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Preface 

There is a need for a systemized and objective approach to facia l planning. Such an approach 
should emphasize goal-di rected treatment planning for the orthodontist and surgeon. This would 
lead to correction of the occlusion, and at the same lime leaving teeth in a healthy periodontal 
position, a face that is balanced, joints that are stabilized, and an optimized airway. The 
orthodontic and surgical changes would be achieved in the most stable manner and, most 
importantly, the patient's chief complaints would be addressed. This approach should also reflect 
the difference between female and male human faces, and be applicable to cases at all levels of 
difficul ty. Finally, it should have the potential to be developed and applied to different ethnic and 
age groups. 

This book describes such an approach - one which, we believe, fully meets these requirements. 
The recommended methods of record taking, diagnosis, and treatment planning have been 
successfully applied to a wide range of patients for more than twenty years, with the results speaking 
for themselves. 

Facial beauty can be recognized, but objectively defining the components of this beauty is 
difficult. At first encounter the recommended facial planning method may seem complex. However, 
it should be remembered that the human face is com plex, and only in-depth analysis of this type 
can be relied upon to achieve proper facial balance and harmony at the end of treatment. 
Interest ingly, when facial balance and harmony are achieved with a proper diagnosis and treatment 
plan, Olher errors, such as occlusal relapse, periodontal decline and TM] dysfunction, are often 
avoided. This is because excessive 'orthodontic' dental movemems are avoided. This book aims to 

provide both a practical protocol for the diagnosis and treatment planning of routine cases, but also 
to offer more thorough methods of evaluating the difficult and challenging cases. 

Objectivity is clouded by personal preferences, cultural bias and a general view that beauty comes 
in different forms and with differem features. But objectivi ty is a most important concept for 
orthodontists and surgeons who are attempting to maximize facial harmony and balance. The 
recommended approach, therefore, describes an objective method of analysis and treatment 
planning, to balance any input from subjective evaluations. 

Conveniently, the recent decade has seen enormous improvements in computer technology, and 
in many pract ices digital record taking has become the preferred method. This in turn has allowed 
an easy transition towards the computerized method of facial analysis and treatment planning 
advocated here in this book. Importantly, the same facial and treatment planning techniques can be 
successfully incorporated into the non-computerized office with equal benefit. 

However, atlthe high technology is of little value without a methodical and standardized 
method of case documentation . This is essential to support a proven method of facial analysis and 
treatment planning. The condyles have to be correctly positioned in the fossae throughout record 
taking, and special attention is required to record consistently and accurately the all-important 
relaxed soft tissue features, sllch as resting li p posi tion. Natural head posi tion needs to be precisely 
documented. 

The book, therefore, includes an exact protocol for case documentation. [t offers clear guidelines 
in the important areas of record taking and case analysis, with a renewed focus on patient 
examination - an area which we believe is deserving of more attention than in the past. [t also 
emphasizes the need to establish and note the patient's chief complaints from the outset, because 
the orthodontist and surgeon need to keep these concerns in mind throughout treatment. 

The opening chapter reviews the current thinking on treatment goals. It provides a clear 
statement of treatment objectives, explaining the historical difficulties in deciding which patients 
should receive orthognath ic surgery and which can be well treated by orthodontics only. A form-



based protocol for history taking is recommended in Chapter 2, and the series of forms have been 
designed to obtain the full information needed. This leads on to the third chapter, which restates 
the importance of the clinical examination, particularly the facial examination from the frontal 
view, and the need to carefully examine the TM/s. 

A standardized approach to record taking is described in Chapter 4. We hope that this will be 
widely adopted by orthodontists and orthognathic surgeons worldwide, leading to a generally 
accepted method of documentation. This in turn may be based on the digital Dolphin'" system, 
components of which have been approved by the American Board of Orthodontics, and which is 
ideal for facial planning. 

Chapter 5 is at the very heart of the book, covering the four main areas of diagnosis: the "i'M/s, 
the frontal vie'.'. of the face, the facial profile, and the teeth and intra-oral structures. Facial planning 
can proceed only after careful diagnosis in these areas. 

An overview of treatment planning for the TM/s is given in Chapter 6. This is against a 
background where condylar remodeling is rightly receiving much more attention than in the past, 
because it can undermine even the best treatment plans and treatment. Today's orthodontists and 
surgeons need to have a high level of awareness of this increasingly important topic. 

The preparatory information in the earlier chapters leads to Chapter 7, arguably the most 
im portant section of the book. Here, the need for double assessment of the difficult borderline 
surgery cases is comprehensively described. Facial planning for cases at all levels of difficulty is 
explained in full detail. 

Interestingly, the final chapter covers orthodontic treatment planning! On ly at this stage, after all 
the other considerations in previous chapters, is it possible to focus on what should happen to the 
teeth behind the face and incisors. It may be that in the past it has been a frequent mistake to place 
these considerations near the top of list of priorities. We firmly believe that this is the correct order. 

Two years in the writing. we believe that this book represents a turning point in facial planning 
for orthodontic and orthognathic surgery cases, offering as it does a main emphasis on the True 
Vertical Line. and a movement away from the traditional cranial base measurements. We feel this is 
an improved approach. leading the orthodontic and orthognathic surgery specialt ies in a new and 
better direction for fac ial planning. 

A visual summary of the structure of the book, highlighting its main concepts, is included on the 
following pages. 

G. William Arnett 
Richard P. Mclaughlin 
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AN OVERVIEW OF THE FACIAL PLANNING PROCESS 

Take a history 
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The joints 

Chapter 5 

Are the joints healthy 
or unhealthy? 
Frel! of symptoms? 
Normal on radiographs? 
Will the condyles support 
Class II correction? 
Potent;;!l to grow? 
(can be an advantage in Class II 
or a disadvantage in Class III) 
Potential to melt away? 

I Gather information 

Examine the patient 

Chapter 3 

TMJ examination 
Front faciaL 
ProfiLe facial 
Dental examination 

II Identify the problems 

The face 

Chapter 5 

Is the face in harmony 
or not in harmony? 

\ 

Is there a need to improve harmony? 
What are the pa tient's 
concerns in this area? 
If not in harmony. what 
changes are desirable? 

Take records 

Chapter 4 

QuaLity of records 
Natural head position 
Photographs 
Radiographs 
Mounted models 

The teeth 

,. \ 

Chapter 5 

I-

Does the patient have good teeth? 
Cusps, size, color. and 
general condition? 
Crowding. spacing? 
Missing teeth? 
Unerupted teeth? 
Does inc isor posi tion adversely 
affect facia l harmony? 



Now to resolve the existing problems without creating new ones 

? 

Chapter 6 

If the joints are heaLthy, pLan treatment to keep them so. Aim to 
position the teeth and jaws to support the heaLthy joints. 

Are the joints heaLthy now, but LikeLy to become unheaLthy 
if a Class II mandibLe is improved by functionaL appliances 
or surgery? Are they abLe to support a new size/position for the 
mandible? A judgment call is necessary, explaining all 
aspects to t he patient. 

If the joints are clearly unheaLthy at the outset, a diagnosis needs 
to be made, with a plan to restore and maintain health before 
orthodontic or surgicaL correction. 

t 

+ 

? 

Chapter 7 (three sections) 

Decide where to position the incisors (PIP) and 
jaws to support the soft tissues of the face. This 
will be to maintain or improve faciaL harmony. 

Can we do this orthodonticaLly, by tooth 
movements and growth modification? Yes / No / Maybe 

1. If 'Yes' - plan for orthodontics (Gl case) 

2. If 'No' - plan for orthodontics pLus surgery (G3 case) 

3. If 'Maybe' - separately assess the case for 
orthodontics for orthodontics pLus surgery, 
compare the outcomes and make a judgment 
call. expLaining all aspects to the patient 
(the G2 / G3 decision). 

\ 
,," 

Chapter 8 

During planning of the face, a planned incisor 
position (PIP) was decided for the case. 

In this finaL stage, the dental VTO is used to decide 
how to arrange the rest of the teeth around 
the PIP for the incisors. Extractions may be needed. 

? 
Some cases may require modification of jaw positions 
- by natural growth, growth modification, or surgery. 
Some cases may need restorations, buiLd-ups, or 
enameL reduction. AnciLlary dentaL or surgicaL 
procedures may be indicated, such as uncovering of 
unerupted teeth. 
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TYPES OF CASE - GROUPS 1, 2 AND 3 
(G1, G2, G3) 

Patients present with a wide range of onhodontic and/or 
surgical needs. For some group I (G I) cases, diagnosis and 
treatment planning is straight(onvard, and subsequent 
treatment proceeds to completion without complications 
(Case MS, p. 285). Group 2 (G2) cases present with more 
dimcult facial patterns and malocclusions, but these patients 
can often be well treated by dental compensation and growth 
management (Case Me, p. 264). Group 3 (G3) cases present 
with moderate to sewre facial imbalance and malocclusion 
(Fig. 1.1), and these (ases should be treated with a combined 
surgical/orthodontic approach (Case RS, p. 247). 

This textbook aims to avoid overstating the diagnostic and 
treatment planning protocol for routine cases, but to provide 
thorough methods of evaluating the more difficult C2 and G3 
cases. Therefore, throughout the text, routine screening 
procedures will be discussed for routine cases, followed by 
more 'in.depth' methods for the difficult C2 and C3 cases. An 
additional, and important. intention of this text is 10 provide 
the means to differentiate between groups 2 and 3. 

Group 1 Group 2 Group 3 

~j1J\; \\ 

Cl} 
(/1 ( 

I , I 

--"-

Routine orthodontic 
cases which treat out 
uneventfully. 

, 

~ (irr ~') H 
rJ/; 

[ 

"'-
) I 

More difficult orthodontic 
cases with mild to 
moderate skeleta l 
discrepancies, but which 
can still be well treated 
by dental compensation 
and growth management. 

~ \\ 
II,~J J1 

I 

"--

Cases with moderate to 
severe facial imbalance 
and malocclusion, which 
should be treated with 
combined orthognathic 
surgery and orthodontics. 

Fig, 1.1 Patients present with a wide range of orthodontic and/or surgical needs. 



In the past, the most common errors have been made in 
the management of borderline group 2 and group 3 cases 
(I';g. 1.2). 

It is an error to attempt a C2 treatment approach, 
involving dental compensation, for a C3 type of palient. 
Frequently this will lead to additional problems for the 
patient, rather than resolution of the existing problems. 

Additional problems may include occlusal and facial 
relapse, inability to completely correct the malocclusion, 
facial imbalance, periodontal decline, temporomandibular 
joint decline, inadequate airway space, and patient 

dissatisfaction with the treatment outcome. It is equally an 
error to provide C3 treatment for a G2 patient, except when: 

• the patient desires facia l change which cannot be achieved 
by dental compensation, or 

• dental compensation would produce facial change which 
would be unacceptable to the patient. 

[t is inappropriate to treat a patient surgically if a good result 
can be reached by orthodontics alone with dental 
compensation. In this situation, all options should be 
carefully shown and explained to the patien l. 

------Group 1 Group 2 Group 3 

Orthodontics Orthodontics with Orthognathic surgery 
dental compensation and orthodontics 
and growth management 

, 
~ 

" 
. ~ i1 { " \ 

r~ r 
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I 
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'-- I 
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>c ~J ~ r ) 
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II) 
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Fig. 1.2 In the past, errors have been made in delineating the borderline between group 2 and group 
3 cases. It is a mistake to attempt a group 2 treatment for a group 3 case, because complications 
occur. 
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The borderline between G2 and G3 cases 

Delineating the borderline between group 2 and 3 cases is 
complicated by a number of variables, which have to be 
acknowledged: 

• Cultural differences - some patients may decline 
recommended extractions or evell modest enamel 
reduction, due to their cultural background. A choice for 
orthognathic surgery is generally out of the question. 

• Personal preferences - some patients arrive al the practice 
wanting perfect facial patterns and dentitions, while others 
are less concerned about optimal facial harmony. 

• The orthodontist's view - among orthodontists there is 
individual variation in attitude towards orthognathic 
surgery. Some are more inclined than others to refer their 
patients to surgeons, and this may be influenced by 
previous good or bad experiences with orthognathic 
surgery cases. 

• Surgical expert ise - some orthodontists, after determining 
that the patient would benefit from orthognathic surgery, 
are unable to arrange this, due to a suitably expert surgeon 
not being available in their area, and the patient being 
unwilling to travel. 

• Financial - That all sounds very interesting, but I cannot 
afford to follow the recommended treatment plan.' This is 
a valid comment from many patients. 

Despite these variables, it remains the responsibility of the 
clinician to be objective, and to provide the patient with all 
the realistic treatment alternatives, including the ideal 
treatment approach. This is an essential part of informed 
consent. 

CRITERIA FOR SUCCESS 

I. Healthy musculature and temporomandibular 
joints 

2. Facial balance 
3. Correct static and functional occlusion 
4. Periodontal health 
5. Resolving the patient's chief complaints 
6. Stability of dentaL skeletal, and growth changes 
7. Maintaining or increasing airway 

The seven general criteria for success will be discussed in turn, 
because they guide the G2/G3 decision. When deciding 
whether a patient requires G2 treatment (orthodontics only) 
or G3 treatment (combined surgery and orthodontics), careful 
consideration must be given to the probability of achieving 
each of these seven important goals. Will achievement of one 
goal produce unacceptable change in another area? Generally, 
the best results will be achieved if orthodontic treatment is 
started with all the goals in mind. Complications can occur if 
occlusal correction is the only goal of orthodontic or surgical 
treatment. 



1. Healthy musculature and 
temporomandibular joints (TMJs) 

Establish ing a harmony between the teeth, the musculature, 
and the TMjs, is an important aspect of preventing potential 
problems. This is a key criterion for success. 

If muscular dysfullction is detected before treatment, or if 
it arises during treatment, it can normally be managed with 
conservative methods of splint therapy, physical therapy, and 
anti-inflammatory regimes. Management of condylar 
remodeling and temporomandibular joint damage is more 
dimcult. This text covers diagnostic methods (Ch. 5, p. 147), 
and treatment planning techniques (Ch. 6) relative \0 this 
area. However, a few preliminary comments are in order in 
this chapler. 

The TM/s arc the foundation for any form of occlusal 
correction, including orthodontics, and orthognathic surgery. 
Therefore, key requirements for success include 
temporomandibular joints which: 

• have a normal range of movement 
• have structural stability 
• are free from pain. 

When discussing healthy TMls, the concept of joint 
remodeling needs to be reviewed, and there are two main 
categories: 

1. Local remodeling. This has also been termed 'functional 
remodeling'. 1.2 The morphological changes that occur in 
this process are limited to a local area on the condylar 
head (CaselW, p. 86). 

2. To/al remodeling. This has also been referred to as 
'dysfunctional remodeHng'. 1.2 The morphological changes 
that occur in this process involve the entire head of the 
condyle (Fig. 1.3; Case AD, p. 216). 

The causes of condylar remodeling 

There are a number of accepted causes of the condylar 
remodeling process (p. 144). These may act individually or in 
combination and there are three main categories: 

• The adaptive capacity of the patient 
• Joint compression 
• Joint anatomy which is prone to remodeling. 

Fig. 1.3 TotaL condylar remodeling. 
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Recognizing facial beauty is innate to the human eye. 
However, objeClively defining the components of this beauty 
is difricult. Objectivity is clouded by personal preferences, 
cultural bias and a general attitude that beauty comes in 
different forms and with different features. Objectivi ty may be 
of little importance to most individuals. However, it is a most 
important concept for orthodontists and surgeons who are 
attempting to maximize facial harmony and ba lance (Figs I A 
& 1.5). 

If we apply objectivity to our patients, we are able \0 

inform both ourselves and them of treatment alternatives that 
we may not have realized possible. This, of course, must be 
discussed with tact and sensi tivity. 

With the advent of cephalomelfic headrHms, numerous 
cephalometric analyses were developed in an attempt to more 
objectively define the direction of treatment. Soft tissue 
normals, in the form of facial lines and angles were 
established in some traditional analyses, but they were 
limited in their number and description - emphasis was 
placed on skeletal and dental structures within the headfilm. 

Dental and skeietal normals or averages were established 
for the general popu lation.3.4,s.6 It became convenient to 

Fig. 1.4 Fig. 1.5 

Figs 1.4 and 1.5 Orthodontists and surgeons are attempting to 
maximize facial harmony and balance, and objectively defining the 
components of beauty is difficuLt. 

define facial beauty based on these normals. and this had 
inherent problems7•8 for the following reasons: 

• An assumption was made that if the dental and skeletal 
values were normal, the face would also be normal. 
Studies9•10 have shown that there is no correlation for this. 

• The normals were obtained from patient samples which 
included individuals with malocclusions. The findings 
were not based on ideaL faces and occlusions. 

• The position of the dentition within the skeletal pattern 
was related primarily to cran ial base structures. While these 
references were helpful in normal facial patterns. the 
cran ial base landmarks themselves (for example sella. 
porion and orbitale) showed significant variability of 
posi tion in patients with more severe facial disharmony, 
and the landmarks were often dimcult to locate. 

As a result of these weaknesses, treating to skeletal normals 
did not always lead to facial balance. In some cases it led to 
facial decline. It was a dimcult chal1enge to position the teeth 
within the dental arches, in a functional and stable posi tion. 
and at times soft tissue considerations became a secondary 
factor. All of these circumstances led to less than satisfactory 
outcomes for many patients. 

More recently, there has been a re·emphasis on fac ial 
balance, and this subject will be a primary focus of this book. 

[n 1993 a two-part paper was published entitled 'Facial 
keys to orthodontic diagnosis and treatment planning'. 7.s This 
paper drew attention to the shortcomings of the cranial base 
for fa cial planning. TIle authors advocated a greater emphasis 
on clinical facial examination and analysis to avoid facial 
decline during orthodontics or surgery. 

Subsequently, in 1999, a new cephalometric analysis was 
proposed in a paper entitled 'Soft tissue cephalometric 
analysis: Diagnosis and treatment planning of dentofacial 
deformity'. \ 1 This analysis was developed from the 1993 
work, and suggested a method of soft tissue cephalometric 
analysis (STCA, p. 151) and soft tissue cephalometric 
planning (Cfr, p. 240). The new analysis was based on true 
vertical line (lVL). This line (Fig. 1.6) was drawn through 
subnasale (po 151) and was perpendicular to natural head 
position (NH P, p. 95). Significantly, the new concept was 
published at a time when PC computer power was sufficient 
to record and analyze the required 45 measurements for the 
recommended STCA. 

In the study. 46 adult Caucasian individuals were 
evaluated to establish female and male normals for facial 
balance. A system of colors was used to indicate facial balance 
or lack of balance (Fig. 1.7). This concept is fully explained in 
Chapter 5, but it is helpful to review key aspects here. It is 
possible to use the STCA to easily establish normals for 
different ages and ethnic groups. 



Upper incisor torque 
is measured relative to 
upper occlusal plane 
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Lower incisor torque 
is measured relative to 
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fig. 1.6 In this illustration a patient with good 
occlusion and faciaL baLance is anaLyzed using seven of 
the STCA measurements . Soft tissue measurements are 
relative to true vertical Line . Incisor torque is measured 
relative to the occlusa l planes. All numbers are black, 
indicating that they are within one standard deviation 
of ideal. 
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fig. 1.7 A group 2 patient wit h a mild skeletaL discrepancy. Facial balance was not ideal, as revealed by blue 
and green numbers. The case was treated orthodontica lly by dentaL compensation and growth management. A 
smalL amount of mandibular growth occurred. After treatment the incisor torque numbers have become bLue and 
green, confirming the compensation . Soft tissue numbers are mostly black, showing improved facial balance. 
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The new STCA is able to quantify the changes in facial 
balance which occur during occlusal correClion (Fig. 1.8). [n 
panicular. the facial harmony values - a concept that is totally 
new, relative to other analyses - are most helpful in this 

regard. These wil] be discussed in Chapter 5 (p. 160). If fac ial 
decline occurs it can readily be identified. The STCA may be 
used for facial planning. to ensure that facial decline does not 
occur during occlusal correction (Fig. 1.8). 

Orthognathic 
TVL surgery and 

orthodontics 

K 
0 

3 

-5 

-12 

-11 
~ 
Orthodontics 
with dental 
compensation 
and growth 
management 

.'] 

TVL 

o 
4 

2 

-5 

-3 

TVL 

-2 

-1 

-3 

-9 

-9 

Fig. 1.8 A group 3 patient with a Class II skeletal discrepancy. There was severe facial imbalance, as reveaLed by the 
red numbers. Orthodontics with orthognathic surgery would give an ideal result, with improved facial balance, as 
suggested by the black numbers. Treatment orthodontically, by dental compensation and growth management, would 
lead to facial decline, as shown by the red numbers. 



3. Correct static and functional occlusion 

The goals for static occlusion are well established and 
documented, based on the 'six keys' of Andrews. l l To these 
goals must be added correct overjet. overbite, and 
symmetrical midlines. Additionally, arch fo rm needs to be 
correct, wilh the arches well coordinated. Condyles should be 
seated within the glenoid fossae, and movements from this 
centric position should occur without interferences. A 
mutually protected scheme of occlusion,\) or occasionally a 
group function scheme of occlusion, is preferred. 14 

4. Periodontal health 

The patient's periodontal status must be evaluated both 
before and during treatment. All attempts should be made to 
maintain or even improve alveolar bone levels and gingival 
!issue. or panicuiar concern in this area are the issues of arch 
form change and over-expansion. The problems related 10 

these areas are well documented, IS and are frequelllly 
associated wi th instability and periodontal decli ne in both 
onhodontic and surgical cases (Fig. 1.9). 

Fig. 1.9 Orthodontic arch expansion can lead to instability and 
periodontal decline in both orthodontic and ~urgical cases. The 
above 22-year-old patient was treated by orthodontic expansion and 
shows gingival clefting with obvious relapse. 
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5. Resolving the patient's chief 
complaints 

At the start of (reatment it is essential to determine and note 
the patient's chief complaints (Fig. 1.10). Throughout 
treatment the orthodontist and surgeon need to keep these 
concerns in mind. This will be discussed in the next chapter, 
and a patient motivation questionnaire will be reviewed. 
Treatment success requires the elimination of any presenting 
symptoms, and fulfillment of the patient's fadal and dental 
aspirations. 16 

6. Stability 

Orthodontic instability in the Al P, transverse, and vertical 

dimensions is frequently related to the magnitude of tooth 
movement carried out. Relapse is therefore mOTt': likely to 
occur in these three planes in cases where excessive dental 
compensation has been attempted. Group 3 cases treated only 
by orthodontics often require substantial amounts of tooth 
movement, and therefore show greater potential for instability 
and relapse. 

Disproportionate growth can occur after treatment, 
especially in cases of true mandibular hyperplasia. This has to 
be considered when planning the timing of treatment. 

[n addi tion to the orthodont ist meeting stabili ty 
requirements, measures need to be followed by the surgeon to 
ensure surgical stability. For example, the surgeon will be 
concerned with areas frequent ly associated with surgical 
relapse: 

J. Orthodontic compensation - a common source of surgical 
relapse - should be identified and reduced before surgery. 

2. Before surgery, the stability of the temporomandibular 
joints should be assured with mechanical and medical 
protocols. 

3. Surgical techniques shoul d be used 10 seat the condyles 
without compression, because com pression leads to late 
remodeling and relapse of the ocdusion. l.2 

7. Maintaining or increasing the airway 
space 

Current knowledge of obstructive sleep apnea requires that 
the ai rway should be maintained or increased with 
onhognathic surgical procedures. This is particularly true 
when mandibu lar setback surgery is contemplated. The size of 
the aiT\vay space should be observed on the lateral head(i]m 
and the patient should fill out the sleep apnea setion of the 
in-depth head, neck and TMJ symptoms quest ionnaire in 
Chapter 2. 

Fig. 1.10 It is essential to note the patient's main complaints, and 
to endeavor to resolve them during treatment. 

Each of the seven general criteria for success will be developed 
in more detail later in the book. Emphasis will be given to 
facial examination and analysis of facial pro(i]e during 
treatment plan ning. A thorough method of clinical analysis, 
based on the SfCA will be described in Chapler s. Facial 
treatment planning using the Cfr will be explained in 
Chapter 7. 

A graphic overview is included on pages viii and ix. Th is 
summarizes the organ ization of the facial planni ng process, as 
described in this book. 
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This 12.6-year-old femak presented with a severe Class JI, 
division I malocclusion. Due to a thumb sucking habi t, the 
patient had protruded upper incisors and retrocli ned lower 
incisors. Her first phase consisted of a functional appliance 
(lWin Blocks). This was only marginally successful. 

Fig. 1.11 

Fig. 1.14 

fig. 1.17 



Fig. 1.12 

Fig. 1.15 

Fig. 1.18 

Fig. 1.16 
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Fig. 1.19 The pre·treat ment soft tissue cephalometric anaLysis 
(STCA) . The anaLysis is fulLy discussed in Chapter 5. 
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The second phase of treatment consisted of full banded 
orthodontic appliances and a fixed functional appliance. The 
patient's correction was the result of significant den to-alveolar 
change as well as a positive mandibular growtb pattern. 

Figures 1.20 to 1.26 show the end of treatment result. 

Fig. 1.27 The post-treatment STCA numbers show only one red 
figure . This compares favourably with the measurements before 
treatment (Fig . 1.19, page 13) . 

Fig. 1.20 

Fig. 1.24 
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Fig. 1. 27 The post-treatment STCA . 

Fig. 1.21 
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Fig. 1.22 Fig. 1.23 

Fig. 1.25 Fig. 1.26 

Fig. 1.28 Post·treatment superimpositions on SN at sella . Fig. 1.29 Superimositions on the maxilla and the mandible. 
15 
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'nlis 23-year-old male with a Class II I malocclusion was seen 
for consultation. lie was referred fo r surgery by his 
orthodontist. Diagnosis and treat ment were started with the 
intention of fulfilling the seven goals of treatment. J lis patient 
motivation form indicated that he requested straightening of 
the front teeth and back teeth. racially, he wanted the chin 
moved back and \0 the righi, and his lower lip retracted. lie 
wanted to show tess gingival tissue when smi ling. He had no 
TM) symptoms. TM] examination and hislory, clinical facial 

PROBLEM 

1. High midface 

• Soft cheekbones 

2. Maxilla 

Dental 
• Slight excess Labial crown torque 
• Mild crowding 

Skeletal/jacial 
• Concave nasal base 
• Upper Lip protrusion 
• 6.5 mm of relaxed incisor exposure 
• Flat occlusaL pLane 
• Width mismatch in a (tass I position 
• Accentuated curve of Spee 

3. Mandible 
Dental 
• Incisors with LinguaL crown torque 
• Accentuated curve of Spee 
• Crowding 

SkeietaV!adai 
• Adequate chin prominence 
• Flat occlusal plane 
• 2 mm left deviation 
• NormaL throat Length 

4. TMJ 

• NormaL 

5. Growth potentiaL 
• 24.6 years old 

exami nation, soft tissue cephalometric examination, and 
model examination were obtained. 

The problem list and treatments were as follows: A 
diagnostic splint was utilized prior to orthodont ic treatment 
to seat the TMls and revea l the tnle mandibular position. Pre· 
surgical orthodontics was completed in 12 months. Antero· 
posterior diagnosis and treatment planning were 
accomplished utilizing the seven-step err. the frontal 
midlines, levels, and outline were treatment planned using 

TREATMENT 

• Heat treated HA augmentations 

• linguaL crown torque 
• Orthodontics 

• Maxillary advancement 
• Upper incisor palataL crown torque 
• le Fort I (lFI) impaction 
• PLan with CTP to produce nasaL base + chin harmony 
• MuLti·segment lFI 
• Multi-segment lFI 

• labial crown torque 
• Flatten orthodonticaLly 
• InterproximaL stripping 

• Maintain 
• Plan with CTP to produce nasaL base + chin harmony 
• 2 mm right rotation of the midline 
• Maintain 

• No treatment 

• Non-factor 



the frontal clinical examinmion . t\ multi-segment LFI and 
bilateral saginal split osteotomy (BSSO) were necessary \0 

corree\ the occlusion and produce basic facial balance. The 
occlusal plane was steepened to increase the nasal base. 

Fig. 1.30 fig. 1.3 1 

Additional improvement of fac ial balance was achieved with a 
2 mm chin advancement and lnterpore 200 Avilene heat 
treated cheekbone augmentations. 

Fig. 1.3 2 

Figs 1.30 to 1.32 The pre-orthodontic facial photographs taken in centric relation show a Class III facial pattern. 
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Figs 1.33 to 1.37 Pre-orthodontic intra-oral photographs taken in 
centric occlusion indicate a Class III malocclusion with anterior open 
bite. 

Fig. 1.39 The pre-orthodontic soft tissue cephaLometric analysis 
(STCA) shows a flat occlusal plane of 90" (red), a long lower face 
height of 96 (red), and an anterior open bite measuring -5 mm 
(red) . 

Fig. 1.40 The pre-orthodontic cepha lometric treatment plan (CTP) 
calls for correction of t he upper incisor torque, proclination of the 
lower incisors, impaction and advancement of the maxilla, 
steepening of the occlusal plane, and a set-back of the mandible. 

Fig. 1.41 The overlay of the cepha lometric treatment plarr (CTP) on 
the pre-orthodontic soft tissue cephalometric analysis (STCA). The 
bimaxilLary occlusal plane was steepened from 90° (red) to 95° 
(black). This change in the angle of the occlusal plane increased the 
nasal base and maintained the chin projection, both to aesthetically 
desirable positions. 

Fig. 1.33 

Fig. 1.36 
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Fig. 1.39 The pre·orthodontic STCA. 
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Fig. 1.34 

Fig. 1.37 
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Fig. 1.40 The cephaLometric treatment plan (CTP). 
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Fig. 1.35 

Fig. 1.38 The pre-orthodontic panoral radiograph showing a hea lthy 
dentition. 
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Fig. 1.41 The overlay of the CTP on the STCA. Note the long but 
proportionate lips. 
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figs 1.42 to 1.46 The pre-surgical centric occlusion photographs 
showing contact on the second molars only. The original arch forms 
and arch widths were maintained during orthodontic preparation, to 
prevent orthodontic relapse or gingival recession. 

Fig. 1.45 

Figs 1.47 and 1.48 The panora! and 
tomographic radiographs. Note: the 
long condylar head and neck, which is 
typical of (Lass III cases. 

Fig. 1.47 

Fig. 1.42 

Fig. 1.46 
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Fig. 1.43 Fig. 1.44 

Fig. 1.48 
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Figs 1.49 and 1.50 The pre-surgical dosed Lip 
(attempted) and relaxed lip photographs. Note: 
the concave nasal base, the Lower lip protrusion 
and the very large inter-labiaL gap. The patient 
requested cheekbone augmentations; therefore 
this was part of the treatment plan. 

Figs 1.51 and 1.52 The pre-surgical dosed lip 
and relaxed lip photographs. Note: the excessive 
lip strain upon attempted closure. 

figs 1.53 and 1.54 The pre-surgical right and 
Left three-quarter relaxed Lip facial photographs. 
Note : the flat cheeckbone contour, the concave 
nasaL base and the large inter-labial gap, which 
is secondary to the miLd vertical maxillary excess 
and the large open bite. 



-
Fig. 1.55 The pre-surgical (post-orthodontic) soft tissue 
cephalometric anaLysis (STCA) shows a flat occlusal plane of 91°, a 
long lower face height and an anterior open bite. 

Fig. 1.56 The pre-surgical cephaLometric treatment pLan (CTP) caLls 
for impaction and advancement of the maxilLa, steepening the 
occlusaL plane, and a set-back of the mandibLe at the dentaL leveL, 
but not at the chin, which was maintained. The occlusal plane was 
set at 97° (green), compared with 91 0 (bLue) in the CTP, to 
aestheticalLy position the nasaL base and the chin. 

Fig. 1.57 The superimpositions. 
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Fig. 1.56 The CTP. 
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Fig. 1.55 The STCA. 
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Fig. 1.57 The superimpositions. 
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Figs 1.58 to 1.62 Post-surgical intra-oral photographs with the 
appliances removed. 

Fig. 1.61 

fig. 1.58 

Fig. 1.62 
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Fig. 1.59 Fig. 1.60 

Fig. 1.63 The post-surgical panoramic radiograph, showing the plates for the le Fort I, the sagittal osteotomy, and the chin reconstruction. 
The hooks at the anterior nasal spine arid '8' point were constructed from 24 gauge stainless steeL wire. The patient was instructed to wear 
up-and-down elastics between these hooks, fulL time for eight weeks and then at night only for a further eight weeks. The elastics 'skeletally' 
hold the bite closed. Intra-oral views of hooks of these type may be seen in Case AC, page 192. 
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Fig. 1.64 Fig. 1.65 Fig. 1.66 

Figs 1.64 to 1.66 Facial profiLe views with closed lip, relaxed Lip, and smile photographs. Note: the normaL faciaL projection and heights. 

Fig. 1.70 Fig. 1.71 

Figs 1.70 and 1.71 The post-treatment right and left three-quarter faciaL photographs. Note: the normal projections and contours. 
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Fig. 1.67 Fig. 1.68 fig. 1.69 

Figs 1.67 to 1.69 The post-treatment frontal facial views with closed lip, relaxed lip, and smile. Note: the normal heights and facial outline . 

Fig. 1.72 Fig. 1.73 

Figs 1.72 and 1.73 Pre- and post-surgery photographs. 
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Fig. 1.74 The post-treatment STCA shows normal 
maxillary afl d mandibular projections. The vertical 
dimensions are long, measuring 93 mm (red) and 153 
mm (red) . However, good proportion exists between the 
upper lip at 31 mm (red) and the lower lip at 58 mm 
(red), afld this gives good balance and facial esthetics. 
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Taking a patient's history involves the gathering of 
information in six areas: personal information. chief concerns, 
medical history, dental and onhodontic hislOry, history of the 
musculature and the TMjs, and growth. There aTe many ways 
10 take these histories, and individual clinicians wi![ have 
their own preferences. 

Basic series (Routine patients) 

Patient information 

THE USE OF FORMS FOR GATHERING 
INFORMATION 

This chapter contains a form-based system for history taking. 
The forms are structured to provide a comprehensive and 
systemized record of the information, but they may easily be 
modified to meet individual clinicians' requirements. 

There is a need for general screening of all patients, using 
the 'Basic' series. More detailed information will be needed 
for patients with com plex problems, and 'In-depth' 
questionnaires should be used for those individuals (Fig. 2.1). 

In-depth series (Patients with complex problems) 

Basic patient motivation --------------------.. In-depth patient motivation 

Basic medical history --------------------~ •• In-depth medical history 

{ 
---------------------'O.~ In-depth orthodontic history 

Basic dentaljTMJ history 
------------------...... In-depth head, neck, and TMJ history 

Pre-surgical growth eva luation 

Fig. 2.1 



PERSONAL INFORMATION 

The process generally begins with a telephone call from Ihc 
prospective patient (Fig. 2.2). It is hclpfullO have a protocol 
for gathering personal and financial information. In this way, 
many members of office staff (an competently deal with this 
imponanl initial contact. The 'Patient information' form may 
be used to record this information (Fig. 2.3, p. 32). 

After the initialtclephone call, a letter can be sent, 
enclosing helpful information about the practice or 
department, such as a map and directions for various 
methods of travel. I~ elcvant forms can be enclosed with th is 
welcoming Jetter, fo r completion by the palient at home. 

flome completion of forms is usually neater and morc 
accurate than completion in the omce, and can save delays at 
the first appointment. Ir patients are asked 10 complete forms 
in the orthodontic office, it is helpful to provide a convenient 
and tranquil area for this purpose. Ilelp should be at hand to 
deal with any questions which are unclear. The patient should 
be asked to arrive 10 or 15 minutes before the scheduled 
ort hodontist/surgeon appointment, to allow orderly form 
completion. 

Fig. 2.2 It is helpful to establish a protocol for gathering personal and financial 
information. In this way many members of office staff can competently deal with 
the important initial telephone contact. 
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Patient information 

Date: 

Patients name: SociaL security number: 

Date of birth: 

Address: 
Street City State Zip 

If a minor, parent/guardian's name: 

Contact for accounts: 

Street City State Zip 

Home phone: Work phone: Mobile phone: 

Fax: E-mail: 

General dentist: 

Physician: Oral surgeon: 

Reason for consultation: 

Whom may we thank for referring you? 

SibLings' names and ages! 

Fig. 2.3 Patient information form. 
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MOTIVATION QUESTIONNAIRES -
THE PATIENT'S CHIEF COMPLAINTS 

11 is necessary to identify the patient's reason for seeking 
treatment and establish what, (or him or her, would represent 
a successful outcome of treatment. These concerns need \0 be 
recorded and focused all throughout treatment, 10 avoid 
patient disappointment. A common (ause of medico-legal 
problems, after treatment, is failure to resolve the patient's 
complaints. 

Patients who present for consultation 10 the onhodon tist 
or surgeon will have expectations in one or more of three 
categories: 

• Dental changes 
• Facial changes 
• Relief of symptoms. 

Many orthodontists will fee l that it is sufficient lO ask initial 
screening questions about Ihe teeth, facial appearance, and 

symptoms. llowever, where appropriate, the 'Patient basic 
motivation questionnaire' can be used (Fig. 2A, p. 34). If the 
answers to the basic form need further investigation, or if the 
case is clearly complex from the outset, then the ' Patient in
depth motivation questionnaire' is needed. 1 The in -depth 
form is recommended for all orthognathic surgery cases (Fig, 
2.5, p. 35). 

At the outset it is important to identify the fastidious 
patient who holds unrealistic expectations, or is seeking 
correction of minute dental or facial problems. Pre-treatment 
dialogue may not be enough to recognize those individuals 
who, later on, will be difficult o r impossible to please. TIle in
depth form compels patients \0 reveal their true expectations. 
In this way, good communication between clinician and 
patient leads to shared expectations and mutually defi ned 
goals from the start. 
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Patient basic motivation questionnaire Name Date 

Patients often request changes in their bite or faces and relief from pain or discomfort. Please heLp us understand your probLem by 
checking the following information. PLease be specific (check (.I) the words backward, less, shorter, etc.). 

Teeth: If your teeth could be changed, how would you like them to change? 

o Straighten t he front teeth o upper o Lower 

o Straighten the back teeth o upper o Lower 

o Move upper teeth o forward o backward 

o MOlle lower t eet h o forward o backward 

o Make the line of the upper front teeth more leveL 

o Move the midLine of the 0 upper/ 0 lower teeth to the 0 left/ 0 right 

o Other .. ......... ... . .... .... ... . .. . 

Face: If your facial appearance could be changed, what wouLd you change? 

o Move chin o forward o backward 

o Move chin to center it o Left o right 

o Move Lower Lip o forward o backward 

o Move upper Lip o forward o backward 

o Show 0 more! 0 less of my 0 teeth! 0 gums when I smiLe 

o Make my Li ps 0 closer together! 0 farther apart when my teeth are touching 

o Make my Li ps not touch and rolL out when my teeth are touching 

o Other .. .. . ........ . ... ............... . 

Symptoms: If you want to reduce pain or discomfort, where would it be located? PLease be specific about the Location; check the right 
side, Left side, or both if they apply. 

o In front of my ears o right o Left 

o BeLow my ears o right o left 

o Above my ears o right o Left 

o In my ears o rig ht o left 

o Neck o right o left 

o ShouLders o right o Left 

o Temples o right o Left 

o Eyes o right o left 

o Teeth 

o Sinuses 

o Other .... .. ...... .. .. .. .. ... .. .. .. . . 

fig. 2.4 Patient basic motivation questionnaire. It may prove difficuLt to satisfy the treatment expectations for p.1tients who write in many 
'other' issues (CArnett FaciaL Reconstruction Courses Inc. 2003). 



Patient in-depth motivation questionnaire Name Date 

Patients often request changes in their bite or faces and relief from pain or discomfort. Please heLp us understand your probLem by 
checking the following information. Please be specific (check (.I) the words backward, less, shorter, etc.). 

Teeth: If your teeth could be changed, how wou ld you like them to change? 
o Straighten the front teeth o upper o lower 
0 Straighten the back teeth o upper o lower 
0 Make the upper teeth o Longer o shorter 

0 Move upper teeth o forward o backward 

0 Move lower teeth o forward o backward 

0 Make the line of the upper front teeth more leveL 
o Move the midLine of the 0 upper/ 0 lower teeth to the 0 Left/ 0 right 
o Other.. . ... .............. . 

Face: If your facial appearance could be changed, what would you change? 
o Get rid of sag under lower jaw 
o Move chin o forward o backward 
o Move chin to center it o left o right 
o Move lower lip o forward o backward 
0 Move upper lip o forward o backward 
0 Move the area around my nose o forward o backward 
0 Make the profile of my nose o longer o shorter 
0 Move the area under my eyes o forward o backward 
0 Make my cheekbones o larger o smaller 
o Show 0 morel 0 less of my 0 teeth/ 0 gums when I smile 
o Make my lips 0 closer together/ 0 farther apart when my teeth are touching 
o Make my lips not touch and roll out when my teeth are touching 
o Make my face more 0 narrow/ 0 wide 
o Reduce the 0 width/ 0 fullness of my lower jaw behind my mouth 
o Other. .... 

Symptoms: If you want to reduce pain or discomfort, where would it be located? Please be specific about the location; check the right 
side, left side, or both if they apply. 

o In front of my ears o right o left 
o Below my ears o right o left 
o Above my ears o right o left 
o In my ears o right o left 
o Neck o right o left 
o Shoulders o right o left 
o Temples o right o left 
o Eyes o right o left 
o Teeth 
o Sinuses 
o Other ............. . 

Fig. 2.5 Patient in-depth motivation questionnaire. It may prove difficult to satisfy the treatment expectations for patients who write in many 
'other' issues (ClArnett Facia l Reconstruction Courses Inc. 2003). 
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MEDICAL HISTORY 

A form for basic screening of the medical history is 
recommended (Fig. 2.6). 

Basic medical information 

Is the patient in good health? 
If no, please explain : 

Does the patient have any history of major illness? 
If yes, give details: 

Name 

y" 

If the patient has been treated or diagnosed with any of the following conditions, please 
check ( ., ): 

Heart complications 
High blood pressure 
lower blood pressure 
Rheumatic fever 
Arthritis/rheumatism 
Kidney complications 
Ulcers 
Diabetes 
Thyroid probLems 

Emphysema 
Tubercu losis 
Asthma 
latex sensitivity 
Allergies 
Sinus trouble 

Cancer 
Hepatitis A (infectious) 

Hepatitis B (serum) 

Does the patient have a tendency to: 

Have tonsils and/or adenoids been removed? 

If yes, at what age? 

Colds? 
Sore throats? 
Ear infections? 

list any drugs or medications now being taken, and give reasons: 

list any allergies or drug sensitivity: 

Fig. 2.6 

Venereal disease 
AIDS 
HIV positive 
Blood transfusion 
Hemophilia/prolonged bleeding 
Neurological disorders 
Epilepsy or seizures 
Fainting or dizzy spells 
Nervous/anxious 

Psychiatric/psychological care 
Pneumonia 
Bone disorders 
Herpes/cold sores 
Anemia 
Periodontal disease 
Endocrine problems 
Liver involvement 
Hypoglycemia 

Date 

No 

No 

No 
No 
No 

No 
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For all surgical cases, and where indicated for other 

palients, the 'In-depth medical history and symptoms' form 
should be used (Fig. 2.7). 

In-depth medicaL history and symptoms Name 

Are you currently under a doctor's care? 

Doctor's name ........................................... . Last examination ..................... . 

Have you had heart, blood vessel, Lung, kidney or joint replacement surgery? 
Have you been hospitalized in the last 2 years? 

If yes, state why: 

Have you taken any medication in the last 6 months? (circle): 

High blood pressure/insulin/heart/tranquillizers/blood thinner/steroids! 
aspi ri njasth ma/Pa rki nson' s/diet medication/ anti-depressants/other: 

00 you have any altergies? (circle): 

Drugs/aspirin/codeine/peniciLLin/keflex/other; 

Do you smoke (pipe/cigar/cigarettes)? 
Packs per day: ....... . For how long have you smoked? 

Have you or any member of your famiLy had a bad experience 
with a generaL or local anesthetic? 

Women: are you or could you De pregnant? 
Months: 

00 you use any recreationaL drugs? 
Have you or anyone in your immediate family ever had tubercuLosis? 

Do you have a persistent cough Lasting more than 2 weeks? 
Have you been tested for tubercuLosis in the Last 3 years? 
Have you been vaccinated for tuberculosis? 
Have you been tested for HIV? 
Have you been diagnosed with HIV or AIDS? 

Do you have any of the foLlowing? (circle): 
U nexpLai ned weight loss/wea kness/fatigue/malaise/nig ht chi lis/sweats/fever 

Have you had recent: (circle) 
Nasal discharge/sore throat/cough/cold 

Do you have difficulty carrying out normal activities without 
shortness of breath or undue fatigue? 

Do you rest after climbing one flight of stairs? 
Do your ankles swell as the day progresses? 
Have you awakened at night short of breath? 

Must you remain in a sitting position in order to breathe comfortabLy? 

Fig.2.7 (ClArnett FaciaL Reconstruction Courses Inc. 2003) . 

y" 

y" 
y" 

y" 

y" 

Yes 

y" 
y" 
y" 
y" 
y" 
y" 

y" 
Yes 

y" 
y" 
y" 

Date 

No 

No 
No 

No 
No 

No 
No 
No 
No 
No 
No 
No 

No 

No 
No 
No 
No 
No 
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In·depth medical history and symptoms (continued) 

Do you use more than one pillow for comfort while sleeping? 

Have you experienced chest pain with physicaL activity? 

When you breathe, can you hear a wheezing sound? 

(an you ever feeL your heart beat, jump, Hutter or seem irregular? 

Have you ever taken Fen-Phenl " or Redu.™? 

Do you wish to speak privateLy with the doctor about anything? 

Have you had any of the following? (pLease circle to indicate a 'yes' answer) 

Alzheimer's 

Anemia 

Angina pectoris 

Arthritis 

Asthma 
Bleeding tendency 

Blood disorder 

Cancer 

Chronic bronchitis 

CoLd sores/fever blisters 

Decreased blood pressure 

Depressive disorder 

Other . .... .. ... ........ ............. .. 

Fig.2.7 Continued 

Diabetes 

Emphysema 

Excessive bruising 

Glaucoma 

GLomerulonephritis 

Heart attack 

Heart murmur 

Heart problem 

Hepatitis 

Increased blood pressure 

Jaundice 

Kidney disease 

Yo. 
Yo. 
Yo. 
Yo. 
Yo. 

Yo. 

liver disease 

lung disease 

Pneumonia 

Porphyria 

Rheumatic fever 

Scarlet fever 

Seizure disorder 

Sinus problems 

Smokers' cough 

Stroke 

Ulcer 

Venereal disease 

No 
No 
No 
No 
No 

No 
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DENTAL AND ORTHODONTIC HISTORY 

For patients presenting to the orthodontic practice for the first 
time, the 'Basic dental and TMJ histOry' form is used (Fig. 
2.8). Additionally, if the patient is an orthodontic transfer 

Basic dentaL and 1MJ history Name 

Have you ever had any injuries to the face, mouth or teeth? 

