
C1.25. This case requires a double-jaw orthognathic ap- Figure C1.25. |
proach (three-piece maxillary LeFort 1 osteotomy and a i
mandibular procedure). .
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True Horizontal

Y

It h

C1.30

‘\ Q
Tmmopen bite
Figure C1.30 Skeletal asymmetry of the jaws as a result of
mandibular prognathism. A mandibular orthognathic pro-

C1.29 cedure 15 the treatment of choice,

Figure C1.29 The cephalometric tracing and analysis reveals
a very high mandibular plane (37°), a large mandible rela-
tive to the size of the maxilla (ratio, 1:2.15), and a 7-mm
open bite. Such a case i1s almost impossible to treat with
orthodontic means alone at any age.
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Growth Superimposition/
Evaluation

It has been well documented that the anterior wall of the sella turcica and the cnbrniform plate

remain unchanged after the fifth year of life.'~* This means that no growth or remod-
eling changes affect these areas of the cranial base by the time the first permanent
tooth erupts in the oral cavity, which i1s most likely the earhest time an orthodontic
consultation or intervention may be needed. Growth changes of the facial skeleton can
be carefully evaluated by superimposing cephalometric radiographs on these stable
structures. Yet the various existing superimposition techniques do not concentrate on
using this portion of the cranial substrate.’~'® All of the other areas presently used are
subject to growth changes.!” Even the most popular superimposition technique—
superimposition on the SN line by registering on S (sella)—expresses growth more
anteriorly than it actually occurs.®~'? A reason for avoiding the use of the aforemen-
tioned stable areas has been the difhculty in accurate location of the cribriform plate
and the small dimension of the anterior wall of the sella turcica.

The following superimposition approach offers a sound and practical way of incor-
porating these structures in the evaluation of facial growth.!” Three points are used to
define the triangle (Fig. C2.1):

1. T-point: The most superior point of the anterior wall of the sella turcica at the
junction with tuberculum sella. It can be quickly located on the radiograph and
does not change with growth, as does the sella (S).

. C-point; The most anterior point of the cribriform plate at the junction with the
nasal bone. Even though the cribriform plate i1s not easily detectable, the C-point is
always very clear on the cephalometric radiograph at the most posterior tip of the
nasal bone,

3. L-point: The most inferior (lower) point of the sella turcica. This point also defines

the most posterior point of the anterior wall of the sella turcica.

J

The tnangle incorporates in its area the whole anterior wall of the sella turcica and
extends over a large area that includes all of the antenor and part of the middle
cranial base. The three points selected are at the greatest distance from each other
within stable structures. This provides the clinician with a large marking area. By
registering on the T-point and superimposing on the anterior wall of the sella turcica
and the stable TC line (cramal base line), a solid formation 1s provided through the
shape of the triangle in both the anteroposterior and the vertical planes for a practical
and dependable evaluation of facial growth. The purpose of the triangle is to provide
the clinician with a quick, solid, visual onientation of the most stable areas of the
cranial base.

It is preferable to obtain a cephalometric radiograph of all growing patients at the
age of 9 or 10 years or at the initial visit at the office. Just before orthodontic
treatment is to begin and at least 6 months after the initial radiograph, a second
cephalometric radiograph will give the clinician the ability to compare the two and
evaluate facial growth. When superimposing the two triangles as described above, the
two lower sides of the triangles may not necessarily fit right on top of each other,

Chapter
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C2.1 C2.:

Figure C2.1 The cranial base triangle (TLC), the G (growth) . Figu
line, and D (directional) angle. opn

especially because of the L-point (due to slight remodeling changes in the area) (see
Fig. C2.1). Focus should be placed, in the order of registering, on (1) the T-point and
superimposing on (2) the inner structure of the triangle (anterior wall of the sella
turcica) and (3) the TC line. This recommended methodology simplifies the proce-
dure of the “best-fit” approach while recognizing the limits of realistic expectations of
a superimposition technique.

A line connecting the T-point with gnathion (Gn) is defined as the G-line, which
may be used as a growth line (see Fig. C2.1). The advantage of the G-line over the
other ones that use sella is attributed to the stable position of the T-point versus the
unstable S (sella point) due to growth and remodeling. In addition, the T-point 1s an
anatomic landmark, whereas the sella 1s a constructed one (as the middle of sella
turcica).

The mean * SD of the angle formed between the G-line and the true horizontal
(D-angle) is 58 degrees + 4 degrees'’ (see Fig. C2.1). Growth is downward and for-
ward along this line (D-angle stable with growth). Backward rotation of the G-line (by
registering at the T-point) with growth indicates vertical growth (D-angle increases)
(Fig. C2.2). Anterior rotation of the G-line with growth indicates a forward horizontal
growth pattern (D-angle decreases) (Fig. C2.3).

The angle between the TC line (stable cramial base line) and the rrue vertical (TV)
may be established on the first tracing of a patient (Fig. C2.4). Any additional
radiographs of this patient taken to evaluate either growth changes or treatment
effects may be oriented so that the TC-TH angle remains constant. In this way, the
patient is treated to his or her initial natural head position (NHP), established in the
beginning of treatment, irrespective of postural, behavioral, or surgical effects. In Figu
other words, the patient is treated to a constant NHP based solely on the line of 01w
vision, which is established when the pupil is in the middle of the eye and the pa
individual is looking straight ahead.

In understanding the importance of craniofacial growth and its role in the develop-
ment of an individual’s malocclusion, one needs only to comprehend the role of
dental compensation to the skeletal growth pattern.

C2.
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2.2 C2.3
Figure C2.2 Backward or clockwise rotation and the devel- Figure C2.3 Forward or counterclockwise rotation and the
opment of an open bite. development of a deep bite.

024 |

Figure C2.4 The angle between TC and TV can be used to *
onent any future cephalometric radiographs of the same
patient.
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C2.6 c2.7
Figure C2.6 Dental compensation in deep-bite cases. The Figure C2.7
lower incisors have flared (110°) in an effort to reduce the the _mﬂﬂdll
C2.5 overbite (normal, 92° £ 5°). maxillary t
: &y ; . of tipping).
Figure C2.5 Dental compensation in open bites: the anterior the teeth (
teeth tip lingually and supererupt. Here, the lower incisor compensati

to the mandibular plane angle 1s 75° (normal, 92° *+ 5°),

Malocclusions stem from the inability of teeth to compensate for an abnormal
skeletal pattern.'® If we were to look at severe skeletal open-bite cases, we would
notice that the anterior dentition (incisors) 1s retroclined (tipped lingually) and has
supererupted in the majority of these cases'® (Fig. C2.5). This is nature’s attempt to
compensate for the abnormal skeletal growth pattern that has created the open bite
(backward rotation) with dental movement that decreases the extent of the open bite
over the years. The opposite would take place in a deep-bite patient. The teeth would
flare labially in an effort to decrease the deep overbite relationship'® (Fig. C2.6). Of
course, this is not clearly visible 1n all cases, because other factors play a role in the
overall appearance of the dentition (muscles, soft tissue, tongue-lip equilibrium,
tongue function, parafunctional habits, etc.).

The aforementioned differences in nature’s dental compensations involve the verti-
cal plane. If we were to look at skeletal development problems in the anteroposterior
dimension, we would notice a similar compensatory pattern. In a class 111 mandibular
prognathism patient, as the negative overjet (underjet) develops, the upper incisors tip
labially and the lower incisors tip lingually in an effort to keep as normal an overjet
relationship as possible. It is as if the teeth are trying to “hold on” while the mandible
grows excessively anteriorly (Fig. C2.7).

The diagnosis of such problems may become more complicated when we have
abnormal skeletal development 1n both dimensions, vertically and anteroposteriorly,
such as the class Ill, open-bite patient presented previously (see Figs. C1.25 through
(C1.29). A thorough cephalometric evaluation along with proper superimposition of
serial radiographs will help in locating the extent of the problem in both dimensions.
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C2.7

Figure C2.7 As the mandible continues to grow anteriorly,
the mandibular teeth gradually tip lingually, whereas the
maxillary teeth tip labally (the arrows show the direction
of ipping). Note the angles formed from the long axes of
the teeth (these axes would remain parallel if no dental
compensation occurred).

An example of dental compensation 1s given in the situation of two patients who
may have the same skeletal open-bite tendency, but one has a normal open bite/over-
jet of 2 mm and the other an open bite. The teeth of the first patient compensated by
supereruption of the anteriors, whereas they did not for the second patient. In the
past, when orthognathic surgery had not yet developed to its current level, clinicians
would correct such malocclusions by completing nature’s work; i.e., extrude the teeth
(1in the case of an open bite) to close the bite.

Another example of the role of dental compensations involves the decision of
extraction versus nonextraction on two individuals who have the exact same crowding
and dental appearance, but one has an open-bite tendency (backward rotation) and
the other a deep bite (forward rotation). Nature tends to compensate in open-bite
cases by supererupting the anterior teeth and tipping them lingually. Nature compen-
sates a deep bite by flaring the anteriors labially. We would rather extract teeth to
resolve the crowding in an open-bite case, because this treatment modality would
allow us to tip the rest of the teeth lingually (working along with nature’s attempt to
compensate) to close the bite. Extractions in a deep-bite case should be avoided if
possible, because the remaining teeth would move lingually and make the bite deeper.
Therefore, nonextraction approaches should be investigated for deep-bite cases.

Finally, if we were to consider two patients with identical malocclusion but totally
different growth patterns, we would attempt to treat them in two different ways
because it i1s not the malalignment of teeth that directs our treatment planning, but
the individual growth patterns (Figs. C2.8 through C2.10).

e

e

= iy
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C2.8 - C2.9

Figure C2.8 This 10-year-old girl demonstrates severe dental Figure C2.9 This 10-year-old boy demonstrates a dental
projection of the upper anterior teeth. Note her long lower problem similar to that of the girl shown in Figure C2.§,
face height (Sn to Me’). Note his short lower face height (Sn to Me’). Also note the

deep labiomental fold, indicative of a deep-bite, class II
malocclusion.

A

o
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C2.10

Figure C2.10 Arbitrary superimposition of the cephalomein:
radiographs of the two patients presented in Figures CI{
and C2.9. Although a very crude method of evaluating the
growth of different individuals of the same age, one (a
notice the difference in their growth patterns. The girl with
the long lower face has 0 mm overbite and is a backwan
growth rotator (vertical grower). The boy 1s a forwad
growth rotator and has a deep bite of 6 mm. Althoug
these patients have the same dental problem (severe proje:
tion of the upper incisors and a Class I malocclusion), the
treatment approach will be different according to their i
dividual growth patterns.
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Hand-Wrist Radiograph
Evaluation

The course of orthodontic treatment often depends on the intensity of facial growth; thus, the
knowledge of the growth velocity variations of the jaws is of importance in clinical
orthodontics.!? The clinician would like to know the onset of the growing patient’s
pubertal growth spurt so that he or she may intervene with maximum results in the
minimum time frame. The physical maturity shown in a hand - wrist radiograph of the
individual child can be visually compared with that of normal children of the same
age and gender using Greulich and Pyle’s Atlas,? where a number of hand-wrist
radiographs are presented.'? Consequently, the practitioner may evaluate the stage of
development of the patient by matching the individual radiograph to one in the Arlas.
Conversely, one may assess a hand -wrist radiograph without the Ar/as, based on the
following guidelines: '~

|. When the width of the epiphysis of the second proximal phalanx (PP2) is equal to
that of its diaphysis (PP2=), we are close to, but certainly before the onset of
puberty.

. When the width of the epiphysis of the third middle phalanx (MP3) is equal to |
that of 1ts diaphysis (MP3=) and the sesamoid (s) bone has begun to ossify and can |
be seen on the radiograph, we are right at the onset of puberty or slightly past its |
onset (Fig. C3.1). One must remember that in one fifth of patients, the sesamoid is
visible 2 years before maximum growth is reached.'? This is why the information
obtained from MP3 is very critical.

. Capping of MP3 (where the epiphysis covers completely the diaphysis) occurs
almost invariably simultaneously with the maximum of 1 year after the peak
growth,!?

4. The most intense period of growth may be expected between ossification of the

sesamoid and onset of the capping stage.

-

T ad

Menarche 1n girls occurs well after the pubertal growth peak.* Dental development
is of little value as a criterion of puberty.* The mean sesamoid bone appearance
precedes mean peak mandibular velocity (puberty) by 0.72 vear in males and 1.09
years in females.> One should note that in one quarter of males and one fifth of
females, the adductor sesamoid appears after puberty.®

One may start his or her observation of the patient’s hand-wrist radiograph by
looking at the adductor sesamoid of the thumb.® If it is not ossified. we then look at
the width of the epiphysis of the middle phalanx of the third finger (MP3). If this is
equal to or less than the width of the diaphysis of MP3, then we know the patient has
not yet reached puberty. If the sesamoid 1s ossified and we can see capping of MP3
(i.e., the epiphysis is wider than the diaphysis and starts to cap it), then we know the
patient has pretty much just reached puberty. Within 2 years after this, fusion of MP3
will occur, and this 1s an indicator that there is very little growth left. Finally, if we
see fusion of the radius, we can be sure that growth for this patient has been completed.
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C3.1

Figure C3.1 This radiograph of the third finger shows that
capping of MP3 is just beginning.
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Nasal Growth | |
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The growth of the nose has been the focus of many investigations over the past 30 vears, due
to the important role that nasal development plays in orthodontic treatment
planning.'~'2 Class I subjects tend to have straighter noses, class III subjects reveal a 1
concave configuration of the nose along the dorsum, and class Il individuals exhibit a |
more pronounced elevation of the nasal bridge (greater dorsal hump), leading to the
increased convexity observed in the class Il patient. Most investigators state that nasal
growth for girls continues until the age of 16 years.!” In addition, very small incre-
ments of nasal growth have been reported between the ages of 18 to 22 years, and as |
late as 26 to 29 years of age.'®"! |

The tip of the nose progressively attains a more forward and downward position |1
with age (due to forward growth of the nasal, septal cartilages) and the forward growth
of the nose 1s greater in proportion than that of other soft tissues of the face.>? Nasal f
growth increases at a rate of about 25% greater than of the maxilla.* This contributes
significantly to the increased convexity of the sofi-tissue profile with age. In a recent
study, 1t was concluded that patients with marked horizontal maxillary growth have
more horizontal growth of the nose than those patients with vertical growth of the
maxilla (who have more vertical nasal development).'?

Developmentally, the greatest change occurs in the anteroposterior prominence of 1
the nasal tip in both sexes, and because the forward positioning of the nose is greater |
than that of the soft-tissue chin, 1t appears that the lips are receding within the facial 1
profile.>* Having failed to explain the possibility of excessive nasal growth potential, il
the clinician finds it difficult to convince the parents or the patient that the unesthetic 4
profile 1s due to the excessive nose and not to orthodontic mechanotherapy that
resulted in retrusive lip position'? (Figs. C4.1 through C4.3).

»
|I|I
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C4.1

Figure C4.1 Profile of a patient at age 12 years, before orth-
odontic treatment.

C4.2

Figure C4.2 Same patient as in Figure C4.1, at age 14 years,
after orthodontic treatment. The nasal length appears 1o
have remained the same.

C4.3

Figure C4.3 Same patient as in Figure C4.2, 6 vears later, at
age 20 vyears. Note the excessive late nasal growth that
resulted in the “false” appearance of retruded lips (attnb-
uted by the patient to the orthodontic treatment).
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Chapter

Biomechanics of Tooth Movement | |

Tooth Movement Simplified

If we take a pencil, and place it flat on a desk, and try to move it with a finger by contacting it
| in its middle, we will notice that the pencil rolls and moves parallel to itself (Figs.
Dl1.1 and DI1.2). If we try to move it from 1ts sharpened edge, we will see that it

moves, but 1t also rotates shghtly (Figs. D1.3 and D1.4).

Now if we imagine the tooth as the pencil, the orthodontic forces as our finger, the
middle of the pencil as the center of resistance of the tooth, and the sharpened edge of
the pencil as the crown of the tooth, and if we define as bodily movement the parallel
motion of an object to itself and tipping as the movement of the object as it rotates
and spins around itself, then we may appreciate the following when it comes to tooth
movement in orthodontics'~:

Because the center of resistance of the tooth is four tenths away from its apex, i.e.,
within the alveolar bone, it would be impossible for us to apply a direct force on the
tooth in order to make 1t move parallel to itself (Figs. D1.5 and D1.6). Thus, our only B
option is to attempt to move teeth by applying a force on the crown, which, according |'
to the aforementioned correlation with the pencil, will cause the tooth to tip. This
happens because there is a Moment = Force X Distance that rotates the tooth (Figs. |
D1.7 and DI.8). In order to move a tooth bodily, we need to apply a countermoment
equal to and in the opposite direction of the one that is created by the orthodontic
force. This can be done only with rectangular wires.'-?

Let us imagine the upper incisors as we try to retract into the available space that |
we have obtained from the extraction of the first bicuspids (Fig. D1.9). The bracket |
that 1s bonded onto the crown of the tooth has an opening in it, called the slot, where
the archwire 1s placed. An elastic chain can be used to pull the brackets together and l
thus apply the necessary force to move the tooth. As soon as the force is applied, the
tooth tends to tip, as explained previously. When that happens, the edges of the |
rectangular wire grab hold of the bracket slot and thus apply a couple (equal and |8
opposite forces), which tends to spin the tooth in the opposite direction than the e
moment from the force is attempting to tip 1t (Fig. DI1.10). In other words, the ’
rectangular wire has created a countermoment. If the moment and countermoment
are equal, they will cancel each other out.'? This means that the tooth will move |
bodily (translation, parallel movement) from the action of the force from the elastic |
chain and solely from it. .'