Other information 

Thumb or finger sucking (past ) 

Thumb or finger sucking (present) 

Mouth breathing 

Nail/Lip biting (present) 

Grinding or clenching of teeth 

Have you been informed of any missing or extra permanent teeth? 
If yes, pLease specify: 

Do you have a history of head, neck, or jaw joint probLems? 

Have you ever been examined by an orthodontist? 

If yes, when? 

Have you ever worn braces? 

If yes, when? 

Fig. 2.8 

case, the original records and treatment plan will need to be 
obtained in the normal way. 

y" 

y" 

Date 

No 

No 
No 
No 
No 
No 

No 

No 

No 

No 
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When an orthodontic patient presents for surgical 
evaluat ion, the surgeon will use the 'In-depth orthodontic 
history' form (Fig. 2.9, below). Starting records and any 
progress records will need to be eval uated. Of greatest 
importance, the surgeon needs to evaluate the original 
models, to assess the orthodontic changes to arch forms, arch 
widths, and planes of occlusion. The surgeon will need to 

know the orthodontic loath movements which have been 
carried out before surgical referral, because inappropriatE' 
unstable orthodontics can contribute to post-surgical relapse. 

There is a need to know the rcason for the patient's visit 

In-depth orthodontic history 

Have you worn braces i n t he past? 

Are you currently wearing braces? 

Are you planning to have braces fitted? 

Name 

(If yes, braces will be pLaced in approximateLy ...... months) 

Have you had, or are any of t he foLLowing pLanned? 

Extraction of upper teeth 

Extraction of Lower teeth 

ELastics (rubber bands) 

Roof of the mouth appliance 

Headgear 

FunctionaL appLiance 

What is the reason for your visit? 

Bite correction 

FaciaL esthetics 

DentaL esthetics 

TMJ treatment 

Dther: 

o 
o 
o 
o 

What is your impression of the type of surgery needed? 

Upper jaw 0 

lower jaw 0 

Upper/Lower jaws 0 

Cosmetic o 

fig. 2.9 (ClArnett facia l Reconstruction Courses Inc. 2003). 

and what surgical procedures the patient is expecting. There 
are two reasons for this: 

• There may be a difference between the surgeon's plan and 
the patient's expectations. In this situation the surgeon can 
explain the surgical rationale and thus keep the patient's 
confidence. 

• The patient's expectation is normally derived from 
consu ltations and discussions with the orthodontist -
again, the surgeon can explain any differences, and retain 
the patient's trust. 

Oate 

No 
No 
No 

No 
No 
No 
No 
No 
No 

FaciaL pain t reatment 0 

Speech improvement 0 

Obstructive sLeep apnea 0 

CLeft repair 0 

Joint 

SLeep apnea 

Cleft repair 

Other: 

o 
o 
o 
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HEAD, NECK AND TMJ HISTORY 

All patients seeki ng treatment from orthodontists or oral 
surgeons should be screened for TM/ problems. Thus, the 
'Basic dental and TMJ history' form (Fig. 2.8, p. 39) for SUdl 

patients includes a screening question on head, neck and TMI 
pain or dysfunction. For the morc complex cases, or where 
there is a previous history ofTMJ problems, the 'In-depth 

In-depth head, neck and TMJ symptoms 

Disc symptoms 

Have you heard popping sounds in your ear(s)? 

Has the popping stopped? 

Has the size of your jaw opening decreased? 

Do you hear clicking sounds in your ear(s)? 

Do you hear grinding sounds in your ear(s)? 

Do you have pain in your ear(s)? 

Muscle symptoms 

Is your jaw opening limited? 

Is your opening limitation most in the morning? 

Do you wake up with facial pain? 

Do you have pain below your ear(s)? 

Do you have pain in your temple? 

Do you clench or grind your teeth? 

Do you have lower neck aches or backaches? 

Are you in an emotional or stressful period of your life? 

Joint change symptoms 

Has your bite changed? 

Has your chin moved backwards? 

Do your teeth hit unevenly? 

Have you had jaw surgery Of orthodontic treatment? 

Do you clench or grind your teeth? 

Have you heard popping sounds in your ear(s)? 

Have you had an injury to your face, head, neck or jaw? 

Are you female? 

Are you hetween 12 and 11 years old? 

Name 

head, neck and TMJ symptoms' form should be used, and this 
is shown in full in Figure 2.10 bdow. The form includes 
questions on obstructive sleep apnea which are relevant to 
this area. One of the purposes of the TMJ history forms is to 
reveal local or total condylar remodeling (p. 143) in the 'joint 
change symptoms' section. 

Right 

Right 

Right 

Right 

Right 

Right 

y" 

y" 

y" 

y" 

y" 

y" 

y" 

y" 

y" 
y" 
y" 
y" 
y" 
y" 
y" 
y" 
y" 

Date 

leh 

leh 

leh 

leh 

leh 

leh 

No 
No 
No 
No 
No 
No 
No 
No 

No 
No 
No 
No 
No 
No 
No 
No 
No 

Are any of your arms, legs, feet, hands or finger joints painfuL swollen or stiff? 

Do you have, or have you had, hyperparathyroidism? 
y" 
y" 

No 
No 

Fig.2.10 (ClArnett Facial Reconstruction Courses Inc. 2003). 
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In-depth head, neck and TMJ symptoms · continued 

ChronoLogy 

When did you first notice the above symptoms? 
Have the above symptoms worsened over time? 
00 you attribute the symptoms to one incident? 
PLease explain: 

How do you control your head and neck symptoms? 

Cold/heat packs 
Anti-inflammatory 
Injections 
Other: 

Physical therapy 
Pain medication 

Have you had treatment for your head arld neck symptoms? 

TMJ speciaList 
OraL surgeon 
ENT 
TMJ surgery 
PhysicaL therapy 
Other: 

Where is your pain? 

Pain clinic 
Orthodontist 
NeuroLogist 
OcclusaL reconstruction 

PLease mark on the drawing beLow the area(s) where you feel pain. 

Fig. 2.10 Continued 

Diet change 
Limited jaw movement 

GeneraL dentist 
Splint 
Jaw surgery 
Equilibration 

No 
No 
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In-depth head, neck and TMJ symptoms - continued -~ 
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Where is your pain? 
Please mark on the drawing below the area(s) where you feel pain. 
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Fig. 2.10 Continued 
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In-depth head, neck and TMJ symptoms - continued 

Please compLete the follo wing: 

Obstructive sLeep apnea symptoms 

Do you fall asleep during the day? 

Have you fallen asLeep while driving? 

Do you have disrupted sleep? 

00 you urinate frequently during the night? 

Do you snore heaviLy at night? 

Do you talk in your sleep? 

Do you suffer from daytime fatigue? 

Do you experience daytime sLeepiness? 

Have you had a recent weight gain? 

Do you have high blood pressure? 

00 you take blood pressure medication? 

Do you have an irregular heartbeat? 

00 you suffer from depression? 

Do you have headaches when you wake up? 

Does your spouse see you stop breathing during sleep? 

Do you drink aLcoholic beverages? 

Do you take sedative-type medicine? 

How do you control your sleep apnea? 

Restrict aLcohoLic beverages 

SLeep upright SLeep on side 

SLeep with speciaL pillow positions 

Have you had treatment for sLeep apnea? 

Restrict sedative medication 

SLeep on back 

Other: 

Weight Loss 

OentaL appLiance 

Nasal surgery 

(PAP (continuous positive airway pressure) 

Soft paLate surgery 

Other: 

Fig. 2.10 Continued 

y" No 

y" No 

y" No 

y" No 

y" No 

y" No 

y" No 

y" No 

y" No 

y" No 

y" No 

y" No 

y" No 

y" No 

y" No 

y" No 

y" No 



PRE-SURGICAL GROWTH ASSESSMENT 

Future growth potential is an important factor in the C2/G3 
decision because these groups have malocclusion severity 
secondary to disproportionate growth. Orthodontic growth 
assessment normally involves predictions using the patient's 
age, sex, and skeletal pattern, and can also be derived from 
measurement of serial cephalometric radiographs. 

Growth assessment Name 

family growth history 

At what age did members of t he pat ient's family stop growing? 

Father ..... . . Mother .. . .. . Brothers. Sisters ..... . 

Has the patienfs height stopped increasing? 

How many inches has the patient grown in the past year? 

Does the patient have relatives with the same facial pattern? 

Please circle: father mother brother 

grandfather grandmother aunt 

Careful growth assessment is also needed before surgery, in 
order to avoid relapse due to post-surgical growth (Case "IW, 
p. 87). This assessment is based on family history and serial 
cephal ometric radiographs, if available (Fig. 2.11). 

Date 

No 

No 

sister 

uncle 

Serial headfilm information (for completion by the orthodontist/surgeon) 

Has facial growth occurred in the past 12 months? y" No 

Has the occlusal problem worsened in the past 12 months? y" No 

Upper incisors re lative to lowers? y" No 

Skeletal 'A' point relative to '6' point? y" No 

Have orthodontic appliances been worn in the past 12 months? y" No 

fig. 2.11 (ClArnett Facial Reconstruction Courses Inc. 2003). 
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CONSULTATION 

This chapter has recommended the extensive use of forms. 
These allow a systemized approach to history taking. and 
ensure that all the important questions are covered. 

The orthodontist wil! mainly use the 'Basic' series of forms 
to obtain patient information, medical hislOry, and 
dental(fMJ history. For certain more difficult orthodontic 
cases, forms from the 'In·depth' group will be needed. 

The surgeon's working arena is very different from that of 
the onhodontist. Almost all the cases presenting to the 
surgeon will have complex or difficul t aspects. Accordingly, 
the surgeon will rely heavily on the 'In-depth' range of forms. 

However, the subsequent personal consultation between 

the clinician and the patient is all-important. The forms are 
used to prepare the ground for the patient examination and 
consultation (Ch. 3), and they indicate areas where there is a 
need for further information. Used by orthodontists and 
surgeons, the forms indicate where there will be a need for 
the clinician to focus energy in managing a particular case, 
and where the key problems lie. 

These key issues can then be discussed with the patient in a 
calm and unhurried manner (Fig. 2.12). During the 
consultation the clinician has the opportunity to more fully 
understand the patient's wishes and treatment needs, and so 
the professional relationship begins to develop. 

fig. 2.12 The forms are used to prepare the ground for the patient examination 
and consultation. 
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After reviewing the information provided by the patient (Ch. 
2), the clinician will have a good understanding of the 
patient's concerns and his or her reasons for presenting for 
evaluation. While keeping this information in mind, Ihe four
part clinical examination can be commenced (Fig. 3.1). Laler, 
the findings will form pan of the information needed to 
analyze the case (Ch. 5). Two views aTC used during the fac ial 
examination! - a frontal view and a profile view. 

fig. 3.1 The four 
aspects of the patient 
examination . 

Examining 
the patient 

It is helpful for orthodontists and surgeons to adopl a 
systemized approach to the clinical examination. [t can also 
be an advantage if the orthodontist and surgeon adopt the 
same system and summary forms. The facial examination 
method used by the authors (po 74) has been developed over 
many years, and it is recommended for all group 2 and group 
3 cases. Clinicians will individually decide whether a full 
facial examination is necessary for group I orthodOlllic cases. 

I The temporomandibular 
joints 

Pages 49-50 

II The face - frontal view 

\ ! \ 
€> 

Pages 51-64 

III The face - profile view 

Pages 65-75 

VI The intra-oral examination 

Pages 76-78 



1. THE TMJ EXAMINATION 

It is essential to review the patient's history before the clinical 
TMJ examination, because the patient can frequently provide 
valuable insights into problems in this area. A screening 'I'M! 
examination is then indicated for all patients, whether thL'Y 
do or do not describe symptoms. 

Two palpation positions are used (Figs 3.2 & 3.3) during 
four mandibular movements, and these provide information 
concerning the following: 

• The range of movement2 

• Deviation from normal movements 
• Any pain during movement 
• The joint sounds. 

Fig. 3.2 

The patient can be taken through opening. left and right 
lateral. and protrusive movements during bilateral external 
palpation directly over the joints. This is followed by 
repetition of these movements and gentle fOl"\vard palpation 
in the ear canal with the small fingers. 

Fig. 3.3 

Figs 3.2 and 3.3 Two palpation positions are used during four mandibular movements. These provide information concerning direction and 
range of movements, presence of pain during movement, and joint sounds. 
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Next, muscle palpation is carried out in the head and neck 
area to reveal the location of any muscle pain. Muscle pain 
genera lly indicates the presence of parafunctional habits. 
Information gathered during these evaluations can be placed 
in the chart shown in Figure 3.4. 

Also, when symptoms exist it is hr:lpful to evaluate general 
body posture and the range of neck movements. The general 
body posture can be evaluated by obst':rving the patient 

Range of movement, with normals shown in parentheses 

VerticaL mm (40-50) Oeviated opening 

Right Lateral mm (9-12) left lateraL 

left TMJ sound: D pop D click 

left TMJ pain: D opening D palpation 

Left muscle pain: D masseter D temporaLis 

Right TMJ sound: o pop D click 

Right TMJ pain: D opening D palpation 

Right muscle pain: D masseter D temporalis 

fig . 3.4 Clinical examination of the TMJs. Normal ranges in parentheses. 

frontally and laterally in a standing position. Any body 
asym metry can be noted in the frontal plane, and the head 
posture (an be reviewed in the lateral plane. Range of neck 
movements and specific areas of neck pain can be noted by 
carefully taking the patient through side bending. rotational, 
and backward and fonvard bending movemems of the head 
and neck. 

mm Right l.ft 

mm (9-12) Protrusive mm (9-12) 

D multiple clicks D crepitation 

D biting D other 

D medial pterygoid D neck 

D multiple clicks D crepitation 

D biting D other 

D medial pterygoid D neck 



2. THE CLINICAL FACIAL EXAMINATION 
FRONTAL VIEW 

Natural head position, centric relation. first tooth COlllaCI, and 
relaxed lip position are necessary to accurately assess the face. 
The patient is therefore examined with a wax bile (pp . 97, 
100) in place to meet these requirements. 

The fron tal view provides information on the vertical 
dimensions, midlines, facial levels, and outline of the face. 
Forms can be used for recording the findings (pp. 64, 74 l, 
and this information is then used to determine the diagnosis 
(eh. 5) and the treatment plan (Ch. 7) for the patient. 

It should be noted that this has to be a three-dimensional 
clinical examination, leading to a thorough three-dimensional 
diagnosis and treatment plan. Photographs alone are not 
adequate, due to the variations in mandibular position, head 
posture, and lip posture which can be produced using only 
two~dimensional photographs. 

General outline form 

The general outline form of the face can be described in 
anistic terms such as 'wide' or 'narrow', 'shan' or 'long', or 
'round'. 

Several key outline landmarks are examined and described 
as 'wide', 'normal', or 'narrovl - these include the zygomatic 
arch, mandibular angle, mandibular body, and chin. Each 
landmark is then examined for equality of the left and right 
sides - if one side is larger this is noted. 

Alternatively, the outline form can be measured. The 
widest dimension of the face is the zygomatic width. The 
bigonial width is approximately 30% less than the zygomatic 
dimension. 

Midline assessments - establishing the 
midline of the face 

Midline structures are assessed with the condyles celllered in 
the fossae and at first tooth contact (p. 98). If the condyles are 
not centered, correct midline assessment is not possible. 

The authors establish the midline of the face by using a 
line through the philtrum of the upper lip and the center of 
the nasal bridge. The center of the nasal bridge is assessed as 
half the distance between the inner canthi of the eyes 
(Fig. 3.5). 

Fig. 3.5 The midline of the face may be determined by using a 
line through the philtrum of the upper lip and the center of the 
nasal bridge. 
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Important soft tissue midline structures, such as nasal tip 
and chin point, are assessed using the midline of the face. 
Dentally, upper and lower incisor midlines should also be 
ass(':ssed relative 10 this line (Fig. 3.6). 

It is especially important for orthodontists and surgeons to 
accurately assess the dental midlines, relative to the philtrum, 
because most patients use this as a reference point to evaluate 
their denIal midlines after orthodontics and/or surgery. 
Interestingly, patients often have high awareness levels about 
dental midlines, and will be quick to point out any 
discrepancies. Dental midlines cannot be assessed from 
models alone, and therefore must be evaluated during the 
clinical facial examination. 

The midline of the foce - the reliability of 
the philtrum 

The philtrum is usually the most symmetrical of the midline 
soft tissue points, and is therefore generally used as a starting 
point for asS('ssment of midline struClUres. If the nasal tip is 
severely deviated, the philtrum lends to deviate slightly 
towards the nasal deviation. If this occurs, an adjustment can 
be made to create a line which more accurately represents the 
midline of tbe face for that individual. This is seldom 
necessary. 

Fig. 3.6 Dentally. upper and lower incisor midlines shouLd also be assessed 
reLative to the midline of the face. 



Horizontal reference lines 

Horizontal reference lines may be d rawn at 90° to the facial 
midline, and may be used \0 assess the level of other 
structures. Upper canines, lower canines, the inferior border 
of the mandible, and the chin should all be parallel to 
horizontal reference lines (Fig. 3.7). 

The 'upper ocdusallevel' is assessed using a line formed 
through the left and right upper canine lips. TIlE' '10wer 

occlusal level' is assessed using a line formed through the left 
and right lower canine (ips. The 'chin-jaw line' is assessed by 
a line d rawn on the under surface of the chin at maximum 
tissue contact. The lines should be parallel to each other. 
Lines which are not parallel with the horizontal reference 
lines are described as 'cants'. 

.~~~ ..................................... . 

Lower canines 

Body 

............................................ ::0, ... ~+--"'" 
Chin 

Fig.3.7 Horizontal reference lines may be used to assess other structures. The 
'upper occlusal level' is assessed using a line formed through the left and right 
upper canine tips. The 'lower occlusal level' is assessed using a line formed 
through the left and right lower canine tips, The 'chin-jaw line' is assessed by a 
line drawn on the under surface of the chin at maximum tissue contact. The tines 
should be parallel to each other. Lines which are not parallel with the horizontal 
reference line are described as 'cants', 
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Mandibular deviations and occlusal cants 

Mandibular deviations commonly have upper and lower 
occlusal cants with an associated ch in and jaw line cant (Fig. 
3.8). Any cants should be noted, as this information will be 
required for treatment planning. 

........................ . .................... . 

............... ""-=d-/ ........... .............. .. ......... . 

Upper canines 

Lower canines 

Body 

····('l1iii .. ·· ..................... . 

Fig. 3.8 A mandibular deviation to the right, with associated cants of the occlusal 
planes and the chin-jaw line. Later, if the treatment plan includes two-jaw surgery, 
the cants are routinely corrected at surgery. If the treatment plan includes onLy 
orthodontics or one-jaw surgery, it is normally not possibLe to achieve correction of 
cants. 



Vertical assessment - the fac ial thirds 

For examination purposes the face is divided into thirds. 'l1le 
middle third is the mid brow 10 subnasale, and the [ower 
third is subnasale to soft tissue menton (Fig. 3.9). The middle 
third and the lower third of the facc show a range of 

Mid brow 

Subnasale 

Menton 

62-75 mm. Contral)' to popular notion, the middle and 
lower thirds are rarely equal. "n1e ratio of middle to lower 
thirds is less important than vertical relationships among 
structures within the lower third of the face. 

Middle 
third 

Lower 
third 

Fig. 3.9 The face may be divided into middle and lower thirds by drawing horizontal tines through 
the mid brow, subnasale, and soft tissue menton. The middle and Lower thirds aTe rarely equal. 
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Vertical assessment of the lower third of the 
face 

The lower third of the face is measured from subnasale to soft 
tissue menton. It is equal to the sum of the upper lip, inter
labial gap, and lower lip (Fig. 3.10). 

This area of facial analysis is extremely important in 
diagnosis and treatment planning of dentofacial deformities. 

The need for relaxed lips (pp. 94, 106) when making these 
measurements cannot be overemphasized. The decision 
between surgical/orthodontic correction, or 'orthodontics 
only' correction, often depends on the analysis ohhe lower 
third of the face. 

Lower 
third 

Upper lip 
length 

:==:::1~===::;;;~=~~~;;::::==Jf::-========: Inter-labial 
gap 

Lower lip 
length 

Fig. 3.10 The lower third of the face is equal to the sum of the upper lip length, the inter-labial 
gap, and the lower lip length. 



Upper lip length 

The lips are measured independently in a relaxed posi tion 
(Fig. 3.11). 'nH~ normal length from subnasale 10 upper lip 
inferior is 19-22 mm. Older individuals and males are in Ihe 
longer end of the range. 

Inter-labial gap 

With the lips relaxed and teeth in contact, a space of 1-5 mm 
between upper lip inferior and lower lip superior is normally 
present (Fig. 3.11). Females show a larger gap within the 
normal range. The decreased male inter-lab ial gap is related to 
longer lips. 

Lower lip length 

'111e lower lip (Fig. 3.11) is measured from lower lip superior 
to soft tissue menton, and normally measures ill a range of 
42-48 mm. This measurement increases with age as 
submental rat begins to accumulate. The normal ratio o f 
upper to lower lip is 1 :2.2. Proponionate lips harmonize, 
regardless of length. 

19~22 mm Upper lip 

:===k====~;?~;;~~;;::::===-:::;.~== length 1~5 mm 

42~48 mm 

Interlabial gap 

lower lip 
length 

Fig. 3_11 With lips relaxed, the lower third of the face is subdivided by drawing lines through subnasale, upper Lip 
inferior, Lower Lip superior, and soft tissue menton. The upper Lip is normally sLightly Less than haLf the length of 
the Lower. 
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Upper incisor crown length and dental 
overbite 

The normal maxillary central incisor crown length is 
9.5-11.5 mm. The amount of vertical overlap (overbite) of 
the upper incisors relative to the lower incisors is recorded. 
The normal amount of overbite is 3 mm (Fig. 3.12). 

.... 
.............. ...... ... r' ..................... . 

,'--i---- \.. !I '-;;----1 

) 

Fig. 3.12 The normaL overbite is 3 mm. 

9.S-11 .Smm 
crown length 

3 mm overbite 



Upper incisor exposure - lips at rest 

The vertical distance from upper lip inferior (with the upper 
lip al rest) to the upper incisor edge is measured to record the 
'maxillary incisor exposure' (Fig. 3,13). The normal range is 
1-5 mm. Facial rejuvenation is best achieved when there is 
3-5 mm of exposure, Males show less incisor exposure than 
females because of their characterislically longer upper lips. 

Upper indsor exposure (with lips relaxed) is the key 
measurement when planning surgical vertical changes, aiming 

for a range of 3-5 mm post-surgically. Because of the critical 
nature of the relaxed lip measurement on vertical planning, 
this measurement should be taken three times to verify 
accuracy. Onhodonlically, there is less capability to change 
upper incisor exposure by vertical tooth movement. However. 
normal values should be considered when deciding surgical 
versus orthodontic treatment planning. 

? m.m upper 
mClsor exposure 

~ m.m upper 
mClsor exposure 

Fig. 3.13 Upper incisor exposure is important. It is measured with Lips reLaxed, from 
upper Lip inferior to maxiLlary incisor edge. The normaL range is 1-5 mm. MaLes show 
Less than females on average. Young individuals show more incisor than older 
individuals - facial rejuvenation places the incisor into the youthful range of 3-5 mm 
of incisor exposure. 
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Exposure of upper incisor and gingival tissue 
when smiling 

When examining [he smile, different lip elevations are 
observed in normal and abnormal skeletal patterns. Ideally, 
when smiling. the exposure should be in the range of three
quarters of the central incisor crown length (about 8 mm) to 
2 mm of gingival tissue (Figs 3.14 & 3.15). Males show less 
inclsor exposure than females because of their 
characteristically longer upper lips. 

Because of the critical nature of the smile measurement on 
vertical planning. this measurement should be taken three 

Fig. 3.14 

times to verify accuracy. Additionally, an altempt should be 
made 10 observe the patient's smile when the patient is 
unaware that the clinician is doing so - a natural, non· 
requested smile. As important as the smile is, it only adds 
supplemental information to vertical treatment planning. 
Achieving 3- 5 mm of relaxed li p incisor exposure is the goal. 
"i11e 'smile' exposure in(1uences the 3- 5 mm relaxed exposure 
but does not alter this range. 

Fig. 3.15 

Figs 3.14 and 3.15 Ideally. when smiLing, the exposure shou ld be in the rallge of three-quarters of the celltraL illcisor crown Length (about 8 
mm) to Z mm of gingivaL tissue. 



Closed lip position 

As discussed above, an understanding of relaxed lip position 
is essential. However, knowledge of the closed lip posi tion is 
also helpful. and can add support (0 diagnostic decisions. The 
closed lip position reveals disharmony between skeletal and 

Fig. 3.16 

soft tissue lengths. With balanced lip and skeletal lengths, the 
lips should ideally close from a relaxed, separated position 
without lip, mentalis, or alar base strain (Figs 3.16 & 3.17). 

Fig. 3.17 

Figs 3.16 and 3.17 With balanced lip and skeletal Lengths, the lips should idealLy close from a relaxed, separated position wi thout lip, 
mentalis, or alar base strain. 
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Upper and lower vermilion borders 

'nlC normal lengths for the upper and lower vermilion 
borders of the lips are 6- 9 mm for the upper lip and 
8-12 mm for the lower lip (Figs 3.18 & 3.19). Normal 
vermi lion balance is achieved when the upper vermilion 
length is 2-3mm less than the lower vermilion length. 

Fig. 3.18 

Figs 3.18 and 3.19 Vermilion borders. 

! 8-12mm 

Fig. 3.19 



Summary charts - the frontal facial examination (Figs 3.20-3.23 - Dr G. William Arnett) 

Angle 

Body 

Fig. 3.20 

Pl1iltrum 

"",:":-----4- -'\ hin Cl1in 
midline 

Zy omatic arch Mire1 
-..., r : 

Upper lip 

Body 

Incisor exposure • .",~C==~§~~! 
Lower lip 

Fig. 3.21 

,"",l~\. _____ J.'''iBY ( 
\ \

1 Irhercanthal 
Orbital rim e disLmce • Orbital rim 

Cheekbone e --.. j \ e Cheekbone 

\ \ Subp"pil e ~~.~\~~~ ~UbPUPi( 
~ Nasalbase e -..., r e Nasalbase 

MX33 leve,' ,I==="'~,;::=~:;;:===-V 
Md33 level' ~ 

Md body level "'-"~--------,L"" 

Chin level -I------'~--~-------__1 

Fig. 3.22 
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Summary charts - the frontal faciaL examination (Figs 3.20-3.23 - Or G. William Arnett) 

1. Vertical Range Patient 

Middle 1/3 62-75mm 

Overbite 3mm 
Upper Lip height (a) 19-22mm 

InterlabiaL gap (b) l-Smm 

lower lip height (el 42-48 mm 

lower 1/3 height 62-15 mm . +b· < 

Mx incisor exposure (reLaxed) 1-5 mm I 
Mx incisor exposure (smiLe) 8 crown to 2 gingiva I 
Closed Lip 

gentle touching strain 
without strain redundancy 

Mx incisor height 9.S-11.Smm 
Upper vermilion 6-9mm 

Lower vermiLion 8-12mm 

3. Midlines Patient 

Nasal tip to right to left 

Philtrum to right to left 

Mxll to right to left 

Mdll to right to Left 

Chin to right to Left 

4. FadalleveLs Patient 

Eyes R down l down Visualize cant Y N 

Mx canines R down l down Visualize cant Y N 

Md canines R down L down Visualize cant Y N 

Md body level R down L down Visualize cant Y N 

(hin level R down L down Visualize cant Y N 

5. Outline Patient 

General round wide narrow long short normal 

Zygomatic • ~.ge. wide normal ~afTOW narrow normal wide ~rge. , 
Md angle • larger wide -" .... ,row nafTOW _.1 wide Ia.~. , 
Md body • Ia.gl!< Mdo ~." n,lfrow ~"~ 

_.1 .. , .,'" , 
(hin narrow wide wa i,t '" i ngula. 

Alar base width alar bue width -- mm Intf.untNl width -- mm 

Fig. 3.23 Frontal view summary. 
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3. THE CLINICAL FACIAL EXAMINATION 
PROFILE VIEW 

The patient's profile should be evaluated clinically in natural 
head position, centric relation, first tooth contact and with 
relaxed lips (pp. 94, 104). The patient is examined with a wax 
bite (p. 97) in place, to meet these requirements. The face can 
be divided into three parts for the profile examination - the 
high midface, the /ill/xii/my area, and the mandibillar area 
(Fig. 3.24). 

Each area will be discussed in detail in the following pages. 
The normals here and in Chapler 5 apply 10 Caucasians.3 

Different normals are appropriate for patients of different 
elhnicilY· 

The high midface 

The maxillary area 

The mandibular area 

Fig. 3.24 Three areas of the profiLe may be examined clinically, and 
each of these wilL be discussed in detaiL in the following pages . 
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Clinical examination of the high midface 
profile 

Four soft tissue areas of the higb midface profile can be 
evaluated (Fig. 3.25). The glabella, the orbital rim, the 
cl1eel,bone COn/our, and the 5ubpupil are(/ can be graded as 'flat', 

'normal' or 'prominent'. When examining the high mid face a 
sheet of paper should be used to h ide any structures below 
the subpupil. This allows examination of the high mid face 

The high 
midface 

1 . ,. 
3 • ................................. _--------- ... -........................... . 

structures without influence from nasal projeClion and chin 
projection, which can alter the perception of the high midface 
structures. The patient is examined from the right side fi rst. 
After right profile examination the patient should be viewed 
from the front, to check that the left and right sides of the face 
are equal in size. 

Soft tissue glabella 

Soft tissue orbital rim point (1) 
Soft tissue cheekbone point (2) 
Soft tissue sub pupil point (3) 

c: 

Fig. 3.25 Four soft tissue areas of the high midface profile can be evaluated. These 
landmarks are described more fulty in Chapter 4 (pp. 110-112). 



Glabella 

Research studies3 on the soft tissue cephalometric analysis 
(STCA) show that the prominence of glabella is reasonably 
consisten t in both males and females. Normally, soft tissue 
glabella lies approximately 2 nun in fronl of soft tissue nasion 
(l';g.3.26). 

The orbital rim 

111£ arlleriormos\ aspect of the eye is normally positioned 
2-4 mm anterior to the soft tissue orbital rim (Fig. 3.26). This 
(an be described in right profile as 'l1at', 'soft', 'normal', or 
'prominent'. The face is then viewed from the front 10 check 
thaI left and right orbital rims arc equal in siZE'. 

Soft tissue glabeLla 

Soft tissue nasion 

GLobe of the eye 

Soft tissue 
orbitaL rim (I) 

Fig. 3.26 Normally, soft tissue glabeUa Lies approximateLy 2 mm in 
front of soft tissue nasion. The orbital rim projection is measured 
from the anteriormost aspect of the eye to the soft tissue orbitaL 
rim . The soft tissue orbital rim may also be described subjectively as 
'flat', 'soft', 'normal' or 'prominent'. 
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The cheekbone 

The cheekbone can be described as 'flat'. 'soft', 'normal' 
(convex), or 'prominent'. The cheekbone area has a height of 
contour. The cheekbone 'height of contour' is located inferior 
and anterior to the outer canthus of the eye when viewed in 
profile. When vicvved frontally the height of COntour is 
inferior and lateral to the outer canthus of the eye. After 
assessing the right cheekbone, the patient is viewed from the 
front to check that right and left cheekbones are equal in size. 

The subpupil area 

To locate the subpupil position the patient is viewed from the 
front. The subpupil point is located directly below the pupil 
of the eye, and midway between Ihe orbital rim and the nasal 
base points (Fig. 3.27). The nasal base location will be 
described next in the maxillary pro(i[e area. After locating the 
point, the patient is viewed in pro(i[e and the subpupil area 
can be described as 'flat', 'sofe', 'normal' (convex), or 
'prominent'. The cheekbone and subpupil areas converge to 
form a convex line when viewed in pro(i[e and frontally. [n 
pro(i[e, the curved cheekbone line starts anterior to the ear, 
travels anteriorly and inferiorly through the cheekbone height 
of contour and then blends into the subpupil area. "[he 
subpupil line when viewed in profile is the continuation of 
the cheekbone contour and ends at the nasal base. Equality of 
the left and rigbt sides is checked by viewing the patient from 
the front. 

~ ~ 

~[~~ 

Orbita l rim point (1) 
Cheekbone point (2) 
Subpupil point (3) 
NasaL base (4) 

Fig. 3.27 The 'cheekbone and subpupiL' contour is a cuNed line that starts just anterior to t he ear, extending forward through the 
cheekbone height of contour, and the subpupi l point. ending at the nasal base of t he nose. 

In normal skeLetal patterns the 'cheekbone and subpupil 'contour is a smoot hly cUNed Line. IdeaLLy, when viewed frontally or in 
profiLe, this line should be a definite flowing CUNe, with no interruptions. Interruptions are seen in individuals who have underlying 
skeletaL deformities. 



Clinical examination of the maxillary area 
profile 

Four soft tissue areas of the maxilla can be examined - the 
lIasal base, upper lip prominence, IIpper lip support, and nasal 

projection (Fig. 3.28). When examining these areas a sheet of 
paper is used to hide all structures below the upper lip (Fig. 
3.29). 'This allows assessment of maxillary structures without 
the relative influence of the position of the mandible which 
can alter the true perception of the maxillary structures. 

~. 
The high 
midface 

The maxillary 
area 

NasaL tip 

NasaL base 

The nasal base 

The nasal base can be described as 'concave', 'flat', 'soft' or 
'convex'. 'Convex' is normal, and ideally the nasal base is an 
anteriorly curved line (convex) just behind the alar base of 
the nose. Left and right sides should be examined, and if one 
side is larger than the other, this should be noted. Any 
planned anterior movement is recorded while examining the 
patient - this is usually in a range from 2 to 6 mm. Posterior 
movement of the nasal base area is not indicated for 
orthognathic surgery patients. If the maxillary base is moved 
posteriorly during surgery, this creates signs associated with 
ageing such as upper lip retraction, nasolabial folds, and 
grooves . 

Upper lip support 

Upper lip anterior 

The mandibular 
area 

Fig. 3.28 Four soft tissue areas of the maxillary area can be 
examined - the nasal base, upper lip prominence, upper lip support, 
and nasal projection. 

Fig. 3.29 When examining the four soft tissue areas of the maxillary 
area, a sheet of paper is used to hide all structures below the upper 
lip. 
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The upper lip prominence 

The: upper lip (Fig. 330) can be described as 'retruded', 
'normal' or 'protruded', and this feature is obviously related to 

upper incisor position and lip thickness. The maxillary sulcus 
can be described relative to the prominence of the upper lip. 
Normally the sulcus is gently curved. Treatment to provide 
posterior movement of the upper lip is not ind icated for 
orthognathic surgeI)' patients, as this creates an upright and 
'prematurely aged' appearance of the upper lip. 

Retruded NormaL 

The upper lip support 

The support of the upper lip can be observed as 'weak', 
'normal' or 'strong'. The source of support can be noted as 
absent (air), teeth or gingival tissues. With eventual treatment 
in mind, the desired anterior movement of the teeth is 
recorded while examining the patient - this is usually in a 
range from 2 to 8 mm. 

The nasal projection 

The nose can be described as 'long', 'normal' or 'short'. The 
tip of the nose can be described as 'li pped up' or 'tipped 
down'. The bridge of the nose can be described as 'humped' 
or 'saddled'. 

TVL 

Upper lip 
anterior 

Protruded 

Fig. 3.30 The upper lip can be described as 'retruded', 'normal' or 'protruded'. For females the upper lip is norma!!y 
2.5-4.9 mm anterior to the true vertical Line (TVL). The norma! is 1.6-4.0 mm for males. 



Clinical examination of the mandibular 
area profile 

Four soft tissue areas of the mandible can be examined - the 
lower lip prominence, the soft fissue pogonion prominence, throat 
lengrh and contour, and the overjet (Fig. 3.31). These 
measurement landmarks are described more fully in 
Chapler 5. 

The high 
midface 

The maxillary 
area 

Lower lip prominence 

As with the upper lip (p. 70), the lower lip (an be classified as 
'retruded', 'normal' or 'protruded'. Relative to lVL the female 
normals 3fC 0.5 to 3.3 mm, and the male normals afC - 1.2 to 

3.2mm. 
If the position of the lower lip is deflected by the upper 

incisor, this should be noted. During lower lip examination 
the labiomental fold is noted as 'accentuated', 'normal', or 
'flat'. 

\ TVL 

..................................................... ~~erjet >~-< 

The mandibular 
area 

Lower lip anterior 

Soft tissue pogonion 

Neck-throat junction 

fig. 3.31 Four soft tissue areas of the mandibular area profile can be examined. 
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Soft tissue pogonion prominence 

Soft tissue pogonion can be described as 'retruded', 'normal' 
or 'protruded' (Fig. 3.32). Hetative to 'IVL the normals for 
fema les a re -4.5 to - 0.7 mm, and (or mates -5.3 10 -1.7 min. 
[t is a lso helpful to assess 50(1 tissue pogonion relative to the 
lower lip. 

Throat length and contour 

1'he distancE': from the neck- th roat junct ion to the sofl tissue 
memon should be noted (Fig. 3.33). No millimeter 
measurement is necessary for throat length during facial 
exami nation, although it is measured as part of the STCA 
(pp. 153, 173 ). This distance is sub jectively described as 
ei ther 'short', 'normal', or 'long', and 'with sag' or 'without 
sag', and 'with chin line' or 'wi thout ch in line'. If the posit ion 

TVL 

Retruoe1:l 

of the mandible is changed surgically, throat length and 
contour are affected. Particular care is needed with 
mandibular set-backs. 

The overjet 

The overjet is noted as part or the mandibular examinat ion. 
Overjet describes the relative relationship of the upper and 
lower incisors but does not clearly reveal the source of the 
abnormal ity - the maxillary and mandibular facia l 
exam inations reveal the source. The normal overjet is 3 mm 
and it ca n be measured during facia l examination. It is also 
measured as part of the intra-oral exami nat ion (p. 77) and the 
cephalometric examimltion (p. 152). 

TVL TVL 

Normal Protrude1:l 

Soft tissue 
pogonion 

Fig. 3.32 Soft tissue pogonion can be described as retruded, normal or protruded. 

Neck-th roat 
junction 

Soft tissue 
menton 

Fig. 3.33 During faciaL examination the throat Length and contour are assessed 
from neck-throat point to soft tissue menton. 
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Summary charts - the profile faciaL examination (Figs 3.34 & 3.35 - Dr G. William Arnett) 

Gl~bell~ 

(0 <1 , 
Orbital rim • 

Cheekbone Nasal tip 
Subpupil 
Nasal base 

Upper lip anterior 

Lower lip anterior 

Soft Pog' 

Neck throat S,ft Menton' 
Fig. 3.34 junction 

1. High midface projection J Patient 

GlabeLla ret ruded normal prominent R Larger llarger 

Orbital rim fl,t >oft normal prominent R Larger L Larger 

Cheekbone flo! >oft normal prominent R larger L Larger 

Subpupil fl,t >oft normal prominent R larger L Larger 

2. MaICiHary projection I Patient 

NasaL base concave flat j soft normal convex prominent I R larger I L Larger 

ULA to TVl retruded normal protruded straight Mx sulcus I lip: thin thick 

Upper lip support weak normal strong support: air teeth gingiva 

Nasal projection LOrlg normal short tip: "P down dorsal: hump saddle 

Orthodontics 1 '9' "t HG elastics RPE FA 

Orthodontics 2 '9' "t HG elastics RPE FA 

,. Mandibular projection I Patient 

LlA to TVL retruded normal protruded 11 defection I labiomental fold : accentuated flo! 

Pog' to TVL retruded normal protruded Pog' relative to lower lip: protrusive retrusive 

Throat length short narmal long I chin line I "9 

Overjet mm does not indicate source of malocclusion 

Fig. 3.35 The profile view summary. 73 
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FACIAL EXAMINATION SUMMARY 

Name _______________ Age ___ Orthodonlisl _ ________ _ 

~ i i I 

),<iddle 113 

Overbite 3mm LFI 8SS0 Crown length change n 1m,", 

Upper lip height {al 19-22mm 
iI , (b) I-Smm 

lip length surgery 

esse Overbite correttion Lip posture change 
Chin osteoto~-

, hei,hl I change heigh 

1-5mm 
If! 

emwn Im,"e ehoo" Mx incisor exposure (re<lLlCed) Crown length 
Mx Incisor exposure (smile) 8 CIDWIIIl1 2 Qingiw 

change Lip length surgery i i 

Closed lip Strain less .=.. 8SS0 Overbite correction touch 

1 "" 
i 9.5-II.Smm ecown .n,'h e"'n,_ 

1 Upo,,' ... 9mm lip reconstruction procedure 

2. Venital planning 

Mx 1 plan - relaxed lip: Current relaxed exposure ± desired change " goal _ (3-5) (>-5 mm ~ment !lnlitipa!ed?Yes ",use im*,ionl 

Mx 1 plan - smile lip: Current smile exposure ± desired change " goal (8 crown to 2 gingiva) 

An terior facial plan: ± Mx 1 height change ± overbite change = goal ± chin height change = net OK ovtl~nte<-Ia~1 gap 

3. Midlines I Palienl Possible ways to normalize facial midlines 

Nasal lip to rigllt 10 left LFI - sllOrten septum jlSOlated septoplasty 

Plliltrum to riglll to left Dental midlines measured to plliltum 

Mx II to right to left LFI 
OrtflodonliCs 

Mdtl to right to left Canille cant cllange 
BSSO 

Chin to right to teft Cllin osteotomy 

4. Facial levels Pallent Possible ways to normalize facial levels 

Eyes R down L down Visualize cant Y N None 

Mx canines R down L down Visualize cant Y N LFt-sketetat Ortllodontics-denlal 

Md canines R down Ldown Visualize canl Y N 

Md body level R dOWll Ldown Visualize canl Y N BSSG-skeletal 
Heat treated HA augmentation 

Chin level Rdown Ldown Visualize cant Y N Cllin osteotomy 

5. Dulllne Patient Possible ways to normalize facial oulline 

General "'~ Wiele 1 "'''ow I'" I- .... lFi BSSO I Ove~~~e I Chin osteotqm1 I BU~I;c su~~ental chan e change lIelgll II ctom 

Zygomatic arcll R 1;I'9f< wiOt /IOfIM IIlOrr.". narrow rIOI1JW wiOt 1;I'lIf' l Heat cured HA augmentation 1 Reduction osteoplasty 

Md angle R I;Ifoer wiOt MrrrW narr.". narrow fIfIT1fW wiOt 1;I'lIf' l Midline Canine cant 
Cold cure BSSO rotation correction Buccal Md body A 1;1'111' wiOt IIfIfrrIII nar'ow na'row MrI1lli widI I;I,OIf l HA graft 

lipectomy 
Cllin IQrr.". WIllI WIISI I"" -. Cllin osteotomy 

Alar base widtll AI.-~ wi3Ih-""" --~ 
Alar base cloch Surgical narrowing 

Fig. 3.36 FaciaL examination chart (e Amett Facial Reconstruction Courses Inc. 2003). 
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FACIAL EXAMINATION SUMMARY (conHnued) 

~ I p.U.nl W'Y' " i i i 

GI.b.lI. R""d.d ""m,1 i I 
I I I Heat cured HA 

'"' I I augmentation 
I I I , 

2. Maxillary projection 
I Palient 

Ways to normalize sofllis$ue nasal base-
upper Jip ptojecllon 

Nasal base Concave Flat SoH Convex Prominent R larger I L larger LFI (r.ISlflaalel ...... ""'''' _ttII<ILAI m"" mm 
ULA to TVl Retruded Normal Prutruded Straight MX sulcuS Lip: thin thick 11 torque lip thickness change 

LFt 
::",;,"" Upper lip support Weak Normal Strong Support: air teeth gingiva change 

mm 
Nasal projection long Normal Short Tip: up down Dorsal: hump saddle LFI (1ISlF'_ ...... _U\j Rhinoplasty 
Orthodontics 1 Ag. E. HG Elastics RPE I FA LFI advancement Flatten occlusal plane Orthodontics 2 A • E. HG Elastics RPE FA 

3. Mandibular projection Patient Ways 10 normalize tip and chin projection 

LLA to TLV Retruded Normal Protruded 11 defleC100/l lablomell\allold; ~1II..aled nat 
Steepen ~c Po<l' relative 10 lower lip: M'll L flatten MOll 

Pog' to TVL Retruded Normal Protruded Prolusive Retrusive torque F occlusal torque S h 
I plane 0 i rr6~me~~1 Throat length Short Normal Long Protrusive chin line S<>g , Ii ectom 

Overjet mm T Does not indicate source of malocclusion Ortho LFt l asso 

Fig. 3.36 Continued. (ItlArnett FaciaL Reconstruction Courses Inc. 2003) 
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4. THE INTRA-ORAL EXAMINATION 

During the intra-oral examination it is necessary to examine 
the soft tissues and the denio-alveolar structures. 

Evaluation of the intra-oral soft tissues 

'1111" referring dentist will normally have evaluated the soft 
tissues of the oral cavity and treated any problems that exist. 
Ilowever, it is wise to carry out a further fOUline exam ination 
for any soft tissue lesions, gingival inflammation or gingival 
recession, abnormal frenal attachments and other soft tissue 
anoma lies. Appropriate referrals can be made as necessary 10 
manage these conditions, jf they are not within the treatment 
range of the orthodontist or oral surgeon. 

Finger or thumb sucking 

For the orthodontist it is important to note abnormalities 
related to finger or thumb sucking. These are of considerable 
relevance to facial planning and their effects are well 
documented. Often the upper incisors are proclined and the 
lowers are retroclined due to the effect of the finger or thumb. 
Very favorable changes in facial hfHlnony can be obtained in 
these cases after the child abandons the habit and receives 
orthodontic correction. 

Tongue size, position, and activity 

Careful evaluation of the tongue is needed during intra-oral 
examination. 

It is necessary to identify the size and habitual position of 
the tongue. For example, some Class HI cases have a large 
tongue wh ich is held low in the mouth. Scalloping of the 
sides of the tongue can be indicative of a clenching habit or 
excessive size, and needs to be noted, because a tongue of this 
type can undermine the later stabil ity of occlusal correct ion . 

lhe activity of the tongue during swallowi ng needs to be 
checked. If there is abnormality of the swallowing pattern -
the so-called 'infantile swallow' - this needs to be recognized 
and noted. It is characterized by a habitual forward thrust of 
the tongue during swallowing. with a tongue-to-lip contact. 
Such individuals typically present with a Class II/! anterior 
open bite type or malocclusion. 

Mentalis muscle activity 

Over-activity of the mentalis muscle is evident in a small 
number of individuals and this should be recognized and 
noted irpresent. This hyperactivity results in a 'strap-li ke' 
errect oCthe lower li p, and the patient will typically have 
retroclined lower incisors. 

Dental assessment (see also Ch. 8) 

The information gathered during the intra-oral examination 
needs to be confirmed during the study model examination 
(p. 175). It is important to assess the general condition of the 
dentition and to note any missing teeth. Also, the presence of 
large restorations. carious teeth, crowns, bridges. implants. 
root canal fillings, ankylosed teeth, and other dental 
anomalies should be recorded. 

Molor relationships 

The left and right molar relationship should be recorded with 
the mandible in centric relation. Ir second premolars are 
present, it is helprul to obseJVe their relationship, because 
molar rotations can sometimes be confusing when evaluating 
dental relationships. 

Conine relationships 

In centric relation, if the relationship of the canines differs to 
any great extent from that of the molars, then these positions 
should also be noted. 

Midlines 

Midlines were evaluated as part of the facial examination 
(p. 52) and this information should again be recorded on the 
intra-oral examination form. Generally. upper midline 
deviations are of dental origin on ly. Lower midline 
discrepancies can be due 10 three sources - dental factors, 
skeletal asymmetry, or lateral side shift. During the dental 
examination it is important to determine the cause of the 
lower midline deviation. 



Oveljet and overbite 

This information was recorded as pan of the facial 
exam ination, and it is recorded again here. 

Crossbites 
Anterior and posterior crossbiles should be noted. They can 
be caused by the same three factors as can (ause a lower 
midline discrepancy - dental factors, skeletal asym metry, or 
lateral side shift. An early assessment needs 10 be made 
concerning the etiology of crossbites. 

Soft tissue 

Habits 

Missing teeth 

Restored or carious teeth 

Right 
Molar relationship 

Right 
Cuspid relationship 

Right 
Midlines 

Overjet 

Overbite 

Crossbites 

Crowding/spacing Lower anterior region Right 

Crowding/spacing Lower bicuspid region Right 

Crowding/spacing lower molar region Right 

Curve of Spee Right 

Fig. 3.37 Intra-oraL examination chart. 

Crowding or spacing 

Lower aTch crowd ing or spacing needs to be recorded during 
the den tal examination. It is helpful to note this separately for 
Ihe an terior, premolar and molar areas. This is discussed in 
Chapter 8 as part of orthodontic treatment plan ning (pp. 304, 
306). 

Lower curve oj Spee 
The depth of the curve of Spec in the lower arch should be 
estimated and recorded for left and right sides. A more precise 
measurement is later made on mounted dental models. 

"'ft 

"'ft 

l,ft 

"'ft 

"'ft 

"'ft 
l,ft 
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After completion of the TMJ examination, the facial 
examination, and the intra·oral exam ination, a general 
discussion can be carried out wi th the patiem. If the approach 
to treatment is relatively straightfor.vard. then a provisional 
plan can be discussed with the palicm. However, if there is 
any doubt aboUi the treatment plan, then it is best to delay 
this discussion until all the information and records have 
been review'e<!, including the cephalomcnic treatment plan 
(err) (Ch. 7, p. 240). 
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1 Amett G W, Bergman R T 1993 Facial ~~ to orthodonti( diagnosis and 
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Dentofachl Orthopedics 103:393-411 
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Cooperation levels 

During the examination, the orthodontist and the surgeon 
will have the opportuni ty to note any obvious indicators 
about the likely level of cooperation from the patient. 

3 Arnett G W. Jelic J S. /(im J et al 1999 Soft tiSSlre cephalomf!tric analysis: 
diagnosis and treatment planning of dentofacial deformity. American Journal 
of Orthodontics and Oentofacial Orthopedics 116:239-253 



111 is 14.5-year-old female developed a Class III malocclusion 
and was seen for consultation for correction of her occlusion. 
She was referred by her orthodontist who had completed 12 
months of pre-orthodontic preparation prior to the referral. 
Diagnosis and treatment were started with the intention of 
fulfilling the seven goals of treatment. Her patient motivation 
form indicated a desire for straightening of her upper and 
lower front teeth, forward movement of the upper teeth, 

PROBLEM 

1. High midface 
• Flat cheekbones and subpupiL area 

2. Maxilla 
Dental 
• Diastema 
• Excessive incisor lingual crown torque 

SkeletaV/acial 
• Maxillary retrusion 
• No dentaL deviation 
• Normal incisor exposure 
• Wide maxilla in Class I position 
• leveL curve of Spee 

3. Mandible 
Dental 
• Mild crowding 
• Excessive incisor linguaL crown torque 

SkeietaV/acial 
• Marked chin, lower lip protrusion 
• 2 mm right deviation of midline 
• Short chin height 
• LeveL curve of Spee 

4. TMJ 

• No signs or symptoms 

5. Growth potentiaL 
• 14.5 years old - disproportionate future 
• Class III growth assured 

backward movement of the lower teeth, and left movement of 
the lower midline. Facially, the patient wanted her lower lip 
moved back, cheekbones enlarged, lips brough t closer 
together, face widened, and reduce the fullness of the lower jaw 
behind the mouth. She had no symptomatic complai nts. TM/ 
exam ination and history. clinical facial exam ination, soft tissue 
cephalometric examination. and model examinations were 
obtained. The problem list and treatments were as follows: 

TREATMENT 

• Heat treated hydroxyapatite (HA) grafts 
• le Fort I (LFI) advancement 

• Orthodontics 
• Labial crown torque 

• Maxillary advancement 
• No treatment 
• No treatment 
• Multi-segment LFI for narrowing 
• Cut archwire to test stability 

• Orthodontics 
• labiaL crown torque 

• BiLateraL sagittaL split osteotomy (BSSO) set-back 
• 2 mm left rotation 
• Lengthening chin osteotomy 
• No treatment 

• No treatment 

• Option 1: deband and postpone surgery 
• Option 2: surgery with Class II overcorrection 
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After the records and diagnosis were completed. the patient 
was treatment planned antero-posteriorly and vertically using 
the seven-step cephalometric treatment plan. The midlines, 
levels, and outline WCfe treatment planned using the frontal 
clinical examination. The orthodontist was asked to cut the 
maxillary archwire between the maxillary canines and laterals 
to allow the curve of Spec 10 relapse, since an accentuated 
curve of Spec existed prior to orthodontics. The relapse 
occurred within 3 months. The multi-segment LFI, and BSSO 
produced basic facial balance while correcting the occlusion. 
Facial balance was further im proved with heat treated HA 
cheekbone grafts. sliding chin osteotomy with set-back and 
lengthening, and lateral HA chin grafling. Lastly. a cold cure 
HA graft was added 10 Ihe lefl mandibular body 10 correci a 
slight contour defect. 

The patient was too young for surgeI)'. SurgeI)' for female 
mandibular prognathism should be done after 18 years of age 
to prevent late Class III mandibular growth. In spite of this, 
surgeI)' was done on this patient at 15 years of age. SurgeI)' 
was done at 15 because orthodon tic preparation was fully 
completed, and because of psychosocial reasons. She was 
surgically overcorrected to a Class II overjet, which allows for 
late Class II I growth. 

TIlTee years after surgeI)'. the 18-year-old patient had a 
strong chin projection in spite of the surgical overcorrection 
and chin osteotomy set-back. This is a result of the lower 
incisor lingual crown torque and late mandibu lar growth. 

Fig. 3.38 Fig. 3.39 

Fig. 3.41 

Fig_ 3.44 

Fig. 3.40 

Figs 3.38 to 3.45 Pre-orthodontic facial and bite photographs showing maxillary retrusion, mandibular protrusion, and a Class III 
malocclusion. 



Fig. 3.42 

Fig. 3.45 

Fig. 3.47 Pre·orthodontic panoraL radiograph . 

Fig. 3.43 

Fig. 3.46 Pre·orthodontic soft tissue cephaLometric tracing. Note: 
Lingual compensation of Lower incisors, protrusive mandibLe and 
deficient maxilla. 
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Fig. 3.48 Fig. 3.49 

Figs 3.48 to 3.51 Pre-surgical intra-ora l photographs of orthodontic preparation, demonstrating the Class III severity. The maxillary archwire 
has been cut between the canines and la terals to allow any transverse orthodontic expansion to relapse prior to surgery. 

Fig. 3.52 PanoraL radiograph pre-surgery. 



-

Fig. 3.50 Fig. 3.51 

Fig. 3.53 Tomographic radiograph. Note: condyles with long condylar heads and necks which are characteristic of mandibular protrusion. The 
left condyle appears posterior in the fossa but is totaLLy asymptomatic and is therefore in a physiologic position. 
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Figs 3.54 and 3.55 Closed lip and relaxed lip photographs. Note: 
deficient cheekbones, maxiLlary retrusion, mandibuLar protrusion, and 
miLd lip strain . 

Figs 3.56 to 3.58 Closed 
lip, reLaxed Lip, and smiLe 
photographs. Note: mild lip 
strain and right deviation of 
the mandibLe. fig. 3.56 

Figs 3.59 and 3.60 Right and left three-quarter facial photographs. 
Note : deficiency of cheekbones, subpupil areas, and nasal base 
areas; mandibular protrusion. 

Fig. 3.54 fig. 3.55 

Fig. 3.57 fig. 3.58 

Fig. 3.59 Fig. 3.60 



Figs 3.61 to 3.63 STCA demonstrates cheekbone (-24, 
green), subpupiL (-18, green), nasal base (-14, green), 
and upper Lip retrusion (2, green) wi th chin protrusion (2, 
bLue). Treatment consisted of maxillary advancement, 
mandibuLar set-back, cheekbone augmentations, and chin 
osteotomy with setback and Lengthening. The treatment 
CTP shows normaL projections and Lengths of the face. The 
cheekbone, subpupiL, and nasaL base areas were corrected 
with heat treated hydroxyapatite grafts and a maxillary 
advancement. The overjet was pLanned at 4 mm to allow 
space for LabiaL mandibuLar crown torque and late 
mandibuLar growth. 
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Fig. 3.62 CephaLometric treatment plan overlay (blue-orthodontic 
preparation; green-cephalometric treatment plan, CTP). The occlusal 
plane was maintained at 99° to position the base of the nose and 
chin estheticaLLy. 
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Fig. 3.63 CephaLometric treatment plan (CTP). 
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f ig. 3.64 Fig. 3.65 

Figs 3.64 to 3.67 Post-surgical intra-oraL photographs. The patient was offered bonding for the upper incisor diastema but declined 
treatment. 

Fig. 3.68 

Figs 3.68 and 3.69 Post-surgical panoral radiograph and right and 
Left tomograms. Note in panoraL radiograph: one plate per sagittaL 
osteotomy set-back. Note in tomograms: the right condyle was 
unchanged from the pre-op position. The left condyLe was posterior. 
as in the pre-operative tomogram, with new focal remodeLing of the 
antero5uperior condyle head. This was asymptomatic. Fig. 3.69 



-

Fig. 3.66 

Fig. 3.70 2 weeks post-surgical headfiLm . Note: Class II overjet to 
allow for mandibular incisor labial crown torque and future 
mandibular growth. 

Fig. 3.67 

Fig. 3.71 2.5 years post-surgicaL headfiLm. Note: the overcorrection 
is gone, secondary to late mandibular growth. 
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Fig. 3.72 Relaxed Lip Fig. 3.73 Closed lip 

Figs 3.72 and 3.73 Relaxed lip and closed lip photographs. Note: normal facial projection and heights. 

Fig. 3.74 Closed fig. 3.75 Relaxed Fig. 3.76 SmiLe 

Figs 3.74 to 3.76 Closed lip, reLaxed Lip, and smile photographs. Note: NormaL heights and facial outline. 
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Fig. 3.78 Fig. 3.79 

Fig.3.77 Pre-surgery Figs 3.78 and 3.79 Right and left three-quarter facial photographs. Note: normal 
projectio ns and contours . 

Fig. 3.80 Post-treatment 

The orthodontic treatment fo r this patient was provided by 
Dr Leo Logsdo n. The authors gratefull y acknowledge hi s 
assistance in treating this patient. 
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3.81 STCA showing excessive lingual crown torque and a tendency 
towards mandibular protrusion secondary to late mandibular growth 
after surgery. Note the STCA intra mandibular disharmony (16, -0, 5, 
blue) which has occurred secondary to late mandibu lar growth . Close 
clinical inspection of the profile (Figs 3.72, 3.73) confi rms the SCTA 
disharmony findings. 
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INTRODUCTION 

Good treatment is based on good diagnosis and treatment 
planning.. which in turn depend on accurate records. 
Orthodontists and surgeons therefore give a high priority to 
obtaining the best possible records for their patients. Correct 
head orientation, condyle position, and lip posture are 
needed, and it is a challenge to achieve high quality and 
consistency. Many aspects of record taking are delegated, and 
the quality of the documentation rests in the han ds of well
trained staff or commercial laboratories, who need 10 be 
continually monitored and fe-motivated. 

CONVENTIONAL VERSUS DIGITAL RECORDS 

'Ill ere is a need for easy retrieval. analysis, storage, transfer. 
and eventually archiving of patient records. These 
requirements are generally better met by electronic methods 
of documentation, which have clear advantages. The 
technology of digital record taking is rapidly improving at the 
time of writing, and digi tal records are becoming the normal 
for radiographs and photographs. Digital imaging is also 
available for measurement and archiving of models. Despite 
this, most surgeons and orthodontists prefer to have actual 
mounted plaster models for treatment planning and 
presentation to the patient, rather than images ofmodds (Fig. 
4.1). Plaster models are also needed for surgical cases for 
accurate treatment planning. 

DOCUMENTATION 

This chapter describes a systemized approach for obtaining in
depth and comprehensive records, suitable for treatment 
planning of the most difficult group 2 and 3 cases. Full 
documentation is required for all surgical cases, but less is 
needed for many orthodontic cases, and a case-by-case 
decision needs to be made by clinicians. However, the 
authors recommend that there should be a minimum level of 
documentation for all orthodontic patients, to include: 

• An accurate wax bite 
• Facial and dental photographs 
• A lateral cephalometric radiograph 
• A panoramic radiograph and bite-wing radiographs 
• Mounted plaster models. 

Fig. 4.1 High quality records allow better treatment planning. and 
support successful surgical and orthodontic practice. Electronic 
methods of documentation have clear advantages for radiographs and 
photographs. However, most surgeons and orthodontists prefer to 
have actual mounted plaster models for treatment planning and 
presentation to the patient, rather than images of models. 
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QUALITY, ACCURACY, AND CONSISTENCY OF 
RECORDS 

High quality records allow better treatment planning, and 
support successful surgical and orthodontic praoice. A 
systemized approach is required, with eve!)' effort being made 
to achieve accurate records. High quali ty records can also be 
suilable for research purposes. If a patient u ansfers (rom the 
practice, or sees a colleague for a second opin ion, accurate 
records can be sent with the palienl. which enhance the 
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position 

Pages 95-96 

Seated 
condyles 

Pages 97-104 

Relaxed lip 
posture 

Page 106 
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I 

abil ity of the second opin ion to make a correct diagnosis and 
treatment plan. 

Standardization is also important, because the variolls 
aspects of record taking are interdependent (Hg. 4.2). For 
example, a seated condyle position, natural head position and 
relaxed lip posture are required for the lateral facial 
photograph and the lateral cephalogram, because these need 
to be superimposed as part of computerized facia l planning. 

Fig. 4.2 

Good quality 
records 

and treatment 
planning 



NATURAL HEAD POSITION (NHP) 

The concept of natural head position (NHP) was introduced 
to orthodontics in the 1950s in papers by Moorees & Kean, l 
M0lhave2 and others. Subsequently, as discussed below, 
studies have shown it 10 be valid and reproducible for 
cephalometric diagnosis. 

In 1988, Cooke and Wei reported on 217 randomly 
selected 12-year-old Chinese chi ldren in I-long Kong.3 They 
measured natural head position on repeated radiographs, and 
found reproducibility close to 2°. The reproducibility was 
better (1.9°) with patients looking at a mirror, than without a 
mirror (2.7°). They also investigated the effect of using ear 
posts, and commented that 'No significant difference in 
reproducibility was found between NHP recordings taken 
with and without ear posts. However, without ear posts the 
radiographs tended to be of poor quality.' They stated that 
'NHP has been found in this sllldy to be remarkably 
reproducible in 12-year-old children'. 

In a landmark paper in 1992, Lundstrom and Lundstrom4 
reported on a group of 27 boys and 25 girls aged 10-14 years. 
For each subject, NHP was recorded photographically and 
then transferred to the cephalometric radiograph. They found 
that reproducibility of NHP was close to 2° (compared with 
selJa- nasion, basion-nasion and porion-orbi tale, which 
showed standard deviations of between 4.5° and 5.6°). 
Lundstrom and Lundstrom observed that NHP represents a 
realistic appearance of patients. This, combined with their 
research findings, 'supported the use of NHP for 
cephalometric analysis of dentofacial anomalies'. 

Natural head 
position 

\ 
I 

There is evidence of constancy of NHP over the age range 
12-45 years. For example, in a 1985 study Chow, Clarke and 
Cooke5 used identical protocols to compare adult Chinese 
males (mean age 25 years, range 16-45 years) with a group of 
Chinese boys. They measured Frankfort horizontal to a true 

vertical line, derived from NHP, and remarkably found means 
of86.6° (adults) compared with 86.4° (boys). 

A techn ique for establishing NI-I P was developed by Solow 
and TalJgren. 6.7 They recommended that the patient should 
firstly walk around and relax. The standing patient should 
then perform decreasing forward and backward head 
oscillations, before allowing the head to settle into a 'self
balance' position. Patients are then asked to look into the 
reflection of their eyes in a mirror at a 200-cm distance. Male 
subjects typically look up more when asked to view the 
mirror? Care is needed with the ear post insertion to ensure 
there is no head movement away from the NHP, and to avoid 
any change in condyle position within the fossae, as suggested 
by Eliasson.s Cooke and WeP also advised that patients sway 
less when standing in the cephalometer if their feet are in a 
defined position 'a comfortable distance apart and slightly 
diverging'. 

More recently, Bister et al9 published a review of 
reproducibility of NHP. [n part of their study they omitted the 
walking and head-tilting exercises, and the radiographer was 
allowed to interfere and repeat the procedure if the patient's 
head was clearly not in NHP. They found reproducibility of 
1.4°, and recommended the use of photographs for training 
of radiographers. 

In summary, natural head position has been shown to be 
the most accurate and reproducible head position. Using 
NH P, facial planning can be based directly on the face and is 
not influenced by cranial base variability. NHP (not 
Frankfort) is the head position which most patients use 
habitually. True mandibular position can be recorded if the 
cephalometric radiograph is taken at NHP with a centric 
relation (pp. tOO-t03) wax bite in place. 
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MODIFIED NHP 

A few patients consistently assume a modified NIli', 10 often 
in an attempt \0 mask a Class II or Class III facial pattern. For 
example, an individual with Class II mandibular 
relrognathism may habitually tilt the head backward to mask 
the Class II appearance (Fig. 4.3). 

It is necessary for the clinician to identify these individuals, 
and \0 adjust their head position towards NIlP for record 
taking (Fig. 4.4). This head orientation is 'clinician 
determined' and provides a more reHable basis for 
cephalometric analysis for these individuals. 10 

Fig. 4.3 Individuals with Class II mandibular retrognathism may habitualLy tilt the head backward (Left) to mask the Class II appearance 
(see Case RS. p. 248, Fig. 7.40). NaturaL head position reveals the retrognathic profile (right). 

Fig. 4.4 It has been shown that for some patients it is necessary to 
adjust the head position towards NHP for accurate record taking . 



THE IMPORTANCE OF THE WAX BITE 

The wax bite is the cornerstone of good record taking. 
Properly constructed. it correctly relates the mandible to the 
maxill a during fac ial examination, facial photography. 
cephalometry, and tomography. Later it is used to ensure 
accurate model articulation. 

The wax bite 

Fig. 4.5 The wax bite is the cornerstone of good record taking. 

4 

Facial examination 

Tomography 

Accurate model articulation 
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FIRST TOOTH CONTACT - THEORETICAL AND 
CLINICAL CONSIDERATIONS 

A high percentage of individuals show a 'slide' or 
'displacemcm' from first tooth contact during final closure of 
the mandible. Consequently, (conic occlusion (CO) and 
centric relation (CR) do nOt coincide. For example, in some 
Class III cases there is often a forwa rd slide of the mandible 
from an incisor first looth contac!. A mandibular slide may be 
defi ned as: 

Fig. 4.6 A patient's teeth at maximum intercuspation (CO). 

A tateml or Al P displacement of the mandible from cemric 
fe/mion to temric occlusion from a premature /0011, comaCL 

The accuracy of the wax bite is all-imponan l, because the 
position of the mandible needs to be recorded without any 
displacement (Figs 4.6 & 4.7). [t is traditionally described as 

Fig. 4.7 The same patient at first tooth contact (CR) showing the 
mandibular slide. Note the midLine change and the bicuspid 
positionaL change. 



being taken at first tooth contact during closure, with no 
mandibular slide. Patients with a mandibular slide show a 
difference in overbite between: 

• the patient at firstlOoth contact (CR), and 
• the patient at maximum intercuspation (CO). 

The overbite difference can be visualized and noted on 
mounted study models, and then transferred to the 
cephalometric radiograph for treatment planning. Three 
factors can open the bite during the above process: 

I. Incomplete closure into the wax bite 
2. Posterior interferences at centric relation (CR) 
3. Skeletal abnormalities. 

Mounted models are valuable for identifying the source of the 
bite opening. If the models indicate (I) or (2) above as the 
source, the difference can be measured on the models. The 
cephalometric radiograpb can then be 'closed down' by the 
measured amount, hinging on CR. Alternatively, if the bite 

opening is caused by skeletal factors (3) above, the 
cephalometric film should not be 'closed down' - it should be 
left at an unchanged vertical dimension. 

In some Class II/I cases, the mandible may be anteriorly 
displaced from first tooth contact, disguising the true extent of 
tbe underlying Class II discrepancy (Fig. 4.8). Some adults 
may have a long-established slide of this type. For these 
individuals, a full time acrylic splint may need to be worn for 
3-6 months before record taking (pp. 104, 200). 

Individuals wi th a narrow maxilla, relative to tbe 
mandible, frequently show a lateral slide from first tooth 
contact, producing an anterior midline discrepancy at CO. 

Creat care is needed to eliminate these displacements 
when taking records. Every effort is made \0 ensure that wax 
bites record true mandibu lar position, at first tooth contact 
and with no slides. Most clinicians have a preferred method 
of taking a correct wax bile without mandibular displacement, 
and with the condyles centered in the fossae. The technique 
described below has proved useful to the amhors, and may be 
helpful. 

fig. 4.8 In some Class IIll cases, there may be anterior displacement of the mandible at CO. This disguises the true extent of the underlying 
Class II discrepancy. 
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WAX BITE CONSTRUCTION 

The following technique has proved to be reliablf' for wax bi le 
construction at first loolh conlaa (without slides). A warmed 
piece of wax ll is fo lded in half and then a I-em an terior 
portion is folded again (Fig. 4.9A). This creates a two wax 
layer of thickness in the posterior region and four wax layer of 
thickness in the incisor region. "l11i5 thicker anterior aTca acts 
as a gentle fulcrum to seat the joints during bite registration, 
as i l does nOI sofl en as much as the wax in the molar area. 
The wax is trimmed to tht': appropriate shape of the patient's 
arch before being placed in the mouth. [t needs 10 be 'sealed' 
three times for accurate bile registra tion. 

Fig.4.9A A warmed piece of waxll is folded in half and then a l·cm 
anterior portion is folded again. 

The first wax bite closure 

TIle patient should be sitting at 450 and in a calm and relaxed 
working environment. Mild upward pressure is applied to 
guide the mandible during closure 10 first tooth contact (Fig. 
4.9B). thereby assisting the condyles illlO the uppermost 
centric position . It is necessary 10 look carefully for slides (Fig. 
4.10A) . 

Fig. 4.98 Mild pressure is applied to guide the mandible during 
closure to first tooth contact, thereby assisting the condyles into 
the uppermost centric position. 

Fig. 4.10A It is necessary to gently assist the condyles into the 
uppermost centric position and to look carefully for slides. 



-

Trimming of the wax bite 

After the first closu re, the wax is carefully removed an d 
accurately trimmed to the edges of the maxillary teeth (Fig. 
4.10B & Cj, using a sharp pair of scissors. Later, when the wax 
bite is used during facial photography, this trimming will 

avoid SOfllissue deflection (Figs 6.19-6 .22, p. 215). 11 is 
helpful to examine (he impression which the lower incisors 
make in the wax. This should be clean and clear. 

Fig. 4.108 and ( After the first dosure, the wax is carefully removed and accurately trimmed to the edges of the maxilLary teeth, using a 
sharp pair of scissors. It is helpfuL to examine the impression which the lower incisors make in the wax. 
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The second wax bite closure 

AI the second try-in the patient is agai n gently guided to first 
1001 h contact. It is important \0 ensure that the lower incisors 
seat into the original wax impression (Fig. 4.1 IA). If the lower 
incisors fail to co incide wi th the wax indentations at this 

-;;1 
J \ 

stage, then the wax bi te shou ld be discarded and the process 
begun again. The wax is then cooled in cold water (Fig. 
4. J I B) before the third try-in. 

Figs 4.l1A and B At the second try-in the patient is again gently guided to first tooth contact. It is important to ensure that the lower 
incisors seat into the original wax impression . The wax is then cooled in cold water before the third try-in. 



-

The third wax bite closure 

At the third try-in the patient is again guided to firS1IOoth 
contact for the final time. This is the final verification (Fig. 
4, 12A). Lower incisor seating into the wax is then checked for 
repeatability at this third try-in. It should be possible to gently 
and repeatedly position the relaxed mandible into the wax 
bile, at the hinge axis. This has an unmistakable clinical 'feel', 
and provides enough clinical verification for most 

Fig. 4.12A At the third try-in the patient is again guided to first 
tooth contact for the final verification . 

orthodontic patien ts, where there is no evidence ofTMJ 
complications. As wi th the second try-in, if the lower incisors 
fail to coincide with the wax indentations al this stage, then 
the wax bite should be discarded and the process begun again. 
This simple wax bite construction technique records a centric 
position three times, and is therefore reliable for recording 
proper mandibular position (Fig. 4.12B). 

Fig. 4.12B The completed wax bite. This simple technique records a 
centric position t hree times, and has proved re liable for recording 
proper mandibular position. 
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THE NEED FOR DIAGNOSTIC ACRYLIC 
SPLINTS 

For some patients it is not possible 10 obtain a repealable wax 
bite. If a good quality wax bite cannot be obtained after IWO 

or three attempts, a diagnostic acrylic splint is indicated. This 
should be worn full time for 3-6 months. Also, if at the 
clinical examination stage it becomes clear that Ihe patient 
has TMJ symptoms, a 'I'M) splint is also indicated (p. 200). 
This will assist in de-programming of the musculature and 
general healing of the muscles and joints. This process 
normally takes 3- 6 months. After this, a further attempt at 

taking an accurate wax bite is normally successful. 

' BITE-OPEN' WAX BITES 

A special 'bite-open' wax bite is helpful for some cases, where 
the skeletal or dental discrepancy causes compression of the 
upper lip with the teeth in occlusion. This upper lip 
compression is seen in cases with venical deficiency of the 
maxilla. A bite-open wax bite allows the lips to adopt a non
compressed position (Fig. 4.13). During record taking. this 
non-compressed lip position can provide more accurate 
relaxed lip and incisor measurements (Case RS, p. 247) 

Constnlction of the bite-open wax bite involves at least a 
four-layer thickness of wax, and the bite is registered several 
millimeters before first tooth contact, depending on the needs 
of the case. This wax bite registration should be repeated three 
times, as for normal wax bites, and is used for photography, 
cephalometry, tomography, and for mounting surgical 
models. 

Fig. 4.13 ProfiLe views of patient RS (p. 247) without (Left) and with (right) a bite-open wax 
bite. The upper lip adopts a non-compressed position, allowing more accurate treatment 
planning. 
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ACCURACY DURING FACEBOW AND WAX 
BITE TRANSFERS 

Cood laboralOry protocol needs to be observed, so that 
facebow5 and wax bite errors do not occur during transfer 
(Fig. 4.14) If such errors occur, it is the equivalent of 
unintended surgical jaw movement. 

Some additional trimming may be needed for the wax bile, 
and the wax on the facebow, to avoid any soft tissue contact 

fig. 4.14 

(Case E O'K, p. 129). Commonly, soft tissue contact can occur 
at the anterior soft palate area (Fig. 4.76). It may also be seen 
in the tuberosity and retromolar regions. The plaster models 
also need to be carefully checked \0 ensure there are no 
bubbles of plaster which will prevent full sealing of the 
plaster model into Ihe wax. 

Fig. 4.15 

Figs 4.14 and 4.15 Good laboratory protocoL needs to be observed, so that facebow and wax bi te errors do not occur during transfer. Absolute 
accuracy is needed when mounting the lower model to the upper model. Some additional trimming of the wax bite, may be needed. This will 
avoid any soft tissue contact in the anterior soft palate area and tissues posterior to the distalmost molars. 
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FACIAL PHOTOGRAPHS 

The lateral and frontal facial photographs are taken with the 
head in natural head position, the lips a1 rest, and with the 
wax bite in place, to ensure that the condyles are centered in 
the fossae. If these requirements aTC not followed, errors will 
be introduced. Phalographs aTC an important too) in 
documenting change, and a standardized approach is 
recommended. 12 

The following technique13•14 is recommended to obtain 
relaxed lips during facial pholOgraphy and for taking lateral 
cephalomelTic radiographs. 

Fig. 4.16 

The patient is asked to relax. The lips are stroked gently, 
and repeatedly assessed at short intervals. The patient can be 
observed while being unaware of the observer. In this way it 
is possible to ensure soft tissue diagnostic accuracy. 

If the patient has a venical deficiency of the maxilla, 
causing compression of the upper lip, it is helpful to use the 
'bite-open' wax bite (p. 104) to take addi tional photographs, 
thereby recording the true resting lip position. For tbese 
patients, photographs should also be taken without the open 
bite wax bile in place. to demonstrate the lip distort ion. 



po 

Routine facial photographs 

Three facial photographs arc normally taken for all patients 
(Figs 4.17-4.19). [\ is hdpful to also take a close-up front 
smile view (Fig. 4.18). 

Fig. 4.17 Three facial photos are normally taken for alL patients. 

Fig. 4.18 A close-up front smile view is helpful 

In-depth facial photographs 

Seven or mOTC facial photographs (an be taken for complex 
cases, and these photographs (Case 'IW, p. 84) may 
sometimes reveal a major discrepancy. 

Fig. 4.19 Cropping, re-sizing and re-arrangement of the images is 
easily achieved digitalLy, 1S 
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INTRA-ORAL PHOTOGRAPHS AT CO 

Fig. 4.20 Fig. 4.21 

Fig. 4.22 Fig. 4.23 

Fig. 4.24 

Figs 4.20 to 4.24 These images were taken with a digital camera at deLiberately incorrect tilts. Note the images are less 'close up' than with 
conventional Kodachrome. 
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INTRA-ORAL PHOTOGRAPHS AT CO (cont;",d) 

Fig. 4.25 Fig. 4.26 

Fig. 4.27 Fig. 4.28 

Fig. 4.29 

Figs 4.25 to 4. 29 The images on this page were created from the images on page 108 opposite, using the DoLphinTM digital imaging 
program, U 
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METALLIC MIDFACE MARKERS 

Group 2 and group 3 patients requiring in-depth analysis 
benefit from the application of five metallic markers. 14•16 

These are placed on the right side of the face (Fig. 4.30) to 
mark the following soft tissue structures in preparation for the 
cephalometric radiograph (Fig. 4.31): 

• cheekbone 
• soft tissue orb ital rim 

• nasal base 
• subpupi l 
• neck-throat junction. 

Fig. 4.30 In preparation for the cephalometric radiograph five 
metallic markers are placed on the right side of the face. 

Fig. 4.31 A cephalomet ric radiograph, taken before surgery, 
showing the images of t he metaLLic markers . 
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PLACEMENT OF METALLIC MIDFACE 
MARKERS 

Cheekbone 
It is necessary 10 look across the right cheekbone from the 
opposite side 10 see the cheekbone maximum contour, and 
make a horizontal pen line al that level. Then, in front view, a 
venical line through the outer canthus is drawn. 

The intersection of these two lines locates the cheekbone 
point (Fig. 4.32). 

Fig. 4.32 Cheekbone point 

Orbital rim 

In straight ahead gaze the osseous infra-orbital rim is 
palp1uoo. The orbital rim point is the intersection of a venical 
li ne through the pupil in straight gazE': and the infra-orbital 
rim (Fig. 4.33). 

~ 
........ ~ ...... ~ ~ 

Palpate ! 

r- ~ 

Fig. 4.33 Orbital rim point 
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Nasal base 

lhe nasal base point is the point of greatest depth adjacent to 

the alar base of the nose (Fig. 4.34). 

Fig. 4.34 The nasal base point is the point of greatest depth 
adjacent to the alar base of the nose. It is shown here with 
cheekbone, orbitaL rim, and subpupiL points. 

Subpupil 

In straight ahead gaze, thE' subpupil poi nt is o n a vertical li ne 
through the pupil, one-half of the distance between the 
orbital rim point and the nasal base poi nt (Fig. 4.35). 

<::D 
:;:11 ) \ 

., t .............. ~ (r -J 

Fig. 4.35 Subpupil point. 
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Neck-throat point 

This records the midline junction of neck to throat (Fig. 4.36), 
which is extremely diffiruh to see on standard cephalometric 
films. [\ defines throat length, which is neck- throat point to 

soft issue pogon ion, mE:3sured horizontal to -IVL (pp. 158, 
173). 

Neck-throat junction 

Fig. 4. 36 Neck-throat point records the midline junction of neck and 
throat. The 'Spee-D-Mark' FaciaL Markers (Catalogue number SOM-FASEM) 
are manufactured by The 5t JohnlM Companies, PO Box 800460, Santa 
Clarita , (A 97380 . 1-800-435-4242. 
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LATERAL CEPHALOMETRY 

The lateral cephalogram is taken with the head in natural 
head position (pp. 95- %), the condyles seated in the fossae 
with the wax bite in place, and the lips al rest. If these 
requirements are not followed errors will be introduced. 

Additionally, if the patient has a vertical deficiency of the 
maxilla, which distorts the level of the upper incisors to the 
relaxed upper lip, it may be he1 pfulto take the radiograph 
with a bite-open wax bite (p. 104) in place, thereby allowing 
a record of the true resting upper lip proflle to be made. For 
later analysis of cases amenable to orthodontic treatment, the 
mandible needs to be rotated to the correct overbite and 
vertical dimension, using the centers of the condyles as 
rotation points. This compensates for the slightly open 
mandible. However, if the case is surgical, then the position is 
maintained for the err. 

Fig. 4.37 

PANORAMIC RADIOGRAPHS 

Panoramic radiographs (Fig. 4.37) are used l7 by surgeons and 
orthodontists to exclude the possibility of major abnormality 
or systemic disease. Additionally, they give a visual indication 
of the size, shape and cortication (pp. 124, 274) of the 
condyles. A good quality panoramic radiograph provides a 
large amount of information for the surgeon or orthodontist. 
The radiograph is taken with the mandible postured forwards 
(not in habitual occlusion) to give an improved image of the 
condyles, avoiding superimposition with the bone of the 
fossa area. Using digital equipment, the radiation dose can be 
reduced by more than 40%, with no loss of image quality. ls.l,. 

The panoramic radiograph reveals major changes in the 
condyle area and helps to screen the patient for conditions 
such as syndromes, hyperplasias, and hypoplasias, including 
many other primary conditions such as osteomyelitis, cysts 
and tumors. For many orthodontic and orthognathic surgery 
patients the panoramic view may be the only required 
radiograph20 in addition to the cephalometric radiograph. 

There is approximately 20% vertical magnification in a 
panoramic radiograph. 21 Careful positioning of the patient's 
head is required to avoid producing a distorted image with 
areas of different magnification, although slight variations in 
head position have only a minor effect on vertical 
magnifkation.22 Asymmetry indexes have been proposed for 
use with panoramic radiographs, but findings from these are 
not reJiable.23 



INTRA-ORAL RAOIOGRAPHS 

The panoramic view is not reliable for initial caries detection, 
and bitewings are required for this. These are normally 
available from the referring dentist. [n accordance with 
normal dental and orthodontic procedures, intra-oral 
radiographs are also required to assist in diagnosis of other 
dental anomalies such as ectopic canines and impacted or 
supernumary teeth. 

THE USE OF TOMOGRAMS 

There are differing opinions about the diagnostic use and 
relevance of tomograms, because of the high level of 
electromagnetic radiation involved. They have been shown to 
be mOTe effective than panoramic views in showing 
degenerative changes in the joint24 and they give reliable 
information about bony changes in the condyle and the fossa. 
If pathology or the condyles is detected from the panoramic 
radiograph, this is an indication for taking a tomogram (Fig. 
4.38). However, while tomography is very helpful in detecting 
moderate to severe condylar displacements, it is nOt accurate 
in detecting minimal displacements. 

For difficult group 2 cases, and for all surgical cases, 
tomograms (taken with the wax bite in place) are indicated to 
eval uate bony Structures. MRI images can be taken to assess 
soft tissue structures. The tomogram will be used to evaluate 
the conical ion, size, and shape of the condyles, but will also 
provide another 'check' ror condyle positions in the fossae. 
Although tomographic assessment or condyle position25 is 
not reliable for minimal displacements, it is a helpful 
supplement to the CR mounting on the articulator. 

Fig. 4.38 Tomograms involve high levels of electromagnetic radiation, but t hey have been shown to be more effect ive than 
panoramic views in revealing degenerative changes in the temporomandibular jOint. If pat hology of t he condyles is detected 
from a panoramic radiograph, this is therefore an indication for taking tomograms. 
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MAGNETIC RESONANCE IMAGING (MRI) 

First described in 1946, this form of imaging has seen major 
developments in the last 20 years. It has the advantage that 
soft tissue detail is well reproduced, and there is no radiation 
exposure for the patient. It is therefore the method of choice 
for patients with disc displacement. In the future, as imaging 
techniques improve,26 magnetic resonance imaging (MRI) is 
likely to see greater use for assessment of bone SlTuCtures of 
the joint. There is increasing use of MIU to assess the non
bony aspects of diseased joints, revealing information on 
changes to the articular surfaces and the disc itself. The use of 
tomograms is indicated for other struCiures. 

Fig. 4.39 High quaLity impressions are needed, free from distortion. 
There should be no contact between the metal of the impression tray 
and tooth substance during impression taking, and the impression 
should not be removed too soon from the mouth . 

IMPRESSION TAKING AND MODEL 
MOUNTING 

It is essential to follow good chairside and laboratory practice 
to create high quality dental models. There should be no 
contact between the metal of the impression tray and tooth 
substance during impression taking. and the impression 
should not be removed too soon from the mouth (Fig. 4.39). 
After removal, it is necessary to check that the impression 
material has not separated from the tray. 

A careful technique should be followed when pouring the 
models, with adequate time for plaster set, and a visual check 
for distortion of the teeth or arch form on the completed 
models. 

The authors favor tbe SAM ][1 articulator (Fig. 4.40A) and 
the Great Lake Company Model Block (Fig. 4.40B) which 
both have a convenient design for surgical cases. The 
manufacturer's recommended mounting method27 should be 
followed - extreme care and attention to detail are needed to 
avoid eTTOTS at the model mounting slage. 

Fig. 4.40A The SAM III articulator. 

Fig. 4.40B Great lakes Model Block. Model surgery can be 
accomplished in three planes of space within a hundredth of a 
millimeter with the Model Block. 
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This 28.5-year-old female with a Class IJ malocclusion was 
seen for consultation. She was referred for surgery even though 
her malocclusion was probably amenable 10 orthodontic 
correction, but without desired facial changes. Diagnosis and 
treatment were started with the intention of fulfilling the seven 
goals of treatment. Her patient motivation form indicated that 
no dental changes were desired. Facially, the patient wanted 10 
gel rid or the sag under the lower jaw, move the chin forward. 
enlarge the cheekbones, show less gingiva when smiling. make 
the face look more narrow, and reduce the fullness behind the 
lips. She had a history of intermittent joint noises and some 
discomfort which she hoped occlusal correction would 
alleviate. TMJ examination and history, clinical facial 
examination, soft tissue cephalometric examination, and 
model examination were obtained. The problem list and 
treatments were as shown on page 119. 

Pre-surgical onhodomics was completed in 12 months. Six 
months ofTMJ stabilization was then accomplished using a 
splint and medications. After TM/ stabilization, a new antero-

posterior diagnosis and treatment plan were accomplished 
utilizing the seven-step crp. The frontal midlines, levels, and 
outline were treatment planned using the frontal clinical 
examination. A one-piece LFI and BSSO advancement were 
necessary to correct the occlusion and produce basic facial 
balance. The occlusal plane was flattened to produce chin 
projection without advancing the nasal base. To flatten the 
occlusal plane the posterior maxilla was moved inferiorly. The 
posterior lengthening of the LFI was stabilized with OsteoMed 
rigid plates, platelet rich plasma, bone harvested from the 
anterior nasal floor with the OsteoMed bone harvester, 
Interpore 200 blocks, and amitriptyline at bedtime to prevent 
clenching. Improved facial balance was achieved with a 2 mm 
chin advancement and small Interpore 200 Avitene heat 
treated cheekbone augmentations. Additionally, the upper lip 
was reconstructed, increasing the anlero-posterior thickness 
and vermilion height. The patient was maintained on joim 
medication (minus fe ldene) for 12 months after the surgery 
to stabilize the TM/s. 

I 



PROBLEM 

1. High midface 
• Normal 

2. Maxilla 
Dental 
• Lingual crown torque 

SkeletaVJacial 
• Upright upper lip 
• 6 mm relaxed incisor exposure 
• Steep occlusal plane 
• Maxillary and mandibular width match in a Class I position 
• Deficient upper vermilion height 

3. Mandible 
Dental 
• Labial crown torque 

SkeletaVJacfal 
• Chin, and lower lip retrusion 

• 2 mm right deviation 

• Throat length-short, sag 

• Right lower third of the face larger 

4. TMJ 
• Internal derangement history 
• Decreased cortex in right TMJ 
• Small condyles bilaterally 

5. Growth potential 
• 28.5 years old 

4 

TREATMENT 

• No treatment 
• Patient requests cheekbone augmentation 

• Labial crown torque 

• Maxillary advancement and labial crown torque 
• Le Fort I (LFI) impaction 
• Flatten occlusal plane 
• One-piece LFI 
• Upper lip reconstruction 

• Lingual crown torque 
• Stripping 

• Maxillary advancement 
• Bilateral sagittal spLit osteotomy (BSSO) advancement 
• Chin augmentation 
• Flatten occlusal plane to increase chin 
• Plan with CTP to produce desired nasal base + chin projections 

• 2 mm left rotation midline 

• MandibLe advancement 
• Chin augmentation 
• Flatten occlusal pLane 

• 2 mm left rotation of the midline 

• Splint + medications after orthodontic preparation for 6 months 

• Non -factor 
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Fig. 4.41 Fig. 4.42 

Fig. 4.43 Fig. 4.44 

Figs 4.41 to 4.44 Pre-orthodontic facial photographs taken in centric occlusion indicate chin retrusion. This was the patient's chief complaint 
as indicated on the patient motivation questionnaire (p. 33), 



-

Fig. 4.45 Fig. 4.46 

Fig. fig. 4.47 

Fig. 4.48 Fig. 4.49 

Figs 4.45 to 4.49 Pre-orthodontic intra-oral photograhs taken in centric occlusion indicate a Class I occlusion . The Class II malocclusion is 
not revealed because the joints are not seated in centric re lation. 
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Fig. 4.50 Pre-orthodontic STCA tracing demonstrates upper lip 
retrusion (115, green; 1, blue; 2, green), mandibular retrusion (-14. 
red; -16, green), 5 mm of overjet (red), steep occlusal plane (101, 
red), and upper (63, blue) and lower (54, red) dentaL compensations 
for the Class II skeLetal pattern. 
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Fig. 4.51 Superimposition of STCA and CTP for case E O'K. 
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Fig. 4.52 CTP for Case E O'K. The dental compensations and steep occlusal plane have been corrected. The profile is 
normaLized (black or green) and harmony is achieved (black number column on Left). 
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Fig. 4.53 Pre-treatment profile. 

Fig. 4.55 

Fig. 4.5 

Fig. 4.54 Dolphin l~ ImagingTi'! - facial treatment prediction for 
comparison with Figure 4.53. 

Fig. 4.58 

Figs 4.55 to 4.58 Pre-surgical occlusion reveals Class II on the right, near Class I on the left , and Lower midLine deviation to the 
right. The patient was positioned in CR prior to photographs. 
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Fig. 4.59 Pre-surgical facebow taken for mounting of study models. 
Note that the nasaL regulator is not used, to allow more accurate 
natural head posture and to allow the facebow to be taken paralleL 
to postural horizontal. This matches the X and Y axis of the model 
mount with the head fiLm. This is necessary for accurate model 
movements. 

Fig. 4.60 Pre-surgical panora! radiograph with brackets and wires in pLace. 

Fig. 4.61 Tomographic radiographs showing condyLes of medium size, biLateral antero-superior 
flattening, normal cortication and position in the fossae. The patilmt was treated with the splint and 
medication protocol after orthodontic preparation and before surgery. 



Fig. 4.62 Fig. 4.63 

Figs 4.62 and 4.63 Pre-surgical profile facial views in closed lip and relaxed lip positions. Note: normal high midface, upper lip upright. 
norma l nasal base, moderate chin retrusion, and Lip strain. The patient requested cheekbone augmentations; therefore this was part of the 
treat ment plan. The wax bite is in place. 

Fig. 4.64 Fig. 4.65 Fig. 4.66 

Figs 4.64 to 4.66 Pre·surgicaL closed Lip, relaxed Lip, and smiLe fron taL photographs. Note: excessive re laxed Lip incisor exposure, excess 
gingiva l smile, large inter-Labial gap, and Lip strain. The wax bite is in place. 
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Fig. 4.67 Fig. 4.68 

Figs 4.67 and 4.68 Pre-surgical right and Left three-quarter fadal photographs. Note: the normal cheekbone contours and the retruded 
mandibLe. The patient had requested cheekbone augmentation on the patient motivation form. The wax bite is in pLace. 
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Fig. 4.69 Pre-surgicaL STCA showing mild upper Lip retrusion 
(-2. green; 2, green), severe mandibular retrusion (- 18, bLue; -16, 
red), short chin height (46, green), and steep occlusal plane (100, 
bLue). 