The same principles apply if we were to look at a tooth from its occlusal surface.
with an orthodontic bracket bonded on to its buccal surface'-? (Fig. DI1.11). This ‘
time, the tooth will tend to spin around its long axis if the main archwire is not |
securely wire tied with a ligature in the bracket slot. In this dimension we do not have
much control, whether we use a round or rectangular wire, unless we use a deltoid '8
bracket.
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b
D1.1 D1.2
Figure D1.1 A force (from our finger) is applied in the mid- Figure D1.2 Notice that the pencil moves parallel to itself to Figu:.
dle of the pencil at point A. point B. at U
bodi
D1.3
Figure D1.3 Try to move the pencil from one of its ends. Figure D1.4 It rotates as it moves from point A to B. P
apply
the t
appli

tooth
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D1.5 D1.6

Figures D1.5 and D1.6 It 1s impossible to apply a direct force
at the center of resistance of a tooth (and thus move it

bodily), because 1t 1s in the alveolar bone.
! . I
D1.8 .

D1.7

Figures D1.7 and D1.8 As we attempt to move the tooth by
applving a force (F) on its crown, a moment (M) rotates
the tooth as it moves; (d) 1s the distance of the point of
application of the force from the center of resistance of the
footh,
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s

D1.9

Figures D1.9 and D1.10 As we try to move the upper incisor
posteriorly by applying a force on 1t from point A to point
B, the tooth moves bodily if the countermoment applied
from the rectangular archwire is equal to the moment that
tends to tip the tooth.

D1.10

-

D1.11

Figure D1.11 As this bicuspid tooth is pulled from an ortho-
dontic elastic wire chain to close the extraction space me-
sial to 11, the tooth tends to rotate from the moment (M)
that is created. CR is the center of resistance of the tooth.

(:

D1.12
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Bracket Prescriptions

Contemporary orthodontic mechanotherapy*-? leads to treatment results that are
based on the six keys to normal occlusion®: (1) a class I molar relationship (as
described previously); (2) crown angulation (tip)—the gingival portion of the crown
of teeth is distal to the incisal portion in most individuals; (3) crown inclination
(torque) —anterior crowns have an anterior inclination, whereas posterior crowns
have a lingual inclination; (4) absence of rotations; (5) absence of spaces; and (6) the
plane of occlusion should vary from generally flat to a slight curve of Spee. In order
to achieve these results, we need to understand the relationships and positions of teeth
in the arches.

If one were to closely observe an ideal dental arch, it would immediately become
apparent that the position of each tooth in the alveolus is defined by three
parameters*-®: (1) the “in-out” position (Fig. D1.12), (2) the crown angulation to
“tip” (Fig. D1.13), and (3) the crown inclination or “torque™ (Fig. D1.14). These
three parameters define the three-dimensional position of each tooth in its space. In
the past, all orthodontic brackets were the same for all teeth, with the same slot. The
clinicians had to incorporate into the main archwire three bends for each tooth, in
order to maneuver each tooth in 1ts ideal position: (1) the “in-out” or first-order
bend, (2) the “tip” or second-order bend, and (3) the *“torque™ or third-order bend.
Modern hxed apphances have all these bends built into their slots, thus making each
bracket specihc for each tooth. Providing that the bracket 1s positioned ideally on the
tooth surface (in the middle of the crown, along the long axis, and parallel to the
incisal edge), these preadjusted prescription apphiances theoretically have the capability
to finish the treatment with no bends in the archwires whatsoever! Obviously, this is like
saying that evervone’s feet should fit in the same size shoe. No matter how perfect
bracket placement is with preadjusted appliances, compensating bends will always be
needed at the end of treatment for final detailing and finishing of the occlusion.

A suggested prescription is given*-8 (Fig. D1.15):

(T) (1)

D112

Figure D1.12 In the onginal orthodontic brackets of one
siandard size and prescription (/), the clinician had to place
m-and-out bends in the wire to compensate for the differ-
ence in the buccolingual thickness of teeth. In the modern,
preadjusted appliances (77), different thickness in the brack-
¢s compensates for that of the teeth so that the clinician
may use a straight wire without bends (the bracket thick-
ness has been exaggerated for purposes of illustration).
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(1) (1
D1.13 D1.14
Figure D1.13 The difference i1n the angulation of the teeth Figure D1.14 The torque or inclination of teeth in the bone
(tip) in the past forced the clinician to compensate with an 1s again compensated for by the preadjusted apphance (I/)
up-and-down bend (/). In contemporary, preadjusted appli- Note that the angle formed between the perpendicular (B)
ances, this i1s not necessary because the tip 1s built into the to the base of the slot and the perpendicular to line P, (A).
bracket. If A 1s perpendicular to P (P forms 90° with inci- coincide (A = B) for the preadjusted appliances (7]),
sal edge) and B is perpendicular to the base of the bracket whereas the two perpendiculars B and 4 form an angle in
slot, then the angle formed between the two represents the the standard brackets (/)
compensating bend that needs to be placed with the stan-
dard appliances (7). A and B coincide in /1.
BRACKET PRESCRIPTIONS
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D1.15

Figure D1.15 Bracket prescriptions. V—Viazis; A—
Andrews; hrst R—Roth; S—Swain; W—"Wick” Alex-
ander; H— Hilgers; second R — Ricketts.
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Upper Central Incisor

First-order bend (in -out): Standard
Second-order bend (tip): 5 degrees
Third-order bend (torque): 20 degrees

A specific thickness i1s given to the upper incisor bracket of a regular size. The
5-degree angulation is similar to the one proposed by Andrews’ classic work.® It is
also widely used in other prescriptions. The 20-degree torque is definitely greater than
the torque proposed by Andrews,® Roth,® and Alexander,” and close to the 22 degrees
suggested by Hilgers.? Because sliding mechanics are used. it would be quite easy to
“dump” the anterior teeth lingually during retraction and space closure (Figs. D1.16
through D1.18). Accentuated torque would reduce this and, it 1s hoped, by the end of
treatment the teeth would be in the area of 10 degrees of torque, similar to that
proposed by Andrews for the ideal occlusion (7 degrees). In addition, it is easier to
alleviate the torque effect by undersized rectangular wires than to add torque in the
wire. Because 0.001 inch of play (tolerance) relates to approximately 4 degrees of |
torque lost, space closure with a .016- X .022-inch? stainless steel wire would theoreti-
cally have 8 degrees of torque effect lost, if desired. Accentuated lingual root torque of |
the upper central incisors is needed in the majority of cases during sliding mechano- ‘
therapy, and this prescription offers this advantage.

i = —

D1.16 D1.17

Figures D1.16 and D1.17 The effect of additional torque in
the bracket (note the twisted rectangular archwire in the
bracket slot) rotates the tooth from A to B.
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Figure D1.18 If A is the correct inclination of the upper
incisor teeth in the bone and B is the position they would
assume if they tipped lingually during space closure if the
countermoment provided by the wire is not enough, then C
should be increased torque that is incorporated into the
preadjusted appliance so that the tooth may end up in
position A after space closure.

Upper Lateral Incisor

First-order bend (in-out): More thickness
Second-order bend (tip): 10 degrees
Third-order bend (torque): 10 degrees

More bracket thickness is needed to compensate for the buccal -lingual relationship
of the lateral incisor compared to the central incisor. The 10-degree angulation 1s
slightly greater than that suggested by Andrews® and Roth?® (9 degrees) or Alexander’
and Hilgers® (8 degrees), but similar to that recommended by Ricketts® (10 degrees).
This additional angulation is needed to prevent close proximity of the central and
lateral incisor roots, especially during space closure. The 10-degree torgue is again
greater than that in othew prescriptions for the same reasons addressed for the central
incisor bracket.

Upper Cuspid

First-order bend (in-out): Thinner than central incisor
Second-order bend (tip): 15 degrees
Third-order bend (torque): 5 degrees

T'he bracket thickness on the cuspid has to be thinner than the regular size of the
upper central incisor due to the bulkiness of the cuspid. The 15 degrees of tip are
similar to that proposed by Roth® (13 degrees). It positions the root of the tooth more
distally, thus enhancing bodily movement and reducing the tipping effect of sliding
mechanics. A 5-degree torque is necessary because, as supported by Hilgers.® there is a
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mechanical tendency to detorque the upper cuspids as they are retracted in extraction
cases, and there 1s always the possibility of impacting the root on the dense cortical
labial plate on space closure. In nonextraction cases, where a slight expansion occurs I
in all cases and the tooth is tipped outward anyway, the effect of the torque can be b
minimized by placing an undersized finishing wire (i.e., a 0.016- X 0.022-inch?® wire | B
in the 0.018 slot system). it
High lingual torque on the upper cuspid is also advocated in the prescriptions by _
Hilgers® and Ricketts® in order to maintain the integrity of the labial surface contours !
between the cuspid and the lateral by keeping their torque differential to a minimum,.
In addition, a more vertical inclhination of the upper cuspids alleviates the detrimental
effects of the ““narrow cuspid” look, which 1s also detrimental to functional jaw
movements and the periodontal health of the tissues overlying prominent roots. Thus,
a nice, broad “Hollywood™ type smile is created with a gentle rise in excursions and
stability through reduction of excessive lateral forces. !

Upper Bicuspids I

First-order bend (in —out): Similar to the cuspid
Second-order bend (tip): 0 degrees
Third-order bend (torque): — 5 degrees

The first-order compensation is the same as the cuspid one because of their similar
prominence. The 0-degree tip agrees with the overcorrected position suggested in most
prescriptions. The — 5-degree torque placed on the bicuspids, although it encourages
“dropping down™ of the lingual cusps, does so just enough to ensure good intercuspa-
tion of the bicuspid teeth with their counterparts of the opposing arch. This comes as
the result of numerous observations of finished cases that appeared fine from the
buccal side but from the lingual side lacked the nice., solid occlusion of an ideally g
finished case. Undersized wires can be used in open-bite tendency cases. ,

Upper Molars |

First-order bend (in-out): Very thin mesially/very thick distally (20 degrees)
Second-order bend (tip): 0 degrees |
Third-order bend (torque): — 10 degrees

As suggested by Hilgers,® a 15-degree distal rotation of this tooth ensures the
shortest arch length occupied by the first molar tooth, which is 5 degrees more than
Andrews’® recommendation. Thus, the bracket should be very thin around the me- B
siobuccal cusp and very thick on the distobuccal cusp. A 20-degree distal overrotation |
1s especially helpful in the overcorrection of class II, division 1 cases, and it counter-
acts the movements placed on the molar teeth from the side effects of sliding me- |
chanotherapy with elastic chains. The 0-degree angulation is similar to other prescrip- |
tions. The — 10-degree torque allows a good intercuspal occlusion, especially of the ‘
lingual cusps. Incorporation of the second molar teeth is advisable only if absolutely |
necessary.

Lower Incisors |

First-order bend (in-out): Thick ‘
Second-order bend (tip): 0 degrees
Third-order bend (torque): — 5 degrees

Thick brackets on the lower incisors compensate for their lingual relationship
relative to the upper anteriors. The O-degree tip positions these teeth in an upright
position while the —5-degree torque, similar to that suggested by Alexander,” has been
shown to hold the mandibular incisors in their original position, thus ensuring maxi-
mum retention stability.




114 @ Part D Orthodontic Mechanotherapy

Lower Cuspid

First-order bend (in-out): Thinner than regular
Second-order bend (uip): 5 degrees
Third-order bend (torque): — 5 degrees

A thin bracket i1s necessary to compensate for the prominence of this tooth. The
5-degree tip is similar to that proposed by Andrews,® Alexander,” and Hilgers.® The
— S-degree torque gives the lower cuspid a more labial version than in other prescrip-
tions in order to articulate with the upper cuspid, as dehined by this prescription. and
offer the proper canine guidance during excursive movements. In addition, by having
similar torque to the incisors, the cuspid tooth 1s positioned shghtly lingual to the
incisors (being at the corner of the arch). This supports the lower anterior dentition
and enhances post-retention stabulity:.

Lower First Bicuspid

First-order bend (in-out): As thin as the lower cuspid
Second-order bend (tip): 0 degrees
Third-order bend (torque): — 15 degrees

A thin bracket is required due to the similarity of this tooth to the cuspid. The
O0-degree tip is again similar to that suggested by the prescriptions of Alexander,’
Hilgers.? and Ricketts.® The — 15-degree torque provides a slightly greater elevation of
the lingual cusp than that suggested by Andrews® (17 degrees) in order to provide a
solid occlusion with the opposing dentition.

Lower Second Bicuspid

First-order bend (in-out): Same as the lower first bicuspid
Second-order bend (tip): 0 degrees
Third-order bend (torque): — 20 degrees

All compensations for this tooth are made for the same reasons as for the lower
first bicuspid.
Lower Molars

First-order bend (in-out): Mesially very thin/distally very thick
Second-order bend (tip): — 5 degrees
Third-order bend (torque): — 30 degrees

For the same reasons described for the maxillary molars, an overcorrection of the
first-order compensation of 10 degrees is needed to counteract the mesial rotation
imposed on the molars by the elastic chains of sliding mechanotherapy. The
— S5-degree tip maximizes the lower molar resistance to mesial tipping from the shiding
mechanics and offers “tip-back™ effect by placing the roots mesially, thus contributing
to anchorage control during space closure. The — 30-degree torque allows for good
intercuspation of the lingual cusps without allowing unnecessary extrusion.
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Orthodontic Metal
Fixed Appliances

Orthodontic fixed appliances are used to apply corrective forces to malaligned teeth.'-* These
apphances generally include brackets, which are bonded onto the facial surface of the
crown of the teeth, and a main archwire, which is inserted in the bracket (slot
portion). The wire is allowed to slide through the brackets during tooth movement and
guides tooth movement while applying a certain force to the bracket (and thus the
tooth) 1f 1t 1s active (Fig. D2.1). Additional forces may be applied to the teeth by
elastics (rubber bands) and/or elastomeric chain modules, especially during the closing
of spaces (Fig. D2.2).

Conventional brackets have (1) a base, which has a mesh configuration that allows
for adequate bond strength to the tooth surface; (2) a slot, which receives the wire; and
(3) wings or hooks, on which elastics, elastomeric modules, ligatures, and coil springs,
etc., can be attached (Fig. D2.3).

The twin-type brackets are basically made of two vertically oriented parallel bars
that are spaced apart with a slot cut in each bar to receive the main archwire (Fig.
D2.3). The single-type brackets are made of one vertical bar, with a smaller size slot
than the twin brackets, and “‘wings” that are activated to contact the main archwire
for rotational control, as needed (Fig. D2.4). The major disadvantage of the twin
brackets is the narrow interbracket distance (between adjacent teeth), thus resulting in
a small span of wire between the brackets, which reduces the flexibility of the arch-
wire. Conversely, the rotational wings of the single brackets are too big; rotations are
not easily corrected and teeth may tip into the extraction side more easily during space
closure.

The deltoid bracket provides a narrow slot of the same dimensions of a single-wing
bracket and delivers the same interbracket distance (see Figs. D2.3 and D2.4). It offers
excellent rotational control due to the horizontal segment of the bracket and the
triangular manner with which the O rings or the ligature wires encompass the bracket.
It i1s smaller than the twin brackets and superior to the single bracket’s rotational
wings, which cause problems with the patient’s oral hygiene. It 1s easy to orient onto
the tooth surface (the vertical bar 1s along the long axis of the tooth and the horizontal
parallel to 1ts incisal edge). Sliding mechanics are greatly facilitated through the rota-
tional and tip control that the horizontal bar offers during space closure. It greatly
reduces friction during space closure due to the elevated slot.

The size of any bracket slot can be either 0.018-inch or 0.022-inch. Because we
strive for as low a force as possible 1in orthodontic mechanotherapy, it 1s preferable to
use the 0.018-inch slot system, because it takes a smaller size wire to fill its slot and
thus lighter forces are exerted on the teeth. Brackets are bonded on all teeth except the
first molars (Figs. D2.5 and D2.6). Metal bands are cemented onto these teeth. Bands
provide better bond strength on these teeth, especially if a headgear appliance is used.
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D21

Figure D2.1 Various contemporary orthodontic brackets
(from left to night): single wing bracket (Ormco, CA), del-
toid brackets (GAC, NY), and twin bracket (Unitek/3M,
MN).

D2.2A D2.2B

D2.2C D2.2D

Figure D2.2. A-D. An elastomeric chain is applying a force
on the teeth as it pulls all the brackets together. Note the
rotational control of the deltoid bracket. Within one
month, the antenor spaces were closed.
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D2.1 D2.3
Figure D2.1 Various contemporary orthodontic brackets Figu!
(from left to nght): single wing bracket (Ormco, CA), del cusp
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D2.2C D2.2D

Figure D2.2. A-D. An elastomeric chain is applying a force
on the teeth as it pulls all the brackets together. Note the
rotational control of the deltoid bracket. Within one
month, the anterior spaces were closed.
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D2.3A D2.3B | 3
Figure D2.3. A, B. Close-up view of the deltoid (on the upper h
cuspid) and twin brackets (on the incisors). Note the hook ‘
on the deltoad bracket for the placement of auxiliary elas-

tics. Within two months, cuspid retraction was completed P
(bodily movement and complete rotational control due to |
the honzontal bar of the deltoid bracket).