Fig. 4.70 Superimposition demonstrating changes between STCA and 
CTP. The dental and skeletal changes were planned to produce facial 
balance. 
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Fig. 4.71 The CTP showing maxillary dental advancement 
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(-7, black), and mandibular advancement (-10, green). The occlusal 
plane was flattened (96, bLack) to produce nasal base (-12, green) 
and chin (- 2, black) esthetics . 
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Fig. 4.72 

128 

Fig. 4.73 

Fig. 4.74 

Figs 4.72 to 4.74 Three views of centric relation mounted models
SAM III articulator. 
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Fig. 4.75 and Fig. 4. 76 Wax bite (mandibular side - Fig. 4.75 (left); maxillary side - Fig. 4.76 (rig ht» used to mount the models. The most 
common mounting error is pink wax bite contact with the anterior soft palate or soft tissues posterior to the moLars. These wax bite to soft 
tissue model contacts produce incorrect mountings which are the equivaLent of unintended surgicaL movements. 
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Fig. 4.77 This is the CTP from Fig. 4.70 with the mandible auto-rotated on the hinge to an open bite (-2, red; incisor open bite) . When we 
perform two jaw surgery, as with this patient, the mandible is do ne first on the articulator model surgery and at the actual surgery. This 
improves the accuracy of the surgicaL movements for several reasons. To facilitate accuracy with the modeL surgery the mandibular posi tion on 
the finalized CTP is auto-rotated open. The measurements from the new auto-rotated mandibular position are then used to guide the 
movements of the mandibLe for the articulator model surgery. This rotational opening of the mandible on the patient's accurate radiograph 
hinge axis allows the mandibular model to be advanced unimpeded by the maxillary teeth. If contact were to be made between the modeL's 
mandibular and maxillary dentitions, the articulator pin wouLd open. This would produce model surgery inaccuracy as the articulator's arc of 
rotation is different than the patient's actual opening arc of rotation (hinge axis). 
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Fig. 4.78 fig. 4.79 

Fig. 4.80 Fig. 4.81 

figs 4.78 to 4.81 Post-treatment intra·orat photographs. 

Fig. 4.82 Post-surgicaL panoral radiograph. Note: two plates per sagittal osteotomy advancement site. Two plates are used with Large 
advancements or when the Lower jaw is operated first. These plates are designed by OsteoMed Corporation specifically for this purpose. 
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Fig. 4.83 Fig. 4.84 

Figs 4.83 and 4.84 FinaL closed Lip and reLaxed Lip photographs. Note: normaL faciaL projection and heights. 

Fig. 4.85 Fig. 4.86 Fig. 4.87 

Figs 4.85 to 4.87 Final closed Lip. relaxed lip and smi le photographs. Note : normal height and facial outline. 
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132 

Figs 4.88 Post-surgical right and Left tomograms. Note: condyles centered in the fossae and showing local remodeling consistent with 
presurgical tomograms. 
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Mx1 to Ma6: 41 
Md1 to Md6: 35 

Md1 to Soft pog: 33 

Fig. 4.89 Final SiCA showing normal projections and heights. The 
occlusal plane was flattened (96, blue) to produce esthetic projections of 
the nasal base and chin. 
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Fig. 4.90 Fig. 4.91 

Figs 4.90 and 4.91 Right and left three-quarter facial photographs. Note: normaL projections and contours. 

Fig. 4.92 Fig. 4.93 

Figs 4.92 and 4.93 Pre- and post-surgery photographs. 

The orthodontic treatment for this chapter was provided by 
Dr Cregory W. Evrigcnis. The authors gratefully 
acknowledge hi s ass istance in treating this pati !.'nt. 
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INTRODUCTION 

[t is important to review all the information obtained from 
the patient history, the clinical examination, and the patient 
records (Fig. 5.1). From Ihis it is possible 10 diagnose the case 
in three areas: 

It is essential to lisl the problems in these categories, before 
moving on to treatment planning and asking the question 
"-low do [ solve the problems?' If this sequence is not 
followed, it is possible to make errors in treatment planning 
that may lead 10 less-than-ideal results. 

I. The musculature and TMls 
2. The face 
3. The dentition 

History 

Chief concerns 
Medical 
Dental 

~~~OdO"t~ 

, 
Diagnosis 

The musculature 
and the TMJs 

Pages 139-149 

\ 

During the diagnostic work-up, the orthodontist and 
orthognathic surgeon will identify the true nature of the case. 
They will recognize what should be corrected, and they will 
decide where to focus their energy and treatment skills for the 
patient. 

( Clinical 
examination 

The musculature 
and the TMJs 

Face - frontal 
and profi le 

Intra-oral 

Diagnosis 

The face - frontal 

1\ I -
The face - profile 

(STCA) 

Pages 150-174 

I 

Records 

Photographs 

Radiographs 

Models 

Diagnosis 

The dentition 

rl1' \ \ 
~I'" II I \ 

I~~ I ~ \, 

I~ ~~ 

Pages 175- 182 

) 

Fig. 5.1 It is important to review all the information obtained from the patient history, the clinical examination, and the patient records, 
before proceeding to diagnose the case. 



-

1. THE MUSCULATURE AND THE TMJs 

GENERAL OVERVIEW 

Before considering facial planning. it is important to decide jf 
the patient has any kind of problem with head, neck and TMJ 
pain and/or dysfunction. The patient's history, clinical 
examination and records provide information in this area. If 
so, it is necessary 10 make a differential diagnosis, to decide if 
the problem should be managed by the orthodontist, the oral 
surgeon or another specialist. 

Variolls classifications of head, neck, and TMJ pain and 
dysfunction have been presented over the years. In 1996, the 
American Academy of Orofacial Pain 1 established a 

classification, which is shown in Figure 5.2. This list is 
included in order to assist in making a differential diagnosis. 
However, it is beyond the scope oftbis text (which is focused 
on dental and facial planning) to discuss all the conditions 
named in this classification. If requi red, additional 
information should be sought from other sources. 

All the condi tions on the list should be referred to other 
specialists for management. with the exception of 
temporomandibular disorders. 

Head, neck and TMJ pain and dysfunction (Classification published in 1996 by the American Academy of Orofacial Pain) 

Intracranial pain disorders 
Neoplasm, aneurysm, abscess, hemorrhage, hematoma, edema 

Primary headache disorders (neurovascular disorders) 
Migraine, migraine variants, cluster headache, paroxysmal hemicrania, cranial arteritis, carotidynia, tension·type headache 

Neurogenic pain disorders 
Paroxysmal neuralgias 

Trigeminal, glossopharyngeal, nervus intermedius, superior laryngeal neuralgias 
Continuous pain disorders 

Deafferentation pain syndromes (peripheral neuritis, post-herpetic 
neuralgia, post-traumatic and post-surgical neuralgia) 

Sympathetically maintained pain 

Intra-oral pain disorders 
Dental pulp, periodontium, mucogingival tissues, and tongue 

Temporomandibular disorders 
Masticatory muscles, temporomandibular joint, associated structures 

Associated structure pain 
Ears, eyes, nose, paranasal sinuses, throat, lymph nodes, sa livary glands, and neck 

Axis II, mental disorders 
Somatoform disorders 

Pain syndromes of psychogenic origin 

Fig_ 5.2 

All the conditions listed should be referre<! to 
other specialists for management, with the 
exception of temporomandibular disorders 

139 
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TEMPOROMANDIBULAR DISORDERS (TMDs) 

'Ihese are disorders of the muscles and joints. They can be 
managed by the orthodontist and oral surgeon (with the 
exception of some neopJasias). Their primary cause has been 
stated \0 be trauma and/or parafu[lctional habi ts, but there 
are other factors which should be considered, and these are 
discussed below. 

The American Academy of Orofacial Pain classHled 
temporomandibu lar disorders (TMDs) into lWO categories 
{Fig. 5.3): 

Masticatory muscle disorders 

MyofasciaL pain 
Myositis 
Myospasm 
Local myaLgia-unclassified 
Myofibrotic contracture 
NeopLasia 

TemporomandibuLar joint articuLar disorders 

Congenital or developmenta l disorders 
Aplasia 
Hypoplasia 
Hyperplasia 
Neoplasia 

Disc derangement disorders 
Disc displacement with reduction 
Disc displacement without reduction 

Temporomandibular joint disLocation 
Inflammatory disorders 

Capsulitis/synovitis 
Polyarthritides 

Osteoarthritis (non-inflammatory disorders) 
Osteoarthritis: primary 
Osteoarthritis: secondary 

AnkyLosis 
Fracture (condyLar process) 

• Muscle probLems - known as 'masticatory muscle 
disorders' 

• loint probLems - known as 'temporomandibular joint 
articular disorders'. 

If a TMD exists it is important to determine if the problem is 
related to the musculature, the TMls, or a combination of the 
two. If the joints are involved, then the type and degree of 
joint dysfunction must be decided . 

Muscle problems 

Joint problems 

Fig_ 5_3 The American Academy of Orofacia l Pain classification of temporomandibu lar disorders. 



CONDYLAR REMODELING - A KEY ISSUE 
FOR ORTHODONTISTS AND ORTHOGNATHIC 
SURGEONS IN FACIAL PLANNING 

The details of each area of the classification of 
temporomandibular disorders (po 140) wil) not be discussed 
because they are beyond the scope of this text , However, this 
chapter will deal with the important topic of joint 
remodeling. 

The significance of remodeling 

As stated in the opening chapler, the TMJs aTC the foundation 
on which occlusal correction is built, and there is a need for 
awareness concerning the etiology, diagnosis, and treatment 
of condylar remodeling. The effect of this remodeling on 
occlusal and facial treatment stability needs to be understood. 
It has significance for Ihe orthodontist and orthognathic 
surgeon during facial planning. 

The majority of young orthodontic patients present with 
healthy joints. Subsequent treatment proceeds uneventfully, 
and they continue to be free of problems during and after 
orthodontic treatment. However, a small percentage of 
orthodontic patients present with evidence of condylar 
remodeling, or have apparently healthy joints pre-treatment, 
but develop condylar remodeling during or after treatment. 
This can have a disastrous effect on the treatment outcome. 

Fig. 5.4 

Recognizing condyLar remodeLing and its 
effects 

Against this background, orthodontists and orthognathic 
surgeons need to recognize joint remodeling. They need to be 
able to identify patients with an increased risk of future 
remodeling, and inform them of this possibility. Also, they 
need to avoid treatment procedures which compress the joints 
and can lead to an increased risk of joint remodeling. 

The orthognathic surgeon has a much higher involvement 
with temporomandibular disorders than the orthodontist. 
This reflects a very different referral group, including more 
difficult cases, normally with a high percentage of female 
patients in the 15- to 35-year-old age group. Within this 
group are those who have had deficient condylar growth and 
have developed large overjets . In females problems often 
begin in the 12-17 year range. If lale relapse occurs, after 
occlusal correction, condylar remodeling is a predominant 
cause. In some cases, after achieving a pleasing Class I result, 
the occlusion slowly relapses into a Class II overjet (Figs 
5.4-5.6). This type of relapse is seen in orthodontic practice 
and in orthognathic surgery cases. [t may be more common 
than is realized and it will be discussed in detail in this 
chapter. 

Fig. 5.5 

Figs 5.4 and 5.5 Condylar remodeling is a predominant cause of late relapse, following orthodontic or surgical correction, as seen in this 
surgicaL case. After achieving a pleasing CLass I resuLt, the case slowly relapses into a Class II outcome. Note: no mandibular advancement was 
done, and yet, the mandible relapsed. 141 
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fig. 5.6 Tomograms to show the appearance of remodeLed condyles on a non-surgicaL case. Note: the loss of condyLar head volume, flattening, 
and loss of the condylar head to neck angle. These condyles may remodeL during orthodontic treatment increasing the Class II overjet and 
open bite. 



TYPES OF CONOYLAR REMODELING - LOCAL 
AND TOTAL 

Local condylar remodeling 

This is characterized by limited morphologic changes, stable 
ramus height, stable occlusion, and normal growth. 

Local remodeling involves: 

• only a portion of the head of the condyle 
• no decrease in ramus height 
• no mandibular retrusion and bile changes in adults 
• no impaired growth in growing patients. 

Fig. 5.7 

Total condylar remodeling 

This involves significant morphologic change. 'Ihis reduces 
ramus heigh t. creates progressive mandibular ren llsion, and 
dimin ishes the growth Tate when present. The significance of 
total remodeling is that the occl usion undergoes a slow 
change towards Class II overjet after occlusal treatment. as the 
condyles change size and shape (Figs 5.7 & 5.8). 

Total remodeling involves: 

• the entire head of the condyle 
• decreased ramus height 
• mandibular retrusion and bite changes in adults 
• impaired growth in growing patients. 

fig. 5.8 

figs 5.7 and 5.8 During total remodeling the occlusion undergoes a gradual change towards Class II, with or 
without an open bite as the condyles change size and shape. 
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ETIOLOGY OF TOTAL CONOYLAR 
REMODELING - INSTABILITY FACTORS 

If joint instability factors are present, total condylar 
remodeling can occur, u and this produces 'B' point relapse. 
Three recognized instability factors are: 

• The adaptive capacity of the patient 
• loint compression 
• loint anatomy which is prone to remodeling. 

The adaptive capacity of the patient 

Age and gender,4 hormone levels,4.S and systemic diseases6 

have been associated with diminished host adaptive capacity. 
TOial remodeling has been linked to teenage females, 
hyperparathyroidism, corticosteroid excess and autoimmune 
diseases.2.3 Most important to dental treatment is the 
relatively high incidence of young females with uncontrolled, 
total remodeling. This is related to different TMJ estrogen 
receptor numbers, estrogen levels, and possibly prolactin 
levels which are associated with femaleTM/s. Imbalances in 
patient adaptive capacity can ini tiate joint remodeling in 
isolation, bu t they are particularly damaging when combined 
with joint compression.5This compression can be associated 
with occlusal treatment which displaces the condyle from its 
physiological uppermost position. 

Joint compression 

Many animal studies have shown that joint compression leads 
to soft tissue and hard tissue changes within the TM/s. 7- 11 It 

can be argued that similar changes can be produced if the TM/ 
is compressed due to orthognathic surgery, orthodontics or 
restorative dentistry. 

Several sources of joint compression have been identified 
in the literature. lhese include orthognathic surgery,5.12 
orthodontics, 4. 13 general dentistry, 14 internal 
derangement, 15- 17 parafunction, 18 unstable occlusion, 7_11,19 
and trauma.4 

When any type of occlusal treatment displaces condylar 
position, the condyle and fossa alter shape and form. With 
tomograms, Peltola 13 and Monginil4 discovered that 
equilibration and orthodontic treatment created local condyle 
changes. 

Arnett et a]l 2 demonstrated that orthognathic surgery 
which torqued the condyles or moved them posteriorly could 
cause local or total remodeling. They further demonstrated 
that condylar displacement at the time of surgery led 
consistently to late condylar remodeling and '8' point relapse. 
Parafunction and internal derangement may produce condylar 
remodeling in isolation, but can be particu larly destructive 
when combined with dental treatment which displaces the 
condyles. 

In animal studies, where unstable occlusions have been 
created with a centric occlusion/centric relation (COj CR) 
discrepancy, consistent histologic and morphologic changes 
have been demonstrated in the TM/s. 7-9.11.19 These changes are 
secondary to compression which occurs when a CO/CR 
disparity exists. If occlusal treatment leads to compression of 
theTMI when the teeth are in occlusion, this will be unstable, 
and the joints will undergo morphologic changes as seen in 
animal and human studies. 

Finally, mandibular trauma can be a source of joint 
compression. One traumatic blow to the mandible has been 
reported to produce TM/ change and, subsequently, slow 
development of a Class II overjet.4.S.12.20 
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Condylar anatomy - stable, unstable and 
immature types 

Stable condylar anatomy 

This is characterized by full conication. an angle change 
between the condyle neck and condyle head, normal condylar 
size. and a clear appearance on tomography (Fig. 5.9). Stable 
condylar anatomy is less prone to total remodeling when 
dental treatments produce compression. 

Fig. 5.9 Tomograms showing the features of stable condylar anatomy. Well-formed condyLes of this type are Less prone to totaL remodeLing . 
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Unstable condylar anatomy 

This is identified by decreased cortication and straight 
alignment of the neck and head of the condyle (Fig. 5. lOA). 
The condyles show small size, with a fuzzy tomographic 
image, and are prone to total remodeling if displaced during 
treatment (Fig. S.l 011) 

Immature condyles 

These are defined as not having (onication (conicalion occurs 
at 15-16 years of age). They show decreased head/ neck angle, 
normal size, distinct tomographic image, and are prone 10 
remodeling during treatment because of lack of cortication. 

Fig_ 5.10A Intermediate stage total condyLar remodeLing . Note the 
loss of the head-neck angle, anterior beak, small size, and flat 
antero-superior surface. The occlusion has changed by this time. 
When total remodeLing reaches advanced stages, it is difficult to see 
the condyle clearly with tomography. 

Condyle size 

This is regarded as the single most important factor 
innuencing the stability of condyles when displaced by 
treatment. 

• Large condyles (larger surface areas) provide stable support 
for occlusal changes. For example, they are associated with 
many Class III malocclusions and some Class II 
malocclusions. They are generally not susceptible to total 
remodeling... and are less sensitive 10 compression . 111ey afe 
considered 10 be more resistant 10 displacement because of 
the tight lit of the fossa, condyle and capsule. 

• Small condyles (small surface area) provide unreliable 
support for occl usal changes, and are frequently associated 
with Class 11 occlusions. 'nley are susceptible to total 
remodeling... are compression sensitive, and are easily 
d isplaced because the condyle fossa and capsule lit is 
loose. It should be noted that the small size may indicate 
the presence of impaired host adaptive factors and 
compression factors. 

Fig. S.10B Early stage changes of total remodeling. Often, the left 
and right joints changes at different times. This condyle shows early 
changes. indicated by anterior beaking and mild antero'superior 
flattening. The occlusion may be unchanged at this stage. 
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DIAGNOSING CONDYLAR REMODELING 

The history form and the patient 
examination 

A diagnosis ofTM/ remodeling is based on answers to specific 
questions and on examinations intended to expose the 
unstable joint. The completed TM! history (p. 41) form will 
indicate if remodeling is present (Fig. S.lIA). The qu(:'st ions 
are designed to reveal if the bite is undergoing change. if 
compression factors are present, and if patient adaptive 
capacity problems may be present. [n other words, the 'I'M! 
history form reveals information on condylar resorption. 
Importantly, it indicates if the bite is changing. the teeth are 
occluding unevenly, or the chin is moving backwards. Positive 
answers to these questions imply ongoing total condylar 
remodeling. 

TheTMJ patient examination form (p. 149) is used to 
uncover the most common clinical sign associated with total 
remodeling. which is multiple clicks. The facial examination 
may reveal a convex and sometimes long fa cial appearance, if 
there is an associated open bite. 

~~~~ 
~- -I 
:- I 
=0" j 

I 

I 

L 

Fig. 5.11A The questions in the TMJ history form (p. 41) are designed to reveaL if the bite 
is undergoing change, due to condyLar remodeLing. 
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Radiographic images 

The panoramic radiograph serves as an excellelll screening 
tool for total remodeling. and can indicate if a more in-depth 
evaluation is needed. The truest image of the size and shape 
of the condyles is obtained from tomography (Fig. 5.11 B). 
Tomography is an excellent diagnostic 1001 for revealing total 
remodeling - small, finger-shaped condyles without clarity 
indicate the presence of remodeling. Other radiographs, such 
as panoramic or InUlscranial views, or other imaging 
methods, such as MIU, give less information. The lateral 
cephalogram usually reveals a Class J[ incisor relationship, 
often (bu t not always) with an anterior open bite, which 
increases on serial headfilms. 

LISTING THE PATIENT'S TMJ PROBLEMS 

If the patient has problems of any kind with head, neck and 
TMJ pain and/or dysfunction it is helpful to list these in order 
of importance. A note should be made of the patient's main 
TMJ com plaints, and what the patient is expecting from 
treatment. 'Ihe Temporomandibular Joint Examination form 
may be used for this (Fig. 5.12). The guidelines for treatment 
planning ofTMDs are presented in Chapter 6, 

Fig, 5.11 8 Tomography is an excellent diagnostic tool for revealing totaL remodeling. left Side: Total remodeling with Loss of head-neck 
angLe, antero-superior flattening, anterior beak, decreased head voLume, and the start of an increase in joint space, Right side: Same as Left 
side, pLus grossLy enlarged joint space and very bLurred or 'fuzzy' image. Advanced remodeling does not show clearly with tomography, 
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2. THE FACE 

i2l THE TWO COMPONENTS OF FACIAL 
~ ASSESSMENT 
~ 
I 
~ 

~ 
~ 

Information obtai ned from the patient's history, clinical 
examination and records are used to assess Ihe face (Fig. 
5. 13). If the patient has facial imbalance this wi ll be revealed 
during the clinical examimllion (p. 74) and from the sofl fissue 
ceplltl/omelric wlIIl)'sis (SrCA) described below. 

The clinica l exami nation is exlTcmely imponant, and it 
provides information in both the profile and frontal vicvvs. 
Ilowevcr, it is subjective. The advantage of the STCA is that it 
provides the ability \0 make objective measurements of 
important stnlCtllrCS and relationships. It is a method of 
quantifying facial disharmony and identifying the underlying 
causes. 

Clinical examination 

• Anteroposterior assessment 
• Vertical assessment 
• Midlines 
• Facial levels 
• Facial outline 

Soft tissue 
cephalometric 
analysis 
(STCA) 

• Anteroposterior 
measurements to TVl 

• Vertical measurements 

, 
\.-J-

TVl 

• , . , 
" I , 

I 

• ., 
• ., 

'--

I 

'me clinical examination is in three planes and is most 
useful for revealing shapes and contours. The two-plane 
Sl'CA, which assesses the profile vie\v, excels at measuring 
vert ical and anteroposterior positions and relationships of 
facial parts. The clinical and cephalometric exami nation 
findi ngs are then used together to define the needed facial 
changes. 

'mis part of the chapter discusses facial imbalances and the 
associated etiologic facto rs. [t shows the value of the Sl'CJ\ in 
recording facial imba lance, and how it is indispensable in 
identifying the sources of any problems. This is imponant, 
because as a nde, better facial esthetics can be achieved if the 
underlying problems are identified and then treated at the 
source. 

< 

... 
Three-dimensionaL faciaL anaLysis 

Fig. 5.13 There are two components of facial assessment - the clinical e)(amination and the soft tissue cephalometric analysis. 
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THE DEVELOPMENT OF THE SOFT TISSUE 
CEPHALOMETRIC ANALYSIS (STCA) 

A 1999 paper published by Arnett et a)21 described a new way 
of evaluating lateral cephalometric radiographs. It was called 
the soft tissue cephalometric analysis (SrCA), and it is 
appropriate here to discuss the contents of that paper, because 
it is an essential part of the facial diagnosis and treatment 
planning method described in this text. 

The cephalometric database for the analysis comprised 46 
adult Caucasian patients (20 male, 26 female). The 
cephalograms were digitized and mean values, standard 
deviations, and probability values were calculated. All the 
patients had untreated Class J occlusions and were viewed as 
reasonably facially balanced. A distinction was made during 
selection between quality of facia! parts (hair, eyes, skin, etc.) 
and posili01! of facial parts. Patients were chosen for inclusion 
only on the basis of balance of facial parts, and qualities of 
parts, such as beautiful eyes, were disregarded. 

To initiate the SfCA, the patients were firs t assessed 
clinically21 in natural head position, seated condyles, and 
with lips at rest. Correct positioning during clinical 
examination was imperative, to ensure the reliability of the 
STCA that followed. The SfCA was not used without clinical 
input; it required clinical facial assessment to augment and 
elucidate cephalometric findings . Clinical facial examination 
(Ch. 3, pp. 51-71) was used as described by Arnett and 
Bergman n with particular em phasis on mid face structures 
that do not show on standard cephalometric analysis (Ch. 3). 
In particular, orbital rim, subpupil, and alar base contours 
were noted to indicate AlP position of the maxilla. 

Before taking the cephalometric radiograph, metallic 
markers were placed on the right side of the face to mark key 
mid face structures (p. 110). These essential midface structures, 
although normally lost on traditional cephalograms, were 
metallically marked on each cephalogram and became the 
cornerstone to the cephalometric midface diagnosis and 
treatment planning. 'nle neck-throat point was then 
localized, and a metal marker was placed in that position. 

With the midface structures marked, a cephalogram was 
obtained with the patient positioned in natural head position 

(pp. 95-%), seated condyles, and with lips at rest. Lundstrom 
and Lundstrom23 noted that despite careful natural head 
position instructions, some patients assume an 'unnatural 
head position'. Accordingly, these individuals needed 
adjustment to natural 'head orientation' by experienced 
clinicians. As noted by Lundstrom and Lundstrom, some 
patients in this study also assumed head positions that were 
obviously not a natural head position. These headfilms, as per 
Lundstrom and Lundstrom, were leveled 10 natural head 
orientations. 

The true vertical line (lVL) was then established (p. 159). 
This line was placed through subnasale and was 
perpendicular to the natural head position. Soft tissue 
landmarks were then marked on the cephalogram. The 
mid face metallic landmarks were also identified as new 
landmarks on the headfilm. Important hard tissue landmarks 
were then identified on the cephalogram. The cephalometric 
hard and soft tissue landmarks were measured on the 46 
facially balanced patients. The vertical or horizontal position 
of sort tissue and hard tissue landmarks were recorded relative 
to the patient's natural head position or lVL. Female and 
male values and standard deviations were established in the 
following areas: 

I. Dental and skeletal factors 
2. Soft tissue components 
3. Vertical facial heights or lengths 
4. lVL projections 
5. Facial harmony. 

In Table 5.1 and in the following discussion the order of the 
46 measurements has been changed slightly from the original 
published study, 21 for reasons o( clarity, but the values remain 
the same. Also, several measurements appear more than once. 
This is because they are useful in the assessment of more than 
one category. 
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Mean female and male values for STCA 

Table 5.1 Means, standard deviations, and probability values for the 26 female and 20 male individuals 
in the sample 

Mean ± SD Mean ± SD Female to maLe difference 
females males significant when Less 

than 0.05 
1. DentoskeLetaL factors ,. projections 

Mxl projection to TVL -9.2 ± 2.2 -12.1 ±1.8 1.0ME-OS 
Mxl inclination (Mxl - Mx OP) 56.8 ± 2.5 57.8±3.0 0.2585 
Overjet 3.2 ± 0.4 3.0 ± 0.6 0.6371 
Mdl projection to TVl -12.4 ± 2.2 -15.4 ± 1.9 1.l12E- 05 
Mdt inclination (Mdt - Md OP) 64.3 ± 3.2 64.0 ± 4.0 0.7764 

b. heights or lengths 
Mxl exposure relaxed lip 4.7:1:1.6 3.9 ± 1.2 0.0417 
Overbite 3.2:1: 0.7 3.2 ± 0.7 0.7481 
Md anterior height (Mdt tip-Me') 48.6 ± 2.4 56.0 ± 3.0 8.573E-ll 
posterior height (Mx OP -TVl angLe) 95.6 ± 1.8 95.0 ± 1.4 0 .1789 

2. Soft tissue thicknesses 
upper lip (UL inside - ULA) 12.6 % 1.8 14.8 % 1.4 3.388E-05 
lower lip (LL inside - LLA) 13 .6 % 1.4 15.1 % 1.2 0.0004 
pogonion - chin (Pog - Pog') 11.8 % 1.S 13.5 % 2.3 0.0086 
menton (Me to Me') 7.4%1.6 8.8 % 1.3 0.0019 

3. Facial heights or lengths ,. soft tissue 
upper lip length (Sn - UU) 21.0 % 1.9 24.4 % 2.5 1.024E-05 
interlabial gap (ULl - lLS) 3.3 % 1.3 2.4 % 1.1 0.0214 
upper incisor exposure relaxed lip 4.7 % 1.6 3.9 % 1.2 0.0417 
lower lip length (lLS - Me') 46.9 % 2.3 S4.3 % 2.4 2.158E-13 
lower 1/3 hei9ht (Sn - Me') 71.1 % 3.5 81.1%4.7 3.170E-09 
totaL faciaL height (Na' - Me') 124.6 % 4.7 137.7 % 6.5 8.916E- 09 

b. hard tissue 
maxiLlary hei9ht (Sn - Mxl tip) 25.7%2.1 28.4 % 3.2 0.0026 
overbite 3.2 % 0.7 3.2 % 0.7 0.7481 
mandibular hei9ht (Mdl tip to Me') 48.6 % 2.4 56.0 % 3.0 8.573E-ll 
posterior hei9ht (Mx OP - TVL angle) 95.6 % 1.8 95.0 % 1.4 0.1789 

4. True Vertical line Projections ,. high midface projections 
glabeUa (Gb' - TVL) -8.5 ± 2.4 -8.0 ± 2.5 0.5246 
soft tissue orbitaL rim (Or' - TVL) -18.7 ± 2.0 -22 .4 ± 2.7 1.060E-05 
cheekbone (CB - TVl) -20.6 ± 2.4 -25.2 ± 4.0 7.405E-05 
subpupil (SP - TVL) - 14.8 % 2.1 -18.4 ± 1.9 2.666E-07 

b. maxillary projections 
nasal projection (NT - TVl) 16.0 % 1.4 17 .4 %1.7 0.0052 
nasaL base (NB - TVl) -12 .9 % 1.1 -15.0 % 1.7 6.054E-05 
soft tissue A point (A' - TVl) -0.1 ± 1.0 -0.3 % 1.0 0.6629 
upper incisor tip (Mxl - TVl) -9.2 ± 2.2 -1 2.0 ± 1.8 1.064E-05 
upper lip anterior (ULA - TVl) 3.7±1.2 3.3 ± 1.7 0.3836 
upper lip angle (Mxl - TVl) 12.1 % 5.1 8.3 % 5.4 0.0197 
nasolabial angle (ColumelLa-Sn-ULA) 103.5 % 6.8 106.4 % 7.7 0.1937 



Mean female and male values for STCA 

Table 5.1 Means, standard deviations, and probability values for the 26 femaLe and 20 male individuals 
in the sample (continued) 

5. 

Mean ± SD 
fema les 

<- mandibuLar projection 
lower incisor tip (Md1 - TVL) 12.4 ± 2.2 
lower lip anterior ellA - TVL) 1.9 ± 1.4 
soft tissue B point (8' - TVL) -5.3 ± 1.5 
soft tissue Pogonion (Pog' - TVl) -2.6 ± 1.9 
throat length (NTP - Pog') 58.2 ± 5.9 

Harmony values ,. total faciaL harmony 
facial angle (Gb' - Sn - Pog') 169 .3 ± 3.4 
forehead to maxilla (Gb' - A') 8.4 ± 2.7 
forehead to mandi bLe (Gb' - Pog') 5.9 ± 2.3 

b. soft tissue inferior orbital rim to jaw harmony 
maxi lla (Or' - A') 
mandible (Or' - Pog') 

c maxilla to mandible harmony 
nasaL base to chin (So - Pog') 
Mx base - Md base (A' - S') . 
lip to Lip (ULA - LlA) 

d. intra mandibular harmony 
incisor tip to chin (Md1 tip - Pog') 
Lower lip anterior to chin (lLA - Pog') 
chin contour ( 8' - Pog') 

Glossary for table 5.1 

Mxl - Maxillary central incisor tip 
TVL - true vertical line 

Mx OP - maxillary occlusal plane 
Mdl - mandibular incisor tip 

Md OP - mandibular occlusal plane 
Me' - soft tissue menton 
UL - upper lip 

ULA - upper lip anterior 
Ll - lower lip 

LLA - lower lip an terior 
Pog - hard tissue pogonion 
Pog' - soft tissue pogonion 

Me - hard tissue menton 
Me' - soft tissue menton 

18.5 ± 2.3 
16.0 ± 2.6 

3.2 ± 1.9 
5.2 ± l.6 
1.8 ± 1.0 

9.8 ± 2.6 
4.5 ± 2.1 
2.7 ± 1.1 

Mean ± SO FemaLe to maLe difference 
males significant when Less 

than 0.05 

-15.4 ± 1.9 
1.0 ± 2.2 

-7.1 ± 1.6 
-3.5 ± 1.8 
61.4±7.4 

169.4 ± 3.2 
7.8 ± 2.8 
4.6 ± 2.2 

22 .1 ± 3 
18.9 ± 2.8 

4.0 ± 1.7 
6.8 ± 1.5 
2.3 ± 1.2 

11 .9 ± 2.8 
4. 4 ± 2.5 
3.6 ± 1.3 

Sn - subnasale 
ULI - upper lip inferior 
LLS - lower lip superior 
Na' - soft tissue nas ion 
Gb' - soft tissue gla bella 
Or' - soft tissue orbital rim 
(B - soft tissue cheekbone 
SP - soft tissue subpupil 
NT - nasal tip 
NB - nasal base 
A' - soft tissue A point 

NTP - neck throat point 
B' - soft tissue B point 

1.312E-05 
0.1065 
0.0004 
0.1294 
0.1213 

0.9609 
0.4609 
0.0511 

8.645£-05 
0.0009 

0.1191 
0.0010 
0.1 236 

0.0076 
0.8915 
0.0192 

Note - E va lues denote digits to the Left of the decimaL point, i.e. 1.312E·OS - 0.00001312. 

) 
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ASSESSING DENTAL AND SKELETAL 
FACTORS WITH THE STCA 

Dental and skeletal factors have a large influence on the facial 
profile (Fig. S.14A and B). When these factors aTC in the 
normal range they willuslLally produce a balanced and 
harmon ious nasal base, lip, chin relationship, and soft tissue 
A' point and B' point. The profile al the end of treatment is 
greatly influenced by how accurately the onhodontist and 
surgeon manage the dentoskeletal components. The ni ne 
factors are shown in Figure 5. 14 and may be Hsted as fo llows: 

Dentoskeletal factors 
projections 

Mxl projection to 'JVL 

Mxl inclination (Mxl - Mx OP) 
Overjet 
Md I proje<tion to 'IVL 
Mdt incl ination (Mdl - Md OP) 

heights o r lenglhs 
Mxl exposure relaxed lip 
Overbite 
Md anterior height (Md I tip-Me') 
posterior height (Mx or -"VL angle) 

Occasionally, the occlusal plane, and the upper and lower 
incisor to the lVL will be blue to produce adequate 
projections of the soft tissue pro(He. Tbe upper and lower 
incisors are forward of normal posi tion in these si tuations to 
produce necessary lip protrusion. 

Overjet 

Overbite 

( 

The maxillary 
occlusal plane 
to the TVl is 
an indicator 
of posterior 
maxillary height 

TVL 

----~) 

Mandibular anterior 
height (lower 
incisor to menton) 

TVL 

Upper incisor 
tip to TVl 

Lower incisor 
tip to TVL 

fig. 5.1 4A Dental and skeletal factor components of the STCA. To a large extent these control esthetic outcome. 
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Fig. 5.148 Denta l and skeletal factor components of 
the STCA. 

Upper incisor 
to maxillary 
occlusal plane 

Lower incisor 
to mandibular 
occlusal plane 

ASSESSING SOFT TISSUE THICKNESS WITH 
THE STCA 

Four soft tissue thickness are impOrtanl10 facial esthetics 
(Fig. 5.1 5). They arc listed as follows: 

• Thickness of the upper lip 
• Thickness of the lower lip 
• Thickness of the soft tissue pogonion 
• Thickness of the soft tissue menton 

The soft tissue thicknesses and the nine dental and skeletal 
faclOrs (pp. 152, 154) largely control the esthetic balance of 
the lower third of the face. 

Inside of 
upper lip 

Inside of 
lower lip 

Pog 

Me 

Me' 

TVL 

Upper incisor 
exposure with 
relaxed lip 

Upper lip 
anterior 

Upper lip 
thickness 

Lower lip 
thickness 

Vermilion-cutaneous 
junction 

t-- -,Pog' 

Thickness 
of soft tissue 
at menton 

Thickness 
of soft tissue 
at pogonion 

Fig. 5.15 Soft tissue thicknesses. The profile is determined by these 
and the dental and skeletal factors. 
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ASSESSING FACIAL HEIGHTS AND LENGTHS 
WITH TH E STCA 

The fac ial heights and lengths (Fig. S.16A and B) include a 
totfl] of 10 soft tissue and hard tissue measurements. Vertical 
abnormalities are assessed using these 10 factors: 

• Soft tissue heights and lengths 
The upper lip length 
The inter-labial gap 

- The upper incisor exposure, with a relaxed upper lip 
- ,11C lower lip length 
- '11,(' height/ length of the lower third of the (ace 
- 11lt~ 101al facial height/ length 

Height/length 
of the maxilla 

Soft tissue 
nasion 

lower incisor ti 

Upper incisor tip 

Height/length 
of the mandible 

Soft tissue 
menton 

Subnasale 

• I-lard tissue 
The height/ length of the maxilla 

- The overbite 
- The height of the mandible - the 'chin height ' 
- The angle of the maxillary occlusal plane to 'rvL - this is 

a measure of the posterior height of the maxilla . 

Height/length 
of the upper lip 

U er li inferior 

Height/length 
of the lower lip 

Total height/length 
of the face 

Height/length 
- lower third 
of the face 

I 
Fig. S.16A The 10 facial heights and lengths measurements. The only hard tissue to hard tissue measurement is the overbite. 
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Upper lip 
inferior 

\'-'<--

Upper incisor 
tip 

Upper incisor 
exposure 

Upper incisor tip 

Overbite 

lower incisor tip 

Upper lip 
inferior 

Inter-labial 
gap 

TVl 

Tip of mesial cusp of 
the upper first molar 

Fig. 5.168 The 10 facial heights and length measurements. 

Maxillary 
occlusal plane 

Subnasale 

The tip of the 
upper incisor 

r 
) 
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ASSESSING PROJECTIONS TO TVL WITH THE 
STCA 

The "IVL measurements are Al P measurementS of mainly soft 
tissue structures. They rep resent the sum of the dental or 
skeletal position plus the thickness of the overlying soft tissue 
(Fig. 5.17). lVL components fall into three groups - the high 
mid face, the maxilla, and the mandible. They may be listed as 
follows: 

• The high midface \0 the lVL 
- Glabella 

Soft tissue orbi tal rim 
Cheekbone 
Subpupil 

• The maxilla to the lVL 
- The nasal projection 
- The nasal base 

Soft tissue glabella 

Subnasale Soft tissue orbital rim 
Sofl tissue A' point 
The upper lip alllerior 
The upper lip angle 

- The nasiolabial angle 

• TIle mandible 
"nIC lower incisor to lVL 

The lower lip anterior 
- Soft tissue B' point 
- Soft tissue pogonion 
- The throat length (NTA - Pag'). 

Soft tissue cheekbone 

Subpupil 

Nasal base 

Lower incisor tip 
Upper incisor tip 

Neck-throat point 

TVl 

.---I--~7 Nasal projection 

Subnasale 

Soft tissue A' point 

Upper lip anterior 

Lower lip anterior 

Soft tissue B' point 

Soft tissue pogonion 

Fig. 5.17 The measurements to TVL represent the sum of the dentaL or 
skeletal position pLus the thickness of the overlying soft tissue. 



The AjP positioning of the lVL will frequently be through 
subnasale (Fig. S.ISa). However, the 'IVL must be moved 
forward 1-3 mm in cases of maxillary retrusion (Fig. S.ISb). 
Midface retrusion is defined by an apparently long nose, and 
depressed or fl at orbita l rims (Case TW, p. 79), cheekbones, 

\ TVL 

Subnasale 

Fig. 5.18a The AlP position of the TVL will 
frequently be through subnasale. 

subpupils, and alar bases. Additional features of mid face 
retrusion may include poor incisor support for the upper lip, 
an upright upper lip, a thick upper lip, and retruded upper 
incisors. Clinical and STCA exa minations of the patient are 
necessary to verify maxillary retrusion. 

\ 

Fig. 5.18b The TVL must be moved forward 1-3 mm 
in cases of maxillary retrusion, 
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ASSESSING HARMONY VALUES WITH THE 
STCA 

Harmony values weTt' created to measure the balance and 
harmony between the facial structures. Harmony or balance 
between different facial landmarks is an important 
component ofbeaulY. The facial balance is determined by the 
position of each landmark relative to other landmarks. 
Harmony values (rig. 5.19) are Ihe horizontal distances 
between two landmarks, measured perpendicular to the true 
vertical linc. The I I measurements are divided into four 
groups. 

Harmony values, as the name implies, provide information 
on the balance between parts of the fan'. They arc sensitive 
indicators of imbalance. They are so sensitive that they can 
identify imbalance between two landmarks which are, 
nonetheless, within their individual normal ranges. For 
instance, if soft tissue pogonion is a strong normal, and soft 
tissue B' point is a weall normal, a disharmony between these 
two points can be detected. This occurs frequently after large 
chin augmentations. If disharmony of parts exists, the 
vertically closer the parts, the more obvious the disharmony. 
For example, subnasale to soft tissue pogonion disharmony is 
less evident than upper 10 lower lip disharmony. 

Total facial harmony 

This is the first of the four harmony examinations (Fig. 5.20). 
The upper face, midface, and chin are related via the facial 
angle (Gb'-Sn-Pog'). The facial angle, by itself, does not 
identify the source of disharmony but does measure the 
product of all other factors. Then the forehead is compared to 
two specific points, the upper jaw (Gb'-A') and chin 
(Gb' -Pog'). These three measurements give the broad picture 
of facial balance. If there is an abnormal AjP position 
(projection) ofa jaw or jaws, this is often revealed by an 
abnormal relationship to the forehead. 

Soft tissue inferior orbital rim to jaw harmony 

This evaluates the position of the soft tissue inferior orbital 
rim relative to the upper jaw (as measured by soft tissue A' 
point) and lower jaw (as measured by soft tissue pogonion) 
(Fig. 5.20). Measurements between these areas record the 
balance between the soft tissue orbital rim and the jaws. The 
clinical exall/i7lation and STCA orbital rim number are used to 
establish that the orbital rim projection is correct. If it is 
correct, it can then be used to reveal if the jaws are in 
disharmony relative to the normal orbital rim. The jaw or 
jaws which are in abnormal Al l' relationship (projection) are 
often revealed by an abnormal balance with the soft tissue 
orbital rim. 

Harmony values 
Total facial harmony 

facial angle 
forehead to maxilla (Gb' - A') 
forehead to mandible (Gb' - Pog') 

Soft tissue inferior orbital rim to jaw harmony 
maxilla (Or' - A') 
mandible (Or' - Pog') 

Maxilla to mandible harmony 
nasal base to chin (Sn - Pog') 
Mx base - Md base (A' - B') 
lip to lip (ULA - LLA) 

Intramandibular harmony 

Fig. 5.19 

incisor tip to chin (Mdl tip - Pog') 
lower lip anterior to chin (LLA - Pog') 
chin contour ( S' - Pog') 

Maxilla to mandible harmony 
The relationship between the maxilla and the mandible 
reveals the esthetics of the lower one-third of the face (Fig. 
5.20). This is the area which is most changed by treatment. 
Dental and skeletal factors (the upper incisor angulation and 
AlP position, the lower incisor angu lation and Al l' position, 
and the maxillary occlusal plane) are the main factors, but 
soft tissue thickness is also a facto r. Values indicate the 
relationship between the base of the maxilla (measured at 
subnasale) and the chin (measured at soft tissue pogonion), 
soft tissue B' point and soft tissue A' point, and the upper lip 
(upper lip anterior) and the lower lip (lower lip anterior). If 
disharmony exists between the maxilla and the mandible, it 
may be clear which is the offending jaw. If the source of 
disharmony between the maxilla and mandible is not clear, 
the upper and lower jaw harmony to the forehead and orbital 
rim may reveal the jaw or jaws which are out of balance. 

Mandibular harmony 
These values assess chin protrusion (measured as soft tissue 
pogonion) relative to the lower incisor, the lower lip, and the 
soft lissue B' point (Fig. 5.20). Analysis of these slructures 
indicates the chin position relative to other mandibular 
structures. The analysis indicates which structure, if any, is 
abnormally placed. For example, decreased distance from the 
mandibular incisor tip to the chin (soft tissue pogonion) may 
indicate flared lower incisors, a small hard tissue pogonion, 
thin soft tissue in the chin region, or a steep occlusal plane. 
The relationship of sort tissue B' point to soft tissue pogonion 
is one indication of chin contour. Normalizing these 
relationships is important, because chin projection is a main 
consideration for facial balance. 
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Glabella 

Subnasale 

Soft tissue 
A' point 

Soft tissue 
pogonion 

Total facial harmony 

Lower incisor tip 

Lower lip anterior 

Soft tissue S' point 

Soft tissue pogonion 

Mandibular harmony 

Soft tissue 
orbitale 

Soft tissue 
A' point 

Soft tissue 
pogonion 

Orbit to jaw harmony 

Maxi lla to mandible 
harmony 

Subnasale 
Soft tissue 
'A' point 
Upper lip 
anterior 

Lower lip 
anterior 

Soft tissue 
8' point 

Soft tissue 
pogonion 

Fig. 5.20 Harmony va lues. The 11 harmony vaLues are the horizontal distances between two landmarks, measured horizonta lly. They are 
divided into four groups. The faciaL baLance or harmony is determined by the position of each landmark relative to other Landmarks. 
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FEMALE/MALE DIFFERENCES 

The female STCA and male STCA values (Figs 5.21 and 5.22) 
demonstrate the need forseparate male and female values. If 
male values are applied to an ideal female face, multiple 

differences are evident al the two and three standard deviation 
level. 

srCA femaLe soft tissue cephalometric analysis 

Dentoskeletal 

~ ru;;:'~;O~~ 

-1~,}±===oiJ~~l _11.410_7.0 

he;gh1 

Mxl10TVL 

0' 
25- 3.9 

M. OP--TVL 

Harmony 

Total facti (facial ang le) 

Forehead 10 Mx (G'-A') 

Forehead lochin (G'-Pog') 

Orbit 10 Mx (OA-A') 

Orbit to chIn (OR-Pog') 

sn 10 chin (Sr>-Pog1 

Mx 10 Md (A'-8') 

Up 10 lip (ULA-lLA) 

1659-172.7 } Total 
57 __ 11.1 facial 
36-8.2 harmony 

16.2-208 

134--186 

13-51 

3.6-6.8 

0.8-2.8 

} 

} 
Orbil to jaw 
harmony 

Inler-jaw 
harmony 

Lower incisor 10 chin (Mdl-Pog') 72- 124 } Inlra-
Lower lip to chin (LLA-Pog') 

Md 10 chin (B'-Pog') 

24--6.6 

L(h}8 

mandibular 
harmony 

Sofllissue thickness 

L -' thickness 

"<>-Mo' 
lhickness 

103-133 

.--ss--i'o 

""", hp thidmess 

,~, 

lip thickness 

------

Vertical 

"" exposure 

Mx heIgh! 
23&-276 

"-Ix height 
462-510 

Projections to TLV 

_20.710 _16,7 Or' • 

-23.010-18-2 CB • 

-16910--127 SP . 

-14010-116 AS 

- 146TO - 1O.2 Mxl-TVL 

Projections 

II/) 

CO,,, 
lip angle 

7.0-172 

• 

'" 191-229 

u. 
676-746 

m 
446-492 

G' - 10.9 to -6. 1 

Absolule 
value-s 

Facial 
height 

1199-1293 

NT 146-17.4 

"" A" - 11 100.9 

ULA 2.S1049 

LLA 0.51033 

B' -6810 ·3,8 

Pog' -4,510...(17 

Threat klngth (NTP-Pog') 52.310641 

fig. 5.21 Female STCA normal ranges (ClArnett facial Reconstruction Courses Inc, 2003), 
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Females and males are facially similar in some 
measurements but different in others. All male soft tissue 
thicknesses are statistically greater than the female values. 

Female faces are shoner in all dimensions except incisor 
exposure and inter-labial gap. 

srCA maLe soft tissue cephaLometric analysis 

( Dentoskeletal 

~ m:x;~6p~ 
n 

1

-13.910-10.3 
Mxl 10 TVL 

height 
53 9.0 

0' 
2.5-3.9 

Harmony 

Total lace (lacial angle) 

Forehead to Mx (G'-A') 

Forehead 10 chin (G'-Pog') 

Olbit 10 Mx (OR- A') 

OJb<t to chIn (OR-Pog') 

Sn 10 chin (Sn-Pog') 

Mx to Md (A'-6') 

Lip to lip (ULA-LLA) 
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Lower lip to chin (LLA- Pog' ) 
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Fig. 5.22 Male STCA normal ranges (CArnett Facial Reconstruction Courses Inc. 2003). 
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Female and male AjP measurements to ",VL (projections) 
are similar, except the male midface, incisor, and soft tissue B' 
point projections are larger. Harmony values between the 
sexes are quite similar. 

In the original research the female sample showed mOTe 
upper lip protrusion (12.1 " female, 8.3" males), as measured 
by the upper lip angle. Female faces were statistica lly shoner 
than male faces, and females had more incisor exposure (4.7 
mm) than males (3.9 nun). 

For treatment planning purposes, the important difference 
between females and males is the large vertical difference 
between the IwO groups. 

LISTING THE PATIENT'S FACIAL PROBLEMS 

At this stage many clinicians will choose to make a list of the 
patient's facial problems. These will be listed in order of 
importance, and will be derived from the subjective findings 
during the clinical examination (Fig. 3.36, p. 74) and the 
more objective STCA (Table 5.1, p. 152). A note should be 
made of the patient's main complaints, and what the patient 
is expecting from treatment. The treatment planning can then 
be based on this key information, as described in Chapter 7. 

COMMENTARY ON THE MIDDLE THIRD OF 
THE FACE 

The following commentS give further insight into the 
significance of some of the clinical and srCA findings. They 
are made to assist the reader in the interpretation of abnormal 
facial findings. Comments in the following sections apply to 
both clinical and srCA measurements but are described in 
terms of the normal values for the STCA which are 
approximately 8-10% larger that the identical clinical 
measurements as a result of cephalometric magnification. The 
STCA measures can be found in Tables 5.21 and 5.22. The 
clinical values may be found in Chapter 3. 

The orbital rim 

Osseous structures are often deficient as groups. Therefore, an 
individual with a retruded maxilla may have deficient orbital 
rims. Orbital rim protrusion is rare. During surgery, heat 
cured hydroxyapatite can be used to correct deficient orbital 
rim contours. 

The cheekbone 

There is a high correlation between flat or soft cheekbones 
and maxillary retrusion. If the cheekbones appear flat or soft, 
a cheekbone augmentation is indicated. Heat cured 
hydroxyapatite can be used to correct deficient cheekbone size 
and contour. 

The subpupil area 

If the subpupil area is flat or soft, the maxilla is often 
retrusive. Le Fort I (LFI) advancement corrects subpupi! 
deficiency. The maxilla is rarely, if ever, moved posteriorly, 
because this produces concavity of the nasal base area. This 
leads to nasolabial folds, which are associated with aging. 



The nasal base 
The nasal base is supported by the maxilla . Therefore. 
maxillary retrusion presents as nasal base concavity. Oatness, 
or softness. Le Fort I advancement is used to correct nasal 
base retrusion. Rarely, if ever, is the maxilla moved 
posteriorly. 

The nasal projection 

The projection of the nose (an be an indicator of the Al P 
position of the maxilla, but not always (Fig. 5.23). A long 
nose in conjunction wi th normal maxillary projection is 
treated with rhinoplasty. 

The nasal projection is important when considering 
surgical anterior movement of the maxilla. If there is 
decreased nasal projection, this limits the amount of 
maxillary advancement which will be possible. 

Conversely, if a patient has a Class III malocclusion and a 
short nose, a mandibular set-back may be indicated. 

Midface retrusion is defined by a nose that appears long. a 
depressed or (1at alar base, poor incisor support for the upper 
lip, upright upper lip, thick upper lip and retruded upper 
incisor. 

The projection 
of the nose 

Females 16 mm 
Males 17.5 mm 

\ TVL 

Fig. 5.23 The projection of the nose can be an indicator of the A/P 
position of the maxilla, but may mereLy reflect the size of the nose. 

COMMENTARY ON THE LOWER THIRD OF 
THE FACE USING THE CLINICAL AND STCA 
EXAMINATIONS 

The following comments are made 10 assist the reader in the 
clinical interpretation of abnormal findings. They give further 
insight inlO the clinical significance of some of the lower third 
STCA findings. Once again, the values shown from the srCA 
are 8-10% larger than their clinical counter parts secondary to 
cephalometric magnification. 

Length of the lower third of the face 

Predictably, increased length of the lower third of the face is 
frequently found in cases with vertical maxillary excess (Fig. 
5.24) . It is also found in some Class III malocclusions. where 
lack of interdigitation increases the vertical length. 

Decreased length of the lower third of the face is associated 
with vertical maxillary deficiency and with mandibular 
retnlsion deep bite cases. 

The appearance of landmarks within the lower third of the 
face, specifically the relaxed incisor exposure and inter·labial 
gap, are very significant in guiding vertical treatment 
planning. ·nley are more important in assessing facial balance 
than is the ratio of the midd le and the lower thirds of the 
face. Equality of the middle and the lower thirds should not 
be used as the deciding factor. 

n 

The height/Length 
of the lower third 
of the face 

Females 71 mm 
Males 81 mm 

Soft tissue menton 

Fig. 5. 24 The average height/length of the lower third of the face is 
71 mm for females and 81 mm for males. 165 



166 

The short upper lip 

If a patient has a norTnal lower face height/ length. but the 
upper lip is anatomically short, an increased inter-labial gap 
and incisor exposure is ~n compared with the normal 
(Fig. 5.25). 

Normal heightjlength 
of the upper lip 

Female 21 mm 
Male 24.5 mm 

Normal inter-labiaL gap 
1>'-__ - Female 3.5 mm 

Male 2.5 mm 

I 

This should not be confused with vertical maxillary excess, 
which causes increased lower one-third facial length, 
increased inter-labial gap, and increased upper incisor 
exposure (Fig. 5.26). 

Short heightflength of the 
upper lip 
Female less than 19 mm 
Male less than 22 mm 

Increased inter-labial gap 
and incisor exposurl;' 

I 

Fig. 5.25 If the upper lip is anatomically short, an increased inter-labial gap and incisor exposure may be observed. 

Fig. 5.26A Relaxed lip. Patient with vertical 
maxillary excess. Note excess incisor 
exposure and interlabial gap. 

Fig. 5.268 Smile. Patient with vertical 
maxillary excess. Smiling reveals greater 
than 2 mm of gingiva 

Fig. 5.26C Closed lip. Patient with vertical 
maxillary excess. Closing the lip produces 
alar base narrowing, lip flattening, and chin 
dimpling . 



The short lower lip 

An anatomically short lower lip is sometimes associated with 
Class II malocclusions. This is verified by cephalometric 
measurement of the lower anterior dental length (lower 
incisor tip to soft tissue menton). The average values arc for 
females 45-49 mm, and fo r males 52-57 mm.2 1 An 
anatomically shon lower lip should not be confused with a 
lower lip which appears short, due to Class II deep bite upper 
incisor interferences. An anatomically short lower lip can be 
lengthened with a lengthening genioplasty. 

The long lower lip in Class III cases 

An anatomically long lower lip is not common. It can be 
associated with Class []I malocclusions. Care is needed to 
carefuHy examine patients with a Class III malocclusion. A 
closed lip position will produce the appearance of a long 
lower lip, as the lip elongates to close over the Class III 
incisor relationship. The closed lip length is misleading and 
should not be used for treatment planning. Also, in Class III 
cases the relaxed lip appearance is deceiving due to 
hypertonicity of the lower lip - this causes elevation and 
apparent lengthening. The lower lip length should be verified 
with the cephalometric anterior den tal length measurement 
(lower incisor tip to soft tissue menton) which is not 
influenced by posture (Figs. 5.21, 5.22). 

The lip proportions 

The normal ratio of upper to lower lip is I : 2.2 (Fig. 5.27). 
Proportionate lips harmonize regardless of length; 
disproportionate lips may need surgical length modification 
to appear in balance. 

Subnasale 

Height/length 
of the upper lip 

U er Ii inferior 

Lower lip superior 

Height/length 
of the lower lip 

Ratio 1:2.2 

Soft tissue 
menton 

fig. 5.27 The normal ratio of upper to Lower lip is 1: 2.2. 

I 

167 



168 

Lip redundancy 

Up redundancy is seen with vertical maxillary deficiency. In 
older patients. il may be due 10 long tip lengths. To accurately 
assess lip lengths when redundant lip is present. the palicm's 
bite must be opened until the lips separate. This is best 
accomplished with a wax bite, used 10 open the bite on 
cenuie relation (p. 104). The face is exam ined in that 
position. 

If the lip redundancy is caused by venical maxillary 
deficiency, surgical correction normally involves a venical 
skeletal increase. If the redundancy is due 10 a long upper lip, 
the lip can be shortened. 

The upper lip prominence 

Upper lip prominence (Fig. 5.28) is related 10 the A/P 
position of Ihe maxilla, upper incisor torque, and upper lip 
thickness. If the maxilla is retruded, this is associated with 
upper lip retrusion and a st raight maxillary sulcus curve. 
Upper lip retrusion is treated with labial crown torque, Le 
Fort J advancement, or by increasing upper lip thickness. For 
optimal esthetic outcome, the source of the retrusion should 
be identified and treated - for example, thickening of a tbin 
lip. 

The upper lip support 

Upper lip support is lacking when maxillary retrusion exists. A 
special note should be made if the upper lip is unsupported 
by the teeth, and is effectiwly supported only by air. An 
unsupported upper lip of tb is type is a pendu lous dral)(' and 
usually has a deep maxillary sulcus curve. The maxilla should 
be advanced in this si tuation to bring the incisors into lip 
contact and to provide support from the teeth. An 
orthodontic history is importalll when evaluating upper tip 
suppon. If this reveals that retraction mechanics were lLsed, 
maxillary advancement is normally indicated. If the support 
for the upper lip is deficient, this is treated with labial crown 
torque and/or maxillary advancement. 

TVL 

Fig. 5.28 Upper lip prominence is reLated to the AlP position of the 
maxilla, upper incisor torque, and upper Lip thickness. 



The nasolabial angle and the upper lip 
angle 

Closely related to upper lip projection are the nasolabial 
angle (Fig. 5.29) and the upper lip angle (Fig. 5.30). 'J1lese 
reOeCl the position of the upper incisor teeth and the 
thickness of the soft tissue overlying these teeth. "hese angles 
are extremely important in assessing the upper lip. The soft 
tissue structures are altered by movement of the incisor teeth. 
These angles should be studied before orthodontic overjet 
correction, to assess the poten tial for unfavorable re trusion 
and flattening of the upper lip. 

7 
Fig. 5.29 

Columella 

Upper lip 
anterior 

Nasiolabial 
angle 

The lower lip projection to TVl 

Lower lip projection is infl uenced by the incli natio ns of upper 
and lower incisors, Ihe projection of the maxilla and 
mandible, the overbite, and the thickness of the lower lip. 
Anterior deflection of the lower lip with accentuation of the 
labiomental angle occurs with deep bite Class II and vertical 
maxillaty deficiency (Case RS, p. 247). Class [I[ malocclusions 
are associated with a protruded lower lip and straight 
labiomental angle. Abnormalities of the lower lip are treated 
by correcti ng the AlP and venical occlusal disharmonies. 

TVl 

Fig. 5.30 

Subnasale 

Upper lip 
anterior 

Upper lip 
angle 

Figs 5.29 and 5.30 The nasolabial angle and the upper lip angle reflect the position of the upper incisor teeth and the thickness of the soft 
tissue overlying them. These angles should be studied prior to orthodontic extraction and retraction - if they alter to unesthetic values 
extractions and retraction shoud be avoided. 
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Upper incisor exposure-lips at rest 
disharmony 

During clinical frontal examination and STCA of the lips it is 
necessary to establish the cause of any disharmony thai is 
observed. Disharmony of upper incisor exposure (rig. 5.31) 
can be produced by the following: 

• Increased or decreased length orille upper lip (Fig. 5.32). 
• Increased or decreased skeletal length of tbe maxi Ila (Figs 

5.26 and 5.33). 
• Increased or decreased length of the upper incisor crowns 

(Fig. 5.34). 
• Lip thickness - increased lip thickness reveals less tooth 

exposure. This is determined by the distance from the 
facial surface of the upper lip to the upper incisor edge 
(Fig. 5.15). 

Subnasale 

Upper lip 
length 24 C?> 

Upper lip 
;"feriO'~ 

0.5 mm upper 
incisor exposure 

Fig. 5.31 The mean vaLue for upper incisor exposure in females, 
with lips at rest, is 4.7 mm . The mean for males is 3.9 mm. 

Subnasale 

Upper lip 
length 19 m~ ?5. mm upper 

U I
· ~ IncIsor exposure 

pper lp 

;"feriO'~ 

Fig. 5.32 Female depiction, a differences in upper lip length - just one of four possible causes of differences in upper incisor exposure with 
lips at rest. Predictably, it is also a factor when smiling (p. 60). 



Exposure of upper incisor and gingivaL 
tissue when smiling 

Variability in gingival exposure is related to: 

• The length of the upper lip (Fig. 5.32) 
• The vertical length of the maxilla (Fig. 5.33) 
• The crown lengths of the upper incisors (Fig. 5.34) 
• The presence of gingival hypertrophy 
• The magnitude of lip elevation when smiling (Fig. 5.35). 

Excessive gingival exposure when smiling may therefore be 
caused by a short upper lip, vertical maxilla!), excess, short 
crowns, gingival hypertrophy, and/or large upper lip elevation 
when smiling. 

Historically, the subject of excessive gingival exposure and 
'gummy smiles' has been much discussed in orthodontics. It 

Height/length 
of the maxilla 

Upper incisor tip 

Subnasale 

Fig. 5.33 Gingival exposure varies with the verticaL length of the 
maxilla. 

Fig. 5.35 It is acceptable to show up to 2 mm of gingival tissue at 
the smile, as seen here. Excessive gingival exposure when smiling 
may be caused by a short upper lip, vertical maxillary excess, short 
incisor crowns, gingival hypertrophy, and/or a large elevation of the 
upper Lip when smiling. InterestingLy, none of these can be 
influenced by orthodontic treatment. 

- 7 

crown size 

- 7 

Small incisor 
crown size 

Fig. 5.34 GingivaL exposure varies with the Length of the upper 
incisors. All other factors being equal, if the crown height is short 
more gingiva is exposed when smiLing. 
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is interesting to note that the causes of a gummy smile are not 
treatable orthodontically, By orthodontic methods it is not 
normally possible to change the causative factors, such as 
vertical maxillary excess or short incisor crowns. 

If there is decreased incisor display when smiling. this can 
be caused by maxillary vertical deficiency, short crown 
lengths, or decreased elevation of the upper lip during 
smili ng. 

Short incisors are commonly associated with functional 
and para functional abrasion. Before surgery the teeth should 
be lengthened to normal anatomical dimensions. In this way, 
normal incisor to lip dimensions can be planned. 

Inter-labial gap 

'lhe inter~ l abial gap measurement varies with lip lengths and 
vertical skeletal height or length. An increased inler-Iabial gap 
(Case J-IJ-I, p. 18; Case AC, p. 185; Case AD, p. 218) is seen in 
patients with a short upper lip, vertical maxillary excess, or 
mandibular protrusion with an open bite. A reduced inler
labial gap is found in patients with vertical maxillary 
deficiency (Case RS, p. 252), and an anatomically long upper 
lip (this is a natural aging change, especially in males). 
Abnormalities of inter-labial gap measurement should be 
considered when planning any skeletal changes. For example, 
a short upper lip should be recogn ized as a soft tissue 
problem. It should not be treated by excessive surgical vertical 
shortening of the maxilla. This error can lead to a short, 
round facial outline. 

TVL 

Retruded 

Fig. 5.36 The prominence of soft tissue pogonion. 

Closed lip strain 

In cases with closed lip strain, mentalis contraction (mentalis 
strain), lip strai n, and alar base narrowing are observed at the 
closed lip position (Fig. 5.26, p. 166). This may be related to 
vertical skeletal excess, a short upper lip, or in some cases, 
mandibular protrusion with an open bite. 

Upper and lower vermilion heights 
Many procedures exist which can alter the vermilion heights 
and AjP thickness of this lip area. When applicable, these soft 
tissue procedures should be used to create normal lip 
anatomy and thus enhance facial beauty (Fig. 5.31, p. 170). 

Prominence of soft tissue pogonion 
The prominence of soft tissue pogonion (Fig. 5.36) is 
influenced by the torque of upper and lower incisors, the A/P 
position (projection) of the maxilla, the A/P position of the 
mandible, the overjet, the angle of the occlusal plane, and the 
soft tissue thickness of pogonion. 

Disharmony, due to a retrusille sofltissue pogonion, is seen in 
cases with vertical maxillary excess, mandibular retrusion, and 
steep occlusal planes. Disharmony, due to a protrusille soft 
tissue pogonion, is associated with vertical maxillary defkiency, 
mandibular protrusion, and a flat occlusal plane. 

Pogonion harmony is produced by identifYing and treating 
the source of the disharmony. For these cases, surgery often 
includes a double jaw surgery to flatten the occlusal plane 
and/or a chin augmentation of 2-4 mill. Chin augmentations 
in excess of 4 mm are compensations for poor planning (steep 
occlusal planes, upright upper incisors an d/or llared lower 
incisors). 

TVL TVL 

Normal Protruded 



Throat length and contour 

'111£ throat length (Fig. 537) and contour are innuenced by 
the torquE' of the upper and lower incisors. the AlP position 
of the maxilla and mandible, the angle of the occlusal plane, 
and the soft tissue thickness of pogonion, and presence of 
submcrllal fat. Surgical sct-back of the mandible will change 
throat length. The esthetic result, after surgery, should 
produce a throat with adequatE' length, without sagging, and 
adequatE': ainvay. 

Consequently, a patient with a long, straight throat length 
can be considered for a mandibular set-back. Conversely. a 
pat ient with a short, sagging throat length is not a good 
candidate for a mandibular sel·back, but should have a 
mandibular advancement and possibly a submental 
lipeclOmy, 

Neck-throat 
junction 

Balancing the dental, skeletal, and soft 
tissue relationships to TVL 

As stated earlier, if dental and skeletal factors are within a 
normal range, they will usually produce balance and harmony 
of the profile. The nasal base, the lips, the (hin relationship, 
and the soft tissue A' point and S' point will be balanced and 
harmonious. The profile at the end of treatment is greatly 
influenced by how accurately the onhodontiSI and surgeon 
manage the dental and skeletal components. 

As a goal, the dental and skeletal values should be within 
IwO standard deviations to "cbieve a balanced profile. 
However, in a few cases the occlusal plane, and the upper and 
lower incisor values 10 the ']VL will need to be in the three 
standard deviation range, in order to produce adequate 
projections of the soft tissue profile. The upper and lower 
incisors will be forward o f normal positions in these 
silualions 10 produce the necessal)' lip protrusion and chin 
projeClion. 

TVL 

Soft tissue pogonion 

Fig. 5.37 The throat length. Surgical set-back of the mandible changes the throat length. 

) 
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A clinicaL commentary on faciaL growth, 
faciaL imbaLances, and the need for 
bimaxiLLary surgery 

Volumes have been written on the 'mechanisms' involved in 
facial growth. In clinical practice, cenain patterns of facial 
growth repeatedly present themselves. These eventually begin 
10 innucnce clinical diagnosis and treatment planning. 'rhe 
following clinical observations are wonhy of consideration. 
'Illc mandible appears to drive the growth of both jaws - AlP 
(anteroposterior) and venically. For example, if mandibular 
AII' hypoplasia occurs, maxillary Al P hypoplasia also occurs, 
but 10 a lesser extent than in the mandible. The maxilla 
appears 10 lag back for wanl of the push provided by normal 
AlP mandible growth. Following this logic. the clinician will 
feel that many Class II malocclusions should (for facial 
reasons) be treated by a small advancemenl of the maxilla 
and a larger advancemenl of the mandible. If treatmenl is 
based on facial examination and nOt only on the Class II 
overjet, this is a frequent finding; the most common facial 
operation in the onhognathic surgery practice is bimaxillary 
advancement. The same logic (mandibular growth d riving 
maxillary growth) can be seen in Class [JJ (mandibular 
prognathism) cases. The maxilla is often retruded (maxilla!), 
retrusion) when mandibular prognathism exists. It appears 
that the mandible 'jumps past' the maxilla. Consequently, the 
maxilla seems to 'lag back' for wanl of the push provided by 
normal AlP mand ibular growth. As a consequence, when 
treatment is directed by facial examination and not by the 
overjet. a mandibular set-back and a maxillary advancemenl 
are frequently required to produce facial balance. Venically, 
the mandible also seems to control the growth of both jaws. 
Normal venical ramus growth seems to allow normal 
posterior maxillary height to develop. If venical ramus growth 
is deficient, posterior vertical growth of the maxilla is 
frequently also dimin ished. If this occurs it is occlusally 
expressed as a Class II steep occlusal plane, and facially 
expressed as deficiency of the chin. By looking beyond the 
Class II overjet. facial examination requires a treatmenl plan 

which will 'flatten' the occlusal planes of both jaws. This will 
provide normal chin projection. Consequently, if treatment 
planning is directed by facial examination (and nOt the 
overjet), the occlusal plane of both jaws must be flallened 
during treatmenl, and the mandible advanced, to produce 
facial balance. 

A recenl study seems to provide suppon for the above 
clinical obselVations. Cidarakou et al24 studied the effects of 
degenerative joint disease on skeletal and dental pallerns. 
They found the following morphology: 

1. Maxilla!), retrusion 
2. Mandibular retrusion 
3. Clockwise mandibular rotation 
4. Upper and lower denlure base retrusion 
5 . Overjet increase. 

These findings are identical to the cl inical experience stated 
above (bimaxillary retrusion with a steep occlusal plane). 
Cidarakou felt that the DID possibly affected growth, leading 
to the altered facial pattern. It might be true that any decrease 
in condylar growth, for any reason, will result in this growth 
pattern and require bimaxillary advancement with COUlller
clockwise occlusal plane change. 

I! can also be obselVed that the mandible appears to drive 
the growth of both jaws (thai the maxilla follows the 
developmenlal pattern of the mandible) in asymmetrical 
cases. Asymmetries are most often an expression of 
asymmetrical condylar growth. Excess condylar growth pushes 
the midline to the opposite side while canting down the 
maxilla and mandible on the affected side. Unilateral 
condylar hypoplasia has the opposite affect. The midline 
deviates to the small condyle and the maxilla and mandible 
cant up on the arrected side. 



3. THE ANALYSIS OF THE DENTITION AND 
INTRA-ORAL TISSUES 

THE PRE-ORTHODONTIC ANALYSIS 

Information is gathered about the teeth and intra-oral tissues 
using the patient hislOIY, the patient examination, the 
mounted dental models, and the panoramic and bite-wing 
radiographs. It is necessary 10 analY.le the teeth and 
supporting periodontal tissues, the intra-oral soft tissues (in 
particular tongue size and posture) and the alveolar bone. A 
note should be made concern ing oral hygiene and predicted 
levels of cooperation, as these become increasingly important 
as orthodontic correction proceeds. 

As with any patient analysis, it is essential to identify any 
soft or hard tissue anomalies or pathology. Where necessary 
this needs to be referred to a dentist, periodontist surgeon or 
other appropriate specialist . 

111e mounted dental models are used to identify and 
quantify any mandibular slides. The mOUlued models need to 

be carefully compared with the intra-oral findings during the 
clin ical examination. 

After this, the dentition becomes the main focus of the 
analysis. II is assessed and recorded in three categories: 

• Vertical 
• I lorizontal 
• Transverse. 

Vertical analysis of the dentition 

TIlis includes the overbite, the plane of occlusion, and the 
cUlVe of Spee. If there is a dual plane of occlusion in the 
maxilla (Fig. 5.38), this should be noted. Ankylosed teeth can 
cause local venical difficulties, and these need assessment. 

Any canIS should be noted and correction included in the 
overall treatment plan if possible. lfbimaxillary surgery is 
contemplated, occlusal cants will be corrected routinely at 
surgery (Figs 5.39-5.56). If the treatment plan involves one
jaw surgery. the OCclUSfll callt will have to be flccepted, unless 
there is an esthetic problem. If there is a clear esthet ic 
problem, either orthodontic tooth movemen t or bimaxillary 
surgery must be used to correct the cant. II is difficult to 
correct a cant orthodontically. 

Fig. 5.38 If there is a dual plane of occlusion in the maxilla. this 
should be noted. Orthodontal flattening of the duaL pLane occlusion 
has a high rate of relapse. 
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This female patient (Figs 5.39 (0 5.49) presented with facial 
asymmetry and a small cant of the dentition (down on the 
left). This was due to less condylar growth on the right side 
than on the left side. There had been previous extraction of 
upper first premolars. 

The lower midline discrepancy was not of dental origin, 
but was assessed as being due to a mandibular asymmetry 
and a mandibular slide. 

Fig. 5.39 Fig. 5.40 

Fig. 5.42 Pre-orthodontic photographs in centric occlusion (these 
photos do not reflect the severity of the maloCclusion) 

Fig. 5.41 

Figs 5.39 to 5.41 Pre-orthodontic facial photographs taken in centric occlusion (with no CR wax-bite), The frontal photographs show the 
facial asymmetry, however, the profile photograph does not show the severity of the facial imbalance. 



Fig. 5.43 

Fig. 5.45 

Fig. 5.47 

Fig. 5.44 

Fig. 5.46 

Fig. 5.48 Post·orthodontic 
preparation profile with 
waxbite. 

Fig. 5.49 Post-orthodontic 
preparation frontal with 
waxbite 
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The overall lrealmenl plan included bitnaxillary surgery, to 
level the occlusal cant and center the mandible. If the 
treatment plan had involved only one-jaw surgery, the 
occlusal cant must be accepted. 

The occlusal cant and the mandibular asymmetry were 
corrected at surgery. Dentally, the upper arch was prepared for 
implants (Figs 5.50 to 5.58). 

Fig. 5.50 Fig. 5.51 

Fig. 5.53 Post-treatment intra-oral photograph. Implants will be 
placed in upper first bicuspid areas. 

Fig. 5.52 

Figs 5.50 to 5.58 Post-treatment faciaL photographs, showing excellent faciaL baLance. 



Fig. 5.54 Fig. 5.55 

Fig. 5.56 Fig. 5.57 

Fig. 5.58 Post-surgery panorex. 
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Horizontal analysis of the dentition 

This will include a note of any crowding or spacing. and a 
tooth size analysis (for example the Bolton analysis). Overjet 
is recorded in this horizontal category. as well as the molar 
and canine relationships. The general anatomical form of the 

TrianguLar shaped crowns. 

Rectangular shaped crowns. 

Barrel shaped crowns. 

teeth (Fig. 5.59) needs to be noted (rectangular, triangular or 
barrel shaped). Missing teeth and smalltceth (Fig. 5.60) such 
as peg-shaped lateral incisors should be recorded, together 
with any severe rOla1ion$. 25 

Fig. 5.59 The general anatomicaL form of the teeth needs to be noted . They may be rectanguLar, triangular or barrel shaped. 



Fig. 5.60 Missing teeth and small teeth should be recorded. together with any severe rotations. 
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Transverse analysis of the dentition 

Upper and lower arch forms are noted, together with arch 
coordination. Crossbites are recorded and analyzed to 
determine whether they are of dental, skeletal, or functional 
origin. If the maxilla is narrow skeletally this important fact 
should be noted, because surgical correction will be needed in 
a non-growing individual. Rapid maxillary expansion can 
achieve an increase in maxillary skeletal width for younger 
patients (Fig. 5.61). However, Wertz and Dreskin noted that 
'older patienLS often lose much of the width increase that is 
achieved through palatal expansion' .26 Linder-Aronson and 
Lindgren investigated rapid maxillary expansion cases 5 years 
post_retention. 27 They found that only 45% of molar 
expansion, and 23% of inter-canine expansion was 
maintained. 

Upper and lower midline discrepancies are noted. When 
analyzing the midlines, the philtrum represents the soft tissue 
midline of the face (p. 52). Midlines are assessed relative to 
this. As previously stated, upper deviations are normally of 
dental origin. A lower midline discrepancy may be of dental 
origin, but may be due to a mandibular slide or mandibular 
asymmetry (Figs 5.41-5 .58). This needs to be analyzed. 

A mandibu lar shift is characterized by dental and chin 
shifting. Skeletal asymmetry of the mandible is caused by 
differential condylar growdl or unilateral condylar resorption. 

During later treatment, midline corrections will be 
achieved by correcting the cause. During analysis of the 
dentition it is therefore necessary to diagnose the underlying 
source of any midline discrepancy. 

Fig. 5.61 Rapid maxillary expansion can achieve an increase in maxillary skeLetal width for younger patients, but carefu l retention is needed. 
SurgicaL correction will be required for stable maxillary expansion in a non-growing individual. When rapid palataL expansion is achieved 
presurgically, the archwire should be cut to allow any expansion instabili ty to relapse prior to surgery. Note in the center photograph that the 
centraL incisors have separated . This indicates the desired skeLetal expansion has occured . 

Listing the patient's dental problems 

The patient's dental and any other intra-oral problems are 
listed, with information about what the patient is expecting 
from treatment. The guidelines for dental treatment planning 
are presented in Chapter B. 

For potential surgical cases, the initial records and the 
findings need 10 be sent to the surgeon for review and input 
from Ihe surgical aspect. It is important to involve the surgeon 

at this early stage, to aHow a full exchange of information, 
and to assist the patient in preparing for possible surgery. This 
preparation can be a lengthy process, involving emotional. 
intellectual. and financial planning. The patient needs to be 
fully comfortable with the finalneatment plan, and well 
prepared from all aspects. 



THE PRE-SURGICAL ANALYSIS OF THE 
DENTITION AND INTRA-ORAL TISSUES 

For surgical cases further models should be taken as 
orthodontics proceeds and the pre-surgical set-up gels closer. 
There should be more than one set, 10 evaluate Ihe progress. 
Both the surgeon and the orthodontist should be checking 
these progress models. This ongoing analysis makes sure that 
the dentit ion is properly set up onhodolllically, in 
preparation for surgery. 

The surgeon will require detailed information about the 
o rthodontic tooth movements which have been carried out. 
The pre-orthodontic records can be compared with the latest 
models and radiographs 10 note 'orthodontic changes' on the 
appropriate form (Fig. 5 .62) 

MODEL EXAMINATION 

1. Orthodontic extraction decision (periodontaL heaLth and stability) Solution 

upper __ mm crowding accentuated ( of spee extraction I 44 I 55 

labial crown torque 

reapproximation 

lower __ mm crowding accentuated ( of spee extraction I 44 I 55 I 1 

labial crown torque 

reapproximation 

2. Orthodontic preparation stability (compare pre-ortho to presurgical models) Solution 

upper arch width/ form no change expanded contracted cut arch wire to alLow relapse 

lower arch width/ form no change expanded contracted bend archwire to match original 
arch width and form 

upper occlusal plane no change leveled cut arch wire to allow 2 plane relapse 

3. Surgery decisions (1 piece versus multisegment) Solution 

CI bicuspid test I class I overjet I class II overjet I class III overjet place upper distal lateral spaces 

upper crown torque change 

lower reapproximation 

lower crown torque change 

class I arch width I match I mismatch I edge to edge I crossbite multisegment lFI 

midLine osteotomy Md 

upper occlusal plane J one pla ne I two plane I accentuated I reverse multisegment lFI 

Patient name ____________________ _ Referring doctor _ ____________ _ 

Fig. 5.62 Three areas of model analysis are accomplished; orthodontic extraction decision, orthodontic stability, and surgical decisions . 
Findings are Listed on the left whiLe treatment is shown on the right. Areas examined and treatments are based on stabiLity and periodontal 
health of orthodontic changes. (QArnett Facial Reconstruction (ourses Inc. 2003) 

) 
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This 15.2-year-old fe male presented for consultation with a 
severe Class II malocclusion. She was referred by her 
orthodontist. Diagnosis and treatment were started with the 
intention of fulfilling the seven goals of treatment. Iler 

patient wanted the sag removed from under her lower jaw 
and her face to look proportional. She had clicking in her jaw 
but no pain. TMJ examination and history, clinical facial 
examination, soft tissue cephalometric examination, and 
model examination weTe obtained . The problem list and 
treatments were as follows: 

patient motivation form indicated a desire for straightening of 
her upper and lower front and back teeth, forv.ard movement 
of the lower teeth, and correction of the mi dline. Facially, the 

PROBLEM 

1. High midface 

• Oeficient cheekbone contour 

2. Maxilla 
Dental 
• Upper incisor lingual crown torque 
• Orthodontic preparation stability (assess models) 

Skeletal/jacial 
• Upper lip retrusion 

• long nasal projection 
• No dental deviation 
• Normal incisor exposure 
• Class I hand held model - narrow maxilla 

• Curve of Spee - level 

3. Mandible 
Dental 
• Mild crowding 
• lingual crown torque 
• Orthodontic preparation stability (assess models) 

Skeletal/jacial 
• Marked chin and lower lip retrusion 

• 2 mm left deviation 
• Short chin height 
• Class I hand held models - wide mandibLe 

• Curve of Spee - accentuated 

4. TMJ 

• Clicking 
• Condyles with flat surfaces, t hick cortex 

5. Growth potential 

• 1S·year·old female, unstable condyles at this 
age (p. 146) 

TREATMENT 

• Heat treated hydroxyapatite augmentations 

• Upper incisor labial crown torque 

• Stable 

• Maxillary advancement 
• Maxillary advancement, possible future rhinoplasty? 

• No treatment 
• No treatment 
• Multi-segment LFI expansion or orthodontic expansion? 

• No treatment 

• Orthodontics anterior stripping 

• labial crown torque 

• Stable 

• Bilateral sagittal split osteotomy (8SS0) advancement, flatten occlusal plane 

• 2 mm right rotation 
• lengthen chin with osteotomy 
• Midline osteotomy of mandible? 

• levelorthodontically 

• Splint + medications after orthodontic preparation for 6 months 

• Splint + medicat ions after orthodontic preparation for 6 months 

• Orthodontics at age 16 
• Medications + splints at age 17.5 

• Surgery at age 18 
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Secondary to suspected joint instability, orthodontic." was 
to start at age 16, spl int and medications at age 175, and 
surgery at age 18. After diagnosis. the patient was treatment 
planned antero-posteriorly and vertically using the seven-step 
cephalometric treatment plan. The frontal midlines, levels, 
and outline were treatment planned using Ihe frontal clinical 
examination. Two possible treatment plans were proposed, 
which would correct the Class II malocclusion and arch width 
mismatch. These included multi-segment LFI + BSSO or BSSO 
with a midline osteotomy. Using orthodontics to correct (he 
arch width mismatch was eliminated because of potential 
relapse and periodontal decline, After orthodontic 
preparation, the orthodontist was asked to cuttbe maxillal)' 
archwire between the canines and laterals. and a moderate 
transverse mismatch developed. This relapse occurred within 
3 months. Based on this, a multi-segment LFI was chosen to 
correct the transverse discrepancy. The multi-segment LFI and 
BSSO produced basic facial balance while correcting the 
occlusion. Additional improvement of facial balance was 
achieved with heat treated hydroxyapatite cheekbone grafts 
and a sliding chin osteotomy with advancement and 
lengthening. Platelet rich plasma was used. and local bone 
was grafted to the LFI osteotomy and the large BSSO venical 
gaps. A supra-hyoid myotomy was done through the chin 
osteotomy to reduce posterior tension on Ihis 20.4 mm 
pogonion advancement. To stabilize the joints post-surgically, 
the patient was maintained on doxycycline, amitriptyline. and 
vitamins C and E. Feldene was not used postoperatively, to 
avoid the decreased bone healing associated wi th anti
inf1ammatol)' medication. 

fig. 5.63 fig. 5.64 

Fig. 5.66 

fig. 5.69 

fig. 5.65 

fi gs 5.63 to 5.70 Pre·orthodontic facial and intra-oraL photographs reveal a severe Class II skeletal pattern and minima l Class II dental 
pattern in centric occlusion . These records were obtained in a dental lab. They demonstrate the typical problem of lab records; the patient's 
joints are not seated and all records are thus inaccurate. Diagnostic records must reveal the true mandibular position relative to the maxilla -
only with this information can an accurate diagnosis and treatment pLan be developed. 



Fig. 5.67 

Fig. 5.70 

, 

, I 

Fig. 5.72 Pre-orthodontic panoral radiograph shows a healthy, caries 
and restoration free dentition . Third molars were present. 

Fig. 5.68 
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Fig. 5.71 Pre-orthodontic STCA tracing reveals a large nose (19, 
bLue), a flat upper lip (-0, red and -10, red), a steep occlusa l plane 
(104, red), and a very retrusive mandible (-20, red and -18, red). 
This headfilm radiograph is accurate. A first tooth contact waxbite 
was utilized to insure CR condylar position. Further, tomograms were 
utilized to examine condyle positions utilizing the same waxbite 
used for t he headfilm. 
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Figs 5.73 fig. 5.74 

Figs 5.73 and 5.74 Pre-orthodontic tomographic radiographs. Note: the flat antero-posterior surface and anterior beaking. These joints must 
be stabilized after orthodontic preparation, prior to surgery, wit h splints and medications. 

Figs 5.76 to 5.78 The pre-surgical orthodontic preparation, carried 
out on a non-extraction basis. The distal lateral spaces were 
developed to allow a Class III overcorrection of the mandible at 
surgery. 

Fig. 5.79 A severe overjet was present pre-surgically. The mandible 
was carefully positioned in CR for the photograph. 

Fig. 5.76 
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Fig. 5.75 The pre-surgicaL panoral radiographs showed that third moLars had been removed. 

Fig. 5.77 Fig. 5.78 

Fig. 5.80 The pre-surgical tomographic radiographs continued to show flat antero-superior surfaces of condyles and anterior breaking. 
Medications and splint (Ch. 6) were started 6 months prior to surgery. The condyles are recorticated and centered in the fossa. A waxbite was 
in place for the tomograms and headfilm. 
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Figs 5.81 and 5.82 Pre-surgical profile photographs. Note: chin 
retrusion and lip strain. A waxbite was in place for the photographs. 
This provides centric relation positioning between the maxilla and 
mandible. 

Figs 5.83 to 5.85 Pre·surgical 
frontal photographs. Note: gingival 
smile, excess incisor exposure and 
mentalis strain . 

Fig. 5.83 

Figs 5.86 and 5.87 Pre·surgical right and left three-quarter 
photographs. Note: chin recession and deficient cheekbone contour. 

Fig. 5.81 Fig. 5.82 

Fig. 5.84 Fig. 5.85 

Fig. 5.86 Fig. 5.87 
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Fig. 5.90 Superimposition 
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Figs 5.88 to 5.90 STCA (upper left) showed excess incisor exposure (7, green), steep occlusaL plane (104, red). and severe chin retrusion (-20, 
red). UP (upper right) and superimposition (lower center). Note: the overjet was set at 5 mm due to excessive incisor flaring. The flaring was 
planned to allow for Class III overcorrection advancement of the mandible . (hin projection was achieved with upper incisor flare, maxilLary 
advancement. mandibular advancement, flattening of the occlusal plane (104, red to 95, bLack), and chin augmentation. The posterior maxilla 
must be lengthened to produce chin projection. 191 
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Fig. 5.91 Fig. 5.92 

Fig. 5.93 

Figs 5.91 to 5.93 Intra-oral photographs post-surgicaLLy. Note: acrylic placed across the segmental surgicaL site (on brackets and archwire) in 
maxiLlary cuspid and lateral incisor area. The acrylic is utilized to stabilize the multisegment maxilLary surgery. Also note anterior skeletaL 
hooks for anterior stabiLizing elastics. Elastics are worn between the hooks to 'skeletaLLy' maximize the overbite for 8 weeks after surgery. 

Fig. 5.94 Post-surgical panoral radiograph shows surgical hardware for maxilLary and 
mandibuLar surgery, as well as chin reconstruction. The plates are specially designed by 
OsteoMed (orportion for large mandibular advancements and Lengthening of the 
posterior maxiLla. 
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Fig. 5.95 

Fig. 5.97 

Figs 5.95 to 5.97 Final intra-oral photographs reveal a Class I 
occlusion. Distal lateral spaces have been closed orthodontically. 

Fig. 5.96 

Fig. 5.98 Retainers in place. All types of retention must allow the 
teeth to co ntact on surgical cases. Contact maintains arch form and 
widt h stability. 

Fig. 5.99 Final tomographic radiographs of the TMJs show seated and concentric 
condyles. 12 months of post-surgical medications were used for joint stabilization. 
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Fig. 5.100 Fig. 5.101 Fig. 5.102 Fig. 5.103 

Fig. 5.104 Fig. 5.105 Fig. 5.106 Fig. 5.107 

Figs 5.100 to 5.107 Final photographs which include profile and frontal views with lips together, at rest. and smiling. Also final photographs 
of three·quarter views. These show a well·balanced face. 
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Fig. 5.108 FinaL STCA traCing, confirming the presence of facial 
balance. Note improved post surgical incisor inclinations. 

Fig. 5.109 fig. 5.110 

Figs 5.109 and 5.110 Pre- and post-surgicaL photographs. 
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The key to chin projection is ocdusal plane control. By flattening the occlusal 
plane (104, red to 95, black) the chin is advanced, importantly, in a natural 
Looking fashion. 

The orthodanl ic treatment for this patient was provided by 
Dr Paul F. Hannah. The authors gratefully acknowledge his 
assista nce in treating thi s patient. 
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INTRODUCTION 

In this chapter general guidelines and comments are offered 
on treatment planning for the TM/s, sufficient for facial 
planning purposes. Specialist books exisl on TM) treatment, 
and the reader is referred 10 these for more in-depth 
information. 

the panoramic and any tomographic radiographs, MRls if 
indicated, and the mounted study casts. After this information 
has been reviewed, a treatment plan can be established (Fig. 
6.!). 

The presence of any form of head, neck or TMJ pain and 
dysfunction requires decisions concerning the appropriate 
direction oftreatrnent. Information in this area is gathered 
from three main sources, the patient hislOI)', the clinical 
examination and the patient records. These records include 

All orofacial pains (p. 140), other than 
temporomandibular disorders (TMDs), should be referred to 
the appropriate specialist for treatment. TMDs need to be 
treated by the orthodontist and oral surgeon. In this category, 
it must be determined if the problem is related to the 
musculature, the TMls. or a combination of the two. 

History 

Chief concerns 
Medical 
Dental 
Orthodontic 
TMJ 

Diagnosis 

The musculature 
and the TMJs 

V 

\ 

ClinicaL 
examination 

The musculature 
and the TMJs 

Face - frontal 
and profile 

Intra-oral 

Diagnosis 

The face - frontal (clinical) 

! \ -
The face - profile (clinical 

and STCA) 

I 

( Treatment pLan ) 
----~ 

Records 

Photographs 

Radiographs 

Models 

Diagnosis 

The dentition 

,\ j 

) 

Fig. 6.1 UtiLizing t he history, clinicaL examination and records, a probLem list is generated. The probLem list (diagnosis) then gerlerates the 
needed TMJ, faciaL, and occlusal treatmerlt plan . 

6 
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THE CONSERVATIVE PHASE OF TREATMENT 

After the source of Ihe TMJ problem has been established, a 
conservative phase of treatment can be initiated. Whether the 
problem involves only the musculature, or the musculature 
and tOlal joint remodel ing, this conservative phase consists of 
up to four parts: 

• Splint therapy 
• Physical therapy 
• Stress management 
• AppropriatE' medications. 

If the patient is \0 undergo orthognathic surgery after 
orthodontic alignment. then the splint and medications 
should be repealed or initialed prior !O su rgery. 

SPLINT TH ERAPY 

The purpose of splints 

Patients tend to position their mandibles where the teeth fit 
best - in maximum intercuspation or centric occlusion (CO). 
111is may occur at the expense of the muscu lature and the 
TM/s, in the form of soft tissue changes and remodeli ng 
changes. In other words, a disharmony may exist between 
where the teeth fit best, and where the musculature is relaxed 
with the condyles properly positioned. An inter-occlusal splint 
can tempora rily elimi nate the effects of the occlusion. This in 
turn can allow the musculature to relax and heal, the TM)s to 
heal, and the condyles to seat in an uncompressed position 
within the glenoid fossae. From this corrected mandibular 
position, a diagnosis and treatment plan for the face and 
dentition can be established. It has also been determined 1 

that splints may reduce parafunctional activities such as 
clenching and grinding in a number of patients, or at least 
protect the teeth and the joints from the damaging effects of 
these activities. 

Reducing the effects of bruxism with 
splints 

Bruxism has been defined as 'the grinding or clenching of 
teeth at other times than for mastication'. 

Nitzan 1 investigated a group of patients diagnosed with 
displaced anicular discs. She measured hydrostatic pressures 
within the superio r joint space of symptomatic TM)s, and 
observed positive hydrostatic pressures with clenching in 
these patients. In over 40% of these patients these pressures 
were of sufficient magn itude to possibly influence regional 
blood flow (i.e. hydrostatic pressure exceeded expected end
capillary perfusion pressure). This latter point is speculative 
since direct measurements of blood flow to discreet regions of 

the 'I'M) are currently not possible. However. the data do not 
refute models, such as the hypoxia-reperfusion model 
proposed by Milam and Schmitz/ that implicate excessive 
mechanical loading in the development of degenerative TM) 
disease. '111ese models are: 

I. Direct mechanical injury 
2. I lypoxia-reperfusion injury 
3. Neurogenic inflammation. 

Nitzan l demonstrated that splint therapy reduces intra
anlcular pressure. During clenching, without the splint, 
pressure averaged 68.8 mml [g. lIowever, with the splint in 
place. measured intra-articular pressures were reduced by 
more than 80% to a mean of7.9 mm l-lg. 

It is hypothesized that splint wear may provide an effective 
therapy for reducing potentially damaging mechanical loads 
in some patients. Splint therapy could prevent or minimize 
tissue breakdown by reducing excessive mechanical loads to 
levels that are tolerated by susceptible TM/s. In other words. 
splint therapy could provide a mechanism for the 
stabilization of some unstable joints that would otherwise 
undergo extensive breakdown. perhaps leading to a 
progressive retrognathia and apertognathia. 