D2.4 i
Figure D2.4 Close-up view of the single wing (left) and the Figure D2.5 The slot of the single wing bracket i1s too narrow 1
deltoid (night) brackets. Note the much bulkier single wing and offers no rotational control. Note the rotated left lat- | i
bracket. Also note the “stretch™ of the “O" rning on the eral incisor despite correct bracket placement. Also note |
deltoid bracket, which aids in rotational control. that brackets (instead of bands) can be bonded on the |

e o e—

molar teeth when no headgear is to be used. '
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Rec
D2.6

Figure D2.6 An orthodontic band. Note the triple tubes. The
upper one is for insertion of auxihary wires (used in some
techniques); the middle one receives the main archwire; the
lower and bigger one receives the inner bow of a headgear.
On the lingual side, the sheath receives the TPA or TCA
apphiances (see further).
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Esthetic Brackets

Recent advances in the field of esthetic fixed applhiances have resulted in the development of
fixed appliances made of polycrystalline or single-crystal aluminum oxide (99.5%), -
called ceramic brackets'-** (Figs. D3.1 and D3.2). The most apparent difference
between polycrystalline and single-crystal brackets is 1a their optical clarity.! Polycrys- I
talline brackets tend to be more translucent,' whereas both single-crystal and polycrys-
talline appliances resist staining and discoloration.! Almost all of the currently avail- '
able ceramic brackets are made of polycrystalline material.'-'” The physical properties
of aluminum oxide that interest the practicing clinician are tensile strength, fracture
toughness, material hardness, and friction.'#-%20
The tensile strength of ceramics 1s not a simple bulk material property, as it is for
stainless steel:%!* it is very dependent on the condition of the surface of the ceramic. A
shallow scratch on the surface of a ceramic will drastically reduce the load required for
fracture, whereas the same scratch on a metal surface will have little, if any, effect on
fracture under load.>" In addition, the elongation for stainless steel is approximately
20% when 1t finally fails.? The elongation for the ceramic at failure is less than 1%,
making these appliances more brittle* (Fig. D3.3).
The fracture toughness of matenal is the total energy loading required to cause its
failure.? The fracture toughness values for ceramics are 20 to 40 times lower than
those of stainless steel. It 1s, therefore, much easier to fracture a ceramic bracket than a |
metal one. ‘
Thus, i1t 1s important for the orthodontist to inspect ceramic brackets for cracks at J
each patient visit.? Care should be taken during treatment not to scratch bracket }
surfaces with the instruments or overstress when ligating or activating a wire.>” The
patient should be cautioned against chewing on hard substances.” Pieces of bracket ‘
could be ingested or inhaled inadvertently if the fracture occurs in the mouth during t
function.” The problem of bracket fracture may also occur when placing or removing |
rectangular archwires, which almost completely fill the slot.” Placement of additional ‘
torque in the archwires may cause either tie-wing or slot microfractures on insertion.’
The fracture resistance of the ceramic brackets appears to be adequate for clinical use
in the range of 8 to 10 degrees of torque."

In general, ceramic brackets produce more friction than metal brackets. In reference
to the presence of friction between the ceramic bracket and the archwires, one study
emphasized that it decreases with increased archwire sizes®® because light wires are
pressed not only against the edges of the bracket but along the anterior slot as well. A
more recent study?' showed that there is a decreased rate of tooth movement with |
ceramic brackets that ranges from 30% to 50% when compared to metal brackets, and
that the amount of tooth movement decreased with an increase in wire size. In
general, slot surfaces and edges of the ceramic brackets were more porous and rougher
than those of the metal bracket,*’ and wire surfaces are obviously scratched by the
ceramic brackets, whereas only slight scratches are observed on the wires used with
metal brackets.
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D3.1

Figures D3.1 and D3.2 Ceramic brackets offer patients an
esthetic smile while undergoing orthodontic treatment.

D3.2

D3.3

Figure D3.3 A fractured, single-crystal ceramic bracket (Star-
fire, “A™ Company, CA), caused by the brittle nature of the
matenal. (Reproduced from Viazis AD, Cavanaugh G, and
Bevis RR: Bond strength of ceramic brackets under shear
stress: An in vitro report. Am J Orthod Dentofacial Orthop
98:214-221, 1990, With permission of Mosby-Year Book.
Inc.)
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As a result of this, efficiency of tooth movement is significantly reduced by ceramic |
brackets when compared to metal brackets. Refinement of ceramic brackets, slot
edges, and surfaces in particular should one day produce more efficient and desired \
tooth movement. Stainless steel is the smoothest wire, followed by Sentalloy (GAC).? |
At present, these wires are the most suitable for use with ceramic brackets in shding |
mechanics. '

A very important physical property of ceramic brackets is the extremely high
hardness values of aluminum oxide.? The hardness of ceramic brackets is almost nine |
times that of stainless steel brackets or enamel.>® Serious consideration should be |
given to the possibility of enamel contact with an opposing ceramic bracket and the
detimental effects it may have on the integrity of the enamel.**°

Ceramic brackets cause significantly greater enamel abrasion than stainless steel
brackets® (Figs. D3.4 and D3.5). We should realize that the constraints faced by
prosthodontists in not opposing natural enamel with porcelain apply equally to the
field of orthodontics.® It would be rather simple to state that as long as the brackets
are kept out of occlusion, this undesirable side effect 1s not to be expected.® Unfortu-
nately, during the course of orthodontic treatment one cannot be sure of avoiding this
problem, especially in extraction cases in which tooth retraction is initiated.?

B R

D3.4 D3.5

Figures D3.4 and D3.5 Scanning electron micrographs show-
ing abrasion of a bicuspid cusp tip before and after contact
with an opposing ceramic bracket. Note the cat scratch-
iike surface. Half of the abraded area has been delaminated,
revealing the intact enamel prisms underneath. (Repro-
duced from Viazis AD, DelLong R, Bevis RR, et al: Enamel
surface abrasion from ceramic orthodontic brackets: A spe-
cial case report. Am J Orthod Dentofacial Orthop 96:514 -
318, 1989. With permission of Mosby-Year Book, Inc.)
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Avoid placing ceramic brackets in deep-bite cases.® Ceramic brackets used on the
mandibular teeth should be kept out of occlusion at all times during treatment .56
Routine check of this matter is advised at every visit.>® Crossbites should first be
corrected before the application of ceramic brackets.’ Use of ceramic brackets on the
anterior maxillary teeth is possibly the best way to benefit from the esthetics of
porcelain while avoiding potentially deleterious enamel wear of occluding teeth.’ It is
not an exaggeration to correlate this type of abrasion to a saw blade applied against a
hard surface area.” Severe enamel abrasion from ceramic brackets might occur during
a single meal, sometimes within a few seconds.®® Clinically, damage occurs immedi-
ately on tooth contact with these appliances.®® (Figs. D3.6 and D3.7). Enamel wear
may occur from metal apphances as well, but this would be gradual (weeks or
months) and not as aggressive.® The use of elastomeric rings with covers for the
occlusal part of the ceramic brackets may be a way to avoid this problem.

According to the literature, the incidence of enamel damage on debonding of
ceramic brackets ranges from 0% to 40% for clinically sound teeth and is as high as
50% for compromised teeth (enamel cracks, endodontic therapy, large restorations).”8
The 1ncidence of bracket failure on debonding is in the range of 6% to 80%.7® The
design of the bracket, more specifically of the tie wing itself, affects the performance
of the bracket during debonding.” The junction between the bracket body and the tie
wing 1s relatively narrow and reduces the bulk of ceramic material supporting the tie

o

D3.6 D3.7
Figure D3.6 Contact of a lower ceramic appliance with an Figure D3.7 Dramatic damage done to the opposing tooth in Figure
opposing tooth. (Reproduced from Viazis AD, DelLong R. Figure D3.6 within seconds after contact with the ceramic upon ¢
Bevis RR, et al: Enamel abrasion from ceramic orthodontic apphance. (Reproduced from Viazis AD, Delong R, Bevis, the re:
brackets under an artificial oral environment. Am J Orthod RR, et al: Enamel abrasion from ceramic orthodontic Allure:
Dentofacial Orthop 98:103-109, 1990. With permission of brackets under an artificial oral environment. Am J Orthod bracke
Mosby-Year Book, Inc.) Dentofacial Orthop 98:103-109, 1990, With permission of

Mosby-Year Book, Inc.)
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wing extension.” Absence of adequate bulk, in addition to crack propagation, is
contributory to bracket failure at the site of application of the debonding force.’

The mean shear bond strength of the silane chemical bond provided by some
ceramic brackets is significantly higher than the mean shear bond strength of the
grooved mechanical bond of various other ceramic appliances and the foil mesh base
of the stainless steel brackets.®

Mechanical bonds, that is, metal foil mesh and grooved-base ceramic bracket bases,
under shear stress fail primarily within the adhesive itself® (Fig. D3.8). This is called
brittle failure of the adhesive from localized stress areas due to the bracket base
design.® Chemical bonds, provided by silane-treated ceramic bracket bases, fail mostly
at the adhesive-bracket interface.® This is defined as pure adhesive failure caused by
wider stress distribution over the whole interface.®

The maximum value of shear bond strength reported in the hterature exceeded
100 Ib of force.® This occurred with the first-generation Transcend (Unitek/3M)
bracket, which is no longer available and has been withdrawn from circulation®'%!7
(Figs. D3.9 and D3.10). The high bond attributed to this bracket was due to a
combination of micromechanical and chemical adhesion that was provided by the
coupling effect of the silane layer of the bracket base, giving it a shiny, smooth surface
area that increased the stress distribution during debonding.!’

It must be noted that the new bracket base of the Transcend 2000 (Unitek/3M)
appears to be much “safer” when compared to the original Transcend.!” No tooth

| failures were noted in a study with the Transcend 2000."” Both Fascination (Denta-
raum, Germany) and the original Transcend caused enamel failure in the same study,
which is in accordance with the findings of previous investigations.®'*!'" The new

D3.8

Figure D3.8 Mechanical bonds fail safely within the adhesive

. upon debonding. This 1s a scanning electron micrograph of
the residual adhesive on the tooth after debonding of an
Allure (GAC) ceramic bracket. Note the imprints of the
bracket base.
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D3.9

Figure D3.9 First-generation Transcend (Unitek/3M) ce-
ramic bracket bonded onto a bicuspid tooth. (Reproduced
from Viazis AD, Cavanaugh G, and Bevis RR: Bond
strength of ceramic brackets under shear stress: an in vitro
report. Am J Orthod Dentofacial Orthop 98:214-221,
1990. With permission of Mosby-Year Book, Inc.)

D3.10

Figure D3.10 Tooth faillure upon debonding of the bracket
shown in Figure D3.9. Debonding force levels of these
brackets exceeded 100 Ib. These appliances have been with-
drawn from the market. (Reproduced from Viazis AD, Ca-
vanaugh G, and Bevis RR: Bond strength of ceramic
brackets under shear stress: an in vitro report. Am J

Orthod Dentofacial Orthop 98:214-221, 1990. With per-
mission of Mosby-Year Book, Inc.)

generation of the Starfire brackets also appeared to have been improved.'” There were
less cohesive bracket failures than previously reported.®!4!”

The Allure (GAC) brackets demonstrate safe debonding.'” Their bond strength
appears to be strong enough to bond to the enamel throughout the length of treat-
ment without compromising the integrity of the tooth on debonding® (Fig. D3.8). As
supported by various studies,®® the Allure bracket is the ceramic bracket system of
choice for both predictability and bond strength. For those clinicians still using the
original Transcend or the Fascination brackets, a more flexible, lower, filled adhesive
may be the answer to lower bond strength and prevention of enamel fractures.'’

In the event that part of a bracket remains on the tooth on debonding, a high-
speed diamond handpiece with ample water spray may be used to take the residual
ceramic material off.”'® Sensitivity of the tooth may develop if the pulp is irritated by
this procedure.’

The need for relatively strong forces to obtain bond failure may result in various
degrees of patient discomfort.” In the clinical setting, such a force would be transmit-
ted to teeth that are often mobile and sometimes sensitive to pressure at the end of
the active phase of orthodontic treatment.” To minimize such an episode, the teeth
should be well supported during bracket removal.” It has been suggested that the
orthodontist have the patients bite firmly into a cotton roll to help stabilize these
sensitive and relatively mobile teeth.’

It needs to be pointed out to the clinician that the likelihood of bracket failure can
be minimized if the debonding instrument is fully seated to the base of the bracket
and to the tooth surface’ (Fig. D3.11). This firm seating allows the forces used for
bracket removal to be transmitted through the strongest and bulkiest part of the
bracket; namely, the bracket base. Failure to adhere to this requirement as a result of
hastiness by the clinician or the presence of large amount of composite flash on the
surface of the tooth and around the bracket periphery could result in a greater
incidence of bracket failure.” Because bracket failure is usually quick and sudden, it
could result in injury to the pericoronal soft tissue, the oral mucosa, the tooth, or the
clinician if debracketing is performed carelessly.’
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D3.11

Figure D3.11 Special instruments are recommended by |
various manufacturers to debond ceramic appliances. This
instrument, by Unitek/3M, should be fully and firmly
seated before the debonding force 1s applied.

Whole or fractured bracket particles can become dislodged into the field of opera-
tion and ingested or aspirated by the patient, creating a significant medical emer-
gency.” Furthermore, the flying bracket particles subject both the patient and the
clinician to possible eye injury if protective eyewear is not available or not worn by
both individuals.” If the pliers designed for removal of brackets have a protective
sheath that covers the working end of the instrument, the probability that bracket
fragments will become dislodged in the patient’s mouth or in the field of operation 1s
decreased. The plier blades progressively lose their sharpness because of the interac-
tion between the stainless steel blade and the much harder and more abrasive ceramic
material. As the plier blades become dull, debonding efficiency is reduced.

It has been advocated that techniques used during debonding of conventional
stainless steel brackets may be inapproprate for removal of ceramic brackets. Alter-
native debonding, such as ultrasonic and electrothermal debracketing, techniques that
minimize the potential for bracket failure as well as the trauma to the enamel surface
during debonding, have been investigated. These may be more time consuming, and
the likelihood of pulpal damage needs to be thoroughly investigated. Prototype de-
bracketing instruments are, at present, undergoing clinical trials.

A lot of the aforementioned problems will be avoided if the orthodontist performs
a very careful clinical examination of the patient, with particular attention to com-
promised teeth, goes over a thorough informed consent and treatment agreement with
the patient, emphasizes to the patient the advantages and disadvantages of ceramic
brackets, adheres to the manufacturer’s instructions, and 1s kept up to date with the
information that becomes available in the literature.
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Direct Bonding of Brackets/
Adhesive Systems

Since the introduction of the acid-etching technique by Buonocore,'* which enhanced the
adhesion of resins to enamel, rapid developments have led to the concept of direct
bonding in orthodontics, where attachments are directly bonded to the enamel
surface.'-'"® Naturally, the effectiveness of the bonded appliances in transferring the
desired forces to the teeth 1s dependent on the bond strength to the tooth. This can be
accomplished by an adhesive system that will bond the brackets directly to the tooth
surface and maintain them throughout the duration of treatment (Figs. D4.1 through
D4.20).

Orthodontic resins must ideally have adequate strength, be able to bond to both
ceramic and metal brackets, remain stain-free and thus be esthetically pleasing, have
variable setting times for multiple uses., and possess adequate hardness to facilitate
debonding.? They are divided into two systems: the ultraviolet (UV)- and self-cured
systems.?

The UV cunng systems rely on externally supplied, long-wavelength, UV radiation |
to produce a free-radical-liberating compound, such as benzoin methylether, in the
resin.”* They are one-component systems and therefore are easier to use; the most
important advantage is that of unlimited working time. In general, there is no statistic-
ally significant difference between the mean shear bond strength of light-cured and
chemically cured adhesives (two pastes or no mix).®* The fact that visible, light-cured
resins are being used successfully would seem to indicate that, although their in vitro
shear bond strength 1s clinically less than that of the chemically cured resin, visible,
light-cured resins can be used clinically with good results.®

Both lightly filled and heavily filled resins predispose to plaque formation without
significant qualitative differences between them.®> There is a trend toward an increased
bond strength with increased filler concentration.® The removal of highly filled com-
posite cements on average causes more loss of enamel than removal of an unfilled
adhesive.'” A lower filler content decreases the abrasive resistance and simplifies pol-
ishing and hnishing of the enamel surface after debonding. |

Recently, glass ionomer cements were introduced in clinical orthodontics (Figs.
D4.21 through D4.26). A great advantage of glass 1onomer cements is their ability to
act as reservoirs of fluoride ions, thus reducing the possibility of decalcification.!!-24
Fluoride ions are released in the immediate vicinity of the cement soon after place-
ment, and this 1on release continues at significant levels for at least 12 months.

Glass 1onomer cements were found to adhere without etching; simple prophylaxis
and drying of the enamel produced the strongest bond. Etching actually reduced bond
strength, because glass ionomers form a direct chemical bond with the enamel, unlike
the mechanical bond of composite resins. They also bond relatively better to the
bracket than to the enamel; fractures tended to be cohesive failures, within the cement
itself. The clhinical implication 1s that little cement will be left on the tooth after
debonding.
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Figure D4.1 After isolation with cheek retractors (for both Figure D4.2 Thorough rinsing and drying are absolutely nec- Hﬂ"f“
arches) or cotton rolls (for single-tooth procedures), the essary in order to obtain the chalky-white etched tooth chair
teeth are pumiced and adequately rinsed, followed by acid surface that allows for a good bond. At this point, the tooth

etching with a disposable brush for 15 seconds. 1s ready to receive the bracket.