Reducing the effects of condyle 
displacement with splints 
Position:ll changes between the condyle, and the articular disc 
or the glenoid fossa can be caused during some treatments. In 
a patient with pre-existing TMJ disease, the joints may be very 
intolerant of these changes. Pain, restricted jaw movements, 
and even condylar resorption can be produced in these 
intolerant patients. Even subtle condylar position changes 
produced during treatment C:ln produce a change (p. 144; 
Peltola. Mongini). In these patients, the use of splints and 
medications (p. 209) prior to surgery or orthodontics may 
'heal' the joints and lessen the impact of changes in condyle 
position produced with treatment. 

Types of splints 

Soft versus hard splints 
While soft splints may serve as short-term devices for pain 
management, they are not satisfactory for the purpose of 
stabil izing mandibular position. They are easy to construct fo r 
emergency purposes, but are difficult to properly :ldjust and 
for eventual recording of llwndibul:lr position. I lard splints. 
on the other hand, can be accurately adjusted to simulate an 
ideal occlusion in a condyle seated position. They can also be 
used to aid in establishing correct lateral and protrusive 
movements. 

-



Maxillary versus mandibular splints 

Factors to be considered relative to maxillary versus 
mandibular splints are function, esthetics, comfort, re tention 
and effects on the occlusion. While mandibular splints may 
be comfortable, esthetic and easy to retain (and hence 
popular with patients!) they are often unsuitable relative to 
function and effects on the occlusion. Since the majority of 
patients needing splint therapy present with Class I or Class II 
malocclusions, it is a routine procedure to obtain proper 
function during lateral and protrusive movements with full 
coverage upper splints (Fig. 6.2), and impossible to do so 
with lower splints. While nOI all patients require canine and 
anterior guidance during a short phase of stabilization (as 
long as solid centric stops are present), many patients do 
benefit from proper function during the phase of splint 
therapy. 

[t is mOSt important that tooth movements be eliminated 
or at least minimized during the phase of splint therapy. 
When mandilmltlT splims are used on Class r and Class [I 
patients, there is no way to stabilize the upper incisors and 
prevent their potential eruption. In the past, many 
onhodontic and surgical problems have been created by 
improperly designed splints. [n contrast, Class III cases often 
benefit from mandibular splints (Fig. 6.3), since all teeth in 
the upper and lower arches can be stabilized, and their 
movement prevented. Wi th patients who have committed to 

orthodontic o r surgical~orthodontic treatment, and the first 
orthodontic procedure to be ca rried out is in the maxilla (i .e. 
palatal expansion), a mandibular splint can be used for initial 
stabilization. This will avoid the need for placement of a 
second mand ibular splint when the expansion is initiated. 

Fig. 6.2 The majority of patients present with a Class I or Class II 
malocclusion. Full coverage upper splints can be used routinely to 
obtain proper function during lateral and protrusive movements. This 
is not possible with lower splints. 

Fig. 6.3 Class III cases often benefit from wearing a mandibular 
splint. 
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~ Condyle positioning - the historical 
~ perspective 

Before discussing the technique for mandibular posi tioning 
with 'I'MJ patients, it is helpful to briefly review the concept of 
centric relation (CR). 

lhe condyles have taken a rather circuitous route around 
the glenoid fossae over the years in dcmistry. [n the late 
1800s and early 1900s, it was suggested Ihat the condyles be 
placed in a relaxed and seated position within the glenoid 
fossae. Sears was the first 10 coi n the term 'centric relation' in 
reference to this position, and defined it as 'the most retruded 
unstrained position in the glenoid fossa from which lateral 
movements can be made',) In Ihe late 1920s, the 
gnathologisls suggested thaI the condyles should be placed as 
far up and back in the fossae as possible, in the rearmost, 
uppermost and midmost 'RUM' position. This seemed to 
meet the needs of thE': fully adjustable articulator, but not 
necE':ssarily the patient. 'fhere were criticisms of this position 
by such individuals as Possel!,· who obSE':rved that there was a 
small slide between CO and CR in most heahhy patiellls, 
Ricketts,5.6 who observed radiographically that most healthy 
patients showed a concentric condyle position (Fig. 6.4), and 
Pankey and Mann,1 who restoratively supported the concept 
of 'long centric', or a small slide between CO and CR. 

1.5mm 

Condyle to eminence Condyle to fossa 

Despite these criticisms, the stan dard definition and 
treatmelll position (or c('n tric relation remained the I~UM 
position for approximately 50 years. In the I 970s, when the 
problems with the RUM position finally became more than 
the profession could bear, the recommended condyle position 
was changed to an upward and forward position; however, 
techniques for condyle positioning remained largely the s.1me. 

As with many d1anges, initially there was an over-rE':adion 
to the RUM concE':pt by many, with the condyles being placed 
forwards on thE': em inence. 111is owr-rE':action was also 
supported by the concept of 'recapturing' the disc u When it 
was determined by MRI studies that discs were not actually 
being recaptured in the manner described, 10 there was a 
return to the concept of allowing the condyles to seat into the 
originally defined position within the fossae, determined 
primarily by the musculature and joint anatomy. 

In Chapter 5 (p. 144), the etiology of joint remodeling was 
discussed. Three contributing (actors were described -
deficiE':nt host adaptive capacity, joint compression, and joint 
anatomy which is prone to remodeling. These (actors have 
been well documented. Therdore, during splint therapy it is 
important to establish a seated and uncompressed condyle 
position to avoid the damaging effects of condyle 
compression. 

Condyle to meatus 

Fig. 6.4 Ricketts observed radiographically that most healthy patients showed a concentric condyle position. The average condyle position was 
1.5 mm from the eminence, 2.5 mm from the superior aspect of the fossa, and 7.5 mm from the middle of the bony meatus. 
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Positioning the mandible for splint 
construction 

Taking of the wax bile for splint construction is best 
accomplished Llsing a gentle condyle seating technique to first 
toath contact (p. 100). If this proves to be difficult, the 
patient can be placed in postural rest position and asked to 

dose to just short of first tooth contact from that position. 
The splint wax bi le is taken just short of first tooth contact. 
leaving the splint with approximately 2 mm of thickness. 
While this posi tion may not be centric relation, it will 
normally be a tolerable position for the patient at that time. 
As the joints heal and the musculature relaxes, the condyles 
will settle into the fossae with little difficulty on the part of 
the patient and clinician. If needed, the position can be 
confirmed with a mandibular position indicator (MPI) 
recording. The splint can then be modified to match the new 
centric relation position of the teeth on the splint. 

Fig. 6.5 The SAM III articulator. 

Splint construction 

To assure greater accuracy, and to minimize adjustment time 
at placement, it is hel pful to construct splints on study casts 
mounted on an articulator. The authors have found that the 
SAM III articu lator is excellent for this purpose (Fig. 6.5). This 
instrument requires a mini mal amount of re-calibration, and 
the magnetic mounting plates allow for quick and convenient 
removal and placement of the upper and lower models. 

Splints should be constructed of hard acrylic that is 
allowed to cure under pressure. Ball clasps can be used on 
each side for re ten tion. Most importantly, splints should be 
generally kept to a minimal thickness to avoid encroachment 
on the freeway space, and to minimize the diff"iculty of later 
returning patients to their normal vertical dimension as 
treatment proceeds. 

It should be noted that improperly constructed splints, 
which displace the condyle from the uppermost position, will 
eventually produce an increase in overjet due to condyle, 
condylar fossa and disc changes. 

Ini tially, splints should be relatively nat, with only minor 
indentations for centric stops, and with no attempt to 
establish lateral and protrusive guidance. This will allow the 
mandible to move into a stable position in which the condyle 
is seated and nOt compressed. After this position has been 
established, acrylic can be added anteriorly to create lateral 
disclusion and anterior guidance. Acrylic can be added or 
removed as needed to produce consistency between splint 
concentric occlusion and joint centric relation. Tomograms 
are suggested to verify condyle position produced by the 
splint occlusion. 
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PHYSICAL THERAPY 

Thomas M. Eggleton OPT, MS 

Physical therapy for the management of craniomandibular 
disorders is a specialty in the field of orthopedic manual 
physical therapy. The physical lherapist must have a thorough 
understanding of the dental diagnosis, and work in 
conjunction with the orthodontist, the maxillofacial surgeon, 
and other specialists. 

In the treatment of craniomandibular disorders, the 
physical therapy diagnosis (an be classified into IWO 

categories: hypomobility and hypermobillty. This creates the 
best diagnostic classification, based on Ihe 'movement 
system', to develop a proper treatment plan. With the 'I'M). 
IwO joints are acting simultaneously as one. Each side may 
present with a unilateral hypermobiHty and hypomobility, or 
a combination of hypo/ hypo-, hyper/ hyper- or 
hyper/hypomobility (Fig. 6.6A). 

The~e conditions alter normal translation and rotation in 
joint arthrokinematics of the TMJ. This resul ts in dysfunction, 
pathology. and loss of function. the altering of normal 
arthrokinematics also leads to repetitive motion disorders, 
which include: 

• Bruxism. leading to myalgia or trigger points 
• Tissue breakdown and inflammation, leading to tendonitis. 

synovi tis, and ligamentous laxity 
• Altered histology, leading to adhesion formation or 

ankylosis (histological changes from fibrocartilage to 
hyalinization) 

• Eventual bony remodeling changes (osteoarthritis or 
o~teophyte formation). 

In addition to the categories of hypomobility and 
hypermobility, a differential diagnosis must be made between 

HypomobiLity 

InternaL joint derangement 
Anterior displaced disc 
Adhesions 
Osteoarthritis 

Fig. 6.6A Types of hypomobility and hypermobility of the TMJ. 

cervical dysfunction or spondylosis. fibromyalgia and true 
dysfunction oftheTMJ (Fig. G.GB). 

The resulting functional limitations and disabilities may 
include limited opening. joint instability, and difficulty with 
mastication, speech or other oral motor functions. Other 
effects may include abnormal posture. leading to altered 
condyle position. 11- 1) 

If the patient is given a splint, the physical therapist must 
work with the orthodontist. The splint should properly correct 
the condyle position, leading to stabilization of the 
condyle-fossa relationship. This stability is in joint rest 
position only and does not affect the dynamics. 

Physical therapy is designed to: 

I. Normalize joint function during movement 
2. Alter muscle function and length 
3. Increase joint stability. 

The end result should be normal joint function which results 
in decreased muscle trismus, reduced myalgia. and an 
increased range of motion. 

Combining physical therapy with splint therapy reduces 
the number of adjustments that need to be made to the 
splint, and decreases the length of the time the appliance 
needs to be worn. This in turn reduces the risk of unwanted 
tooth movements due to prolonged splint wear. 

Physical therapy should not be limited to warm moist 
heat, ultrasound and electrical stimulation. Used alone. these 
do little to normalize joint function. Physical therapy should 
therefore include joint mobilization, therapeutic exercise and 
ergonomic assessment. in order to decrease postural 
influences on the condyle- fossa relationship. 

Hypermobility 

Global hypermobiLity 
Rheumatoid arthritis 
Trauma. e.g. third molar extraction 
Secondary to hypomobility on the contralateral side 
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History 

Observation 

FibromyaLgia 

Insidious onset 
Varied generalized pain from day to day 
Widespread (back, neck, and shoulders) 
Worse at the end of the day 

No joint swelling 
Tenderness in muscle 
Sleep difficulties 
Experience headaches 
Easily fatigued 

Passive motion Soft end feel 
Pain at end of range of motion (ROM) 

(end range of opening) 
Muscle spasm, trigger points, tender 

points 
Referred pain patterns 

Active motion Guarded, limited by muscle tightness 

Special tests None 

Cervical dysfunction 

Insidious onset 
Pain in neck 
Referred into shoulder/arm 
Stiffness 
Pain in a.m. upon waking 

Crepitation 
Muscle spasm 

Hard end feel 
Restricted ROM 
Segmental restrictions 

cervical spine 
Crepitations may be 

palpated 

limited ARDM (active 
range of motion) 

CervicaL radiograph 
Distraction test may 

be positive 
Spurri ng test may 

be positive 

TMD hypomobility 

Insidious onset or sudden onset 
Facial pain 
Retro-occular pain, suboccipital pain 
limited opening, difficulty chewing 

Trismus 
Clicking, popping or crepitation 
Guarding 
Capsular pattern with deviation to 

restricted side 

Hard end feeL inferior gLide, protrusive 
glide, and medial glide (into restriction) 

limited RDM opening, protrusion and 
Laterotrusion 

limited motion and laterotrusion on opposite 
side and Limited protrusion on same side 

Tomograms, MRI 

Fig. 6.6B DifferentiaL diagnosis must be made between cervical dysfunction or spondylosis, fibromyalgia and true dysfunction of the TMJ. 
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STRESS MANAGEMENT - BIOFEEDBACK 

Richard Gevirtz PhO 

Stress management in the form of biofeedback has long been 
accepted as a com ponent in the treatment of 
temporomandi bular disorders (TMDs). A number of 
controlled trials and many case reports support the use of 
biofeedback as an adjunct to splint therapy and Dlher 
modalities. This is logical, because many cases ofTMD have 
muscle pain rather than joint pain. The muscular component 
ofTMDs is significant. Trigger points in the muscles of 
mastication (Figs 6.7A and 6.7B), especially the ptcl)'goids, 
(an produce pain and referred pain in the joint or jaw areas. l~ 

Fig. 6.7A The medicaL pterygoid muscles. Trigger points in the muscles of mastication, especially the medial and the Lateral pterygoids, can 
produce pain and referred pain in the joint or jaw areas. (After TraveL & Simons 1983.) 



Changing the focus 10 muscle relaxation can help the 
patient in the following ways: 

I. Lowering patient concern of a major structural defect 
2. Relaxing specific muscles 
3. Producing overall relaxation and indirectly affecting the 

jaw trigger points 
4 Civing the patient an active coping technique so as to 

reduce feelings of helplessness and depression. 

The biofeedback clinician will typically assess the patient in 
three areas, and each will be considered in turn: 

• Psycho-physiological 
• Cognitive 
• Behavioral. 

Fig. 6.78 The lateraL pterygoid muscles can produce trigger points Leading to referred pain in the adjacent joints. (After Travel & Simons 
1983.) 
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Psycho-physiological assessment 

Psycho-physiological assessment illVolves measu ri ng various 
physiological parameters while the patient is at rest. under 
stress, and recovering from stress. Commonly used measures 
include: electromyography (EMe) for muscle activity, heart 
ra te, skin conductance (palm sweatiness), finger temperature, 
and respiration. In addition, there are various subtle rhythms 
in heart ra te that indicate how various parts of the aUlonomic 
nervous system 3Te working. Muscle activity, especially the 
jaw and facial muscles, arc monitored. 

'l1lere is a need for balance between the two branches of 
the autonomic nervous system - the sympathetic or 
'fight/night' system and the parasympathetic or 'rest/digest' 
system. The balance between these systems determines how 
well one can manage stress and where it will affect the body, 
jf nOt well managed. 

Cognitive assessment 

The clinician is looking for maladaptive thinking pallerns that 
may be contributing to overall stress or tension levels. For 
example, many TMD patients are perfeClionistic and tough on 
themselves. This style of thinking can be productive, but is 
often damaging to the muscles because they are in a clenched 
position fo r much of the day and night. 

Behavioral assessment 

Finally, many behaviors can contribute to worsening ofTMD 
symptoms. These can include jaw clenching or grinding, gum 
chewing or other parafunctional activities, self-defeating 
behaviors, and excessive drinking or smoking. The clinician 
should assess these behaviors and also assess the readiness for 
change. 

Psycho-physiological model 

After the full assessment is complete, the clinician constructs a 
'psycho-physiological model' with the patient. This serves as a 
treatment model fo r the collaborative work of biofeedback 
treatment. 

Treatment planning for relaxation and 
stress management 

Treatment planning consists of considering a number of 
possible components. Re/axmion teehniqlles can be learned by 
observing changes in physiological measures avail able on a 
computer screen for the patient. These would usually entail 
muscle relaxation, breathing techniques, guided imagery, 
hypnosis, or one of many other feedback modalities. 

Integrated into this part of the treatment can be stress 
managemem lee/miljlles thai targel dysfunctional thinking, and 
behavioral techniques thai target dysfunctional habits. Ilome 
practice can occur on an inexpensive home trainer or with 
lapes made by the pract itioner. 

Relaxation and stress management can be learned by the 
patient from computerized information. 

[ 



MEDICATIONS 

Stephen B. Milam, DDS, PhD 

Medication may have an increasing role in the stabilization of 
TMJs. Some clinicians are evaluating Ihis approach pre- and 
post-surgkally, often for extended periods. Normal blood 
study precautions are followed. Some of the medications 
currently of interest include: 

• Doxycycl ine 
• Buspirone 
• Amitriptyline 

Doxycycline 
Matrix melalloproteinases (MMPs) are enzymes that degrade 
molecules of the extracellular matrices of articular tissues of 
the 'I'MJ. An emerging body of evidence indicates that these 
enzymes play important roles in tissue destruction in arthritic 
joints. MMPs require zillc as a co-factor for activity_ Recent 
studies have shown that tetracyclines (doxycycline for 
example) can inhibit MMPs by chelation of zinc. [n animal 
models of degenerative joint disease, tetracyclines 
administered systematical ly inhibit MMPs and substantially 
reduce progression of cartilage and bone destruction. IS This 
effect is independent of the anti-microbial activity of the 
tetracycline. The effect is solely related to the agent's ability to 
inhibit MMPs by effectively removing the co-factor zinc by 
chelation. 

Tetracycline administration (e.g. doxycycline) may therefore 
offer an effective intetvention strategy for stabilization of 
degeneratingTMls. From these preliminal)' obsetvations, it is 
likely that tetracyclines will minimize pathologic response of 
articular tissues to mechanical loads (i.e. prevent degradation 
of bone and cartilage by MMPs). If so, these agents could 
stabilize joint structure, providing stability to the projection 
and function of the mandible. Further research is needed to 
clearly document positive benefits in humans and to defi ne the 
dosing parameters needed for the desired effect. 

Buspirone 
'Selective seratonin re-uptake inhibitors' are commonly 
referred to as SSRls. The SSR[ group of drugs (i.e. fluoxetine, 
sertraline and paroxetine) have a reported side effect of 
evoking bruxism in some patients. 16 Th is can potentially lead 
10 muscle spasm and joint deterioration in susceptible 
patients. The exact mechanism of SSR[-induced bruxism 
remains unclear. However, the resulting bruxism can be 
expected 10 aggravate some post-treatment conditions, 
particularly when condyles have been iatrogenically displaced. 
Additionally, SSR I-induced bruxism can adversely affect 
maxillal)' healing after Le Fort surgeI)'. Excessive loading of 

the maxilla from bruxism can promote non-union of the 
osteotomy sites and may affect the relapse potential. 

SSR[-induced bruxism may be minimized by medical 
therapy in patients requiring ongoing SSRI treatment. 
Buspirone, a selective partial agonist at 5-HT IA receptors (i.e. 
a serotOnin receptor) has been reported to relieve SSRI
induced bruxism and its associated symptoms. 17 Other agents, 
including gabapentin and bromocriptine, have also been 
reported to be effective at minimizing SSRI -induced bruxism, 
though si de effects from bromocriptine were poorly tolerated, 
resulting in a premature termination of the study investigating 
its efficacy. 

Amitriptyline 
Amitriptyline is a tricyclic antidepressant with non-selective 
serotonin and norepinephrine re-uptake inhibitor properties. 
Amitriptyline has been shown to provide effective relief of 
many different types of pain by mechanisms that appear to be 
unrelated to its antidepressant effects. It is speculated that 
amitriptyline may also benefit bruxers. For exam ple, it been 
shown to be partly effective in the treatment of chronic 
headaches, I8 and it is postulated that this effect was due to 
changed activity of the temporalis muscles, and therefore 
could possibly help to treat bruxism. Other studies l9 do not 
support the use of amitriptyline fOf the treatment of sleep 
bruxism. However, these studies were limited in scope and 
design. Research is continuing to define the possible role of 
amitriptyline in the management of patients who experience 
nocturnal bruxism. 

TMJ LAVAGE 

Stephen 8. Milam, ODS, PhD 

TMJ lavage involves irrigation of the superior joint space of 
theTMI. Two ISg needles afe inserted into the superior joint 
space via a preauricular approach to provide an input port 
and an output port. The superior joint space is then irrigated 
with 100 ml of an isotonic solution (e.g. 'Normasol'). This 
large volume irrigation method is effective20 at reducing 
concentrations of molecu les linked to inflammation and 
tissue destruction in the TMI. This procedure has been shown2 

to remove harmful proteins and proteases, including 
infla mmalOl)' neuropeptides, from the superior joint space 
and surrounding articular tissues. These materials afe 
associated with joint degeneration and pain. At the 
conclusion of the lavage, medications (e.g. hyaluronic acid, 
steroids, opioids) may be administered as indicated.20•2 

Duramorph can be introduced to bind the peripheral Iletve 
terminals, decreasing the production of substance 'p', which 
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causes innammation o f the joint structures. The purpose o f 
this is to provide long-term pain relief. 

Nishim ura et a]21 evaluated 'I'M] lavage as the initial 
treatment fo r 103 patien ts with internal derangement o f the 
'I'M/s. They reported a 71 % success rate. Nitzan et aJ22 
selectively treated TMJ patients who had o nly anterior disc 
displacemenl without reduction. They reported success in 
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This 14.1-year-oJd female with a sevefe Class I[ malocclusion 
was seen for consultation for occlusal cOffection. She was 
referred by her orthodontist. Orthodontic appl iances had 
been in place for 14 months at the time of the initial surgical 
consultation. Rapid palatal expansion (RPE) and leveling and 
alignment of the arches had been accomplished. A palatal bar 
was in place to stabilize the pa latal expansion. Diagnosis and 
treatment were started with the intention of fulfilling the 
seven goals of treatment. Her patient motivation form 
indicated a desire for straightening of her upper, lower front 
and back teeth, making the upper teeth appear shorter, 

PROBLEM 

1. High midface 
_ Normal 

2. Maxilla 
Dental 
• Leveling. alignment, RPE completed 

SkeletaV!acial 
_ Upper lip upright 

• Nasal base concave 
• Midline 1 mm to the right 
• 7 mm relaxed incisor exposure 
• Excessive gingival smile 
• Large inter-labial gap and lip strain 
• Steep occlusal plane 
• Narrow maxilla in Class I 

3. Mandible 
Dental 
• Level and alignment done 

SkeletaV!acial 
_ Marked chin and lower Lip retrusion 

• Steep occlusa l plane 

4. TMJ 

fop.vard movement of the lower teeth. and leveling of the 
upper front teeth. Facially, the patient wanted the sag 
removed from under her lower jaw, her chin moved forward, 
her nose to appeaf shoner, her midface moved fop.vard, her 
cheekbones larger, her gums to show less when smiling. easier 
closure of her lips, reduced strain in her lips, and the 
appearance of a wider lower face. She had pain in front of 
both of her ears. TMJ examination and history, clinical fac ial 
examination, soft tissue cephalometric examination, and 
model examination were obtained. The problem list and 
treatments were as foHows: 

TREATMENT 

• No treatment 
• Patient requested cheekbone enlargement 

• Remove palatal bar to test transverse stability 

• Maxillary advancement 
• Maxillary advancement 
• Rotate midline 1 mm left 
• Le Fort I (LFI) impaction 
_ Le Fort I (lFI) impaction 
_ Le Fort I (LFI) impaction 
• flatten occlusal plane to provide nasal base and chin balance 
• Allow for relapse after removal of palatal bar 
• Multi-segment LFI 

_ No treatment 
_ Orthodontic arch form width maintained - stable 

• Bilateral sagittal split osteotomy (BSSO) adva ncement 
• flatten occlusal plane to increase chin prominence 

• Bilateral pain and clicking, decreased opening, condyles small _ Splint + medications after orthodontic preparation for 6 months 
_ Possible arthrocentesis for decreased opening 

5. Growth potential 
• 14.1-year-old female, unstable condyles at this age • Medications + splints at age 17 

• Surgery at age 17.6 
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Orthodontics was started at age 12.9. The RPE was 
unsuccessful in matching the arch widths and relapse 
occurred aCler 3 months of palatal bar removal. At age 15, the 
orthodontic preparation was complete and the patient was 
placed on splint therapy and full medications, anticipating 
surgery in 6 months. Surgery on young females (15.5) with 
pre-surgical jOint changes is ill-advised because of a high 
incidence of post-surgical joint change and overjet 
development. To conlempale surgery al 15.5 was a mistake in 
surgical judgement (GWA) initiated solely because 
orthodontic preparation was complete. She did not cooperate 
with splin t wear, nor did she take medications as prescribed. 
Fortunately the surgery dale was postponed and the patient 
was informed that surgeI)' wou ld not be successful without 
splint and medical stabilization or her joints. After this. she 
strictly cooperated and her open ing increased to 35 mm with 
a slight click and no pain. After progress records and 
diagnosis. the patient was treatment planned antero
posteriorly and vertically using the seven-step cephalometric 
treatment plan. The rron tal midl ines, levels, and outline were 
treatment planned using the rrontal clinical exam ination. 

Fig. 6.8 Fig. 6_9 

Fig. 6.11 

Figs 6.11 to 6.13 Pre-orthodontic intra-oraL photographs taken in 
centric occlusion, indicating a miLd Class II dental relation. 

Fig. 6.10 

Figs 6.8 to 6.10 Pre-orthodontic faciaL photographs taken in centric occlusion. indicating a slight Class II malocclusion. 

-
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Fig. 6.12 Fig. 6.13 

fig. 6.14 Fig. 6.15 

Fig. 6.16 

Figs 6.14 to 6.16 Pre-orthodont ic models. Models, taken in centric relat ion, indicate a larger overjet t han is indicated by the intra-oral 
photographs taken in centric occlusion . 
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Fig. 6.17 Pre-orthodontic STCA tracing showing cheekbone retrusion 
(-24, green), upper lip retrusion (0, blue; -6, red; 1Z1. blue; 
-2, blue). mandibular retrusion (-17. green; -8, bLue), 7 mm overjet. 
steep occlusal plane (99, green). and short anterior chin height 
(43. blue). 

Fig. 6.18 Pre-orthodontic panoral radiograph showing healthy dentition with third 
molars present. 



-

Fig. 6.19 Fig. 6.20 

Fig. 6.21 Fig. 6.22 

figs 6.19 to 6.22 Pre-surgicaL centric relation wax bite photographs demonst ra ting the actuaL Class II severity. The waxbite construction is 
described on pages 101-103. 

J 

Fig. 6.23 Pre-surgical panoramic radiograph. 
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AI age 17.6, after 6 monlhs of successful joint therapy, 
surgery was done. A multi-segment LFI and BSSO were 
necessary to obtain the seven goals of treatment. 111e multi
segment LFI and BSSO produced facial balance while 
correcting the occlusion. '111£ counter-clockwise advancement 
of the maxi lla produced adequate chin project ion. a lleviating 

the need for a chin augmentation. To stabilize the joints post~ 
surgically, the patient was maintained on doxycyline. 
amitriptyline, and vi tamins C and E. Feldene was not used 
postoperatively, to avoid the decreased bone heali ng 
associated wi th anti-infhllnmatory medicat ions. 

Fig. 6.24 Pre-surgical tomographic radiographs. Note: the small condylar size and superior flattening bilaterally. This is consistent with 
condylar resorption. The patient was treated with a spLint and medication protocoL after orthodontic preparation and before surgery. SurgicaL 
dispLacement of these condyLes wiLL start more condylar changes and subsequent overjet deveLopment, 

-



Figs 6.25 and 6.26 Pre-surgical closed lip and relaxed lip photographs. Note: the normal high midface, upright upper lip, concave nasal base, 
extreme mandibular retrusion, and lip strain. The patient requested cheekbone augmentation, therefore, t his was part of the treatment plan. 

Figs 6.27 to 6.29 Pre·surgical closed lip. relaxed lip, and smile photographs. Note: the excessive relaxed lip incisor exposure, excess gingival 
smile, large inter-labial gap, and lip strain. 

Figs 6.30 and 6.31 Pre·surgical right and left three-quarter facial photographs. Note: the small but r"lOrmal cheekbone contours, retruded 
mandible, absence of throat length, and ill·defined mandibular inferior border. 
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Fig. 6.32 The STCA following orthodontic preparation. 

Fig. 6.32 The STCA showing mild cheekbone retrusion (-23, green) 
(agreeing with the patient's assessment). mild upper Lip retrusion 
(4. green; 2, green), moderate mandibular retrusion (-15. green; 
-9, red). short chin height (45. green), and steep occlusaL pLane 
(100, bLue). 

Fig. 6.33 The CTP showing maxillary dentaL advancement 
(-6. green), and mandibular advancement (-9. green) . The occlusaL 
plane was flattened (95, black) to produce nasal base and chin 
esthetics. 

Fig. 6.34 The superimpositions showing the change between STCA 
and CTP. 
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Fig. 6.33 The CTP. 
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Fig. 6.34 The superimpositions. 
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Fig. 6.35 

Fig. 6.37 

Fig. 6.36 

Fig. 6.38 

Figs 6.35 to 6.38 Post-surgical int ra-oral photographs. 

Fig. 6.39 The post-surgical panoramic radiograph. Two plates were used for each sagittal 
osteotomy to stabilize the large counterclockwise advancements. The plating system is specially 
designed by OsteoMed for lengthening the posterior maxi lla and large mandibular advancements. 
Plates and unicortical screws are used for mandibular fixation because they do not torque the 
condyles as bicortical screws may do. 
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figs 6.40 and 6.41 Post-t reatment dosed lip and relaxed Lip photographs. Note: normal profile balance. 

Figs 6.42 to 6.43 Post-treatment closed lip, relaxed lip, and smile photographs. Note; normal heights and facial outline. 

Figs 6.44 and 6.45 Post·treatment right and left three-quarter facial photographs. Note: normal projections and (ontours. 

220 

-



Figs 6.46 and 6.47 Pre- and post-treatment photographs. 

Fig. 6.48 STCA showing slightly short but proportionate upper and 
Lower Lips, normaL maxillary and mandibular projections. Note the 
disharmony between 50ft tissue B and soft tissue pogonion' (5, blue 
[bottom of left hand column]). Close observation of Fig. 6.41 reveals 
this disharmony - a deep labiaL mentaL foLd. No chin augmentation 
was done, therefore this is the patient's innate chin contour 
produced by a thick soft tissue chin button (10, green). 
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Fig. 6.49 The post·surgicaL tomograms confirming the condyLes centered in the fossae. 

The orthodontic treatmenl for this patient was provided by 
Dr Fra nk J. Daniel. Th e authors gratefully acknowledge hi s 
assistance in treating thi s patient. 
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Chapters 3 and 5 provided information on diagnosis of the 
face. This chapter will focus on establishing a treatment plan. 
based on four factors (Fig. 7.1): 

1. The patient's motivation for treatment (pp. 33-35)1 
2. The model examination (pp. 175- 183) 
3. The fac ial examination (pp. 51-71) 2-3 
4. The STU values {pp. 151 _ 160).4 

These assessments produce a problem list which should then 
be treated to the goals of treatment (pp. 5- 10) 

I T~rs mot;",;" 

· , .. 
I '"", ... , , 

Pages 33 - 35 

II The model examination 

1'l' \'1' ~ 
lA, I, 

Pages 175-183 

III The facial examination 

Q ~ ! ~ 

"" 
Pages 51-71 

VI The STCA values 
M 

Fig. 7.1 

.~ • · ~"''' l '~ With'" /SC 
.Wi'~Io )SC 

Jl1 • _ , hMo lSC 

• 
· 

:J Pages 151-160 

In the past, there have been difficulties with borderline G2 
and G3 cases. Errors have been made in attempting G2/G3 
borderline treatment in the form of growth modification or 
dental compensation. Clear surgical cases have been 
<lnempted orthodontically, on the basis that 'I'll do the best! 
can'. Frequently this approach has led to additional problems 
for the patient, rather than resolving existing problems (Ch. 
I). These include possible facial and dental relapse, return of 
the malocclusion, facial imbalance, periodontal decline, 
temporomandibular joint decline, patient dissatisfaction with 
the treatment outcome, and airw'ay compromise. 
Contemporary orthodontic care should not correct the 
occlusion at the expense of other goals. 

'The patients' motivation and 
malocclusion indicate a need 
for treatment. The face 
dictates how to treat.' GWA 

Three-dimensional 
facial treatment 
planning 



Treatment planning for all three groups of cases should be 
designed to produce the treatment goals stated in Chapter I. 
This chapter presents a protocol to reach those seven goals, 
with an emphasis on good facial outcomes. 

"'he subject of facial treatment planning is presented in 
three sections: 

• Facial planning for G 1 cases - orthodontically assessed 
• Facial planning for surgical C3 problems - surgically 

assessed 
• Facial planning for borderline G2 patients - assessed both 

orthodontically and surgically for comparison. 

As indicated above, the G I cases are assessed orthodontically. 
The G3 cases are assessed surgically. Both orthodontic and 
surgical assessment will be recommended for G2 cases, so that 
the two outcomes can be compared (Fig. 7.2). This double 
assessment of G2 cases involves some work, and ideally 
requires computerized analysis. Ilowever, by spending time 
and energy on proper assessment, the correct C2/C3 decision 
can be made. 

Group 1 Group 2 Group 3 

, 
r ...... r 

I 

'Orthodonti cs-o n ly' 
planning 

Orthodontic 
treatment 
only 

\~ 

i 

1 
'Orthodontics-only' and 
'SUTg ica I-orthodontic' 

planning 

. I 

'$u rgica I-orthodontic' 
planning 

Combined 
surgical and 
orthodontic 
treatment 

Fig. 7.2 The Gl cases are assessed orthodonticaLLy. The G3 cases are assessed surgicaLLy. Both orthodontic and surgical assessment is 
recommended for G2 cases, so that the two outcomes can De compared. 
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AN OVERVIEW OF THE FACIAL TREATMENT 
PLANNING PROCESS 

The treatment planning process is based on information 
gathered from three main sources: the patient history (and in 
particular the patient motivation forml), the clinical 
exarnination 2.3 (facial. TMJ and intra-oral), and the patient 
records (STCA,4 panoramic radiograph, study models, etc.). 
Potential G 1, G2, and C3 patients are analyzed in this fashion 
and the appropriate treatment plan is established. 

The focus of treatment planning will vary among the three 
groups. Group 1 patients present with well-balanced faces, 
and liule change is needed. Therefore, the focus is on the 
denti t ion and possibly the TM/s. The complex group 2 and 3 
cases require more involved planning, including the face, the 
dentition and possibly the TMJs. 

Three-dimensional fadal planning involves frontal 
planning and profile planning. 1_4 Information on frontal 
planning comes mainly from the clinical examination and the 
patient motivation form. Information on profile planning 
comes from the patient motivation form, the facial clinical 
examination. and from the STCA. 

Four treatment methods may be used to obtain the 
treatment goals: 

I. Orthodontics only 
2. Orthodontics wi th lower jaw surgery 
3. Orthodontics with upper jaw surgery 
4. Orthodontics with upper and lower jaw surgery. 

• 
• 

FACIAL PLANNING FOR GROUP 1 PATIENTS 
(ORTHOOONTICS ONLY) 

This group includes patients to be treated by orthodontics 
only, where facial planning is likely to be uncomplicated. 
Information gathered on these patients will normally appear 
from the following sources: 

I. The patient hislOry and patient motivation form usually 
reveal that the patient'S concerns are primarily dentally 
related and not facially related. The patient is normally 
expecting dental correction. 

2. The clinical examination reveals a face that is well 
balanced. This is confirmed with the headfilm and the 
STCA. 

3. The intra-oral examination reveals that the problem is 
primarily dental. This is later confirmed using the mounted 
study casts and panoramic radiographs. 

., 
~ 

• 

Orthodontics only 

• 

00 / 
0", ( otI 

'" 

" • 
J 

Orthodontics with lower jaw surgery Orthodontics with upper jaw surgery Orthodontics with upper and 
lower jaw surgery 

Four treatment methods may be used to obtain the treatment goals. 



Treatment planning of group 1 cases is based on answering 
the following questions: 

I. Docs the patient have TMI concerns (Fig. 7.3A) that require 
resolving before orthodon tic treatment? If so, a treatment 
plan should be established (Ch. 6). 

2. What is the best position that can be achieved 
orthodontically (Fig. 7.36) fo r the upper incisors (the 
planned incisor position or PIP), and is this position 
facially acceptable? It normally is acceptable for a group 1 
case. If it is not acceptable, it becomes a group 2 or group 
3 case. 

3. Can the lower incisors be satisfactori ly positioned (at 
close·to·ideal values) relative to the upper incisors (PIP), 
achieving a 3 mm overbi te and 3 mm overjet? Again, the 
answer is normally 'Yes' (Fig. 7.3C). If the answer is 'No', 
then the case should be assessed as a group 2 or group 3 
case. 

4. How can the canines and posterior teeth be positioned 
behind the face and the corrected incisor positions (Fig. 
7.3D)? This process involves the usc of Ihe dental 
visualized treatment objectives (VTO) and is explained in 
Chapter 8. 
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Fig. 7.3A 

Fig. 7.38 

Fig.7.3 C 

Fig. 7.30 
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This 12.0-year-old female presented with a well balanced 
facial pattern both frontally and in profile view. She showed a 
Class I skeletal and dental pattern, a deep overbite, upright 
tower incisor and crowding in the lower anterior segment. [t 

was obvious that surgical intervention would not be 
necessary. 

Fig. 7.4 Fig. 7.5 

Fig. 7.7 

Figs 7.7 to 7.11 Beginning intra-oraL photographs showing a Class I 
posterior dental relationship, a deep overbite, slight crowding in the 
upper arch and moderate crowding in the lower arch. 

Fig. 7.6 

Figs 7.4 to 7.6 Beginning facial photographs of the patient showed a ba lanced soft t issue profile in the frontal and profile views. 



Fig. 7.8 

Fig. 7.10 

Fig. 7.11 

Fig. 7.9 
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Fig. 7.12 Beginning STCA showing a steep occlusaL plane (l09, red) 
(due to the extruded upper incisors), a deep overbite p, red), 
upright Lower incisors (76, red), and a slightly retrusive chin 
(-8, bLue). 
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~ The patient was treated on a non-extraction basis with full 
52 banded and bonded orthodontic appliances. Her lower 

incisors were advanced and interproximal reduction was 
carried out in the lower anterior segment. 

Fig. 7.13 

Fig.7.tS 

Figs 7.15 to 7.19 Final intra-oral photographs showing a Class I 
posterior dental relationship, a corrected overbite and overjet, 
heaLthy periodontal tissues, and coordinated arches . 

Fig. 7.14 

Figs 7.13 and 7.14 Final facial photographs of the patient show a balanced soft tissue 
profiLe in the frontal and profile views. 
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Fig. 7.16 

Fig. 7.18 

Fig. 7.19 

Fig.7.t7 

111 

1 

·0 
10 
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121 

Fig. 7.20 FinaL STCA showing a steep occusaL pLane (102, red), a 
slightly thick upper Lip (14, green), and an improved chin position 
(-3, bLack) due to good mandibuLar growth. 
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Fig. 7.21 Beginning and final superimpositions on the SN plane. 
The patient demonstrated a normal facial growth pattern. 

Fig. 7.22 Beginning and final superimpositions on the palataL plane 
and the mandibular plane. The upper molars showed slight eruption 
and the upper incisors showed slight intrusion and improvement in 
inclination (torque). The mandible showed excellent growth with 
equaL eruption of incisors and moLars, and slight advancement of 
lower incisors. 



FACIAL PLANNING FOR GROUP 3 PATIENTS 
(ORTHODONTICS AND SURGERY) 

This C3 group includes surgical-orthodontic patients. and 
dental and facial planning is more extensive. Treatment for 
these individuals will involve extended orthodontic treatment 
and surgery to one or both jaws, and they are deserving of the 
mosl careful in-depth planning. 

Information gathered on surgical-orthodontic patients (Fig. 
7.23A- C) will normally appear as follows: 

I. Tile patient his/or)' {Fig. 7.23A}. 'nlis may reveal the 
presence ofTMJ symptoms, and the patient motivation I 
form may reveal that the patient has concerns both facially 
and dentally. If the patient is unaware of the 'I'M] 
problems. the consultation visit will require more time for 
explanation, as the patient may only perceive a dental 
problem. 

2. Tile clinical examinmion2.l (Fig. 7.23B). This reveals a face 
that is unbalanced, and this is confirmed with the STCA.4 

3. Tile illlrtl-oral ex(/minmion (Fig. 7.23C) This reveals that the 
problem is both skeletal and dental. later, examination of 
the models furthe r reveals skeletal problems such as 
midline misalignments, overjet abnormalities, ardl form 
and arch width mismatches, as well as a possible 2 plane 
maxillary occlusal plane. Orthodontic treatment without 
surgery may lead to periodontal decline and relapse in 
these instances. 

Treatment planning of group 3 cases (Fig. 7.24A- C) is based 
on answering the following questions: 

1. Does the patient have TM) concerns thaI need to be 
resolved before orthodontic treatment? If so, a TMJ 
treatment plan should be established . 'I11is needs to be re
evaluated before surgical treatment (Ch. 6). 

2. What is the mOSt ideal facial pattern that can be achieved 
for the patient? This is evaluated both frontally (based on 
the clinical facial examination) and in lateral projection or 
profile (based on the clinical facial examination and the 

STeAl· 
3. How can the canines and posterior teeth be positioned 

behind the face and the corrected incisor positions? It is 
most important to not make dental decisions until facial 
planning is completed. Again, this dental planning is 
discussed in detail in Chapter 8. 

The three-part facial examination summary form (Fig. 7.25) is 
used to establish the frontal and profile treatment plan. 

....... :::::::::: ... :: ' 

, 

, 
, 

Fig. 7.23A The patient history. 

Fig. 7.238 The clinical 
examination. 

Fig. 7.23C The intra-oral 
examination (including models). 

Fig. 7.24A Does the patient have 
TMJ concerns. 

J 

<::.--:)- Fig. 7.248 What is the 
most ideal faciaL pattern 
that carl be achieved? 

Fig. 7.24C How can the canines 
and posterior teeth be positioned 
behind the face? 
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fACIAL EXAMINATION SUMMARY 

Name _______________ Age ___ Orthodonlisl _________ _ 

~~ I 1 1 

Middle 1/3 

OVerbite 3mm LFI .SSO 1 Crown leflOlh ct\ange ~ 
Upper lip height (a) 19-22mm 

lip length surgery 
1,1 D'P Ib) /-5mm 

85S0 Overbite correction Up posture change 
II') Chin osteotomy-

Low", 1/3 h",h1 Iii change heigh 

Mx incisor exposure (rocIlICeI1) /-5mm 
LFI 

"h'"D' Crown length 
Mx inCisor exposure (smile) 8 CflMT! to 2 girlqiw change Lip length surgery 

Closed lip Strain less ..:::., asso OVerbite correction louch 

em"" I 

I UPP'~ 6-gmm lip reconstruction procedure 

2. Vertical planning 

Mx 1 plan relaxed lip: Current relaxed exposure ± desired change " goal 3-5) 1>5 mm iliMnwntnt anlielPiit""? Yn ino;rellSt impat\Iof1) 

Mx 1 plan smile lip: Current smile exposure ± desired change " goal (8 crown to 2 gingiva) 

Anterior facial plan: ± Mx 1 height change ± overbite change " goal ± chin height change " net I)j( oudIIlI-In1l1·illblii O'P 

3. Midlines Patient Possible ways to normalize facial midlines 

Masal tip to right to lett LFI- shorten septum Isolated septoplasty 

Philtrum to right to lett Dental midlines measured to philtum 

Mx 11 to right to left LFI 
Orthodontics 

Md 11 to right to left Ganine cant change 
esse 

Chin to right to left Chin osteotomy 

4. Facfallevels Patient Possible ways to normalize facial levers 

Eyes R down L down Visualize cant Y N None 

Mx canines R down L down Visualize cant Y N LFI-skeletal Orthodontics-dental 
Md canines Rdown l down Vislhllize cant Y N 

Md I>ody level Rdown l down Visualize cant Y N BSSO-skeletaJ 
Heat treated HA augmentation 

Chin lever R down L down VISualize cant Y N Chin osteotomy 

5. Dulline Patient Possible ways to normalize facial outline 

General . w. WkII I Narrow I"'" I .... ...., 
LFI BSSO I ove~~~e J Chin osteotomy- I Buccal or su~~ental 

chan e change heigh lipectom 

Zygomatic arCh R ilIrger ... icII norrrul ""rrow ""rro ... IlOrmaI WIde larger l Heat cured HA augmentation I Reduction osteoplasty 

Md angle R IlIrger w4dt IlOItnIi ""rrow rwrow IIOIrIYI w4dt larger l Midline Canine cant 
Cold cure BSSO rotation corre<:tion Buccal Md body R IIrOtf w4dt IIIIfIMI narrow ""rrow fIDIr'fIM_ larlltr l HA graft 

lipectomy 
Chin - ...... I"" .... .. Chin osteotomy 

Alar base width AlirbIM ...... ~ IfIIfIfQnduI wIcIIII-""" AJar base cioch Surgical narrowing 

Fig. 7.25 Facial examination chart (~Arnett Facial Reconstruction Courses Inc, 2003). 
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FACIAL EXAMINATION SUMMARY (conHoo,,) 

1. Hi,h midi", i I "H.nl W,y"" Ii , hi,h mid'''' I i 

GI,b.,,, R",""d ""m,1 I 
0,,,", ,im fI" i R 'ar,er lIar,er Heat cured HA , 1 , augmentation 
Subpupil fI" Soft ""m,1 i , 

" 

, , 
" 

2. Maxillary projection 
Patient 

Ways to normalize soli tissue nasal base-
upper lip projection 

Nasal base Concave Flat Soft Conve}( Prominent R larger j L larger lFI (1IISU'l<t ..... ""'" Desired __ 1I1) 
move mm 

ULA to TVL Retruded Normal Prutruded Straight MX sulcus Lip: thin thick :!..! torQue 
Lip thickness change 

Lfl Desired 
Upper lip support Weak Normal Strong Support: air teeth gingiva change move ___ mm 

Nasal projection Long Normal Short Tip: up down Dorsal: hump saddle LFI I!oISlfI_rr<JRIflIonUlI Rhinoplasty 

Orthodontics 1 Ag. E>! HG Elastics RPE FA LFI advancement Flatten occlusal plane 
Orthodontics 2 A • E>I HG Elastics RPE FA 

3. Mandibular projection Palienl Ways to normalize lip and chin projection 

LLA to TLV Ret ruded Normal Protruded 11 detlection labiomental tokl-accentuated t~1 
Steepen 

pogo ,e~tiV! to lowe! lip: M'll L Mdll ~c flatten Pog' to TVL Retruded Normal Protruded Protusive Retrusive torque F occlusal torque S h , 
plane 0 i Submental Throat length Short Normal Long Protrusive chin line Sag " lipectomy 

Overjet mm I Does not indicate source 01 malocclusion Ortho LFI I BSSO 

Fig. 7.25 The facia l examinatio n summary form from Dr G. William Arnett. This form is divided into three parts: a frontal evaluation, a profile 
evaluation and facial images for recording information. The left side of t he form (white) Lists examination factors, the center (yellow) lists the 
patient abnormalities, and the right side (green) lists treatment possibili ties. (ClArnett FaciaL Reconstruction Courses Inc. 2003) 
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An overview of frontal facial planning for 
surgical cases 

Frontal facial planning consists of four parts: 

I. The vertical dimension Planned with the STC\ (Fig. 7 .263) (the STCA is a profile examination and yet it is 
used to measure the vertical) and the clinical examinat ion (Fig. 7.2Gb) 

2. The midlines 
3. Facial and occlusal cants Planned with the clinical examination 
4. The general facial oudine 

Vertical facial planning is based on information from the 
clinical facia l examination (pp. 51 - 71) and objectively 
confirmed with the srCA (pp. 151 - 162). 