[ 4

- '-in-. ::1.,'1.,.,“ .
o i
i i '"h . . i

Ty e -
B ~'?'-":=~_~*:“t.w_
" . b

i
v

!':L_’ —_—

D4.3 D4.4

Figure D4.3 Most adhesives come with two parts: a liquid Figure D4.4 The liquid part 1s applied onto the tooth surface
form and a paste form. with a brush by the clinician,
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D45 D4.6

" Figure D4.5 The paste is placed onto the bracket base by the Figure D4.6 The bracket 1s then placed on the center of the
chairside assistant. tooth with a special holding plier or even a pair of cotton
pliers.
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D47 ' D4.8 oy ‘
Figure D4.7 The clinician then aligns the bracket along the Figure D4.8 This is more easily done for the twin and del- '
long axis of the tooth at a specific distance from the incisal toid brackets with the perio probe, due to the convenient |
edge. shape of these appliances.
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D4.9

D4.13
Figure D4.9 At the end, as a final check, the bracket is Figure D4.10 Wire placement is done intraorally with the
checked with a mouth mirror to ensure that i1t is aligned Howe pliers which allow a firm grip of the wire and easy
properly. placement in the molar tubes and the bracket slots.

Lrep ! vy / T —

Figures D4.11 through D4.15 The placement of the elasto-
meric modules (O’ rings) over the bracket is done with a
hemostat. The module 1s hooked around one wing and
then, with the “baseball home-run™ twisting motion, all
four rings of the twin bracket are engaged.
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i
D4.16 | D4.17 ‘ D4.20
Figures D4.16 and D4.17 For the hook-up of the elastic Figure!
chains, the procedure 1s quite similar: on insertion of one placen
of the loops, the chain 1s stretched and the rest 1s tied 1n a moveo

similar manner.

D4.18 D4.19

Figure D4.18 To secure the archwire in the bracket slot Figure D4.19 When removal of a ligature wire-tie is desired,
tightly, a ligature wire-tie is used. It i1s placed beneath first a ligature-cutter plier may be used to cut the wire and,
the mesial wings of the bracket and then the distal ones without letting go of it, the ligature tie is removed with the
while sliding along the main archwire. At this point, the same plier.

two legs are crossed over, twisted by hand a few times. and
then securely tightened with a hemostat. The excess ligature
1s cut off and the remaining 3-mm twisted part is placed
beneath the main arch wire.
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Figure D4.20 Colored jigs aid the practitioner in the correct
placement of the ceramic apphances. These jgs are re-
moved after the adhesive has set.

- D422

* Figure D4.22 The separator is held by two hemostats at a

90-degree angle.
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D4.21

Figure D4.21 One week before band fitting and cementing,
separators are placed around the teeth that are to be banded.

D4.23
Figure D4.23 The separator 1S stretched and then inserted

between the teeth. Its thin, stretched section (the lower,
partly white area) can easily slide through the tooth contacts.
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D4.24

Figure D4.24 The band’s triple tubes are waxed so that ad-
hesive will not enter the tubes.

D4.25

Figure D4.25 A glass ionomer cement is used to bond teeth
because the bond 1s stronger than that of zinc phosphate
cements, especially if headgear i1s used at some point during
ireatment.

D4.26

Figure D4.26 Regardless of the bracket type used, brackets
should all be placed in the middle of each tooth, at the
same distances (x) from the incisal edge, with the exception
of the cuspids, which should be | mm more gingivally
(x + | mm), and molar teeth, which should be 1| mm more
occlusally (x — | mm). This bracket placement ensures cus
pid guidance at the end of treatment and minimizes the
extrusion of the molar teeth, which may otherwise lead to
interferences.
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In a recent study, it was found that a glass 1onomer cement, Ketac-Cem (Espe,
Fabrik Pharmazutischer Preparate GMBH & Co., Germany), had a 12.4% failure rate
when it was used to bond brackets on teeth of 40 consecutive patients.'' More recent
investigations showed that conventional composite adhesives leave a considerably
higher bond strength than glass ionomer cements.'»' It is recommended that if glass
ionomer cements are used for bonding of orthodontic brackets, the archwires not be
placed until the next day, in order to have sufficient clinical strength.'' In a recent
study,? it was concluded that the mean shear bond strength of light-cured, fluoride-
releasing glass ionomer is higher than that of the chemically cured ionomer.

A problem that may arise during treatment with direct-bonded apphances i1s corro-
sion. Corrosion appears as black and green stains around the corner of the brackets,
some of which permanently mark the enamel, especially on anterior teeth.'® It is
primarily caused by the percolation of the salivary fluids, which are rich in electro-
Iytes, at the junction of the resin-enamel or resin-mesh interface for a long penod.'®
Contributory factors may be corrosion susceptibility of the alloy, the effect of welding
or brazing on the structure, and galvanic action arising from contact with other alloys
in the mouth.' It is advisable that the clinician remove the affected bracket and
rebond, "

Visible, light-activated, fluoride-releasing orthodontic bonding systems are capable
of adequately retaining brackets while aiding in the prevention of decalcification
around bonded appliances.'® Such bonding systems were found to provide bracket
retention rates similar to those of conventional orthodontic bonding systems.'® Acid
etching the enamel before fluoride application increases fluoride uptake.'® This type of
post-etch fluoride treatment does not alter bond strength.?® Use of fluoride-exchanging
adhesive resulted in a reduction of early demineralization.?! Findings indicate that the
application of either 2% or 4% sodium fluoride (NaF) in a diluted orthophosphoric
acid (H,PO,) solution does not significantly influence the tensile bond strength of the
adhesive material to the enamel surface.?? Equal susceptibility to white spot formation
has been reported whether teeth are banded or bonded.?* Fluoride-releasing base liners
are not acceptable as orthodontic adhesives, but they may be placed around already-
bonded brackets.?

It should be noted that an allergic reaction to the nickel element of the metal
brackets has been reported.'” It seems that there is a high initial release of metals but
that the effect diminishes with time. There are fewer symptoms associated with oral
exposure to nickel. Inter-individual differences must be considered.

In reference to bonding to gold teeth, roughing the surface before bonding is
necessary to provide a successful bond. Acid etching should then be used to provide a
clean gold surface and should be followed by bonding with highly filled resins.*®

The technique used to bond orthodontic brackets to porcelain relies on a hydro-
lyzed silane coupling agent. If a nonhydrolyzed silane agent is used (Ormco porcelain
primer, Ormco, CA), it needs to be applied onto the tooth without removal of the
acid etchant. The phosphoric acid etchant activates the silane and hydrolyzes it. The
process of hydrolyzing activates the silane and prepares it for chemical interaction
with the porcelain surface. A second layer of nonhydrolyzed silane should follow.
After a thorough nnse and air dry, the adhesive resin may be applied. When a
hydrolyzed silane 1s used (Scotch prime, Unitek/3M), i1t should be applied only once
for 2 minutes without acid etching and dried with warm air. To remove the brackets
during debonding, a tensile pull with a “pinching and peeling” force should be
applied.”® The porcelain should not be touched with the finishing bur (No. FG 7909,
Teledyne Densco Co.) that removes the residual composite from the tooth.?® Insta-
Glaze (Taub Products and Fusion Co.) can be used to polish the porcelain surface at
the end of the procedure.?®

Various adhesive systems currently exist in the market that allow for clinically
successful bonds to porcelain teeth: System | (Ormco) with porcelain bonding primer,
Enamelite 500 enamel coating/porcelain repair (Lee Pharmaceutical), Isopast with
Silanit contact-resin (Vivadent), and Concise with Scotchprime (Unitek/3M). Gener-
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ally speaking, debonding and clean up with scalers and pliers create surface defects
such as craters, pits, and porcelain fracture as the resin 1s removed. Diamond polish-
ing paste is better in restoring the surface than are polishing stones. Irreversible
damage to porcelain may also occur. Because the bond strengths to glazed and
deglazed porcelain are not significantly different, it may be desirable to bond to glazed
porcelain to minimize surface damage.?’” Roughening of porcelain with silane treat-
ment allows for clinically acceptable bond strengths of orthodontic brackets to porce-
lain.2® Roughened surfaces and surfaces with microfractures can be satisfactorily fin-
ished and polished with either a series of graded ceramist’s points (Shofu Dental Co.)
or a diamond-impregnated polishing wheel (Meissinger, Jan Dental Co.), followed by
a diamond polishing paste (Vident).?
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Basic Orthodontic Instruments:
Wire Bending

A few pliers are needed in the modern practice of orthodontics (Fig. D5.1). Here are some
basic ones':
The bird beak plier: (the most popular orthodontic plier) used to bend round wires.
The square plier: uscd to bend rectangular wires.

The Howe plier: the clinician’s “hand™ in the mouth; mostly used to place the archwire in
the bracket slots.

The three-prong plier: used to bend larger size wires; i.e., 0.030-inch round retainer wire
and clasps.

The hemostat: used to place elastomeric modules, elastic chains, and ligature wires over the
bracket wings.

The wire cutter plier: uscd to cut wires outside of the mouth,
The distal-end cutter plier: used to cut the archwire distal to the molar tube in the mouth.
The band-sitter: facilitates the smooth fit of the molar bands around these teeth.

The bracket remover: is the same for all metal appliances, but varies depending on the
manufacturer for the ceramic brackets.

The band remover: has a soft end, which contacts the tooth surface, and a metal end, which
dislodges the band from its position.

Cotton pliers/bracket-holding pliers: used to place brackets onto the tooth surface.

A 3-mm periodontal probe: aids in the accurate placement of the brackets onto the teeth.
Despite the existence of modern, preadjusted appliances, compensating bends are
almost always needed to finish a case.'?

“In-out” or First-Order Bends

These are done in the horizontal plane., One should remember that we always start
with an archwire that lies flat on the table, and that it should still lie flat after the
bend has been placed in it (Figs. D5.2 through D5.15). This 1s why “orientation™ of
the archwire is of vital importance: we should always hold the pliers (bird beak for
round or square for rectangular wires) perpendicular to and the archwire parallel to
the floor. This way, we are not introducing any unnecessary bends in the wire that we
may not be able to take out later on.

“Up and Down™ or “Tip"' or Second-Order Bends
These are done just like the first-order bends, only in the vertical plane (Figs. D5.16
through D5.19).
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D5.1

Figure D5.1 Vanous instruments and phliers used in the
modern practice ol orthodontics: (4) bird beak phliers, (B)
square pliers, (C') three-prong pliers, (D)) Howe pliers, ()
torquing key, (F) torquing phers, () hemostat, (H) band
sitter. (I) band remover, (J) bond remover, (K) distal-end
cutter pliers, (1.) wire cutter plier.

D5.3

Figure D5.3 First-order bends. (4) A molar offset 1s placed to
move the mesiobuccal cusp of the molar slightly more buc-
cally while at the same time smoothly curving its distal
cusps lingually. The latter 1s accomphished because the end
of the archwire points lingually (*toe-in™). This bend also
helps to counteract the mesiolingual rotational movement
exerted on the molar from the elastomeric chain modules
duning space closure. (B) A cuspid offset 1s placed to accen-
tuate the position of the cuspid buccally, especially in a
broad, full “Hollywood™ smile. (C') An inser 1s the opposite
of an offset. Its purpose is to move a tooth lingually,

D5.2

Figure D5.2 Archwire preformed to the shape of the dental
arch as 1t 1s available in the market.

D5.4

Figure D5.4 Proper onentation during wire bending 1s ven
important. Always hold the phers perpendicular to and the
wire parallel to the floor. In a clinical situation, mark with
an indehible pencil in the patient’s mouth the point where
to bend the wire. That 1s where the pliers should hold the
wire. This 1s usually toward the mesial side of a tooth. For
purposes of onentation while looking at the photograph, we
will call 4 the segment of the wire on the left side of the
phers and B the segment on the nght side.
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A B A B
D5.5 D5.6

Figure D5.5 To place an offset on B, start by bending 4 out Figure D5.6 Side B of the wire is bent inward.
with the thumb of the other hand. (It 1s the fingers that do

the wire bending, nof the pliers. The instruments are ssmply

used 1o hold the wire.)

05.7

Figure D5.7 The molar ofiset bent has been created.

D5.8

Figure D5.8 To create an offset for an incisor or bicuspid (in
the middle of the arch), all one needs to do i1s repeat the
same procedure on the distal side of that specific tooth.
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D5.9 D5.10

Figure D5.9 A bicuspid ofiset. Figure D5.10 The placement of a cuspid offset 1s done a
little differently, due to the smooth curve that must be
given to the archwire. Start by holding the wire at a point
that corresponds mesial to the cuspid bracket.
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D5.11 D5.12

Figure D5.11 The A4 segment 1s bent out, stmilar to the Figure D5.12 Because square pliers have been used up to

molar offset. now (for bending rectangular wires), one needs to switch to
bird beak pliers. Position the wire in the middle of the
prongs of the pliers, distal to the point initially marked on
the B segment.
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A B
D513

Figure D5.13 Taking advantage of the roundness of the beak
of the pliers, bend the B segment inward.

D5.15

Figure D5.15 The cuspid offset that was created. The offset
should curve as smoothly as possible past the imtal point
of contact with the pliers.

A B
D5.14

Figure D5.14 The bird beak pliers are then repositioned
shghtly more distally on the B segment; again, exert hght
pressure 1o curve the wire around the beak of the pliers.
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D5.16

Figure D5.16 The placement of a second-order bend is done
just like the bicuspid offsets, but in the vertical plane.
Shown 1s the first bend, which has already been placed on
the mesial side. The square pliers are holding the archwire
on the distal side of the bracket (as 1t would appear in the
mouth).

D5.18

Figure D5.18 The A segment is then bent downward.

D5.17

Figure D5.17 In order to complete the second-order bend,
the B segment 1s bent upward.

D5.19

Figure D5.19 The completed second-order bend. Usually,
when placing such a bend, the tooth, as it is brought down,
tends to roll in (lingually) as well. Therefore, it is a good
idea to place a first-order bend (offset) as well to counteract
this side effect.
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"Torque'' or Third-Order Bends

These are a little different from the other two. In order to apply “torque.,” we need to
“twist” the wire so that the roots ol the teeth may move either buccally or lingually
(buccal root torque and hingual root torque. respectively). There are generally three
types of “torque” bends (Figs. D5.20 through D5.32): (a) single-tooth torque, (b)
anterior torque, and (c) posterior torque.

The following needs to be emphasized: even if a bend 1s necessary to compensate
for bad bracket placement, it 1s much easier to reposition the brackets than to place
unnecessary bends. Without antenor archwire bends, the wire slides through the
bracket slots far more ethciently, allowing effective use of sliding mechanics for space
closure. Although 1t 1s true that very httle bending is needed during the first five
stages of treatment, iimshing requires some wire bending in almost every case. Be-
cause the appliance prescriptions are based on averages, they cannot possibly account
for all the vanations of tooth size and shape. This means that detailing bends will be
needed in the finishing wires of some patients.

D520 D5.21
Figure D5.20 The placement of torque or third-order bends Figure D5.21 In order 10 torque (twist) the wire distal to the
s achieved with the help of the torquing (holding) pliers holding phers, the key is positioned next to the pliers, par-

and torquing key. The phers hold the wire as shown, allel to the plers and the wire.
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D5.23

Figure D5.23 Side view. Note that the pliers are parallel to

D5.22 the floor,

Figure D5.22 A closer view shows the relationship of these
auxihary instruments. If torquing one tooth only, the
torquing key would have to be placed between the two legs
of the torquing phers.

D5.25

Figure D5.25 If we now hold the postenior segment of the

D5.24 archwire with the square pliers, we notice that the pliers
Figure D5.24 If the archwire is of the upper arch and we have moved upward posteniorly and are no longer parallel
wish to place lingual root torque on the upper right poste- to the floor. When we place this archwire in the mouth and
rior teeth, then the key is moved inferiorly. into the bracket slots, the roots of the upper right posterior

teeth will move toward the same direction as the pliers did,
1.¢., palatally (hngual root torque).



D5.26

Figure D5.26 The rest of the archwire has not been affected
by the torque applied in the postenor segment. The pliers
are still parallel to the floor.

D05.28

Figure D5.28 Placement of antenior torque, usually from lat-
eral incisor to lateral incisor but often from cuspid to cus-
pid, starts by gently bending the antenor part of the arch-
wire.
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D5.27

Figure D5.27 Movement of the roots of the upper nght pos-
ternnor teeth toward the buccal cortical plate (buccal root
torque) would require the opposite twisting activation of
the wire. Similar logic can be applied for a mandibular wire.

D5.29

Figure D5.29 The pliers are moved toward the mudline as
the fingers of the other hand continue to gently bend the
wire. The same sequence is followed from the other side
toward the midline.
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D5.31

05.30 Figure D5.31 As the onentation of the pliers relative to the
torqued anterior part of the archwire shows, upon place-
ment of this wire in the upper arch the roots of the antenor
teeth will move toward the palatal cortical plate (lingual
root torque).

Figure D5.30 With the help of the torquing key, any residual
torque 1n the postenor segments of the archwire 1s taken out.

D5.32

Figure D5.32 The postenior archwire 1s flat

The wires need to be handled with care in the patient's mouth (Fig. D5.33). In
addition, apart from the main archwire, other auxiliary wires may be used when
needed (Fig. D5.34), It we need to secure the wires tightly in the bracket slots, a
ligature tie 1s preferred to the elastomeric modules (especially for the expression of
torque) (Fig. D5.35).
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D5.34

0% Figure D5.34 The transpalatal arch (TPA) 1s available in
Figure D5.33 It 1s very important that the main archwire 1s different sizes and is easily inserted in the sheaths of the
cut close to the most posterior molar band with the distal- first molar bands with Howe pliers when headgear is used
end cutter pliers. Wires that “stick™ the patient’s soft tissue (to control the position of the molar teeth in the transverse
can create quite an ulceration between 3- to 4-week ap- dimension). For crossbite correction, an RME apphance is
pointment periods. preferred for more stable results.

D5.35

Figure D5.35 The elastomeric modules and ligature wires
used to tie the wires in the bracket slots.
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Chapter

Orthodontic Wires

There are generally two types of orthodontic wires: round and rectangular.'"'° Even though in
the past most of these wires were made of stainless steel, the development of the
nickel-titanium (Ni1T1) wires has led to the wide range of “elastic” wires that are
available today.'-1°

After the procedure of bonding the bracket onto the teeth has taken place, the steps
in treatment that are followed during the 12- to 24-month treatment period are' -'%;

Alignment

This is where the initial archwire will, over a period of a few months, bring the teeth
into their correct ‘‘aligned” position in the dental arch. This is when rotations and
crosshites are corrected.

Leveling

This is where the curve of Spee is leveled (in most instances) and all the teeth are
brought into their normal vertical positions within the alveolus and in comparison to
the adjacent teeth.

Space Closure

This 1s the third step of orthodontic treatment. Any remaining extraction spaces are
closed durning this phase with rectangular wires for the reasons that were discussed in
the biomechanics section of this book. The rectangular wires provide the three-
dimensional control of the teeth in the bone (tip/torque control), whereas elastomeric
chain modules, rubber bands, and coil springs are used to pull the teeth together and
close the spaces in the arch. One millimeter per month is, on average, the rate of
space closure.

Finishing

This is the final phase of treatment, where bends are placed in the archwires to
compensate for incorrect bracket position or peculiar tooth morphology. In an 0.018-
inch slot system, a wire that completely fills the bracket slot and thus provides
maximum torque control is the 0.018 X 0.025-inch? rectangular wire (finishing wire).
Often, a 0.017 X 0.025-inch? or even an 0.016 X 0.022-inch? wire is used (they are
not as stiff and are easier to nsert in the bracket slot). It may be better to use the
0.016 X 0.022-inch? wire because it reduces the friction in the bracket slot, especially
if finishing elastics are used to correct the midlines.

In the past, both alignment and leveling were done simultancously with light,
round stainless steel wires with monthly progression to a larger diameter wire. This
sequence in the 0.018-inch slot system is 0.012-inch, followed by 0.014-inch, and then
0.016-inch diameter round wire (Fig. D6.1). The objective was to start with a very
light wire, such as 0.012-inch wire, that would have the least stiffness (stiffness is a
measure of the amount of force required to bend a wire a certain distance), so that it
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may be fully engaged in the bracket slot without deformation and thus start tooth
movement with the least discomfort for the patient. If even hghter force levels were
needed, braided stainless steel archwires were also used (Fig. D6.2). Usually, within a
month or two, the teeth would have moved toward the correct arch form and the
next size wire would be inserted in the brackets. One must remember that the stiffer
the wire, the more force it takes to place it in the bracket; thus, the more force it will
deliver and the more pain 1t will elicit. Space closure in the 0.018-inch slot system
would begin with a 0.016 X 0.016-inch? rectangular stainless steel wire, followed by a
0.016 X 0.022-inch? size wire. The finishing archwire would be a 0.016 X 0.022-inch?
wire or a 0.017 X 0.022-inch* wire.

The amount of force needed to move teeth 1s very low, approximately 0.025 g/cm?,
equal to the pressure 1n the capillanes. Higher force levels will cause “hyalinization™
or “temporary necrosis’ of the surrounding tissues, which will take about a 7- to
|4-day period to reorganize. Pain will occur as well. The forces applied with the
stainless steel wires are always heavier than needed, thus causing a delay perniod of 7
to 14 days of no tooth movement.

During this time, undermining resorption occurs (from within the bone) until it
reaches the bone surface after 7 to 14 days, at which point the bone is resorbed and
the tooth 1s moved abruptly. Hyalinization occurs again, and so on. This happens
even with the hightest stainless steel wires (i.e., 0.012 inch).

The recent introduction of the “elastic” wires has changed all this. Over the past
few vyears, the use of NiTi1 wires has truly brought modern clinical orthodontics to
another level. NiTi wires may deflect as much as six-fold compared to a stainless steel
wire of the same size.'? Research of the unique properties of this alloy over the past
two decades,'-” along with the satisfactorv results from its preliminary clinical appli-
cation, has offered new honzons for research of biomechanics and challenging chap-
ters in the practice of orthodontics. The superelastic NiTi wires can be displaced a
considerable distance without developing excessive force. In addition, they can be
reactivated (i.e., mampulated to increase the force on a tooth after it has been
partially moved into position) simply by releasing the elastomeric module holding 1t
in the bracket slot, allowing it to spring back to its original shape (by pulling it out of
the bracket), and then retying it.”

D6.2

Figure D6.2 A braided stainless steel imital archwire. This
wire, before the introduction of the superelastic wires, ex-
erted the hightest forces on the teeth.

D6.1

Figure D6.1 A round stainless steel initial archwire (0.012
inch).
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The work by Andreasen and co-workers'? led to the development of the Nitinol
wire (Unitek). Although Nitinol has an excellent spring-back property, it does not
possess shape memory or superelasticity because it has been manufactured by a
work-hardening process.® Shape memory is a phenomenon occurring when the alloy
1s soft and readily amenable to change in shape at a low temperature but can easily be
reformed to its onginal confhguration when 1t 1s heated to a suitable transition tem-
perature.® The superelastic property is demonstrated when the stress value remains
fairly constant up to a certain point of wire deformation and, as the wire deformation
rebounds, the stress value again remains fairly constant.® Miura et al.® claim that
Japanese NiTi wire possesses all of the aforementioned properties and can therefore
deliver a relatively constant force for a long period of time, which is considered a
physiologically desirable force for tooth movement. Their research findings and clini-
cal application of this round wire, under the trade name Sentalloy (GAC), showed
that, due to the superelasticity of the archwire, tooth movement occurred effectively
and patients did not exhibit any discomfort because the wire delivered a constant
force for a long period during the deactivation of the wire.

In a more recent study,” it was found that the new superelastic NiTi rectangular
wires, NeoSentalloy (GAC), can be used with extremely light force in the initial phase
of treatment. Based on their three-point bending test and torque test on these wires,
Miura et al. support findings that this new NiTi alloy shows extremely light continu-
ous force, regardless of deflection, and that this superelastic force can be applied at
low levels, regardless of wire size.

The rectangular NiTi wires have excellent clinical application, especially in the
early phases of orthodontic treatment; /.¢., alignment and leveling. The greatest arch-
wire flexibility and least patient discomfort in climical tnals appear to be provided
with the NeoSentalloy (GAC) wires (Figs. D6.3 through D6.5). The rectangular NiTi
wires can replace all of the stainless steel round wires, as well as some of the
rectangular ones, but certainly not the finishing stainless steel wires that are necessary
for fine detailing, arch coordination, and finishing bends (Figs. D6.6 through D6.21).
A recommended treatment sequence with the 0.018-inch system would be a rectan-
gular NiTi wire as initial archwire and 0.016 X 0.022-inch? stainless steel as finishing
archwire. By using rectangular archwires from the onset of treatment, torque control

Figure D6.3 The rectangular superelastic NeoSentalloy Figure D6.4 The same patient as in Figure D6.3 after |
(GAC) archwire provides the greatest archwire flexibility month. Note that the cuspid has almost reached the occlu-
available today, as well as control of torque from the onset sal plane (5 mm movement!). No patient discomfort was
of treatment. expressed.
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D6.5

Figure D6.5 A (0.014-inch stainless steel wire 1n a box con-
figuration in a patient. This configuration allows for more
wire to be incorporated between the adjacent brackets;
otherwise the stainless steel wire would have been deformed
had it been activated hke the superelastic wire. In compan-
son, the efficacy in treatment is quite obvious with the
NiTi wires.

06.6

Figures D6.6 through D6.9 A |2-year-old patient with a class
| molar occlusion, orthognathic skeletal substrate, and se-
vere upper and lower crowding (12 mm and 10 mm, re-
spectively) requinng extraction of the upper first and lower
second bicuspids. Note the overbite of 3 mm.

D6.9
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06.10

Figure D6.10 A Sentalloy (GAC) round NiTi wire 1s placed
as the imuial archwire 1in the maxillary arch. A 0.012-inch,
round, stainless steel wire 1s placed in the lower arch. The
upper lateral incisors and bicuspids were not incorporated
in this alignment phase in order to avoid unnecessary tip-
ping of these teeth.

D6.11

Figure D6.11 Antenor view, Compare the vertical activation
of more than 7 mm of the Sentalloy (GAC) round wire in
the maxillary arch to the 0.5 mm of activation of the 0.012-
inch stainless steel wire in the mandibular arch.

D612

Figure D6.12 After | month of treatment. The cuspid tooth
has come down 3 mm. A 0.014-inch round wire 1s placed
i the lower arch as the next step of stainless steel mechan-
otherapy.

D6.13

Figure D6.13 Anterior wire. Note that there is a slight dia-
stema that has opened between the central incisors as these
teeth moved slightly mesially from the reaction to the cus-
pid movement.

1s immediately obtained. This may have significant importance in posttreatment
stability. In addition, cuspid retraction can be initiated from the onset of treatment
(Figs. D6.22 through D6.27). By the time the cuspid teeth are in a solid class |
relationship (about 5 months into treatment), alignment and leveling have been
completed and the patient i1s ready to receive the stainless steel finishing coordinated
archwires (0.016 X 0.022 inch), which will be the final archwires of therapy.

Finally, depending on the type of growth pattern being treated, the clinician should
use the appropnate mechanotherapy sequence (Fig. D6.28).
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06.14 | | D6.15

Figure D6.14 After 2 months of treatment. The initial acti- Figure D6.15 Anterior view. Note that the diastema is clos-
vation of the upper wire has brought the cuspids 5 mm ing as the cuspids are coming down and the incisors retumn
more occlusally, to their onginal position.

D6.16 D6.17

Figure D6.16 After 3 months of treatment, the cuspid has Figure D6.17 Anterior view. The cuspid teeth have been
reached the occlusal plane. A 0.016-inch round wire is the brought into the arch without any side effects (the overbite
next size of stainless steel wire that i1s placed in the lower 15 still 3 mm). The diastema has almost closed. Had the
arch. two central incisor teeth been wire tied together with a |

ligature tie, the diastema would not have been created.
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06.18 | D6.19

Figure D6.18 Six months into treatment, 0.016 X 0.022- Figure D6.19 Anterior view. Elastic chains help in closing of
inch® stainless steel finishing wires are placed in both arches. any remaining spaces in the lower arch.

06.20 D6.21

Figure D6.20 Eight months into treatment, a figure-8 config- Figure D6.21 Toward the end of treatment (10 months).
yration of lhigature wire (from the left first molar to the This case will be finished in less than 1 year. A total of two
nght one) consohidates and keeps the teeth in contact after wires were used in the upper arch: the imitial superelastic
space closure. wire and the finishing stainless steel.
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D6.22
Figure D6.22 Initiation of cuspid retraction using a rectan-

gular, superelastic NeoSentalloy (GAC) wire immediately
after bracket placement,

D6.24

Figure D6.24 Five months into treatment, the tipped teeth
have upnighted into a solid class I occlusion simply by
holding them tied together (with a ligature hgure-8 pattern)
as the prescription in the preadjusted appliance bracket sys-
tem 1s given the time to “work-out” in relation to the wire.

D6.23

Figure D6.23 Three months into treatment. The extraction
space 1s closed. Space closure occurred rapidly due to the
presence of osteoclastic activity brought about by the ex-
traction of the bicuspid; 30% of this closure was the result
of the tipping of the teeth.

D6.25
Figure D6.25 This case shows a retained right primary cu-
spid, moderate crowding on the same side, and spacing on
the opposite side from the previous extraction of the left

first permanent molar. It was decided to extract the nght
first molar and alleviate the crowding.




Figure D6.26 A superelastic, rectangular NeoSentalloy (GAC)
wire was placed and space closure was initiated immedi-
ately after bracket placement, | week after the extraction of
the first molar (to take advantage of the presence of osteo-
castic and osteoblastic activity in the extraction side).
Within 3 months, the 10-mm extraction space had been
reduced to only 3 mm, Also note how rapidly the nght
cuspid 18 moving into the space provided by the extraction
of the retained primary tooth.

Open Bites Deep Bites
|. Placement of upper Normal placement of upper
antenor brackets more anterior brackets
gingivally
2. Banding of lower second Banding of lower second

molars late in treatment if molars early in treatment
needed

1 Placement of molar bands Normal placement of posterior
or brackets more occlusally | bands and brackets.

4. Preservation of the curve of | Placement of reverse curve of
Spee in the archwires Spee in the lower arch and
accentuated in the upper

5. Use of flexible rectangular Use of stiff rectangular
archwires (NiTi's) archwires (stainless steel)

6. Placement of lingual crown | No additional torque
torque on the upper molars | necessary

if needed
1. Use of high pull headgear Use of low occipital headgear
as needed as needed
§. Use of bonded RME Use of hygienic banded RME
appliances for expansion appliances for expansion as
as needed needed
06.28

Figure D6.28 Open versus deep-bite orthodontic mechano-
therapy.
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D6.27

Figure D6.27 Five months into treatment. The superelastic
wire allowed for quiet space closure and easy alignment of
the cuspid tooth into the arch.
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Archforms

Determination of the correct archform is one of the most important aspects of orthodontic
treatment.'? The archform, especially in the mandible, cannot be permanently ex-
panded by appliance therapy. The mandibular model with all permanent teeth present
provides the best basis for construction of a correct or physiologic archform, Although
preformed arches have been made using various geometric or computer-generated
data, the it to an individual mandibular model 1s highly vanable.

It is recommended that the clinician place a sheet of tracing paper over the man-
dibular cast at the onset of treatment and mark with dots the most outer point of the
buccal surfaces of all the teeth.! The points should then be connected to form the
dental archform of treatment for the mandibular wires. The maxillary wires should
always be coordinated with the mandibular ones (Fig. D7.1); otherwise various dis-
crepancies may occur (Figs. D7.2 through D7.5).

In the event that there is excess buccal overjet on the right posterior dentition and
an end-to-end (no overjet) on the left side, the upper archwire is skewed to the left
side (Fig. D7.6). Occasionally, a reverse curve of Spee is added in the lower archwire
during space closure with elastomeric chains (Fig. D7.7). In the upper arch, we can
simply increase the curve. This prevents the teeth from tipping lingually, but it also
tends to extrude the bicuspids and flare the anteriors.
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D71

Figure D7.1 Coordinated archwires must be used from the
onset of treatment so that a normal buccolingual relation-
ship (transverse dimension) can be achieved from the ear-
lier stages of corrective orthodontic mechanotherapy.

D7.2

Figure D7.2 Patient before treatment. Note the good buccal
intercuspation of teeth.

D7.3

Figure D7.3 Development of posterior open bite from incor-
rect bracket placement and arch incoordination. Same pa-
tient as in Figure D7.2.

|
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Ur4 D7.5

Figure D7.4 Patient in hxed apphances during space closure. Figure D7.5 Incorrect bracket placement, lack of coordina-
tion in the archwires, and lingual tipping of teeth duning
space closure led to the development of this open-bite situ-
ation. Same patient as in Figure D7 4.

076 o D7.7

Figure D7.6 Archwire “skewed” to the lefi. Figure D7.7 Reverse curve of Spee in the lower archwire.
This wire conhguration 1s available for NiTi wires. Stainless

steel archwires can be bent to this shape quite easily with
the thumb.
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Coil Springs

The most important characteristic of the Japanese NiTi alloy coil springs is the ability to exert
a very long range of constant, light, continuous force over months for a single
activation.'? The new Sentalloy (GAC) coil springs have opened new horizons in the
treatment of anteroposterior discrepancies,?? i.e., the correction of a full class 1l
malocclusion into a class | occlusion with 4 to 7 mm of sequential distal movement of
all maxillary teeth (Figs. D8.1 through D8.36). It is very important to note that this
posterior movement i1s bodily in nature. According to the literature,'” the superelastic
coils should produce distal movement of posterior teeth at a rate of 1 to 1.5 mm/
month. Adjunctive headgear therapy, along with the juvenile and pubertal growth
spurts, make the correction of Class II malocclusion in contemporary orthodontics an
easy task to accomplish.



168 @ Part D  Orthodontic Mechanotherapy

D8.1

Figure D8.1 Typical class Il, division | with a 12-mm over-
jet. In the past, cases such as this one were treated with
headgear for at least 2 to 3 years (for correction of the
7-mm class Il discrepancy into a class I occlusion) or with
extraction of the upper first bicuspids. These cases can now
be treated without extraction with the sequential use of the
superelastic Sentalloy (GAC) coil springs.

D8.3

Figure D8.3 Occlusal view. Note the significant second
molar movement (2 to 3 mm) distally.

D8.2

Figure D8.2 A [00 g light section of the superelastic coil
spring 1s compressed between the first and second molars,
immediately after bracket and wire placement (from the
first appointment of the patient’s treatment). The initial
wire 1s a superelastic rectangular wire, An elastomenc chan
may also be placed from the onset of treatment from the
first molar to the one on the opposite side in order to close
any antenor spaces and retract the flared anteriors. This
photograph i1s 2 months into treatment.