The frontal clinical facial exami nation is used exclusively to 
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Fig. 7.26a VerticaL measurements are shown on the STCA. The 
verticaL dimension is pLanned utiLizing verticaL measurements from 
the STCA and the frontaL clinical measurements. Note that the profile 
STCA is used to develop frontaL verticaL measurements 

p lan three of Ihese frontal factors - facial or occlusal caniS, 
midline deviations, and the general facia l outline. These three 
factors are interrelated fo r Class [] a nd Class III asymmetry 
patients and are often abnormal as a group. 

Fig. 7.26b The frontaL clinical faciaL examination is used to plan 
corrections of occlusal cants, midLine deviations, or the generaL 
facial outline. Planning of the vertical dimension is based on the 
STCA findings and the clinical examination. 
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Fig. 7.26c STCA vertical measurements are depicted. The vertical frontal clinical examination is used with 
the vertical STCA to assess and pLan vertical changes. 

7 

237 



7 

238 

Three areas of vertical planning are calculated during the 
clinical facial examination (SE'E' 2. Vertical planning. Hg. 
7.25): 

I. The vertical maxillary incisor exposure with relaxed lips 
2. 'I11e vertica l max illary incisor position when smiling 
3. The anterior facial heighL 

During vertical facial planning. the first step is 10 calculate the 
necessary vertical incisor change, based on relaxed lip posture 
(Fig. 7.27a). The planned position is then re-assessed, bast':d 
on incisor exposure when smiling (Fig. 7.27b). Finally, these 
pl anned changes in the vE'nical position of the upper incisors, 
the overbite. and the chin height will have an effecl all the 
anlerior facial heigh t (Fig. 7.28). The new anlerior face height 
needs to be calculated and considered relative 10 the effect on 
facial outline and interlabia l gap. 

Fig.7.27a 

Fig. 7.27b 

Fig. 7.27 The upper incisor exposure with relaxed Lips. and the 
upper incisor position when smiling are measured for verticaL 
planning. 

Soft tissue 
nasion 

Changed by: 
maxiLlary incisor height change 

+ 
overbite change 

+ 
chin height change 

Soft tissue 
menton 

Fig. 7.28 The anterior faciaL height. 



An overview of facial planning for surgical 
cases 

The profile is assessed using rhe clinical {tlcial cxm/linafion2.J 

and fire STCA. 4 The possible ways to correct abnormalities aTC 

listed on the right-hand side of the facial examination 
summary form (Fig. 7.25, pp. 234-235). Treating problems at 
their source produces optimal facial and occlusal change and 
decreases complications. 

• The c/iniCtiI examination is excellent for revealing contours 
such as cheekbones. It is also very good for assessing 
vertical dimensions such as upper incisor exposure with 
relaxed lips. 

• The STCA provides quantitative information about AI I' 
projections of the profile to lVL, the vertical dimensions, 
along with the dental and skeletal factors. Any or all of 
these may need correction to normalize the face and 
occlusion. 

After the profile problems have been identifled, the seven-step 
surgical cephalometric treatment plan4 (surgical crP) is used 
to plan the needed changes (p. 240). Most importantly, the 
STCA normal values are used during the surgical eI'P. These 
provide an objective basis for the err. In this way it is 
possible to plan ideal positions for dental and skeletal 
structures - positions which will support the soft tissues of 
the face and provide a ba lanced profile. 

The Qlm of surgery 

Surgery can control all the dental and skeletal factors which 
will support the soft tissues of the face. Therefore, the post
surgical profile projection measurements should be within 
one (black) or two (green) standard deviations. During 
surgery, every effort should be made to avoid a result with a 
'three standard deviation profile'. 

There are instances when adequate lip and chin projections 
to lVL cannot be achieved without placing the occlusal plane 
and incisor projections outside two standard deviations. This 
is normally not a problem, because the facial profile is the 
visible aspect of the treatment. The occlusal plane and incisor 
projections are concealed. Therefore, some discretion is 
possible, and for some patients the occlusal plane and incisor 
projections may be manipulated (blue, 3S0) in order to 
produce an ideal viewable profile. 

The STCA and erp, as described above, are only reliable 
for caucasion patients - they were developed by measuring 
normal caucasian models. The STCA and erp can be utilized 
on other ethnic groups as normal values are developed. This 
has been done for Korean and Japanese patients and is in 
progress with other ethnic groups. 

7 

239 



7 

240 

Cephalometric treatment planning (CTP) 4 
for surgical cases 

Diagllosis requires information from the patient hislory, Ihe 
patient motivation form. the facia l examination, the SrcA, 
and the model examination. Facial and dentallrl'(l/ment 
plll7!nirlg begins with cephalometric treatmen t planning (Crill 
{Fig. 7.29) 

capable of concCling the problems. either onhodontics, lower 
jaw surgery. upper jaw surgery. or both jaws, is selected. The 
requ ired err is selected and used 10 balance the face while 
correcting the occlusion. 

'I1H~re are seven sleps in the su rgical CfP: 

l11e c rp is accomplished to correct the occlusion and 
balance the face. Three examinations determine the c rp (Fig. 
7.29), 

I. Correct the IOrque of the upper incisors 
2. Correct the torque of the lower incisors 
3. Position the maxilla!)' incisors - with Le Fort I where 

1. Patient motivation 1 necessa!)' 

2. Model examination 4. Auto·rotate the mandible to 3 mm of overbite 

3. Facial examination (clinical and STCA).2-4 5. Move the mandible to 3 mm of overjet (A I' movemen t) 
6. Set the occl usal plane 

The patient mot ivation, model examination, and facial 
examination develop a problem list. lhe treatment which is 

7. Assess the chin height and AI' projection to 'IVL. 

PATIENT MOTIVATION PROBLEMS 

1. Dental - Mx or Md 
Z. Facial - Mx or Md 
3. Symptoms 

Refer to patient 
motivation 

form 

CTP determinants - Mx and Md movements 

Treatment 
options 

MOOEL EXAMINATION PROBLEMS FACIAL EXAMINATION PROBLEMS 

4. Tooth mass 
5. Overjet 
6. Overbite 
7. Arch width mismatch 
8. Arch from mismatch 
9. Mx duaL plane 

10. Mx or Md midline off 

Refer to model 
examination 

form 

1. Orthodontics only 

2. Lower jaw surgery 

3. Upper jaw surgery 

4. Upper and lower jaw 

~ 
Steps 1-7 CTP 

11. Mx or Md canine cant 
12. Mx or Md vertically short 
13. Mx or Md vertically long 
14. Mx or Md midline off 
15. Mx or Md protrusion 
16. Mx or Md retrusion 

Refer to fa cial 
examination 

form and STCA 

SeLect the treatment necessary 
to correct the problem list (1-16) 

Fig. 7.29 PossibLe problems are identified via the patient motivation questionnaire (1-3), the model examination (4-10), and the facial 
examination (11-16). The treatment option capable of treating all of the problems in selected. The seven step CTP is then utilized to optimize 
the dental, occlusaL and facial results (Or G. William Arnett). 



The seven-step surgical CTp4 

Step 1. Correct the torque of the upper 
1nC150rs 

The upper incisors are placed at the correct torque (female 
56.8 ± 2.5", male 57.8 ± 3.0°) \0 the maxillary occlusal plane 
(Fig. 7.30). 

Upper incisors 
to maxitlary 
occlusal plane 

Female 57" 
Male 58° 

TVL 

Fig. 7.30 The upper incisors are pLaced at the correct torque to the 
maxillary occlusaL pLane . This is stabLe with periodontal health. 

Step 2. Correct the torque of the lower 
incisors 4 

The lower incisors are then positioned (female 64.3 ± 3.T , 
male 64.0 ± 4.0°) to the mandibular occlusal plane (Fig. 
7.31) . 

The use of the maxillary and mandibular occlusal planes. 
The incisors are measured \0 the maxillary and mandibular 
occlusal planes to eliminate inaccuracy. Incisor measurements 
\0 extremely variable and distant landmarks, such as the 
sella/ nasion, Frankfort, and APO line may produce 
misleading measurements which have littk to do with the 
goals of incisor periodontal health or stability. Also. for 
surgical cases. the maxillary and mandibular occlusal planes 
were chosen as necessary supplements 10 measurements of 
the incisors to the palatal and mandibu lar planes. The 
mandibular and pa latal planes themselves are altered by 
surgery and therefore cannot be used as reference planes. The 
relationship of Go 10 Me is changed by the saginal osteotomy 
and the relationship of ANS 10 PNS is changed by the 
multisegment Le Fort I. 

After normal incisor torque has been achieved, the 'skeletal' 
overjet and overbite are revealed. because the dental 
compensations have been removed. If, when normal torque is 
applied, the overbite and overjet are normal (approximately 
3 mm, as is often seen in Group 1 cases), there is no antero
posterior nor vertical component to the malocclusion. 

Lower incisors 
to mandibular 
occlusal plane 

Female and male 64Q 

Fig. 7.31 The lower incisors are placed at the correct torque to the 
mandibular occlusal plane. This is stable with periodontal health. 
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Co rrect incisor IOrq ue. Correct upper and lower incisor 
torque is necessary for ideal facial outcomes and should be 
achieved orthodontically before surgical correction. For 
example, if the upper incisors are upright (> 58°) or the lower 
incisors arc procumbent « GOO) at the time of surgical 
correction, the lower lip, the soft tissue B' point, and the soft 
tissue pogonion will be retrusive, relative 10 the rest of the 
face (rig. 7.32). In this example the incorrect incisor torque 
creates a less-than-ideal profile. The orthodontist has control 
of incisor torque. and this has a significant impact on the 
facial outcome. 

( TVL 

-

Fig. 7.3 2 After surgical correction, the lower lip, soft tissue B' 
point. and soft tissue pogonion witL be retrusive relative to the rest 
of the face, if the upper incisor is upright (> 58°) or the Lower 
incisor is procumbent ( .. 60°). This is evidence that orthodontic 
preparation has profound effects on the surgicaL faciaL outcome. 

Step 3. Position the maxillary incisors' 

This step is the key to dentofilcial reconstruction. For surgicill 
cases it is accomplished with Le Fort I (LFl) surgical 
movemen t. The upper incisors are placed vertically so that 
3-5 mm of incisor enamel is visible beneath the relaxed 
upper lip (Fig. 7.33). 

r TVL 

,"--:===+ 3 mm to 5 mm 

Fig. 7.33 The upper incisors are placed verticaLLy to expose 3-5 mm 
of the central incisors beneath the relaxed upper lip. 

-
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I lorizontally, the upper incisors are positioned according 
to a combination of clinical and STCA find ings. '111e cIiniCli/ 
faclors are the orbital rim, cheekbone, subpupil. nasal base 
contours, nasal projection, and upper lip support. TIle STCA 
[actors aTe the upper lip thickness, the upper lip projectio n to 

the'IVL, and upper lip angle (Fig. 7.34), 
The maxilla (and incisors) should be surgically advanced if 

the nose is long, mid face structures are nal, the upper lip lacks 
incisor suppan, the upper lip is thick, the upper lip is 
retrusive, or the angle of the upper lip is uprigh t. 

If the orbital rims and cheekbones are nat, heat treated 
hyd roxyapatite-Avi tene onlay grafting is necessary 10 produce 
simu ltaneous augmentation in those areas. 

If the maxillary incisor posi tion is esthetically correct 
wi thout treatment, no maxilla!), surge!), is indicated, unless 
other reasons exist as revealed in the model examinat ion. 
Such reasons can incl ude a 'dual plane' maxilla!), occlusion, 
or m ismatches in the arch form, the arch widths, or the 
m id li nes. 

Upper lip 
projection 
to TVl 

TVl 

Upper lip 

anterior 

Female 4 mm 
Male 3 mm 

Upper lip 
thickness 

Inside of 
upper lip 

Upper lip 
angle 

Upper lip 
anterior 

Female 13 mm 
Mate 15 mm 

TVl 

Subnasale 

Upper lip 

anterior 

Female 12° 
Male 8° 

Fig. 7.34 For horizonta l positioning of the upper incisors, the STCA factors are the upper lip thickness, the upper lip projection to the TVL, 
and upper lip angle. When maxillary retrusion is identified with the clinical examination, the TVL is moved forward 1-3mm (p. 159, Fig. 5.18) 
and the upper lip projection is then measured. 
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Step 4. Auto-rotate the mandible to 3 mm of 
overbite' 

This reveals the true overjet at the correct venleal dimension 
of the anterior face (rig. 7.35). If the rotation produces a class 
I overjet, an LH may be all Ihal is necessary if olher problems 
are not present. These Olher problems may include visible 
cants, a lower m idli ne deviation, or a sleep occlusa l p lane 
which prevents adequate chi n projection. If after rotation, a 
Class II o r Class III overjet is present, the mandible will need 
adva ncement or retract ion \0 produce a Class I occlusion in 
step 5. 

Step 5. Move the mandible to 3 mm of 
overjet (Al P movement) ' 

If necessary, this step is carried out to correct the incisor 
over jet to 3 mm wi th 1.5 mm of ovu bite in the molars (Fig. 
7.36). The lower lip usually needs re-posturing at th is ti me. 
The lip is rOlated, withou t changing its thickness, unti l it 
touches the upper incisors. 

3mm 
overbite 

Fig. 7.35 Rotation of the mandible to 3 mm of overbite reveals the 
true ove~et at the correct vertical dimension of the anterior face. In 
this instance a Class II ove~et still exists after autorotation. This is 
corrected in step 5. 

1. 5 mm 
overbite 

fig. 7.36 If necessary, AlP movement of the mandible is used to 
correct the incisor ove~et to 3 mm and the overbite to 1.5 mm in 
the molar regions. In this case, the (lass II overjet from step 4 
(above) has been corrected with Md advancement in step 5. If after 
step 4 the overjet is (1. this step may not be necessary. 

1 
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Step 6. Set the maxillary (upper) occlusal 

plane' 

After the overbite and overjet have been set, a position for the 
uppE:r occlusal plane is decided. 111(': anterior point of the 
occlusal plane is the maxillary incisor tip. The anterior point 
is set to expose the upper incisal edgE': esthetically (as 
described above in step 3 for upper incisor positioning). The 
posterior point of the occlusal plane line is the tip of the 
mesial buccal cusp of the maxillary first molar (Fig. 7.37). 

[n general. a morc superior placement of the upper first 
molar (relative to the incisor tip) gives a morc convex and less 
pleasing facial profile. A steep occlusal plane (p. 154) 
produces facial convexi ty by re tracting the chin and 
protruding the nasal base and subnasale. The profile is usually 
optimal when the occlusal plane is 93_97° to the true vert ical 
line (Fig. 7.37), soft tissue pogonion is within an appropriate 
range of the true vertical lin e (female -2.6 ± 1.9 mm, male -

Maxillary 
occlusal plane 

Soft tissue 
pogonion 

3.5 ± 1.8 mm), and the nasal base support is esthetic. '111is is 
achieved by rotating the bimaxillary complex on the maxillary 
central incisor until esthetic nasal base and chin balance is 
achieved. 

Moving the bimaxiIJary com plex anteriorly or posteriorly. 
For some cases there is a need for a sub-step in the stage of 
upper OCclU5.11 plane correction. For these ind ividuals the 
bimaxillary complex (upper and lower jaws) can be moved 
anteriorly o r posteriorly if this is necessary to produce correct 
chin and nasal base esthetics. Posterior movement from the 
incisors original projection is generally not indicated, because 
the consequent retraction of the nasal base and teeth 
produces nasolabial grooves. These grooves deepen wi th 
aging. It should be noted that a multi-segment Le Fort I 
procedure will produce 2-3 mm more advancement in the 
nasal base than is shown on the two-dimensional crp. 

TVl 

Female -2 .6 mm 
Male -3.5 mm 

Fig. 7.37 The profile is usuaLLy optimal when the occiusal plane is between 
93-970 to the TVt the soft tissue pogonion is within a normaL range of the 
TVL (female -2.6 ± 1.9 mm, maLe -3.S ± 1.8 mm), and the nasal base 
support is esthetic. 
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Step 7. Assess the chin height and AP 
projection to TVL 4 

lhis last slep of the CfP is carried out to position the chin AI' 
and vertically_ The chin position can be adjusted in two ways: 

1. With a sliding chin osteotomy (Fig. 7.38) (Cases MO. 
p. 275; AC, p. 191) by moving the chin anteroposterior 
and/or vertically. 

2. By changing the occlusal plane to give an increase or 
decrease in the chin AlP projection 10 lVL. 'Steepening' the 
occlusal plane decreases chin projection, and 'flattening' 
the occlusal plane increases chin projection (Fig. 7.39). 

If the chin has a poor COntour, the occlusal plane (an be 
steepened. This will allow a chin augmentation (Case MO, 
p. 274), which will improve the chin contour and projection. 

+ 

lower incisor t ip 

'Chin height' 

Female 49 mm 
Male 56 mm 

Soft tissue menton 

Fig. 7.38 The mean chin height is 48.6 mm for females and 56.0 mm 
for ma les. A chin osteotomy with lengthening or shortening may be 
used to normalize chin height. The chin may be moved 
anteroposterior to effect projection or alter the shape (i.e . flat chin 
advancement to increase the shape) . 

Chin h eights. The mean mandibular anterior height (chin 
height) is 48.6 nun for females and 56.0 mm for males 
(Fig. 7.38). The ratio of maxillary height (Sn to Mxl) to 
mandibular height (Mdl to Me') is essentially 1:2 for males 
and females - this ratio should be achieved with treatment. A 
chin osteotomy with lengthening or shortening may be used 
to normalize chin height. 

Omitting s teps in the CfP. 'The err steps used for lower 
jaw surgery, upper jaw surgery, and two-jaw surgery are 
different. If one or more of the seven steps is correct, without 
alteration, it is omitted. An example of this is lower jaw 
surgery. Steps \, 2, 4 and 7 provide a facially correct Class I 
occlusion (Case MO, p. 274). and therefore steps 3 (Le Fort I 
upper incisor AP and vertical change) and G (occlusal plane 
modification) are not need ed. Step 7, a chin osteotomy, may 
be used to provide adequate chi n prominence, provid ed this 
step is not overdone to compensate for a steep occlusal p lane 
angle. 

When orthodontics without jaw surgery is adequate for 
occlusa l and facial correction, steps 1,2 and possibly 7 are 
utilized. 

Maxitlary 
occlusal plane 

TVL 

Fig. 7.39 Steepening the occlusa l plane decreases chin projection, 
and flattening the occlusal plane increases chin projection. 



This 41.3-year·old male with a Class II malocclusion was seen 
for consultation. He was referred by his orthodontist. 
Orthodontic appliances had been in place for 24 months at 
the time of the initial surgical consultation. Leveling and 
alignment of the arches had been completed. Diagnosis and 
treatment were started with the intention of fulfilling the 
seven goals of treatment. His patient motivation form 

PROBLEM 

1. High midface 
• Normal 

2. Maxilla 
Orthodontic preparation 

Dental 
• Leveling and alignment done 
• Excessive lingual crown torque 

SkeletaV!aciai 
• Long nasal projection 

• Midline 1 mm to the left 
• -2 mm relaxed incisor exposure 
• flat occlusa l plane 
• Arch form and arch shape match in 

Class I position 

3. Mandible 
Dental 
• leveL and alignment done 
• Excessive labiaL crown torque 

SkeietaV/aciai 
• (hin and lower lip retrusion 

• Flat occlusal plane 
• Short, sag throat length 

• Symmetrical, short facial outline 

4. TMJ 

• No signs or symptoms 

5. Growth potential 

• 41.3 years old 

indicated a desire to move the upper teeth backward and the 
lower teeth forward. Facially, the patient wanted the chin 
moved fonvard. He had no TM I sym ptoms but did have a 
history of night·time clenching. 'I'M) examination and history, 
clinical facial examination, soft tissue cephalometric 
examination, and model examination were obtained. The 
problem list and treatments were as follows: 

TREATMENT 

• No treatment 

• Stable 

• NOr'le 
• labial crown torque 

• Maxillary advancement? 
• Rhir'loplasty? 
• Rotate midline 1 mm right 
• LFI down graft 
• Steepen accLusal plane 
• One-piece LFI 

• None 
• lingual crown torque 
• Stripping necessary 

• Bilateral sagittal split osteotomy (8550) advancement 
• (hin augmentation? 
• Plan with CTP to produce nasal base + chin harmony 
• Mandible advance merit 
• (hir'l augmer'ltatior'l 
• Submental lipectomy? 
• lFI down graft 
• (hin lengthening 

• No treat ment 

• Non-factor 
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Pre-surgical orthodontics was completed in 10 months. 
After diagnosis, the patient was treatment planned anICTO
posteriorly and vertically using the seven-step cephalometric 
treatment plan. The fronla l midlines, levels and outline were 
Ireatment planned using the frontal clinical examination . 

A one-piece LFI down graft and BSSO advancement were 
necessal)' to correct the occlusion and produce basic facial 
ba lance. 1111': LFI dO\'\In graft was stabilized with OsteoMed 

Fig. 7.40 Fig. 7.41 

Fig. 7.43 Fig. 7.44 

rigid plates, platelet rich plasma, iliac crest bone grafting. 
Interrore 200 blocks, and amitriptyline at bedtime to prevent 
clenching. Additional improvement of facial balance was 
achieved with a 6 mm lengthening and 3 mm advancement 
of the chin. Additionally, cold cure hydrolC}'apatite with 
Avitene \.,a5 added to the right mandibular lateral body 10 fill 
out a contour depression. 

Fig. 7.42 

Fig. 7.45 

Figs 7.40 to 7.45 Pre-orthodontic faciaL and intra·oraL photographs. Note the (Lass II deep bite maLocclusion and the Lip redundancy. 
FaciaL hair shouLd be removed prior to diagnosis and treatment. 

Fig. 7.46 Pre-orthodontic fuLL mouth radiographs. 
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Fig. 7.47 Fig. 7.48 

Fig. 7.49 

Fig. 7.47 to 7.49 Pre-orthodontic modeL photographs indicate a Class II deep bite malocclusion. 

Fig. 7.50 Pre-orthodontic occlusal views. Fig. 7.51 Pre-orthodontic STCA tracing showing normal midface 
projection (- 22, -28, -17, -16, black), upper lip retrusion (-2, 
green; 0, green; -6, blue), mandibular retrusion (-21, blue; -1 2, 
red). deep bite (8, red), and a lack of upper incisor exposure (-2, 
red). 
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Fig. 7.52 Fig. 7.53 

Fig. 7.54 

Figs 7.52 to 7.54 Pre-surgicaL articulator models demonstrating Class II maLocclusion in centric relation. 

Fig. 7.55 Pre-surgical tomographic radiographs. Note: condylar size, shape. cortication, and position are normal. 
250 
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Fig. 7.56 Fig. 7.57 

Fig. 7.58 

Figs 7.56 to 7.58 Pre'surgicaL models are hand heLd in Class I, indicating matching arch forms, arch widths, and planes of occlusion. Multi
segment lFI surgery was not necessary because one-piece maxiLLaI)l surgery provides an excellent occlusion. The pre-orthodontic models were 
compared to the post-orthodontic models and there was no orthodontic relapse built into the preparation. 

Fig. 7.59 The pre-surgicaL panoraL radiograph . 
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fig. 7.60 

Figs 7. 60 to 7.64 Pre-surgicaL photographs 
without a wax bite. Note: lip redundancy and 
decreased incisor exposure with the smite 
secondary to verticaL maxillary deficiency. 
Profile demonstrates Class II profile. 

Fig. 7.61 Fig. 7.62 

Fig. 7.63 Fig. 7.64 



Fig. 7.65 

Figs 7.65 to 7.69 Pre·surgical photographs 
with a thick wax bite in place. opening the 
bite. Note: absence of lip redundancy, and 
inter·labial gap within the normal range. 
Profile demonstrates an increase in the (lass II 
profile secondary to downward and backward 
rotation of the mandible with the thick wax 
bite. erp head film, tomograms, facial 
examination, and model mounting all use this 
bite-open wax bite. 

Fig. 7.66 

Fig. 7.68 

7 

Fig. 7.67 

Fig. 7.69 
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Fig. 7.70 STCA. 

Figs 7.70 to 7.72 The STCA (top left) showing a near normal high 
midface projection (-24, black; - 30, green; - 19, black; - 17, green) 
upper lip retrusion (- 0, bLue; - 6, bLue; 113, green), severe 
mandibuLar retrusion (- 27, red; -16, red), short chin height (49, 
bLue), and a normaL occlusaL pLane height (93, black) . The CTP (top 
right) shows maxiLlary advancement, maxillary anterior and posterior 
Lengthenin9, mandibuLar advancement, and chin lengthening, 
Superimpositions (bottom right) demonstrate the changes between 
STCA and CTP. The upper (52, blue) and Lower (54, blue) incisors are 
orthodonticaLLy fla red. Non·extraction (and flaring) was acceptable in 
this case; there was miLd preorthodontic crowding, abundant 
attached gingiva, and the faciaL profile was not adversely affected. 

Fig. 7.71 CTP. 
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Fig. 7.72 Superimpositions. 
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Fig. 7.73 Fig. 7.74 

Fig. 7.75 Fig. 7.76 

Figs 7.73 to 7.76 Post-surgical intra-oral photographs. 

Fig. 7.77 Fig. 7.78 

Figs 7.77 and 7. 78 Post·surgical panoral radiograph and right a rld left tomograms. Note in the panoral radiograph: two plates per sagittal 
osteotomy advancement. Note in the tomograms: the condyles centered in the preoperative CR position. 
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Figs 7.79 and 7.80 Post-treatment closed lip 
and relaxed Lip photographs. Note: normaL facial 
projection and heights. 

figs 7.81 to 7.83 Post-treatment closed lip, relaxed lip and smiLe photographs. Note: normal heights and facial outline. 

Figs 7.84 and 7.85 Post-treatment right and left 
three-quarter faciaL photographs. Note: normal 
projections and contours. 



Figs 7.86 and 7.87 Pre- and post-surgery photographs. 

o 
·28 ·18 

3 

• 
1===:-,,---,.18 

11 , 
3 

59 

" ~1 56 

" 
" 
11 

., 

• 
100 

o , " 13 3 
2 

1 

52 

77138 

Fig. 7.88 Post-treatment STCA showing adequate projection and 
heights of the face. 

Th l' o rthodontic treatment for this patient was provided by 
Dr Jea n L. Sea mount. The authors gratefully acknowledge 
he r assistance in treating this patient. 
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FACIAL PLANNING FOR GROUP 2 PATIENTS 
- ORTHODONTICS ONLY, OR SURGERY AND 
ORTHODONTICS? 

Group 2 patients often present with challenging problems. 
They are borderline cases in which Ihe need for treatment by 
'orthodontics alone' is not clear, for a number of reasons, For 
the orthodontist, facial planning takes place against a 
background of variables. These include growth. patient 
cooperation, and treatment response to orthodontic forces. 
'Ihe orthodontist has to work within the existing skeletal and 
soft tissue framework when treating by orthodontics alone. 

Consequently, although an ideal outcome may be possible 
for some patients, for others it is inevi table that orthodontic 
facial planning is aimed at a less-than-ideal result from the 
stan. Although the limits of orthodontic treatment are not 
well defined, some comments on this subject will be made 
later. Despite the lack of definable limitations, because of the 
above cited variables, it is important for the treatment plan to 
be as accurate as possible from the outset. It then needs to be 
re-evaluated as treatment proceeds. 

Information on Group 2 patients will normally be 
obtained as follows (Fig. 7.89): 

Tile paliem history. This may reveal the presence ofTMJ 
problems, and the patient motivation form may not reveal 
that the patient has concerns both facially and dentally. If 
the patient motivation questionnaire1 reveals facial change 
as a desired outcome, the patient may need to be placed 
into the Group 3 surgical category. Therefore, the 
consultation visit will frequently require more time and 
explanation. 

2. The ciiniUlI examination. 2.3 This reveals a face that is 
somewhat unbalanced, and should receive additional 
analysis with the headf1lm and the STCA. 

3. The intra-oml examination. This is later confirmed with the 
mounted study casts and panoramic radiographs, and 
reveals that the problem is both skeletal and dental. 

The patient history 

The clinical examination 

The intra-oral examination 

Fig. 1.89 



PLANNING GROUP 2 CASES SURGICALLY 
AND ORTHODONTICALLY, FOR COMPARISON 

Double treatment planning is recommended ror Croup 2 
cases: 

The twO options can then be compared. and, most 
imponamly, the patient can be shown the twO treatment 
possibilities (Fig. 7.90) . 

• as a surgical/orthodontic case, using the 'seven-step surgiCllI 
CT?' described above 

• and for onhodontics only, using the 'six-slep ortlrodOllfic 
CTP' described below. 

Group 1 

\I , 

( 

'Orthodontics-on Ii 
planning 

r~--

Orthodontic 
treatment 
only 

Group 2 

\, 

'Orthodontics-on ly' and 
'su rgical-orthodo ntic' 

planning 

, 
./ 

Group 3 

'Surgical-orthoda ntic' 
planning 

1 
Combined 
surgical and 
orthodontic 
treatment 

Fig. 7.90 Double treatment planning is recommended for Group 2 cases. 
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I. Does the patient have 'I'M) concerns that 
require treatment before orthodontic 
treatment? If so, a TM) treatment plan is 
needed (Chapler 6). lhis plan has 10 be re
evaluated before surgery. 

2. What is the most ideal facial pallern that can 
be achieved for the patient surgically, and the 
most ideal facial pattern that can be achieved 
with orthodontics only? If the orthodontist 
believes that an unsatisfactory result will be 
achieved with orthodontics alone, the case 
should be placed in the group 3 category, and 
treatment by 'orthodontics alone' should be 
declined if the patient will not agree to surgery. 

3. How can Ihe canines and posterior teeth be 
positioned behind the corrected positions of 
the incisors and lips with each treatment 
option? Once again, it is important to not 
make dental decisions until facial planning for 
each option is completed. If the 'orthodontics 
only' option requires unreasonable amounts of 
dental movemenlS, or movements beyond the 
limits of the alveolar bone (resulting in 
periodontal decline), then this approach 
should be rejected. 

, 

Does the patient have TMJ concerns? 

What is the best profile that can be 
achieved by orthodontics only? 

, 
, 

How can the canines and posterior 
teeth be positioned behind the 
orthodontically positioned incisors 
and lips? 

Fig. 7.91 

What is the best profile that can 
be achieved by surgery and 
orthodontics? 

, 
, 

How can the canines and posterior 
teeth be positioned behind the 
corrected incisor positions? 



The six-step orthodontic CTP for group 2 
cases 

After the method described for group 3 surgical treatment 
planning (p. 233) has been carried out on the group 2 case, 
the case can be reassessed as a possible orthodontic case with 
the following six-step orthodontic err: 
I. Correct the torque of the upper incisors. 
2. Correct the torque of the lower incisors. 
3. Evaluate the true overjet and overbite. 
4. Consider growth and growth modification. 
5. Consider dental compensation. 
6. Evaluate the compromise versus the ideal treatment. 

Each of these is discussed in more detail below. 

1. Correct the torque of the upper incisors 

The upper incisors are placed (female 56.8 ± 2.5 o . male 57.8 ± 
3.0°) to the maxillary occl usal plane (Fig. 730, p. 241). 

2. Correct the torque of the lower incisors 

The lower incisors are then positioned (female 64.3 ± 3,2 0, 

male 64.0 ± 4.0 °) to the mandibular occlusal plane (Fig. 7.31, 
p.241). 

3. Evaluate the true oveljet and overbite 

As with surgical cases, it is very helpful to evaluate the true 
AjP and vertical relationships of the incisors after steps 1 and 
2 have been completed. Th is information alone may lead the 
orthodontist 10 a 'surgical-orthodontic' or 'orthodontics only' 
decision. At this point, if it is clear that dental compensations 
can correct the overbite and overjet, without periodontal or 
fac ial decline, the case becomes an 'orthodontics only' group 
1 case. 

4. Consider growth and growth modification 

The orthodontist sees patients aged 6-1 2 years who have 
considerable facial disharmony, but with a lot of growth to 
come. The disproportionate growth is likely to continue 
throughout the growth period, and a clear G2/ G3 decision 
cannot be made for several years. There is normally parental 
concern over facial appearance, often shared by the child. 
Early assessment is beneficial for these young patients with 
moderate to severe facial imbalance, in order to identify the 
underlying causes of the disharmony. However, this is an area 

of great difficulty for the orthodontist, for the following 
reasons. 

Growth prediction . To date, growth prediction has not 
been proven to be accurate, and therefore it is impossible to 
predict exactly how an individual patient will grow. This is 
mainly because of the great variation in vertical facial growth, 
which is the greatest growth dimension of the face. Computer 
programs for growth prediction rely on average estimates of 
growth, based on figures such as the Bolton normals. They 
seem to basically enlarge the face in proportionate amounts. 
However, individual variations from these normals can be 
significant and patients should not all be treated with the 
same expectation of bite correction. Patients who may have 
inadequate mandibular growth or be expected to respond 
poorly to funClional therapy can be identified with the 
following factors: 

I. TMJ health mId co7/drlar size and morphology. Joints which 
are in closed locks, or exhibit pops and/or clicks, may 
inh ibit normal mandibular growth and limi t mandibular 
growth stimulation. Additionally, condyles which are 
small, finger shaped and with flat surfaces may be expeCled 
to show decreased growth potential. Normally they do not 
respond favorably to growth modification. 

2. Tire analOmical shape of the mandibular ram!l5. Bji:irk5 

described two types of mandibular growth rotation: fonvtlrd 
growth rottllion, which occurs with significant vertical ramllS 
growth and an upward and forward direction of condylar 
growth; and bachward growlh rOlalion, which occurs with a 
short ramus growth and a more distal direct ion of condylar 
growth. The shape of the ramus, therefore provides insight 
into the adequacy of growth that may occur. 

3. Tile llmounl of anlerior vertical facitll growth. This occurs in 
three areas, the nasal canilages, the maxillary alveolar 
process, and the mandibular alveolar process. Each of these 
areas can be evaluated for potential vertical growth. 

The o rthodontic response 10 treatment. The orthodontic 
response 10 treatment will vary greatly, depending on such 
variables as the magnitude of the malocclusion, patient 
cooperation, age at the start of treatment, the length of 
treatment, and the method of treatment being used. Despite 
these variables, early treatment shou ld be considered, in an 
attempt to produce favorable changes during the growth 
period, thereby avoiding the need for surgeI)' later on. This 
treatment should not be done if the case will deteriorate 
periodontally or facially. 

Ea rly treatment fo r growi ng Class 1Ij1 cases. Treatment 
should be considered to deal with soft tissue factors. If thumb 
or finger sucking activity can be abandoned at an early age, 
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(his is normally beneficial. Likewise, these young patients can 
be encouraged to modify an unfavorable longue position or 
act ivity. Th is can be difficult to achieve, bu t it is appropriatE' 
to refer pat ients to experts in this area, to attempt some 
improvement. 

E.1r1y fadal analys is oflhcsc Class 11 /1 cases, with 
photographs and a cepha lometric radiograph, may reveal 
overdcvelopment of the maxi lla. This is rare. Early headgear 
treatment can be considered for these individuals. 

More typically, Class 11/1 cases show underdevelopment of 
the mandible, and there is evidence6 that early use of 
functiona l appliances can be dentally beneficiaL In some 
cases early use of functional appliances ca n correct the bile 
but leave the facia l imbalances. and it is preferable to use a 
type of functional appliance which does not produce excessive 
dental compensation. 

Ea rly treatment for growing Class III cases. Many ch ildren 
with developing Class [][ malocclusions also have anterior 
displacemems. Consequen tly, both condyles are slightly 
fOf\vard in the fossae at centric occlusion, and this can have a 
'functional appliance' effect, releasing evel)' possible 
millimeter of mandibu lar growth. 'l1lerefore, early 
ort hodontic correction of amerior displacements is beneficial, 
where possible. This eliminates the an terior displacement, 
which allows development of a more normal incisor 
relationship and growth pattern. 

Early facial analysis of developing Class 111 cases, using 
photographs and a cephalometric radiograph, will normally 
reveal either a short maxilla, a retruded maxilla, or a long 
mandible, or a combination of these possibilities. lhere is 
conflicting evidence about the possibility of enhancing the 
growth of the maxilla, using rapid maxillary expansion (RME) 
and a face mask. Some clin icians will wish to consider this 
type of approach if the maxilla is mild ly underdeveloped. 

It is now widely accepted that growth restriction of the 
mandible, lIsi ng a chin cap, is not effective. Accord ingly, fo r a 
child aged 8-10 years, with a mandible which is 
overdeveloped, it is accepted good practice to observe the 
mandibular growth, taking regular cepha lometric radiographs. 
Treatment decisions can then be made at age 15 years or later, 
using the group 2 facial plann ing protocols. 

5. Consider dental compensation 

When considering denta l com pensation, three im portant 
questions should be asked: 

I. What will be the effect on the face as a result of this 
compensation? 

2. Will demal compensation potentially lead to periodon tal 
problems, stability problems, or poor occlusal tooth fit 
problems? 

3. Will disproportionate growth during or after orthodontic 
treatment be beyond the range of compensation? Growth 
is often disproportionate throughout the growth years -
the malocclusion may worsen. Demal compensation 
treatment shou ld consider this possibili ty and be 
postponed if the amici pated malocclusion might be 
beyond the scope of reasonable compensations. 

Facia l changes in respo nse to dental compensatio n 
When consideri ng acceptable facial patterns, a number of 
variables come into play. These include racial and cultural 
variables, individual patiem perceptions, clinician abi lities 
and perspectives, financial considerations and access to 
adequate care. Despite this, it is the responsibility of the 
orthodontist to attempt to be as objective as possible in 
recommend ing appropriate facia l treatment plans (or their 
patients. 

The soft tissue cephalometric analysis (STO\) provides 
objective insight into these challenging decisions. All 
measurements of the analysis are important and can be easily 
reviC\voo, but two groups of factors require indepth allemion by 
the onhodontist in deciding between surgery and orthodontics 
only. These groups are the soft tissue disharmony factors and the 
upper lip faC/ors. 

Soft (iS5ue disharmollY factors 
Sn to soft tissue Pogonion' 
Soh tissue A' to soft tissue 13' 
Upper lip anterior to lower lip anterior. 

Upper lip factors 
Upper lip anterior projection 
Upper lip angle 
Upper incisor exposure - relaxed lip. 

As a general rule, the soft tissue disharmony factors reveal 
skeletal problems which may not be amenable to correction 
(seven goals) by orthodontics only. The upper lip factors are 
particularly important to esthetic orthodontic results. When 
they are abnormal, they are easi ly visualized. 

The dental and periodontal response to dental 
co mpensatio n 

[t has always been a challenge to the orthodontist to establish 
the range of possible movemem of the incisors. It is a 
relatively new concept to commence orthodontic treatment 
planning with the upper incisor? Consequently, there is a 
lack of good research evidence about the range of possible 
movements. It is hoped that more evidence-based 
in formation will gradually become available. Meantime, the 
comments below are based on present knowledge and 
experience, and can act as guidelines. 

The upper inciso rs. 'il1e torque, A/P position, and the 
vertical position of the upper incisors must be considered. 
Upper incisor torque ideals are 5]0 (or females and 580 for 



males (to the upper occlusal plane), and 1100 to 1150 to Ihe 
palatal plane. As torque is changed, the upper incisor to 'IVL 
value also changes, by approximately 3 mm for every 100 of 
torque. This is a 'rule of thumb' - values vary, depending on 
factors such as the size of the teeth and the pivot point for the 
torque. 

If upper incisors are retroclined beyond 1000 to the palatal 
plane or 670 to the occlusal plane in Class 11/1 cases, 
unesthetic and possibly periodon tally compromised results 
can be anticipated. Class II/ I cases are particularly susceptible 
to these negative changes. Class 11/ 2 cases are less susceptible, 
because Ihey do nOt involve the same retraction of incisal 
edges. [n Class III treatment, if upper incisors are proclined to 
more than! 200 10 the palatal plane or 470 10 the occlusal 
plane, occlusal and periodontal problems may occur. 

Antero-posteriorly, the ideal values for upper incisor to 'rvL 
are -9 mm for adult females and -12 mm for adult males. 
There is a small range of AlP bodily movement of incisors in 
the bone. Growth of the maxilla, or growth restriction, has an 
effect also, but the torque changes described above are most 
important. 

Vertically, the upper incisor exposure ideals are 4-5 mm 
for adult females and 3-4 mm for adult males. 
Orthodontically, a small range of vertical movement of 
incisors is possible. Extrusion is easier to achieve than 
intrusion although it may nOI be stable. Vertical growth of the 
maxilla and upper incisor IOrque changes also have an effect. 

The lower incisors. As with the upper incisors, the torque, 
the AlP position, and the vertical position of the lower incisor 
must be considered. The ideals for lower incisor torque (to 
lower occlusal plane) are 64 0 for both females and males, 
and 90_950 degrees to the mandibular plane. 

As lower incisor torque is changed, the lower incisor 10 
'!VL value changes by approximately 3 mm for every 100 of 
torque. If lower incisors are procl ined beyond 1000 10 the 
mandibular plane or 540 to the occlusal plane in Class II 
cases, instability and potential periodontal problems become 
a concern. If lower incisors are retrodined 10 less than 800 to 
the mandibular plane or more than 540 to the occlusal plane 
in Class III cases, periodontal concerns become significant. 
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The ideal All' values are for an overjet in both males and 
females of 3 mm. The lower incisor to lVL ideals are -12 mm 
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to plan for AjP bodily movement of lower incisors. As with 
the upper incisor, torque changes are mOSt important. 
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restriction of the mandible is not possible. 
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treallnents. 

6. Evaluate the campramise versus the ideal 
treatment 

After evaluation of a borderline group 2/group 3 case, 
accurate and revealing comparisons can be made between 
'orthodontics alone' treatment and 'surgical-orthodontic' 
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treatment. In the past, the comparison process was tedious 
and time consuming, and most clinicians did nOt go through 
it. However, with digital facial and dental imaging, 
computerized cephalometric digit izing and analysis, and 
computerized cephalometric and facial treatment planning, 
the process can be carried out in minutes. As a result, better 
treatment decisions can be made and more informed 
explanations can be offered to patients. 
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This I D.D-year-old female presented with a moderate \0 severe 
Class [] skeletal and dental pattern in the mixed dentition 
stage. Her deciduous teeth showed excessive wear due to a 
clenching and grinding habit. She showed a long lower facial 
height and a slight anterior open bile. Her maxilla was narrow 
and her upper and lower arches showed minimal crowding. 

Figs 7.92 and 7.93 Beginning facial pattern with 
a long lower facial height. Her lips were not at 
rest in the photographs, and she showed mentalis 
st rain with the lips together. She did show good 
faciaL symmetry. 

Fig. 7,92 

Fig. 7.94 

Figs 7.94 to 7.98 Beginning intra-oral photographs showing a 
moderate Class II dental relationship in the mixed dentition stage. 
Her deciduous teeth showed excessive wear due to a clenching and 
grinding habit. She showed a slight anterior open bite. Her maxilLa 
was narrow and her upper and Lower arches showed minimal 
crowding. 

Fig. 7.93 



Fig. 7.95 

Fig. 7.97 

fig. 7.98 

Fig. 7.96 
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Fig. 7.99 Beginning STCA showing only a slight steep occlusal plane 
(98, green) (due to the anterior open bite), and a retrusive mandible 
(-15, green; -12, red). 
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The patient was treated in her first phase with a fUilClional 
appliance (Twin Block). 'rhis was followed by full banded 
orthodontic treatment on a non-extTaCIion basis. Vertical 
control of the face was adequate and, fortunately, she 
demonstrated good mandibu lar growth response. 

Fig. 7.100 Fig. 7.101 

Fig. 7.103 

Figs 7.103 to 7.107 Final intra-oral photographs showing a Class I 
posterior dental relationship, a corrected overbite and overjet, 
heaLthy periodontal tissue, and coordinated arches. 

Fig. 7.102 

Figs 7.100 to 7.102 Final faciaL photographs of the patient showed improved facial balance in the profile view. Frontally, the patient 
continues to show good symmetry. 



Fig. 7.104 

Fig. 7.106 

Fig. 7.107 
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Fig. 7.108 FinaL STCA showing a sLightly steep occlusaL plane (100, 
bLue). and slight retrusion to the chin (-7, blue), but improvement 
from her beginning srCA due to good mandibuLar growth . A chin 
osteotomy couLd be used to pLace the chin into the favorable range. 
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Fig. 7.109 Beginning and final superimpositions on the SN plane. 
The patient demonstrated a normal faciaL growth pattern, rather 
than a strong vertical component of growth, which may have been 
anticiapted. 

fig. 7.110 Beginning and finaL superimpositions on the palataL and 
the mandibular plane. The upper molars showed sLightly less verticaL 
eruption than the upper incisors, which heLped in closure of the 
open bite. The mandible showed exceUent growth with equal 
eruption of incisors and molars. 



This 14-year-old female was seen for consultation for occlusal 
correction. She was referred by her orthodontist. Diagnosis 
and treatment were started with the intention offulflliing the 
seven goals of treatment. Her patient motivation form 
indicated a desire for straightening of her teeth and forward 

PROBLEM 

1. High midface 
• Normal 

2. Maxilla 
Dental 
• Mild crowding 

SkeletaV!acial 
• Normal maxillary projection 
• No de lltal deviatiolls 
• Normal illcisor exposure 
• A narrow maxilla ill Class I positioll 

• Level curve of Spee 

3. Mandible 
Dental 
• Moderate crowdillg 

SkeletaV!acial 
• Moderate chin and lower lip retrusion 

• No dental deviations 
• Short chin height 
• Wide malldible in Class I position 
• Level curve of Spee 

4. TMJ 
• Muscle discomfort + condylar changes 

5. Growth potentiaL 
• 14 years old - disproportionate future growth 

advancement of her chin. TMJ examination and history. 
clinical facial examination, soft tissue cephalometric 
examination, and model examination were obtained.lhe 
problem list and treatments were as follows: 

TREATMENT 

• NOlle 

• Orthodontics 

• No treatmellt 
• No treatment 
• No treatment 
• MuLti-segmellt LFI widellillg? 
• Orthodolltic expallsioll? 
• No treat mellt 

• Orthodontics 
• Illterproximal strippillg 

• BSSO advancement 
• Chin augmentation 
• No t reatment 
• Lellgthening and augmentation chin osteotomy 
• Narrow with midline osteotomy of mandible? 
• No treatment 

• Splillt + medicatiolls for 6 months after orthodOlltic preparation 

• Orthodontics to be completed by age 17 
• Splillt + medicatiolls for 6 months 
• Surgery at age 17.6 
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After diagnosis, the patient was treatment planned antero
posteriorly and vertically using the seven-step cephalometric 
treatment plan. The mandibular advancement plus 
augmentation and lengthening genioplasty produced excellent 
facial balance while correcting the overbite and overjet. 'Mnee 
choices weTe considered for matching the arch widths of the 
upper and lower jaws; however, a midline osteotomy of the 

Fig. 7.111 Fig. 7.112 

Fig. 7.114 

Fig. 7.116 

mandible was the chosen treatment. This eliminated the need 
for surgical expansion of the maxilla. Additionally, this 
eliminated orthodontic expansion of the maxilla, which lends 
to relapse and cause periodontal decline. To maintain joinl 
stability following surgel)', a splint plus medications were 
used preoperatively and the patient was maintained on joint 
medications for 9 months post-surgically. 