D8.4

Figure D8.4 Closer view. The typical mesial rotation of th
class Il molars 1s ssmultaneously corrected as the molars an
moved distally.
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D85

Figure D8.5 After 4 months into treatment, the second
molar has moved 6 mm distally in a |- to 2-mm over-
corrected position. A stop is placed in the archwire in front
of the second molar to prevent its mesial movement dunng
the distal movement of the first molar. The same coil
spring is used again, but this time it 1s compressed between
the second bicuspid and first molar. The archwire is now a
0,016 X 0.016 inch? stainless steel that allows placement of
the stop in the archwire (the superelastic wires are difficult
10 bend). D8.6

Figure D8.6 This photograph, of another patient, shows the
extent of distal movement of the molar that can be ob-
tained (7 to 8 mm).

A

08.7 o D8.8

Figure D8.7 The stop in front of the molar i1s fabricated Figure D8.8 The wire (segment B) 1s bent at a 45-degree
around the round part of the birdbeak pliers. angle to segment A.
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D8.9 ' | D8.10

Figure D8.9 Segment B 1s brought back down again, Figure D8.10 The stop (in the form of a loop) is formed
around the beak of the phiers. I

D8.11
Figure D8.11 The molar stop.

D8.12

Figure D8.12 After distal movement of the first molar teeth
on a patient after 9 months of treatment.




08.13

Figure D8.13 Deactivated coil spring after significant distal
molar movement,

D8.15

Figure D8.15 Radiograph after the distal movement of the
first molar is completed. Note that during this period, the
wcond molar roots have uprighted (they are not in proxim-
ity with the first molar roots any longer). In essence, both
molars have moved posteriorly bodily about 6 mm. This
happens because, as the second molars are held in the
gvercorrected position (with the stop in the archwires), the
mots upright on their own and with some aid from the
moment created by the high-pull headgear appliance (see
later), above the center of resistance of the molar teeth.
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D8.14

Figure D8.14 Radiograph showing the second molar in its
overcorrected position. Note the position of its roots in
reference to their proximity to the first molar roots.

D8.16

Figure DB.16 The coil spring can be easily reactivated with-
out taking out the main archwire, simply by compressing it
distally with a scaler and adding the residual springs from
the adjacent interbracket area. The clinician should try to
avoid cutting the springs in a way that may impinge on the
soft tissue. As soon as all postenior teeth and the cuspid
have been sequentially brought back with the coil springs,
the four incisor teeth can then be retracted with elastomeric
chains,
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D817

Figure D8.17 During the movement of the second molar
distally, there should not be any significant reaction from
the coil spring antenorly (i.e., increased overjet). The three
roots of the second molar move faster than the roots of all
the rest of the teeth antenior to the second molar (three of
the first molar, three of the bicuspids, three of the cuspid
and incisor teeth; total: nine) because the root ratio i1s 3:9
or 1:3. When we attempt to move the first molar, the ratio
increases to 3:6 or |:2. It is during this period that there 1s
an increased possibility for adverse effects anteriorly. At
this point, we may elect to reinforce the distal movement
of the first molar tooth with daytime use of elastics and
nighttime use of high-pull headgear. The headgear apph-
ance may also help with the upnighting movement of the
molar roots as they move distally, When it is time (o re-
tract the second bicuspids, the root ratio 1s 1:5. The elas-
tics or headgear may be discontinued at this point, because
they are no longer as necessary to reinforce the anchorage
requirements. It 1s the distal movement of the molar teeth
that i1s most critical. If one wants to ensure that no anchor-
age loss will occur during this period (3 to 4 months for
each molar: total 6 to 8 months), especially in a full class 1l
case, then headgear i1s advised. The patient 1s sull happy
because he or she does not have to wear the headgear for
the full 2 years of therapy, unless an orthopedic (skeletal)
effect 1s desired.

D8.18

Figure D8.18 The distal movement of the bicuspid teeth can
be reinforced with a Sentalloy (GAC) closed coil spring that
extends from the first molar hook to a hook on the bicus-
pid bracket. The stop in the archwire nght in front of the
first molar prevents its movement mesially.




D8.19

Figure D8.19 This 1s a case of umlateral maxillary nght
second bicuspid impaction due to premature exfoliation of
the second primary molar and mesial dnft and rotation of
the first permanent molar, which brought this tooth in
contact with the first bicuspid. The mesial rotation also
brought the first molar into a class 11 50% relationship with
the mandibular molar. Note the class | cuspid relationship
and normal overjet.

0821

Figure D8.21 It was decided to use a flexible NiTi coil spring
lo move the night first molar tooth distally.

Chapter 8 Coil Springs ® 173

08.20

Figure D8.20 Anterior view. Note the normal overbite,

D8.22

Figure D8.22 After only 5 weeks, on return of the patient for
her first adjustment appointment, the molar had moved
distally more than 4 mm' The cuspid was sull in a class |
occlusion and the overjet was the same as before, thus
emphasizing that the adverse effects of this system (increase
in the overjet, flaring of the anterior teeth) are kept to a
minimum or that they do not have the time to express
themselves before the desired distal molar movement takes
place.
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D8.23 ' D8.24

Figure D8.23 Anterior view. Note that the overbite has de- Figure D8.24 Closer view of the space that has been created.
creased due to initial abgnment and leveling.

D8.25 D8.26

Figure D8.25 Three months into treatment and the molar Figure D8.26 The anterior view shows that the ovenet i
tooth has been moved distally 7 mm! The coil spring has normal (2 mm).

been substituted with plastic tube that maintains the opened

space.
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D8.28

Figure D8.27 The occlusal view shows that the second bicus- Figure D8.28 Five months into treatment, the newly erupted
- pid is erupting on its own in the space that has been pro- second bicuspid can be seen from the buccal view. Note the
vided for it. full class I cuspid relationship.

D8.30

Figure D8.29 Antenor view. Note the stable normal overbite. Figure D8.30 Closer view of the erupting second bicuspid.
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D8.31

Figures D8.31 and D8.32 This patient demonstrates a maloc-
clusion of minor to moderate (5 mm) crowding in the
maxillary arch in the cuspid region, just enough to block
the cuspid teeth from erupting in their normal positions.

08.32

D8.33

Figure D8.33 Use of coil springs between the lateral incisors
and first bicuspid teeth provides the extra 2 mm needed on
each side to accommodate the cuspid teeth, which other-
wise would have staved in the labial position as they erup-
ted through the soft tissue. The use of flexible NiTi wires
brought the cuspid teeth into their final position in the
arch. The total treatment time 1s kept again to less than a
year.
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08.34

Figures D8.34 and DB8.35 Anterior view. The overbite has

decreased by | mm due to the patient’s slight vertical
growth pattern.

Figure D8.36 Use of a NiTi coil spring in the anterior region
o move the left cuspid distally and provide space for the
lateral incisor.
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Elastometric Chain Modules

Elastomeric chain modules (power chains or C-chains) are used in shding mechanotherapy
primarily to close spaces.'"* The elastic chain i1s hooked on the most posterior molar
tooth that is banded and is then stretched and placed on every bracket of each tooth
all the way around the arch to the most posterior molar tooth (Figs. D9.1 through
D9.10). The *“pull” of the chain has two major side effects: mesial molar rotation and
lingual “dumping” of all the teeth of the arch. These are counteracted with a distal
“toe-in”" bend in a rectangular stainless steel archwire in the molar region and an
increased curve of Spee in the upper and reverse curve in the lower wire.

When attempting to correct the rotation of various teeth, one may easily do so with
the help of elastic chains, in addition to the full engagement of the rectangular NiTi
superelastic wire in the bracket slots. No wire-tie should be placed on the tooth to be
rotated, so that the moment created by the force vector of the elastic chain may
*spin” the tooth freely around its axis. The other side of the chain will be placed on a
tooth that is wire tied onto the rectangular superelastic wire, unless this also needs to
rotate, but in the opposite direction (Figs. D9.11 through D9,35).

Elastomeric chains should be changed every 4 to 5 weeks. If they are replaced every
2 to 3 weeks, initial tipping occurs, but the tooth does not have time to upright? (root
movement) as the force of the chain dissipates, thus accentuating the tipping of teeth
during space closure and not promoting the desired bodily tooth movement.
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D9.1 D92

Figure D9.1 This patient presented with bimaxillary dentoal- Figure D9.2 Two months into treatment, the teeth were
veolar protrusion that led to the extraction of the upper aligned with a 0.016 X 0.022-inch? rectangular Neosent- |
first and lower second bicuspid teeth (despite the moderate alloy (GAC) wire,

crowding).

09.3

D9.4
Figure D9.3 Elastomenc chains were placed from molar to Figure D9.4 Monthly change of the chains led to almost
molar. Shown here is 4 months into treatment. The arch- completion of space closure 8 months into treatment. Re-
wire 15 a finishing stainless steel 0.016 > 0.022 inch?. verse curve of Spee added to the flat archwire. Note the

slight lingual rotation of the left first molar from the “pull”
of the chain due to the absence of a “toe-in” bend in the
wire in front of the molar.




09.5

Figure D9.5 This is a case of generalized spacing on both
arches, with a solid class | molar and cuspid relationship.

D97

Figure D9.7 Ideal bracket placement and the use of two sets
of wires, a rectangular 0.016 X 0.022-inch? NiTi for initial
aignment and a 0.016 X 0.022-inch? rectangular stainless
sieel with elastic chains to close the spaces, brought this
tase 1o completion in less than a year.
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Figure D9.6 The OB/OJ relationship is normal (2 mm).

D9.8

Figure D9.8 No bends in the archwire were made. The only
adjustments were monthly changes of the chains (done by
the assistant) and a slight increase of the curve of Spee of
the straight archwires to avoid lingual tipping of teeth dur-
ing space closure.
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D99

Figure D9.9 Patient after 8 months of active treatment.

D9.1

Figure D9.11 Placement of elastic chain from the lateral
incisor to the ipsilateral first molar for the correction of the
rotation on the incisor teeth. Note the “stretch™ of the
chain around the bracket wings.

D9.10

Figure D9.10 The OB/OIJ relationship has remained normal
(2 mm).

D9.12

Figure D9.12 Two months into treatment (chain was
changed once). Note that half of the rotation has been
corrected.




09.13

Figure D9.13 The incisor rotation was corrected in 4
months. The anchorage of the posterior teeth did not allow
them 1o rotate during this procedure.

D915

Figures D9.15 through D9.19 This adult patient has a class |
molar relationship on the right side and a class IIT 50% on
the left with moderate maxillary and severe mandibular
gowding, 7 and 10 mm, respectively. Due to the severe
towding and the blocked-out lower second bicuspids, all
weond bicuspids were extracted in order to be able to end
up with a class I cuspid relationship. Although the upper
first bicuspids could have been extracted instead of the
weond, 1t was estimated that it would be rather simple to
obtain a sohid class | relationship on both sides with sliding
mechanotherapy while keeping the extractions symmetrical.
Note that the cuspids are in a class Il 50% relationship due
10 the blocked-out second mandibular bicuspids that have
tllowed the teeth anterior to them to ship distally,

Hiustrations continued on following page.
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D9.14

Figure D9.14 Lingual buttons on the first bicuspid teeth and
the additon of elastic chains to “spin™ the teeth around
their long axis, with the help of the TPA apphance.

D9.16

i:lgj?
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D9.18

D9.20

Figures D9.20 through D9.22 It was decided to treat this case
with only two sets of wires: an mitial 0.016 X 0.022-inch?
superelastic Neosentalloy-NiTi1  rectangular wire, which
would allow for torque control from the onstart of treat-
ment, and a fimishing 0.016 X 0.022-inch? stainless steel
rectangular wire. Shown here are the mmitial superelastic
wires engaged in the bracket slots without any deformation.
The superelasticity of these wires allows for a gentle rota-
tion and leveling of the teeth duning the imitial phases of
treatment. The elastic chains help in the derotation of the
teeth by the simple pull that they exert on the teeth as they
force them to rotate around themselves (their long axis).
The upper and lower nght first bicuspids are being pulled
by the three-unit c-chains attached to the molars; the four-
unit c-chain from the left upper cuspid to the opposite
central helps derotate the cuspid tooth (the central is wire
tied with a ligature wire around the main archwire so that
it will not rotate itself ); the upper nght lateral derotates
with the help of the five-unit chain that extends all the way
to the upper nght molar tooth; the lower rnight cuspid as
well as the opposite left first bicuspid both rotate around

their long axes from the equal and opposite forces exerted
by the elastic chain.

D9.21
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D9.24

Figures D9.23 through D9.25 The result of the effect of the
tlastic chains: complete rotation of the teeth after 2 months
of treatment.
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S B
09.26 D9.27

Figures D9.26 through D9.28 A class I molar and cuspid
relationship has been achieved and the midlines are on; 5
months into treatment.

D9.31

Elastc
the go

D9.32
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first bi
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09.31

Figures D9.29 through D9.31 Ten months into treatment.
Elastomeric chains help close any remaining spaces. Note
{he good class | intercuspation.

D9.33

09.32 and D9.33 This patient has an asymmetry of
dental arches, which led to the extraction of the left
{ bicuspids.
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El

D9.34
Figures D9.34 and D9.35 After the cuspid teeth were re-
tracted, note how the lateral incisors drifted distally (caus-
ing spacing in the arch) on their own without any ortho-
dontic mechanotherapy. This 1s “free” movement, which

one should be aware of and take advantage of duning treat-
ment.
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Chapter

Orthodontic Elastics

Elastics have been a valuable adjunct of any orthodontic treatment for many vears.'** Their

use, combined with good patient cooperation, provides the clinician with the ability to
correct both anteroposterior and vertical discrepancies.'"* They are used primarily
with rectangular archwires.'=* The introduction of the flexible rectangular NiTi wires
allows the clinician to obtain immediate torque control from the onset of orthodontic
mechanotherapy and thus use elastics from the beginning of treatment.?

The following elastics are suggested for clinical use.

Anteroposterior Elastics

Class | Elastics (Fig. D10.1) extend within each arch (intra-arch elastics) and are
primarily used to close spaces, in aid of the elastomeric chains.

Class Il Elastics (Figs. D10.2 and D10.3) extend from the lower molar teeth to
the upper cuspids (interarch elastics). They are primarily used to cause anteroposterior
tooth changes; i.e., aid in obtaining a class |1 cuspid relationship from a class 1l
relationship. If the lower second molars are banded and included in the treatment
mechanotherapy, it is best to extend the elastic from the first molar to the cuspid
tooth to avoid extrusion of the second molar and the creation of an open bite
anteriorly. If the lower second molars are not banded, it i1s best to extend the elastics
from the second bicuspids to the upper cuspids (or even to the lateral incisors for a
longer horizontal vector) if they are to be used for over 2 months of treatment. If
elastics are to be used for 2 to 6 weeks only, then one may extend them from the
lower first molars to the upper cuspid teeth. This treatment regimen minimizes the
side effects from the use of elastics (extrusion of the lower posterior teeth and labial
tipping of the lower anterior teeth, lowering of the anterior occlusal plane and the
creation of a gummy smile). If any temporomandibular joint discomfort occurs,
elastics should be discontinued, at least temporanly.

Class lll Elastics (Figs. D10.4 and DI10.5) are the exact opposite of the class Ils:
they extend from the upper molars to the lower cuspids and are used 1n the treatment
of class IIl cases. They promote extrusion of the upper posterior teeth and flaring of
the upper anteriors, along with lingual tpping of the lower anteriors. The same
principles discussed above apply for class 11 elastics as well.
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D101 D10.2

Figure D10.1 Class I elastic from the upper first molar to the Figure D10.2 Class Il elastic from the lower first molar to
cuspid tooth, the upper cuspid.

D10.3 D10.4

Figure D10.3 Long class II elastic (used to increase the hori- Figure D10.4 Class Il elastic from the upper first molar to
zontal effect of the elastic). the lower cuspid.

D10.6

Figure D1
open bite.
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0105

Figure D10.5 Long class III elastic (for increased honzontal |
effect).

Vertical Elastics

Triangle Elastics (Figs. D10.6 through D10.13) aid in the improvement of class |
cuspid intercuspation and increasing the overbite relationship anteriorly by closing

open bites in the range of 0.5 to 1.5 mm. They extend from the upper cuspid to the
lower cuspid and fhirst bicuspid teeth.

Box Elastics (Figs. D10.14 and DI10.15) have a box-shape configuration and can
be used in a variety of situations to promote tooth extrusion and improve intercuspa-
tion. Most commonly, they include the upper cuspid and lateral incisor to the lower
first bicuspid and cuspid (class Il vector) or to the lower cuspid and lateral incisor
(class 11l vector). All bicuspid teeth of one side can be extruded as well.

Text continued on page 194,

.."I-: R

o AR e

D10.7

e D106 Tnangular vertical elastics. Note the shght Figure D10.7 Within 2 months, the open bite is closed. Rec-
open bite., tangular Neosentalloy (GAC) NiTi wires are the archwires
used 1in both arches from the start of treatment.
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D10.8

Figures D10.8 through D10.10 This case demonstrates a se-
vere right posterior open bite caused by the ankylosed,
retained primary first and second molars (no successors
were present). Note the almost ideal class I occlusion of the
patient’s left side. It was decided not to remove the decidu-
ous teeth because of the possible high position of the
osseous defect that may have been created. Therefore, ex-
tractions of these teeth were postponed until after the open
bite has been significantly reduced with vertical elastics.

D10.9

D10.10

D10.14
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D10.11 D10.12

Figures D10.11 through D10.13 A 0.016-inch flexible Sental-
loy (GAC) round NiTi wire 1s placed on the maxillary arch
and a ngid 0.016 X 0.022-inch? rectangular stainless steel
wire on the mandibular arch. This way, the upper cuspid
may be extruded without any extrusive side effects of the
lower dentition. A heavy tnangular elastic 1s worn 24 h/
day. Note the significant closing obtained in the first 6
months of treatment. The patient is still in therapy.

D10.13

Figure D10.14 Box elastics (class 11 vector). Figure D10.15 Box elastics (class 1l vector). |
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D10.17

D10.16

Figure D10.16 Anterior elastics used toward the end of treat- Figure D10.17 After 2 months of elastic wear.
ment to close this minimal open bite.

Anterior Elastics (Figs. D10.16 through D10.18) are used to improve the overbite
relationship of the incisor teeth. Open bites up to 2 mm may be corrected with these
elastics. They may extend from the lower lateral incisors to the upper laterals or
central incisor teeth or from the lower cuspids to the upper laterals.

Other Elastics

Asymmetrical Elastics (Fig. D10.19) are usually class Il on one side and class
[1I on the other. They are used to correct dental asymmetnies. If a significant dental
midline deviation is present (2 mm or more), an anterior elastic from the upper
lateral to the lower contralateral lateral incisor should also be used.

Finishing Elastics (Figs. D10.20 and D10.21) are used at the end of treatment for
final posterior settling. In class 1l cases, the elastic begins on the maxillary cuspid and
continues to the mandibular first bicuspid, and in the same “up-and-down” fashion it
finishes at the ballhook of the mandibular first molar band. In an open-bite or class

[11 case, the elastic begins at the lower cuspid, continues to the maxillary cuspid (see R1020
below), and finishes at the maxillary molar. Figures

The elastics are attached to ballhooks on the brackets or to K-hooks (heavy ligature proved
wires with an extension). They should preferably be worn full time (24 h/day) for wear (|

maximum effect, although 12 h/day wear may be indicated to minimize their side
effects (Figs. D10.22 through D10.35). They should be changed once or twice a day
because the elastics fatigue rapidly (in contrast to the elastomeric chains, which last 3
to 5 weeks). The recommended sizes for the various elastics are (a) anteroposterior
elastics: 1-inch, 3.5 oz (light) or }-inch, 6 oz (heavy); (b) vertical elastics: }-inch, 3.5
oz (light) or &-inch, 6 oz (heavy); and (c) finishing elastics: 3-inch, 2 oz.
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D10.18 D10.19

Figure D10.18 Anterior elastic from lower laterals to the Figure D10.19 Asymmetrical elastic to “‘shift” the midline
upper centrals. The effect of the elastic primarily would be over 1o the left.
on the upper central incisors.

£10.20

Figures D10.20 and D10.21 Finishing elastics. Note the im-

proved intercuspation of the bicuspids after 6 weeks of
wear (14 1o 16 hr/day).
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D10.22

Figures D10.22 and D10.23 A |6-vear-old girl presented with
a class Il 50% molar malocclusion, a 4-mm posterior open
bite, a borderline anterior open bite, impacted maxillary
cuspids, and a hilateral edge-to-edge posterior crossbite. The
treatment objective was 1o close the open bite solely by
extruding the maxillary dentition, without undesirable ex-
trusion or tipping of the lower teeth.

D10.24

Figures D10.24 and D10.25 After initial uncovering of the
impacted cuspid, a light (100-g) Neosentalloy (GAC) rec-
tangular NiTy archwire was placed in the upper arch, and a
0.016 X 0.016-inch? stainless steel archwire in the lower.
Light tnangular vertical elastics were worn full-time, help-
ing to bring the exposed cuspids into the arch. A transpala-
tal arch, designed to correct the posterior crossbite, initially
opened the bite further, as it is shown here 2 months after
bracket placement.
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D10.26

Figures D10.26 and D10.27 Three months into treatment, the
cuspid teeth are in alignment. Elastomeric chains help con-
solidate spaces 1n the upper arch. Elastics (rubber bands)
are still being worn to help bring the whole upper dentition
more occlusally, because they pull it against the much
stiffer lower archwire.,
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00.28

Figures D10.28 and D10.29 After 5 months of treatment the
posterior open bite had closed significantly. The hght elas-
tics continued to be worn full-time.

D10.29




198 @ Part D Orthodontic Mechanotherapy

D10.30 D10.31

Figures D10.30 and D10.31 After 8 months, a harmonious
occlusion 1s almost achieved. Final detailing 1s to be ac-
complished with upper and lower 0.016 X 0.022-inch?
stainless steel archwires. This case should be completed in
less than a year.
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Class | Cuspid Relationship

The first objective of orthodontic mechanotherapy in the anteroposterior dimension is the
attainment of a class I cuspid relationship.'? This will not only result in a stable.
functional occlusion, but 1t will also ensure a good overbite (OB) and overjet (OJ)
relationship when no tooth size discrepancy 1s present. The upper central and lateral
incisor roots should be slightly convergent, and the remaining upper teeth should show
a distal inchination, except for the second molars, which should be mesially tilted. The
lower incisors should be upright, and the other lower teeth should be increasingly
distally inchined as one moves posteriorly.

In most instances, in order to obtain a class | cuspid relationship, the cuspid tooth
needs to move into the extraction space of the first bicuspid without loss of anchorage
(Figs. DI11.1 through D11.10). All the clinician has to consider is the number of roots
to be placed in opposition with each other in each unit. For example, if the posterior
unit is composed of the first molar (three roots) and the second bicuspid (one root)
and the anterior unit is the cuspid (one large root) and the incisor teeth (two roots),
we have a total of four posterior roots against three anterior roots. This will cause both
units to move into the extraction space, thus resulting in anchorage loss. When,
conversely, individual cuspid retraction 1s used (one anterior root) and the posterior
unit 1s composed of the second and frst molars and the second bicuspid (a total of
seven posterior roots), one may easily comprehend that the cuspid tooth will move
posteriorly without almost any anchorage loss (i.e., mesial movement of the upper
postenior teeth).
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D11

Figures D11.1 and D11.2 This patient presents with a class [I
50% (end-to-end) molar and cuspid relationship with a
midline deviation of 3 mm to the right (the right side is
class 1). Due to the increased proclination of the dentition,
fullness of the profile, the protrusive lips, and the general
bimaxillary dentoalveolar outlook of the patient, extrac-
tions of the upper first and the lower second bicuspids were
performed (the lower first bicuspids could have been ex-
tracted instead). D11.2

D113

Figures D11.3 through D11.8 Rectangular Neosentalloy Nili
(0.016 X 0.022 inch?) imitial archwires were placed on both
arches. One month into treatment, the teeth are aligned.
The next objective of the mechanotherapy is to obtain a
class | cuspid relationship. This is very easily done with a
superelastic Ni'Tir coil spring between the lateral and cuspid
and an elastic chain from the molar to the cuspid tooth.
Note that the lateral 1s wire tied to avoid unnecessary rota-
tion of that tooth. The spnng (shown here after 2 months)
is left in place until completion of the movement, whereas
the elastic chain i1s changed once a month.

D11

D11.1
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D119

Figure D11.9 Five months into treatment, the left cuspid has
been moved bodily into a class | relationship and is part of
the posterior anchor unit (it is wire tied with a ligature to
the posterior teeth). Note that there was no increase in the
overjet relationship from the reaction force of the coil
spring to the anterior dentition,
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D11.9

Figure D11.9 Five months into treatment, the left cuspid has Figure D11.10 General space closure may be initiated with
been moved bodily into a class | relationship and is part of elastic chains from molar to molar, upper and lower. Class
the posterior anchor unit (it 1s wire tied with a ligature to Il elastics are also used at night.

the postenor teeth). Note that there was no increase in the

overjet relationship from the reaction force of the coil

spring to the anterior dentition.
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Rapid Maxillary Expansion
(RME) Appliances

One of the first objectives in orthodontic treatment is the correction of any skeletal or dental
discrepancies in the transverse dimension. If there is a single-tooth crossbite, dental in
nature, full archwire engagement will, in most cases, correct the problem. If the
crossbite is skeletal, either bilateral or unilateral in nature, rapid maxillary expansion
(RME) '-'* should be attempted at the start of treatment.

Manxillary expansion appliances may be used to correct unilateral or bilateral poste-
rior crossbites involving several teeth when the discrepancy between the maxillary and
mandibular first molar and bicuspid widths is 4 mm or more.! The applied pressure
acts as an orthopedic force that opens the midpalatal suture.! The appliance com-
presses the periodontal ligament, bends the alveolar processes, tips the anchor teeth,
and gradually opens the midpalatal suture.! The separation is pyramidal in shape, with
the base of the pyramid at the oval side of the bone.! The amount of sutural opening
is reported to be equal to or less than one half the amount of dental arch expansion.?-*
The increase in the intermolar width can be as much as 10 mm, with a mean increase
of 6 mm.*"* During the retention period there is uprighting of the buccal segments;
therefore, one can appreciate the need for overcorrection of the dental arches®® (Figs.
El.1 through E1.9).

Because the midpalatal suture may ossify as early as age 15 vears and as late as age
27 years, the optimal period for sutural expansion is between 8 and 15 vears of age.’
The apphance should never be regularly activated for a period longer than 1 week
against an unyielding suture in the hope of achieving maxillary separation.

[t is believed that, during active suture opening, the incisors separate approximately
half the distance the screw has been opened.® The incisors also upright or tip lingually.
This is thought to be caused by the stretched circumoral musculature.® On completion
of the expansion, the transseptal fibers pull first the crowns and then the roots to their
original axial inclinations.'

Parallel to the changes in the transverse dimension, the maxilla consistently moves
inferiorly and anteriorly to a varying degree, approximately | mm.*'* The inferior
movement of the maxilla,' as well as the correction of the crossbites, account for the
consequential opening of the mandibular plane angle.? The anterior open-bite tend-
ency is sometimes successfully masked by the uprighting incisors.

Advocates of rapid expansion (1 to 4 weeks) believe that it results in minimum
tooth movement (tipping) and maximum skeletal displacement (each turn of the screw
opens the appliance 0.25 mm). Advocates of slow expansion (2 to 6 months) believe
that 1t produces less tissue resistance in the circummaxillary structures and better bone
formation in the intermaxillary suture, and that both factors help to minimize post-
expansion relapse.'

It has been shown that RME results in concurrent expansion of the lower arch.
Haas observed an increase of as much as 4 mm and 6 mm of lower intercuspid and
immtermolar width, respectively.”® He advocated that the mandibular arch tends to



206 @ Part E Adjunctive Appliances

E1.2

Figures E1.1 and E1.2 A |3-year-old boy with bilateral pos-
terior crossbite and a constricted maxilla. A typical Hyrax
RME appliance i1s banded on the first bicuspids and first
permanent molars. The screw is activated twice a day
(every 12 hours), two turns each time (each turn causes
0.25 mm of expansion). A total of 0.5 mm per day is the
desired rate of expansion. Within a week, a midline dias-
tema 15 created (as shown here). If not, the expansion
should be abandoned.

&

.

E1.3

Figure E1.3 Opening of the midpalatal suture (radiograph
from another patient).
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E14

Figures E1.4 and E1.5 After 21 weeks of expansion, Note the
ggnificant midline diastema and the increase in arch width.
The same result may be achieved within | month if the
screw 1s turned only once per day.,

E16 | . el.f

Figures E1.6 and E1.7 Within 2 to 3 weeks of expansion, the
transeptal fibers have pulled the central incisor teeth to-
gether and closed the unesthetic diastema. Acrylic has been
added to the screw to keep it in its open position.

LR \n
i i!. ] I!“ .
!l L]

E18

Figures E1.8 and E1.9 Overcorrection of the buccal segments
should be such that the lingual cusps of the maxillary teeth
reach the buccal of the mandibular ones.



208 @ Part E Adjunctive Appliances

follow the maxillary teeth by tipping laterally and that the mandibular intercuspid
width in the non-grower may be increased if the maxillary complex 1s widened.
Sandstrom et al.'° found a statistically significant increase of the mandibular intercus-
pid (1.1 mm) and intermolar width (2.8 mm) after RME.

RME also has been an accepted procedure to relieve deficiencies in arch perimeter.
With the increasing emphasis on nonextraction therapy, the procedure has gained
popularity because of the relief it provides in cases of crowding (Figs. E1.10 through
E1.25). RME with the Hyrax applhiance produces increases in maxillary arch perimeter
at the rate of approximately 0.7 times the change in the first bicuspid width.'" Slight
palatal movement of the maxillary incisors and mild buccal tipping of the anchor
teeth, as well as slight compensatory buccal uprighting of the mandibular posterior
teeth, are also noted."

E1.10 E1.11

Figures E1.10 through E1.14 Although this patient has a nor-
mal buccolingual occlusion (no crossbite present), it was
decided to attempt to create space for the impacted central
incisor with an RME appliance. Note the short root of the
impacted tooth in Figure E1.14,

E1.13
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E1.15

Figures E1.15 through E1.17 Aflter 2 weeks, the expansion
was terminated; acrylic was placed over the screw to stabi-
lize 1t in 1ts position, and the impacted incisor was surgi-
cally uncovered. Note the open midpalatal suture on the
radiograph. The teeth were bonded and an mmital 0.016 X
0.022 inch? Neosentalloy (GAC) light (100 g) rectangular
NiTi1 wire was placed in all the teeth but the nght lateral
incisor (to avoid unnecessary tipping of that tooth).

E1.16
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E1.18 ' ' ‘ £1.19

Figures E1.18 and E1.19 One month later, the right central
incisor had come closer to the occlusal plane (from the
continuous light force of the flexible wire), at which point
the lateral was attached to the ware.

E1.20 E1.21

Figures E1.20 through E1.22 Three months from the begin-
ning of treatment, the nght central incisor has assumed its
position in the arch. The midpalatal suture has begun to
ossify. Note the normal bone structure around the small,
deformed root of the right central in Figure E1.22.
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E1.23

Figures E1.23 through E1.25 The posterior buccal crossbites
that had been created from the expansion (for the sake of
space gaiming for the impacted tooth) were corrected by
simply allowing the teeth to return to their pretreatment
E1.22 positions (the expansion was not retained posteriorly). The
RME appliance was removed after the expansion, and the
same day/hxed appliances were bonded on the patient’s
teeth. Note the normal overbite relationship. Further treat-
ment will finish the nonextraction case.

E1.24 E1.25
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In a study of the skeletal changes in vertical and antenor displacement of the
maxilla with bonded RME appliances,” it was found that inferior movement of the
jaw is lessened, and that there is a slight upward posterior movement at the posterior
nasal spine (PNS) with a downward and posterior displacement at anterior nasal spine
(ANS) that carries the upper central incisors in a clockwise rotation. RME, as it
expands the maxilla and tips the dentition outward, causes the lingual cusps of the
upper posterior teeth to move downward, thus opening the bite. It is suggested that
bonded appliances instead of banded ones are indicated in open-bite tendency cases
(long lower face, high mandibular plane angle), where extrusion of the maxilla or
maxillary dentition would worsen the open-bite situation and create a more difficult
vertical pattern to treat. The 2 to 3 mm of bonded acrylic introduces a passive stretch
of elevator and retractor musculature that provides an apically directed (intrusive)
force to the maxilla and the mandible, which limits changes in the vertical direction®
(Fig. E1.26).

RME causes extensive buccal root resorption.'? Repair of defects occurs by deposi-
tion of cementum. The clinician has no way of estimating the full extent of the
resorption.'? The expansion should be retained for about 3 months to allow for bone
regeneration in the midpalatal suture and to avoid collapse of the maxilla to its
original state.

Correction of the transverse maxillary deficiency, where a constricted upper arch
occludes with a normal mandibular arch demonstrated with a bilateral postenor
crossbite, is attempted surgically when the patient is generally age 16 years or older
and the transverse discrepancy exceeds 4 mm.' An RME appliance is activated at the
time of surgery to keep the upper arch in its expanded position postsurgically, or the
patient is instructed to activate it four turns a day for 1 to 2 weeks postsurgery.'® The
procedure 1s called surgically assisted rapid palatal (or maxillary) expansion and
involves surgical relief of the zygomatic buttresses'® (Figs. E1.27 through E1.29). It
can be done on an outpatient basis in the beginning of treatment. It may also be
incorporated into the overall treatment plan of a more complicated skeletal problem
(class 11 or III), when total maxillary or mandibular osteotomies are needed. It should
be noted that the mandible’s tendency to rotate backward in conventional RME also
applies to the surgically assisted procedure, especially in patients with open-bite ten-
dencies."’

E1.26 E1.27

Figure E1.26 A bonded RME appliance with acrylic cover- Figure E1.27 Adult patient with bilateral posterior crossbite.
age of the postenor teeth and a screw conformed 3 mm off

the palate. Note the cold-cure acrylic placed in the screw to

hold the appliance in its expanded position.
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E1.28 E1.29
Figure E1.28 After surgically assisted RME. Figure E1.29 Patient toward the end of treatment.
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Lip Bumper

The lip bumper is a very popular appliance for expansion of the mandibular arch and thus for
gaining space as a result of the transverse changes, as well as from the distal uprighting
movement of the lower molar teeth and forward movement of the incisor teeth'”
(Figs. E2.1 through E2.6). Based on various recent studies, the mandibular first molars
tip back about 1.5 mm on each side and are 8 degrees more upright.? The incisors tip
forward approximately 1.4 mm.? Depending on whether the lip bumper is passive or
expanded on its insertion in the molar buccal tubes, the transverse changes range from
210 2.8 mm, 2.5 to 4 mm, and 2 to 5.5 mm in the cuspid, first bicuspid, and first
molar regions, respectively.'-* The total arch length increase ranges from +7.45 mm
to+ 18 mm.'-*

The lip bumper can maximize space gain in the lower arch, and —in conjunction
with class 11 elastics— it can effectively correct tooth malpositions in special situations
and help to determine the shape of the lower arch.®* It is important to seat the
bumper into the second molars if they can be banded (in deep-bite cases).* Mandibu-
lar right and left second molars are rotated until their lingual surfaces are parallel, and
this positioning has an important effect on the eventual arch form.* When this rota-
tion is completed, a lip bumper is fitted against the first molars.* Later, the bicuspids
are rotated mesiobuccally with hxed apphances and then moved toward the first
molars.*

The lip bumper should be worn full-time for a period of 6 to 18 months, depending
on the amount of tooth movement and correction required. It is an effective appliance
in mixed dentition therapy.
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E2.1

Figure E2.1 The lip bumper appliance in place in the lower
first molar auxihary tubes. Note the distance from the an-
terior teeth: the lip bumper should be 5 to 7 mm anterior
to the teeth in order to avoid injury to the gingiva as the
apphance progressively moves posteriorly with molar
movement.

E2.2

Figure E2.2 The lip bumper wire embedded in the acrylic
should be at the level of the CEJ of the lower incisors. Note
the loops on the side, which, along with the acrylic anten-
orly, keep the soft tissue (lips and cheeks) away from the
alveolus, thus allowing for natural transverse expansion.
The loops also help increase the length of the apphance.

E2.3

E2.4

Figures E2.3 through E2.6 When the lip bumper 1s properly
placed, the lower hp should very easily cover the apphiance
and rest (without any effort from the patient) against it.
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Headgear

Extra-oral anchorage or headgear mechanics are primanly used in cases of maxillary protru-
sion where the objectives are to restrict forward growth of the maxilla while the
mandible continues i1ts growth (skeletal effect) and to move the maxillary molar teeth
distally (dental effect).'-'?

The headgear has two bows: an outer bow, which connects to the head (high pull)
or neck (cervical) strap, and an inner bow, which is inserted into the tube of the upper
first molar.2? There are various types of headgear; the one used the most with the least
side effects i1s the high-pull headgear (composed of a head strap that 1s connected to
the facebow)? (Fig. E3.1). This produces a distal and upward force on the first molar
teeth that causes a slight intrusion of these teeth. A cervical headgear (around the
neck) tends to significantly extrude the molar teeth, which even in some deep-bite
patients may be contraindicated. A more occipital type of a force vector (instead of a
high-pull) may be used in such cases.?

In order to obtain a skeletal effect with headgear mechanics, the extraoral appliance
should be worn around 12 to 14 hr/day (durning sleeping hours) with a force of about
10 to 16 oz (400 to 450 g) per side.! Hyalinization due to the excessive forces exerted
on the first molars limits dental movement and promotes the skeletal effect (because
the force would be transmitted to the skeletal substrate). After 2 years of treatment, a
total of 5 to 7 mm of molar position change may be expected: 3 to 4 mm from
retardation of maxillary growth relative to the mandible and 2 to 3 mm from actual
distal tooth movement.! The total force to the maxilla should not exceed 2 to 3 Ib.'?
To produce bodily movement of the molar teeth, the line of force (defined by the
direction of pull by the strap to the outer bow) should pass through the center of
resistance of the first molars® (Figs. E3.2 through E3.4). If the length of the bow or its
position creates a line of force above or below the center of resistance, tipping will
occur because of the movement that is produced.

When a headgear apphance 1s worn, the patient should not engage 1n any activities
that might promote accidental release of the facebow and damage to the face (espe-
cially the eyes). This is the reason for the recent development of “safety” headgear
products.*

Headgear therapy can most readily be achieved in the early mixed dentition.!' The
bones are less mineralized and therefore more easily deformed; sutures and ligaments
are more cellular, resulting 1in more rapid biological responses; and growing tissues are
generally more responsive to external forces.'' The best orthopedic results are obtained
when growth is most active and the juvenile period has greater growth on the average
at its beginning.'"" The headgear can be used as a retainer-appliance for the first year
after treatment for 4 to 5 hr/day or every other day if the anteroposterior correction
was a full class I1 or 50% class I, respectively. This retention plan will not only keep
the molar teeth in their overcorrected position, but also will help in the final class 11
skeletal correction postretention. Nonextraction edgewise therapy combined with ex-
traoral force (headgear) on a class I, division 1 malocclusion inhibits the forward
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growth of the maxilla and allows the downward and forward growth of the mandible,
thus resulting in the correction of the class II malocclusion into a class 1.'? It should be
noted that the inner bow of the headgear appliance may sometimes cause the first
molars to tip buccally (due to the heavy wire, even the slightest activation will cause
tooth movement). In order to avoid this, a transpalatal bar ( TPA) made of 0.036-inch
round wire should be inserted in the lingual sheaths of the upper hrst molars. TPAs
are available prefabricated and in various sizes. Another way to avoid buccal tipping is
to constrict the inner bows of the headgear.

E3.1 E3.2

Figure E3.1 The high-pull headgear appliance. Figure E3.2 The line of force, as defined by the direction of
pull by the white strap to the outer bow, should pass

through the center of resistance of the first molars located

at the trifurcation of the roots of these teeth. This can be
checked with a cephalometnc radiograph,

E3.3 E3.4

Figure E3.3 The outer bow should be bent upward in a Figure E3.4 The inner bow 1s inserted in the molar band
high-pull headgear apphance system. headgear tube,
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Removable Appliances

A removable orthodontic appliance 1s composed of (1) a retentive part, which consists of the
various clasps (circumferential, Adam’s, or ball clasp) that hold the appliances in
place; (2) the acrylic component, which gives 1t its particular size and shape; and (3)
the active or passive wire component (bow, spring, screws) that expresses the action of
the appliance on the teeth.'-?

The biggest advantage of removable appliances is that they can be removed by the
patient whenever the social environment indicates it.'-* Conversely, this presents their
major disadvantages: patient compliance and interrupted tooth movements.'=? Most
removable appliances need to be worn either full-time or for a number of consecutive
hours during the day in order to obtain the desired treatment outcome. Unless the
patient agrees to cooperate fully, the treatment objectives will not be met. In addition,
removable appliances mainly have a tipping effect on the teeth.'-? Comprehensive
major bodily tooth movement is almost always obtained with fixed apphances.

The most popular removable apphances are the various modifications of the Haw-
ley apphances. The Hawley-type appliance has two primary purposes: as a retainer, (o
maintain a status quo; or as an active spring appliance, to achieve tooth movement
(Figs. E4.1 through E4.6).

As a retainer, it must retain the teeth in their proper positions, permit the forces of
physiologic activity to act on the teeth when desired, and be hygienic, strong, and
esthetically and physiologically acceptable.

As a tooth-moving appliance, the Hawley appliance can be considered a limited
correction device. Realistic treatment objectives for Hawley-type appliances are usually
limited to upping movements of the teeth.

Individual incisor movement by tipping can be easily done with a flexible spring
(0.014-inch or 0.016-inch stainless steel wire with loops) behind the tooth (spring
retainer) (Fig. E4.3). Arch expansion in the lower arch can be obtained with a screw,
embedded in the acrylic of a lower retainer, which is activated by either the doctor or
the patient. Most screws provide | mm of tooth movement per one complete revolu-
tion. A single quarter-turn of the screw would produce 0.25 mm of expansion. Be-
cause this type of space gaining through tipping i1s very unstable and relapse is high,
the rate of active tooth movement should not exceed | mm/month and not more than
a few millimeters of total expansion.
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E4.1

Figures E4.1 through E4.3 A single tooth crossbite in the
anterior maxillary region, such as the nght upper lateral
incisor presented in this case, may easily be corrected with
a Hawley-type retainer with a helical spring made of 0.014-
inch round stainless steel wire and activated as much as the
tooth needs to come out of the crossbite. This case 1s ideal
for this treatment because not only 1s there space mesial to
the lateral, but also because this tooth is too upright com-
pared to its contralateral counterpart, thus allowing the tip-
ping movement provided by the spring retainer to bring it
to its correct inclination. The apphance shown here 1s from
another patient for correction of the centrals. The labal
wire 15 an 0.030-inch round retainer wire. The lingual
springs are made of 0.016-inch round wire,

E4.2

£4.3
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£44 ' | E4.5

Figures E4.4 and E4.5 After 3 months of full-time appliance
wear, Note the excellent inclination of the lateral incisor.

E46

Figure E4.6 A lower spring retainer placed on lower anteri-
ors with minor crowding (1 to 2 mm). It should be re-
moved at might to avoid swallowing. The wire 1s a 0.030-
mch round retainer wire.
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Functional Appliances

Growth modification is theoretically expressed in the following three ways:' (1) by an increase
or decrease 1in the size ol the jaws: (2) by redirection, even if 1ne absolute size
remained the same; and (3) by acceleration of growth. Although histologically evident
and statistically significant, an absolute change in size is clinically insignificant. Redi-
recting growth in another direction has been shown to be of some value. A patient
with a severely prognathic mandible might benefit from redirection of his or her
growth in a more downward than forward manner.! Acceleration of growth shortens
treatment time and provides a better jaw relationship sooner. Correcting a skeletal
problem through growth modification should begin 1 to 3 years before the adolescent
growth spurt, so that the maximum effect may be obtained in the shortest possible
time frame. This is done by usage of functional'-?° and extraoral appliances.’

The term ““functional appliance™ refers to a vanety of removable appliances de-
signed to alter the arrangement of the various muscle groups that influence the
function and position of the mandible in order to increase its length. A number of
clinicians believe that this is best achieved by 2 to 3 mm incremental advancements of
the mandible every 4 to 5 months, because this decreases the risk of muscular fatigue
as each new forward position of the mandible results in renewed growth stimulation of
the condyle.?!

In general, the use of functional applhances remains verv controversial. Minimal
bone growth increase (2 mm), along with the creation of dual bites in patients, put
them in an unfavorable position in the armamentarium of the modern practitioner.?!

Most functional appliances induce mandibular function in a predetermined posi-
tion, usually 3 to 8 mm anteriorly to the centric relation position (class Il
correction).'?-'? This stretches the soft tissue and muscles, which in turn transmit the
resulting forces to the teeth (dentoalveolar changes) and to the skeletal substrate.??
Functional appliances may retard maxillary growth in the same modality as head-
gear.”? In addition, it has been shown histologically that new bone is formed in the
posterior aspect of the glenoid fossa, which usually resorbs after the stimulus (anterior
repositioning of mandible) is taken away.

The correlation between condylar growth and lateral pterygoid muscle activity was a
constant finding in animal studies.””'" It was proven that increased activity of this
muscle was correlated with increased condylar growth. Rather, it might be the tension
in the posterior part of the condylar capsule—caused by the activity of the lateral
ptervgoid muscle—that may be responsible for increased condvlar growth.”> The
resultant tension of structures in the posterior part of the capsule decreased after a
maximum level of activity 6 to 8 weeks after the start of treatment. A constant
reactivation may, therefore, be important in obtaining a maximum condylar growth
response.*?

Tipping of teeth and dentoalveolar changes are the effects of functional appli-
ances.”? Class Il correction comes from nearly 50% skeletal and 50% dental changes.??
Functional appliances that promote a class Il dentoalveolar correction are the Activa-
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E5.1 “ ' o E5.2

Figures E5.1 and E5.2 The Bionator functional apphance.
Note the antenor (end-to-end) position of the mandible
relative 10 the maxilla. The patient bites into this anteriorly
directed position and thus theoretically stimulates bone
growth. Also note the bulky acrylic in the patient’s mouth.

ES.3

Figure E5.3 The Frinkel functional apphance has buccal
and hp pads to keep the soft-tissue pressures off the teeth
and thus promote arch development. It, like the bionator,
keeps the mandible in a more antenor position.

tor, the Bionator (Figs. E5.1 and ES.2), the Frinkel (Fig. ES.3), the Herbst, and the
Jasper Jumper (Figs. E5.4 through E5.7). The last two are fixed—not removable —
apphances. Apphances that help to correct a class Il problem use lip and buccal shield
pads to relieve the maxillary dentoalveolar complex from any extreme pressure, so
that it may grow to its full potential (Frinkel III). Such appliances require extreme
patient cooperation to have any effect. A number of studies have shown that the
average increase in mandibular growth was 2 mm."'2-1822 At the end of treatment
with functional apphances, one might achieve a mean growth modification of 2 mm.
which 1s clinically insignificant (6 mm of bone growth to correct a full class 11 maloc-
clusion into a class 1).2
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ES.5

Figures E5.4 and E5.5 The Herbst apphance is a fixed func-
tional appliance (cemented onto the teeth with bands or
acrylic) that solves the problem of patient cooperation. Its
effect in actual bone growth is, like all other functional
apphances, questionable for the majority of patients.

ES.7

Figures E5.6 and E5.7 The Jasper Jumper (American) appli-
ance 15 a modification of the Herbst apphance. It is actually
attached onto the main archwire and, like the previous
appliances, keeps the mandible in a forward position.

The best controlled chinical studies of functional appliance therapy have been
unable to show clinically useful increases in mandibular length.?* Recently, it has
been shown that bone formation at a histologic level does take place in the glenoid
fossa after functional apphance therapy. The increased fibrous tissu¢ of the disk
posterior to the condyle appears to stabilize the anterior condylar displacement. This
fibrous overgrowth (in comjunction with possible muscle splinting) may explain why
the mandible cannot be manipulated back after functional appliance therapy, thus
giving the false impression of a class Il correction. Within a matter of months, such
fibrous tissue resorbs and the mandible partially returns to its oniginal position.**
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The dramatic results shown in some European studies required more than 2 years
of full-time appliance wear.'-* Other studies®*-?° have demonstrated the effects of a
headgear/functional appliance combination with similar results: improvement of the
occlusal discrepancies, but with great cooperation and the necessity to use fixed
apphances to finish the cases ideally. If this type of therapy is to be attempted. then
the growth potential in the early mixed dentition would be as favorable or even better
than in the pubertal age groups.?

The full correction of class Il, division 2 malocclusions into a class I through the
use of the bionator functional appliance has been demonstrated in the literature; but.
again, after very lengthy treatments of as much as 7 years (8 to |5 years of age) with
15 to 18 hours of wear a day.*' Arch expansion gained with the Frinkel appliance
through the action of the vestibular shields (that displace the attachment of the lips
and cheeks at the sulci in an outward direction, thus allowing the development of the
apical base) seems to be more stable than expansion seen with hixed appliance treat-
ment. Again, the major disadvantage of the Frankel therapy is the length of full-time
wear (2.5 to 4 years) of a bulky appliance to obtain this desired result.

In a recent study on the changes in mandibular length before, during, and after
successful orthopedic correction of class II malocclusions using a functional appliance,
it was found that there 1s no significant difference after 4 years between the control
and treated individuals.?® In addition, it was concluded that the greater the result, the
greater the relapse potential.® The main causes of relapse after Herbst treatment were
a persisting lip—tongue dysfunction habit and an unstable cuspal interdigitation after
treatment.*® In general, functional appliances have only a temporary impact on the
existing skeletofacial growth pattern.” In other words, the inherent morphogenetic
pattern dominates over the treatment procedure.*

Functional apphances have been shown to be of clinical use in certain cases of
hemifacial microsomia.®-3 The generation of normal muscle balance in the absence
of a condyle results in sufficient bone apposition to restore symmetry. It is speculated
that the less severe the deformity, the greater the likelihood of a favorable response.
Although still controversial, persons who have small mandibles may benefit more
from functional appliance therapy than patients with normal-sized mandibles.*

A functional appliance that 1s simple and not bulkier than a pair of upper and
lower Hawley retainers is the modified Chateau (Great Lakes) appliance.* It simply
has a wire configuration that comes down from the maxillary Hawley appliance
toward the lingual of the lower incisors and slides down the acrylic of the lower
Hawley on the lingual side, thus forcing the mandible to be in a protruded position.
The patient believes that he or she has retainers and does not object to wearing the
apphance 24 hr/day (see Figs. F1.30 through F1.35).
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Chapter

Chin-Cup Therapy

Strong orthopedic forces in the range of 400 to 800 g might be used to reduce a mandibular
prognathism with the use of the *“chin-cup™ appliance'-'? (Fig, E6.1). Although a
number of significant craniofacial alterations have been noted in patients who under-
went orthopedic chin-cup therapy (i.e., retardation of mandibular growth),>® it seems
that a complete inhibition of mandibular growth is difficult to achieve.® Growth
always continues when a chin cup was worn for 12 to 14 hours per day, which seems
to be the most practical length of time to expect most patients to wear this
appliance.'-*® Alteration of the direction was limited to the period that the force was
applied.® Inherited growth direction seems to be maintained and to recover when the
mechanical intervention is removed.®

Chin-cup therapy does not necessarily guarantee positive correction of skeletal
profile after complete growth, because the skeletal profile i1s greatly improved during
the initial stages of chin-cup therapy but is often not maintained thereafter.® In order
to have any permanent results, the patient would have to wear the appliance for many
years, well past the completion of growth. Although there have been promising reports
in the literature on the combination of chin-cup therapy followed by headgear for
vertical control (open-bite cases), the long-term effects of chin-cup therapy for class 111
treatment is still questionable.® In addition, although in a recent study it was con-
cluded that chin-cup therapy does not seem to present a functional risk,'® one cannot
ignore the fact that its posteriorly directe