Fig. 7.113 

Fig. 7.115 

Figs 7.111 to 7.118 Pre-orthodontic facial and intra-oraL photographs in centric occlusion. Note: miLd maxillary crowding, moderate 
270 mandibuLar crowding requiring stripping. 



Fig. 7.117 

Fig. 7.118 
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Fig. 7.119 The CR pre-orthodontic STCA tracing showing a steep 
occlusal plane (101, red) and a retrusive mandible (-10, red). 

Fig. 7.120 Pre-orthodontic panorat radiograph showing a healthy dentition and third molars 
that are present. 
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Fig. 7.121 Fig. 7.122 

Fig. 7.123 Fig. 7.124 

figs 7.121 to 7.124 The pre-surgical orthodontic set-up, showing a Class II anterior open bite malocclusion. The photographs were carefulLy 
taken in CR without the wax bite to demonstrate the ocdusion clearLy. 

Fig. 7.125 The pre-surgicaL models heLd in Class I canine position. 
Note: the transverse excess of the posterior mandible. 

Fig. 7.126 The pre-surgicaL models held in Class I canine position 
after midline osteotomy. Note: the arch widths matched, improved 
posterior intercuspation and increased overbite. 



Figs 7.127 and 7.128 The pre'surgicaL closed Lip and relaxed Lip photographs. Note: the normaL high midface, normaL maxiLlary projection, 
extreme mandibuLar retrusion and Lip strain. 

Figs 7.129 to 7.131 The pre-surgicaL closed Lip, reLaxed Lip, and smiLe photographs. Note: the Lip strain, short chin height, normaL reLaxed and 
smiLe maxiLlary incisor exposure. 
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Figs 7.132 and 7.133 The pre-surgicaL right and left three-quarter facial photographs. Note: the normal high midface and maxilla, with 
retruded mandibLe. 

Figs 7.134 and 7.135 The pre-surgical panoral and tomographic radiographs. Note: the small condylar size, and superior flattening consistent 
with condylar resorption. The patient was treated with spLint and medication protocoL after orthodontic preparation and before surgery. 
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fig. 7.136 The STCA. 

Fig. 7.136 The STCA showing normal high midface (-19, -20, 
-13, black), normal maxiLLary projection (-8, 3, 8, 107, bLack), 
mandibular retrusion (-12, red), short chin height (43, bLue) 
and steep occlusa l plane (103, red). Note the overjet (6, red) in 
spite of normal maxillary (- 8, black) and mandibular (-14, 
black) projections. This occurred because the incisors are on the 
opposite ends of their respective normaL ra llges. 

fig. 7.131 The CTP showing mandibular advancement, chin 
augmentation and lengthening, which produce normal faciaL 
projections and heights. Note: the chi rl augmentation was 
necessary secondary to the steep occlusal pla ne. 

Fig. 7.138 The superimpositions, demonstrating changes 
between STCA and CTP. 
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Fig. 7.138 The superimpositions. 
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Figs 7.139 and 7.140 The post-treatment right and left three-quarter facial photographs. Note: the normal projections and contours. 

Fig. 7.141 The 4 days post-surgical tomograms. Note in the tomograms: the condyLes centered in the fossae. 
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Fig. 7.142 Fig. 7.143 

Fig. 7.144 Fig. 7.145 

Figs 7.142 to 7.145 The post-treatment intra-oral photographs. 

Fig. 7.146 The 4 days post-surgical panoral radiograph. Note: two plates per sagittal osteotomy advancement, and removal of the lower 
wisdom teeth. The skeletal wires were utilized to attach vertical elastics to maintain a deep post·surgical overbite. Elastics were worn full time 
for 8 weeks and then nights only until the hooks were removed at 16 weeks. 
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Figs 7.147 and 7.148 The post-treatment closed Lip and relaxed lip photographs. Note: normal facial projections and heights. 

Figs 7.149 to 7.151 The post-treat ment closed lip, relaxed Lip, and smile photographs. Note: normal height and facial outline. 
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Figs 7.152 and 7.153 Pre- and post-treatment photographs. 
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Fig. 7.154 The post·treatment STCA showing normaL heights (22, 4, 45, 71, 5, black), normaL maKiLlary projections (4, ~1. 107, 9, black), and 
sLight mandibular retrusion (-5, green), which was secondary to the steep occlusaL plane (103, red). 

The orthodontic treatment for this patient was provided by 
Dr Stewart E. White. The authors gratefully acknowledge 
his assistance in treating this patient. 
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DECISIONS BEFORE ORTHODONTIC 
TREATMENT PLANNING -----
Treatment planning for the dentition and orthodontic tooth 
movement should be the last steps in the diagnosis and 
treatment planning process. Before this, a number of decisions 
should have been made. 

• Restorative procedures. Does the case require any 
restorative procedures that should be carried oul 
before orthodontic treatment? And, if restorative 
procedures will be required after orthodontic or 
surgical orthodontic treatment, has a treatment plan 
been established and explained to the patient? 

• Periodontal hen/th. Does the patient have any 
periodontal problems that need attention prior to or 
after orthodontic treatment, and has a treatment 
plan been established? And, is the patient's oral 
hygiene adequate to start orthodomic lTeatment, or 
are there periodontal risks to orthodontic tooth 
movement? 

• TMJ Ilealll!. Have the patients TMJ issues been 
adequately dealt with before starting orthodontic 
treatment? And, if orthognathic surgery is indicated, 
has a pre-surgica l protocol been established for TMJ 
stabilization? 

• Accuracy of records. Has the case been properly 
mounted in centric relation, so that accurate fac ial 
and dental decisions can be made? And, have dental 
relationships recorded at the initial examination 
been confirmed with the mounted study models? 

• Facial plmmitlg. Has a facia l treatment pl an been 
established, and have the positional changes 
requ ired for the upper and lower incisors been 
dearly defined? Th is is criticaL as the dentition needs 
to be built behi nd the incisors. 

A GENERAL OVERVIEW OF DENTAL 
PLANNING .::......::...------
After a decision has been made concerning the best possible 
position for the incisors in the dental arches and the face, it is 
necessary for the orthodontist to position the remainder of 
the dentition relative to the desired incisor positions. lhere 
are multiple decisions to be made in this regard. What are the 
verticaL horizontal and transverse considerations for the 
dentition? What are the arch length considerations? Can the 
case be treated on a non-extraction basis, or will extractions 
be necessary? What about habits, and other innuences on the 
demition? Is the case surgicaL or can dental compensations be 
established that are healthy, stable and esthetic? 

Desired tooth movements are planned to establish the best 
possible result, and these movements should not be based 
only on intuition, experience and subjective judgment. 
Growth is difficult or impossible to predict. However, 
reasonable estimates can be made, basing objective decisions 
on all the known factors. Grovvth can be monitored as 
treatment proceeds, so that the best possible decisions are 
made for the patient. 

Certain basic questions can be answered, and these in turn 
provide valuable information about many other factors. These 
questions are: 

L After incisor positions have been established, how are the 
midlines to be set up? 

2. Where are the canines to be moved? 
3. Where are the molars to be moved? 

After these questions have been answered, premolars and 
second molars can be positioned accordingly. In non-growing 
patients, accurate calculations can be made on all midline, 
canine and molar movements. For growing patients, lower 
arch dental movements can be calculated accurately. 
However, upper dental movements must be estimated 
initially and monitored as growth and treatment progress. 



THE DENTAL VTD 

The analysis described in this chapter is referred to as 'the 
dental VTO', and is designed to answer the above questions. 
It has been previously published elsewhere1,2 but has been 
slightly modified here for further clarity. Describing and 
explai ning the analysis requires some time. However, the 
analysis itsetf is uncomplicated, takes little time to complete, 
and occupies only a small area on the treatment card. It is 
also available in computerized form3 which makes the process 
even easier. 

Chart 1 
MIDLINE-MOLAR POSmON 

Right I.h 

The denial VTO provides specific information concerning 
the movement of midlines, canines and molars after the 
desired incisor positions have been established using the soft 
tissue cephalometric analysis (STCA) and cephalometric 
treatment planning (Cfr). It can be used for both 
onhodontic cases (using three chans) and surgical· 
onhodontic cases (using five charts) - see Figures 8.1 and 8.2 . 

molar relationship molar relationship 
Record the upper first molar relationship 
relative to the lower first molar. Arrows 
are used to demonstrate a Class II or 
Class III position (see Fig . 8.15). 

Chart 2 

Chart 3 

J 

I 

Upper midline deviation 
I 

I 
I 

lower midline devi3tion 

J 

I 

LOWER ARCH DISCREPANCY 

CrowdinglSp~cing , -'---.,--'-, 
CIS Bicuspid/E 

CIS Molars 

Curve of Spee I~~i~~ Midline 
Incisor Position 

'"''''l D1'<op,"~ 
Stripping 

Expansion 
Oistalizing ~ 

Extraction 
Rem~ining lliscrepancy 

, "' 

PROPOSED DENTAL MOVEMENTS 
R I 

Midline 
Cuspids Cuspids 

Molars Molars 

Record the lower arch discrepancy (see 
Fig. 8.19). 

Plan the upper and lower arch dental 
movements (see Fig. 8.23). 

Fig. 8 .1 The dentaL VTO for an orthodontic case. 
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Chart 1 
MIDLINE-MOLAR POSmON 

Right l.ft 
molar relation~hip molar relatIonshIp 

Record the upper first molar relationship I Upper midline deviation I I relative to the lower first molar. Arrows 

I I I 
are used to demonstrate a Class II or 
Class III position (see Fig. 8.55). 

t 
lower midline deviation 

Chart 2 LOWER ARCH DISCREPANCY 
R l" 3 l 

,. , 
• , 

croWding/SpaCin9: _ 1-,-CIS BicuspidjE -- ' -:= CIS Molars 
Curve of Spu 

Midline Record the lower arch discrepancy (see 
Inciso, Position Fig. 8.59). 

Initial Disc~pancy 
Stripping - --upansion 

DistilUting ~ ,-- -Extraction 
Remaining DiKl'ep.ancy 

Chart 3 
PROPOSED LOWER ARCH DENTAL MOVEMENTS , l 

I I I I I Ptan the upper and lower arch dental 

I I I I I 
movements (see Fig. 8.60). 

Midline 
Cuspids Cuspids 

Molars Molars 

Chart 4 UPPER ARCH DISCREPANCY .. , , ., 
• , • , 

Crowding/Spacing 

~ I-C/5 Bicuspid/E 

~---- -CIS Molars 
Curve of Spei! 

Midline Record the upper arch disrepancy (see 
IllCisor Position Fig. 8.63). 

Initial DiKrep;Jncy --Stripping ---EJcp;lnsioo 
Distallzing ~ .... -

Re~ining Discrep;Jncy 

Chart 5 
PROPOSED LOWER ARCH DENTAL MOVEMENTS 
Molars Molars 

j 
Cuspids Cuspids 

j I Midline I Ptan the upper arch dental movements 
I (see Fig. 8.64). 

I I I I I , l 

184 Fig. 8.2 The dental V TO for a surgical-orthodontic case. 



USING THE DENTAL VTO FOR AN 
ORTHODONTIC CASE 

This male patient, aged 11 years and 4 months, shows a slight 
Class II skeletal pattern, and a Class J denIal relationship. 

Fig. 8.3 

Figs 8.3 to 8.11 This male patient, aged 11 years and 4 months, 
shows a slight Class II skeletal pattern (7, red; -9, red), a Class I 
dentaL relationship, a sLight dentaL protrusion (53, blue) and 
moderate to severe crowding. 

There is slight dental protrusion and moderate to severe 
crowding (Figs 8.3-8.11). 

fig . 8.4 
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Fig. 8.5 
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Using the three charts for an orthodontic 
case: Chart 1 - recording the initial 
position of the molars and midlines 

Chart 1 is provided to record midline and molar 
relationships. II is essential that these fadars be recorded with 
the mandible in centric relation (Figs 8.12-8.14). Arrows are 
used to record the di rection of Class II or Class III molar 
relationships and left or right m idline deviations. In the lower 
arch, midline deviations shou ld be recorded as dental (D) 
and/or skeletal (5). Midline deviations due to fu ndional side 

Fig. 8.12 Fig. 8.13 

shifts are not recorded, since they represent deviations from 
centric relation (CR), and the case needs to be analY-.led in 
CR. Numbers in millimeters are placed adjacent to the arrows 
in each area (Fig. 8.15). During computerized use of the 
dental vro, measurements can be recorded by left dicking on 
the up or down guides in the respective areas. 

\ 
, 

Fig. 8.14 

Figs 8.12 to 8.14 Midline and molar relationships are recorded with the mandible at CR. 

MIDLINE-MOLAR POSmON 
_ ..... 

" -- ~ 

R l ~ f"ii::I ~ 
1 1 - -- 0 - ~ , i I I I - " 

1.5 0 -I)o~ 
s-(""i0"3 

Fig. 8.15 Chart 1. The patient shows molars that are 1 mm Class II on each side. The upper dental midline is correct (centered on upper lip) 
and the lower dental midline is 1.5 mm to the left. The chart on the left is handwritten and the chart on the right is the computerized version 
(Dolphin Imaging'"). The lower midline deviation can be recorded as dental (0) or skeletal (S). 
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Using the three charts for an orthodontic 
case: Chart 2 - recording the lower arch 
discrepancy 

Chart 2 records lower arch discrepancies in twO columns: 

• The 3 to 3 column on the left, for factors occurring from 
canine to canine, and 

• The 7 to 7 column on the right, for factors related (0 the 
entire lower arch. 

Each column is further divided into right and left sides. 
These breakdowns are required to provide specific 
information concerning movement of the canines and the 
molars. The fo llowing factors are recorded: 
1. Crowding or spacing in tile (/Iuerior segment. This is recorded 

as a negative number for crowding and a positive number 
for spacing in the 3 to 3 col umn. The same figures are 
automatically recorded in the 7 to 7 column. 

2. CrolMing or spacing in the premolar regions. This is recorded 
only in the 7 to 7 col umn, as it does nOt affect the anterior 
segment from 3 to 3. 

f ig. 8.1 6 

3. Crowding or splICing i'l l/ze molar area. This is also recorded 
only in the 7 to 7 column. 

4. Curve of Spee. By placing a ruler from the most distal molar 
to the central incisor on each side of the lower arch, the 
deepest point of the curve of Spee (usually in the premolar 
region) can be measured in millimeters. This figure is 
divided in half and placed on the left and right side in the 
3 to 3 column. The curve ofSpee may be different on the 
left and right side. Similar amounts are automatically 
recorded in the 7 to 7 colum n. 

5. Midlines. Negative o r positive figures are recorded in both 
the 3 to 3 and 7 to 7 columns based on lower dental 
midline devialions recorded in Chart 1. If lower skeletal 
midline deviations exist, and a decision is made to correct 
these deviations with dental compensation, (he correction 
must be added to the lower dental midHne area of Chan I 
and then to Chan 2. Ifthe skeletal deviation is to be 
correoed surgically, then no correction is added to Chart 2. 

Figs 8.16 to 8.19 The panoramic radiograph, tower study model. and the initial information recorded in the first five areas of Chart Z. 
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Fig. 8.17 The crowding/spacing in the Lower arch is evaLuated and 
recorded. 

LOWER ARCH DISCREPANCY 
3d 

7 " , L , L 
Crowding/Spacing -3 -6 -3 -6 

C/S Bicu$pid/E 1-.' 1 
CIS Molars 0 0 

Curve of Spee 0 0 0 0 
MidLine -1.5 1.5 -1.5 1.5 

Incisor Position 
Initial Oiscrepallcy -4.5 -4.5 - 3.5 -3.5 

Stripping 
Expansion 

DistaLizing 0]6 
Extraction 

Remaining Discrepancy 

M.S. 

Fig. 8.19 Chart 2 records the lower arch discrepancy. 

Fig. 8.18 The curve of Spee is measured at the deepest part of the 
curve. 
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6. Incisor position. Anterior or posterior movement of the 
lower incisors is recorded as posi tive or negative numbers. 
The amount of this movement is based on the STCA and 
on the orthodontic err. For example, 1 mm of anterior 
movement provides 1 mm of space per side, and would be 
recorded on the right and left sides of the 3 to 3 column, 
111e same figures would also be recorded in the 7 to 7 
column. Similarly, 2 mm of posterior incisor movement 
would be recorded as minus 2 mm in both the 3 to 3 and 
Ihe 7 to 7 columns. 

In this case example. a decision was made 10 leave the lower 
incisors in their original A/P position and to limit their 
vertical eruption as the posterior teeth erupted. The upper 
incisors could then be retracted approximately 2 mm, 
reducing upper and lower lip protrusion (Fig. 8.20A). An 
esti mated growth pred iction can be carried out after planned 
incisor movements (Fig. 8.20B). Estimated Sl'CA numbers can 
than be reviewed to decide if the changes are acceptable (Fig. 
S.20C). This allows fo r subjective preferences to be verified 
with objective information. 

Fig. 8.20A The planned incisor changes. 



Fig. 8.20B The growth prediction with the changes in Fig. B.20A. 

163 
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2 

Fig. S.20C The STCA prediction numbers. Note excellent Lip 
projections (2, black; 1, black) but chin retrusion (-10, red) . An 
isolated chin augmentation can be done if desired by the patient. 
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7. Initial discrepancy. This amount is calculated, and represents 
the total of the information gathered to this point in the 
lower arch analysis (Fig. 8.21). This is an appropriate time 
to decide if the case will be treated on a non-extraction 
basis (with possible interproximal reduction, expansion or 
distalizing of first molars), or if extraction treatment is 
indicated . 

8. Interproximal enamel reduction (stripping). If enamel 
reduction is ind icated from canine to canine, this figure is 
recorded as positive figures in the 3 10 3 column. The same 
amounts should be recorded in the 7 to 7 column. If 

LOWER ARCH DISCREPANCY 
3 " '" R L R L 

Crowding/Spacing -3 -6 -3 6 
CIS Bicuspid/E 1 1 

CIS Molars 0 0 
Curve of Spee 0 0 0 0 

MidLine -1.5 1.5 -1.5 1.5 
Incisor Position 0 0 0 0 

Initial Discrepancy -4.5 -4.5 -3.5 -3.5 
Stripping 

Expansion 
Distalizing 6]6 

Extraction 
Remaining Discrepancy 

enamel reduction is needed in the premolar or molar 
areas, the amounts must be added to the 7 to 7 column (in 
addition to the 3 to 3 amounts). 

9. Expansion. Jfit is decided that inter-canine expansion is 
planned in a particular case, th is figure is recorded as 
posi tive figures in the 3 to 3 column. The same amounts 
should be recorded in the 7 to 7 column. If premolar or 
molar expansion accompanies this 3 to 3 expansion 
(which is usually the case), the amounts must be added to 
the 7 to 7 column (in addition to the 3 to 3 amounts). 

-
lOYIeI Aim Oisaepanc)o 

,., ,., 
R L R L 

c..sAnteno.- ~ ~ ·lD ~o 

c..s Biempidl ~ fTo3 
CIS ""'" ~ ~ 

DMvedSpee ~ ~ no no .... ·15 '5 ·1.5 " Inciso;r PoI8;n ~ ~ no 00 

lriial Oisaepancjl <.5 <.5 . ., ~5 

s~~ ~ ~ ~ ~ '--- no 00 ••• no . 
Oidaimg ""' 

htradion 
M.S. ~ ~ ~ 7.0 • ~ 70. 

eroai"ing D~ <5 <5 ., ., 

Fig. 8.21 The information recorded down to the completion of the initiaL discrepancy. 
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II. 

Distalizing of lower first molars. If an attempt will be made 
to upright or distalize the lower first molars, then positive 
numbers can be recorded in the 7 to 7 column only, since 
this will nOI affect the 3 to 3 discrepancy. 
Extraction. If a lower incisor is to be extracted, then the 
millimeters gained can be recorded in the left or right 
areas of the 3 to 3 column. The same amounts will be 
automatically recorded in the 7 to 7 column. If premolars 
(or occasionally first molars) are to be extracted, positive 
numbers can be recorded in the 7 to 7 column. 

LOWER ARCH DISCREPANCY 
Jd 

R l 
Crowding/Spacing -3 -, 

CIS Bicuspid/E 
CIS Molars 

Curve of Spee 0 0 
Midline -1.5 1.5 

Incisor Position 0 0 
InitiaL Discrepancy 4.' -4.5 

Stripping 0 0 
Expansion 0 0 

Dlstahzmg 6J6 t~iid;~j Extraction 0 0 
Remaining Discrepancy -4.5 -4.5 

R 
-3 
1 
0 
0 

-1.5 
0 

-3.5 
0 
0 
o 
7 

3.5 

7 " l -, 
1 
0 
0 

1.5 
0 

-3.5 
0 
0 
o 
7 

3.5 

M.S. 

12. Remaining discrepancy. This records a total of the initial 
discrepancy and the space gained in millimeters by the 
treatment methods used in the lower half of the chart in 
both 3 to 3 and 7 to 7 columns. 

In the case example, because of tbe significant crowding, a 
decision was made to extract four first premolars. This 
information is recorded in a lower part of Chart 2 (Fig. 8.22). 
The figures obtained in the 3 to 3 column under 'Remaining 
Discrepancy' in dicate the number of millimeters that lower 
canines must be retracted, which is 4.5 mm. 

L_ AIt:h DilcrflllWlCll , 
J.J 7.7 

R , R , 
Cf.3An1orior I""To3 f'iF:E ·30 U 

""'- ~ ~ 
CIS MoIarJ ~ ~ 

c...wofSpee fTo3 fTo3 ., .0 .... .1.$ 15 ·1.5 I., 

Inciso Poriion fTo3 fTo3 .0 .0 

IriitI DiIo-eparqo ., .. , ·3' ·15 s_ 
• 0. .0 • • 0. 00 • 

fI .. o· I tIfNft"OII ISUfIIIWIC!I 
., ., 15 15 

Fig. 8.22 The compLetion of Chart 2. The decision was made to extract four first premoLars. 
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Using the three charts for an orthodontic 
case: Chart 3 - planning the proposed 
dental movements 

Chart 3 provides specific information on the planned 
movement of the midli nes, canines and molars. The following 
process is carried out: 

1. Lower midline correcliOlI. This is based on the original lower 
dental midline position recorded in Chan I. 

2. Lower canine movement. This is based on the 'Remain ing 
Discrepancy' at the bottom of the 3 to 3 column in Chart 
2. A negative figure in this column requires distal 
movement of the canine an equivalent amount. A positivE': 
flgure in this column requi res mesial movement of the 
can ine an equivalent amount. 

3. Lower premo/ar/moIar sptlCe. Just behind the recorded lower 
cani ne movement, is a figure that represents the original 
spacing or crowding in the premolar/first molar region, as 
well as the space gained in this area as a result such 
neatment procedures as extractions, stripping. posterior 
arch expansion or constriction, or distalizing of first 
molars. 

4. Lower firsr molar movemelll. The movement of the lower 
molars is recorded, based on the required movement of the 
cani nes and the available space in the premolar region. 

5. Upper first molar movement The planned movement of the 
upper molars is based on the original molar relationship 
recorded in Chart I, and the movement recorded for the 
lower molars. 

PROPOSED DENTAL MOVEMENTS 

R 
(9) (9) 

L 
2.5 • .5 0 '.5 2.5 - - - -L I .1 - - -3.5 4.5 1.5 4.5 3.5 

(8) (8) 

M.S. 

This is a static calcu lation, and does not take into 
account growth changes. A growth prediction can be 
carried out on the original cephalometric radiograph, but 
such predictions are based on average estimates, and 
cannot be relied upon for accuracy. 

6. Upper premolar/molnr space. Just anterior to the recorded 
upper molar movemen t is a figure that represents the 
original spacing or crowd ing in the premolar/ first molar 
region, as well as the space gained in this area as a result of 
treatment procedures such as extractions, stripping. 
posterior arch expansion or constriction, or distalizing of 
first molars. 

7. Upper canine movemelll. The movement of the upper 
canines is then recorded, based on necessary movement of 
the upper molars and the available space in the premolar 
region. 

8. Upper midline correelion. This is based on the original upper 
dental midline position recorded in Chart I. 

In the lower arch 8 mm of space was estimated to be available 
on each side. This was 7 mm from the premolar extraction 
and 1 mm of leeway space. In the upper arch 9 mm was 
estimated from the extraction and 2 mm of leeway space. 
Calculations on the dental changes for the patient's midlines, 
can ines and molars are recorded in Figure 8.23. 

o.uVTO~o.uw...-1 
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" 
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Fig. 8.23 Chart 3 shows the planned dental movements for the midlines, canines and molars. The computer is capable of graphically 
illustrating these changes. 



The following pictures show the final results o f the case 
example. The incisors were placed in the face: to provide a 
balanced profile and the dentition was positioned behind the 

Fig. 8.24 Post-treatment. 

Figs 8.24 to 8.36 FinaL records of the case, showing that the 
incisors were placed in the face to provide a balanced profile. and 
the dentition was positioned behind the incisors on an extraction 
basis. The upper and Lower Lip projections are ideal (3, 0, black) . The 
mild chin recession (-7, blue) can be addressed with a chin 
augmentation if the patient desires. 

Fig. 8.26 

incisors. Four premolars were extracted. Dental protrusions of 
this type can normally be well treated orthodontically. 

Fig. 8.25 Post -treatment. 
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Fig. 8.27 Pre-treatment. 

Fig. 8.29 Beginning and finaL superimposition on SN showing 
normaL downward and forward faciaL growth. 

Fig. 8.28 Post-t reatment. 

Fig. 8.30 Maxillary superimposition showing sLight retraction of the 
dentition. Mandibular superimposition showing exceLLent mandibular 
growth, upward and backward eruption of the lower incisors and 
upward and forward eruption of the Lower molars. 
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Fig. 8.31 Fig. 8.32 Fig. 8.33 

Fig. 8.34 Fig. 8 .35 

Fig. 8.36 

297 



8 

298 

USING THE DENTAL VTD fOR A SURGICAL
ORTHODONTIC CASE 

For surgical-orthodomic cases, the inter-arch changes will be 
carried out by the oral surgeon. Therefore the orthodontist 
treats the upper and lower arches independently before 

surgery. Five chans are used when dental planning for a 
surgical-onhodom ic case, as shown in Figure 8.37. 

Chart 1 

Chart 2 

Chart 3 

Chart 4 

Chart 5 

MIDLINE-MOLAR POSmON 

Right Left 
mob. relationship molar n!lationshlP I Upper midI;"! deviation J 

I I I 
I 

Lower midline deviation 

LOWER ARCH DISCREPANCY 
R 3 x 1 R1~7l 

Crowding,lSpicjl'l9! .... CIS 8\cuspicl/l 
CIS_" 

Curwof~ 
Midli~ ~== 

== Inruor Position 
Initial DiK~~ncy 

Stripping 
Elcpansion 

Oi sulizing~ 
Extraction 

Remaining Discrepancy 

-r=-= I--

PROPOSED LOWER ARCH DENTAL MOVEMENTS 
R l 

I I I I I 
I I t I I Midline 

Cuspids Cuspids 
Molars Molars 

UPPER ARCH DISCREPANCY 
Rhl R7~7l 

CIS 8kuspid/E l-- _ -
CrowdingfSpoocjng! .... __ 

CIS Moll" L_ 
Curve of SPft I -

Midlline 
lOOse< Position 

Init;'1 Oisc~ncy 
StriWing 

Expoonsion 
DiUiliting ~ 

""'"~ Rern;Ji ni ng Dl~cftpooncy 

PROPOSED LOWER ARCH DENTAL MOVEMENTS 

Molars 

j 
I 
R 

Mid li ne 
j 

I 

Molars 
Cuspids 

I 
I 

j 
I 
l 

Record the upper first molar relationship 
relative to the lower first molar. Arrows 
are used to demonstrate a Class II or 
Class III position (see Fig. 8.55). 

Record the lower arch discrepancy (see 
Fig. 8.59). 

Plan the upper and lower arch dental 
movements (see Fig. 8.60). 

Record the upper arch disrepancy (see 
Fig. 8.63). 

Plan the upper arch dental movements 
(see Fig. 8.64). 

Fig. 8.37 Five charts are used when pLannin9 a sur9ical-orthodontic case. 



This 22-year-old female with severe Class II anterior open bite 
was seen for consultation for bite correction. She was referred 
by her orthodontist. Diagnosis and treatment were started 
with the intention of fulfilling the seven goals of treatment. 
The patient filled out a patient motivation form, which 
indicated a desire for straightening of her lower front teeth, 
making the upper front teeth appear shorter, forward 
movement of the lower teeth, and leveling of the upper front 
teeth. Facially, the patient wanted the chin moved forward 
and a reduction in the strain with lip closure. She had no 
symptoms. TMJ examination and history, cli nical facia l 
examination, soft tissue cephalometric examination, and 
model examinations were obtai ned. The problem list and 
treatments were as follows: 

PROBLEM 

1. High midfac@ 
• Soft cheekbone contour 

2. Maxilla 
Dental 
• linguaL crown torque 
• Orthodontic preparation stability 

SkeletaV/acial 
• Large nasaL projection 
• 1.5 mm right nasaL deviation 
• NormaL incisor exposure 
• Class I hand heLd - maxilla narrow 
• Accentuated curve of Spee 
• large inter-LabiaL gap 
• lip strain with closure 

3. MandibL@ 
Dental 
• MiLd crowding 
• Orthodontic preparation stabiLity 

SkeletaV/acial 
• Chin, and lip retrusion, short throat Length 

4. TMJ 
• No signs or symptoms 

5. Growth potential 
• 22 years old 

After diagnosis, the patient was treatment planned anlero
posteriorly and vertically using the seven-step cephalometric 
treatment plan. The fro ntal midlines, levels, and outline were 
treatment planned using the frontal clinical exam ination. 
During orthodontic preparation, the orthodontist cut the 
maxi llary archwire between the first and second bicuspids -
this was the location which would produce maximum 
intercuspation with the anticipated multi-segment LFI. The 
multi-segment LFI produced basic facial balance while 
correcting the occlusion. Perfection of facial balance was 
achieved with heat treated HA cheekbone grafts. 

TREATMENT 

• Heat treated hydroxyapatite (HA) cheekbone augmentations 

• Mxl1 labiaL torque 
• StabLe 

• Maxillary advancement 
• Shorten septum 
• Maintain 
• MuLti-segment Le Fort I (LFI) expansion 
• MuLti-segment LFI 
• MuLti-segment lFI posterior impaction 
• MuLti-segment lFi posterior impaction 

• Orthodontics, 3 to 3 stripping 

• StabLe 

• Autorotation of mandible with LFI impaction 

• No treatment 

• Non-factor 

8 

299 



8 

o The following case is used to describe the use of the dental 
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:I: VTO for surgical cases. 
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Fig. 8.38 Fig. 8.39 

Figs 8.38 to 8.47 This patient shows a severe anterior open bite 
(-4, red), with moderate crowding in the lower anterior segment and 
a narrow tapered maxillary arch. The Lateral facial photographs show 
lips together and Lips at rest. 

Fig. 8.41 
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Fig. 8.42 Fig. 8.43 Fig. 8.44 

Fig. 8.45 Fig. 8.46 

fig. 8.47 

301 



8 

301 

Before cartying out the pre-surgical dental vro, it is 
imponam to complete a cephalometric treatment plan for the 
patient. Figures 8.48-8.51 show the projected facial change, 

Fig. 8.48 
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Fig. 8.50 

superimposition of the projected treatment plan, and the 
estimated SfCA numbers. 

Fig. 8.49 
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Fig. 8.51 

figs 8.48 to 8.51 The prOjected faciaL change, superimposition of the projected treatment plan, and the estimated STCA numbers. 



Using the five charts for a surgical
orthodontic case: Chart 1 - recording the 
initial position of molars and midlines 

Chan I is completed in the same way as ror orthodontic 
cases. Figures 8.52-8.55 show the midline and molar 
relationship record ings. 

Fig. 8.52 Fig. 8.53 

MIDLINE-MOLAR POSmON 

R 
o 

l 
l 2 

--+ -I I 
--+ 

A.I. 

fig. 8.55 

Fig. 8.54 

r-----------ww-..-----------, .. u 
f"1J f"1J - -
~ ~ ~ , " , 

figs 8.52 to 8.55 The patient shows a right molar relationship that is 2 mm Class II, and a left molar relationship that is 3 mm Class II. The 
upper midline is correct and the lower midline is dentalLy deviated 1 mm to the left. 
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Using the five charts for a surgical
orthodontic case: Chart 2 - recording the 
lower arch discrepancy 

Chart 2 is completed in the same way as ror an orthodontic 
case (po 293). 

Fig. 8.57 

LOWER ARCH DISCREPANCY 
3d 7" 

R l R l 
(rowding/Spacing -3 -5 -3 -5 

C/S BicuspidjE 0 0 
CIS Molars 0 0 

Curve of Spee -0.5 -0.5 -0.5 -0.5 
Midline -3 -1 1 

Incisor Position 2 2 2 2 
InitiaL Discrepancy -2.5 -2.5 -2.5 -2.5 

Stripping 2.5 2.5 2.5 2.5 
Expansion 0 0 0 0 

Oistalizing 6[6 0 0 
Extraction 0 0 0 0 

Remaining Discrepancy 0 0 0 0 

A.I. 

Fig. 8.59 

Fig. 8.56 

fig. 8.58 

;====---lowef Afch Disaepanc.l'-----, 
3103 7t07 

A L A L 
CISAllttrior ~rs:o:H ·3.0 -5.0 

CIS Bicuspids ro.o3r0Ji3 
CIS M.... ro:o:Bro:Bl 

C.m '" 5"", rO:s:Hf453 -0.5 ·0.5 
Mdne -to 1.0 ·1.0 1.0 

''''''"' p,_ fTo3fTo3 2.0 2.0 

IrWaI DisCfepancy ·2.5 ·2.5 -2.5 

s~ f2.533rTs3rrs;q1Ts3 
Expansion r-oB:Ir-0:03fT03~ 

Distelizing s-s ro.o:Hro:o:tI 
E"',,1ion ro:o:i3 ro:o:i3ro:o:i3ro:o:i3 

Aef'I'I8ini'Ig Dilaepancy 0.0 0,0 0.0 0.0 

Figs 8.56 to 8.59 The lower study modeL the lower arch anaLysis, and the panoramic radiograph . The patient has 8 mm of lower anterior 
crowding, a sLightly deep curve of Spee, and a midLine that is 1 mm to the Left. These discrepancies are corrected by advancing the Lower 
incisors 2 mm and stripping a total of 5 mm of enameL from the lower eight anterior teeth. 



Using the five charts for a surgical
orthodontic case: Chart 3 - planning the 
lower arch tooth movements 

Th is chart is completed in the same way as the lower !Jalf of 
Chart 3 for an orthodontic case (Fig. B.60). 

R 

o 

PROPOSED LOWER ARCH 
DENTAL MOVEMENT 

o o 

l 

o 

AJ. 

Oental Pre·Surgcal VTO lower Adl 

-" " ~ no " 
R 

" " 
L 

Fig. 8.60 Proposed dentaL movements for the Lower arch before surgery. The only recorded value is 1 mm of midline correction. 
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Using the five charts for a surgical
orthodontic case: Chart 4 - recording the 
upper arch discrepancy 

This chart is completed in the same way as Chan 2 for an 
orthodontic case. but it is completed only fo r the upper arch 

Fig. 8.61 

UPPER ARCH DISCREPANCY 
3 >< 3 7 .. 1 

Crowding/Spacing , -:" , .y-, R l 
- 1 -1 

r-: :-
-1 -1 
0 0 
1 1 
-1 -1 
0 ~ 

f--~ ~ -
f-----} 0 

CIS Bkuspid/E 
CIS Molars 

Curve of Spee 
Midline 

Incisor Position 
Initial Discrepancy 

Strippi ng 
Expa nsion 

Distalizing ~ 
Extraction 

Remaining Discrepancy t ::i:::JL.tj r-+ 0 
0 

Fig. 8.63 

(Fig. 8.63). Inler-arch movements will be carried out by the 
surgeon. 

Fig. 8.62 

rr====---U~~Dw~'-------, 

I 

3103 7107 

A l A L 

CISAn' ..... ~~ ·1.0 ·1.0 

CIS 8i'u..... ro:o:H~ 

CIS ""'" ro:o:Hf""iiBJ 
Cwoe"'S ... ~~ ·1.0 ·1.0 

M~ 0.0 0.0 0.0 0.0 
, ...... _ (1.Oj3(1.Oj3 1.0 1.0 

lriial Dilaep5lC)' ·1.0 -1.0 ·1.0 -1 .0 

S~ ro.o33rn03r0:03riiO:E 
EMpanSim (To'j3~(T0'j3r-u83 

Oidaimg&6 ~~ 

""-~ro:o:Hro:o:H~1 
~~ Ditctepancy 0.0 0.0 0.0 0.0 

Figs 8.61 to 8.63 The upper study model and the upper arch analysis. The patient shows only 2 mm of crowding in the upper anterior 
segment and a moderate reverse curve of Spee. These discrepancies will be corrected with surgical arch expansion . 



Using the five charts for a surgical
orthodontic case: Chart 5 - planning the 
upper arch tooth movements 

This chan is completed in the same way as the upper IwI! of 
Chart 3 for an orthodontic case. Figu re 8.64 shows the pre-

PROPOSED UPPER ARCH 
DENTAL MOVEMENT 

R 
o o o o 

L 
o 

I I I 
A.I. 

surgical planned orthodontic tooth movements in the upper 
arch. 

0Ir*II PrMIIgiDII vm ~ ArdI , 
~ ro:o:il 

'" '" ro:o:il '" '" 

gj ~ M ~ td 

Fig. 8.64 The pre-surgicaL pLanned orthodontic tooth movements for the upper arch. Only minimal segmental tooth alignment is required in 
the upper arch before surgery. 
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RE-EVALUATION OF THE CASE BEFORE 
SURGERY 

After the upper and lower arches have been treated 
independently by the orthodontist, the case has to be re
eva luated before surgica ltreatrnent. Figures B.65-8.70 shows 
the pre-surgical orthodontic preparation of the case and the 

Fig. 8.65 Fig. 8.66 

Fig. 8.68 

progress STCA. Very li tt le change occurred from the p re
treatment records, and the origi nal treatment prediction 
would therefore be similar to any treatment predictions made 
here. 

Fig. 8.67 

Fig. 8.69 

Figs 8.65 to 8.70 The pre-surgicaL orthodontic preparation of the case and the progress STCA. Very Little change occurred from the pre
treatment rccords, and the original treatment prediction would be similar to any prediction made here. 
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Fig. 8.70 NormaL incisor exposure (5,black), chin retrusion (-1, blue), 
open bite (-4, red), Large interLabiaL gap (to, red) and Long Lower third 
of the face (78, blue). 

Fig. 8.72 fig. 8.73 Fig. 8.74 

Figs 8.71 to 8.74 Pre-surgical photographs; smile, relaxed lips, Lips together and lateraL faciaL with relaxed Lips. 
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o The following illustrations show the patient's occlusion 
~ 
::I: immediately after surgery and the final records. 
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Fig. 8.75 fig. 8.76 

Fig. 8.77 

Figs 8.75 to 8.85 The patient's occlusion immediately after surgery and her final records. Note the acryLic across the interdentaL osteotomy 
site between the first and second bicuspids. The segmentaL oseotomy was placed in this location as it was the point of change in the two 
plane occlusion. 
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fig. 8.78 fig. 8.79 Fig. 8.80 

Fig. 8.81 Fig. 8.82 

Fig. 8.83 
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Fig. 8.84 Fig. 8.85 Fig. 8.86 

Fig. 8.87 Fig. 8.88 

Figs 8.84 to 8.88 The post-treatment dosed lip and relaxed lip faciaL photographs. 
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Fig. 8.90 Post orthognonthic surgery tracing. Note the intra
mandibular harmony vaLues at the bottom of the left hand coLumn. 
The soft tissue pogonion' is in disharmony with soft tissue B 
(5, green), as welt as the Lower lip anterior (2, green). This 
demonstrates how effective harmony values are at detecting faciaL 
imbalance. Examination of this patient's facial photograph 
(Fig. 8.92) verifies these discrepancies. 

fig. 8.91 Pre-treatment. Fig. 8.92 Post-treatment. 
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In summary, this chapter has reviewed a technique for 
evaluating the required dental movements in both 
orthodontic cases and surgical-orthodontic cases. The vro is 
most useful in the diagnosis and treatment planning process, 

REFERENCES 
Mclaughlin R p. Bennett J C 1999 The dental VTO; an analysis of orthodontic 
tooth movement. Journal of Clinical Orthodontics 33:394-403 

2 Mclaughlin R P, Bennett J C 1999 An analysis of orthodontic tooth movement 
- The dental VTO. Revista Espanola de Ortodoncia 29(Supp\. 2):10-29 

and in making correct extraction/non-extraction decisions. 
Also, when patients present for their regular adjustment 
appointments, it is helpful to refer to the dental VTO as a 
reminder of planned tooth movements and anchorage needs. 

3 Dolphin Imaging, www.dolphinimaging.com.6325De$otoAvenue.Suite A, 
Woodland Hills, CA 91367 USA 
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class III cases 262 

middle third offace 164-165 
problem list 164 
sort tissue cephalometric analysis (STCA) 

ISO 
surgical-orthodontic patient (G3 cases) 233 

summary form 234-235 
Facial asymmetry 176-179 

asymmetrical condylar growth 174 
Facial balance/imbalance 

dental/skeletal values 6 
establishing normals 6 
facial growth potential 261 
group 2 (G2) cases 258 
harmony values assessment 160-161 
soft tissue cephalometric analysis (srCA) 6, 

7.8 
surgical-orthodontic patient (G3) 2, 233 
treatment goals 6- 8 

Facial examination 
frontal view 48, 51-64,150 
closed lip position 61 
genera! outline form 51 
gingival tissues eJcposure on smiling 60 
horizontal reference lines 53 
inler-Iabial gap 56, 57 
lip line 61 
lower lip length 56, 57 
mandibular deviations 54 
midline assessments 51-52 
occlusal cants 54 
summary charts 63, 64, 74 
upper incisor crown length/overbite 58 
upper incisor exposure 59, 60 
upper lip length 56, 57 
vermilion borders 62 

venical assessment (fadal thirds) 55, 
56-57 

profile view 48,65-73, 150 
high midface 65,66-68 
mandibular area 65, 71-72 
maxillary area 65, 69-70 
summary charts 73, 75 

Facial growth patterns 174 
Facial height 



facial treatment planning (G3 cases) 238 
soft tissue cephalometric analysis (ST0\) 

156, 157 
Facial photographs 106- 107 

in-depth 107 
routine 107 

Facial thirds 55, 56-57 
Facial treatment planning 224-279, 282 

group I (Gl) cases (orthodontics only) 
226-227 

group 2 (G2) cases (orthodontic or surgery 
and orthodontic) 258-263 

group 3 (G3) cases (orthodontics and 
surgery) 233-246 

aim of surgery 239 
see also Cephalometric treatment plan 

(Gl1') 
overview 226. 239 
problem list 224 

Fibromyalgia 204, 205 
Financial aspeds 4, 3 I 
Finger sucking 76 

class J1 division I malocclusion 261 
First tooth contact 51. 98-99 

wax bite construction technique 100. 102 
Fluoxetine 209 
Frontal facial photograph 106 
Functional appliances 266 

class II division I malocclusion 262 
Functional occlusion 9 

Gaba~ntin 209 
Genioplasty 167,270 
Gingival tissue exposure when smiling 60, 

171 - 172 
GlaJxlla 66, 67 
Great Lakes Model Block 116 
Grinding we Bruxism 
Group I (Gl) cases 2 

facial treatment planning (orthodontics 
only) 225, 226- 227 

soft tissue cephalometric analysis (SI'CA) 226 
Group 2 (G2) cases 2 

borderline with G3 cases 4 
clinical examination 258 
facial treatment planning 225, 226, 258-263 

combined orthodontic and surgical 
treatment 259 

orthodontic treatment only 259, 260 
intra-oral examination 258 
orthodontic cephalometric treatment plan 

(GI1') 261-263 
patient history 258 
temporomandibular joint treatment plan 

260 
treatment approaches 2, 3, 224 

Group 3 (G3) cases 2 
borderline with G2 cases 4 
clinical examination 233 
dental planning 233 
facial assessment 233 

summary form 234-235 
facialueatment planning 225.226,233-246 

vertical facial planning 237, 238 
intra-oral examination 233 
patient history 233 
problem list 240 

soft tissue cephalometric analysis (STa) 8, 
233 

temporomandibular joint disorders 233 
treatment approaches 2. 3, 224 

Group function 9 
Growth 

dental planning 282 
disproportionate following treatment 9 
form-based history-taking 45 
orthodontic cephalometric treatment plan 

(CJ1» 261-262 
prediction 26 I 
serial cephalomelTic radiographs 45 

Guided imagery 208 

Harmony values 160-161 
mandibular 160 
ma;.;illa to mandible 160 
soft tissue inferior orbital rim to jaw 160 
total facial harmony 160 

I-lead posture SO, 51 
l'lead symptoms 41-44. 199 

classification 139 
Headgear 262 
Heat therapy 204 
High midface profile 65, 66- 68 
History·taking, form-based system 30- 46, 226 

Basic series 30, 46 
dental history 39-40 
financial information 31 
group 2 (G2) cases 258 
growth assessment 45 
head/neck symptoms 41-44 
In-depth forms 37, 40, 46 
medical history 36, 37-38 
motivation questionnaires 33, 34, 35 
obstructive sleep apnea 44 
orthodontic history 39-40 
patient's chief complaint 33 
personal information 3 \, 32 
surgical·orthodontic patient (G3) 233 
temporomandibular joint 39. 41-44 

Horizontal reference lines 53 
Hormone levels. condylar remodeling 144 
t-!ypermobility disorders 204 
Hyperparathyroidism 144 
Hypnosis 208 
Hypomobility disorders 204, 205 

Impacted teeth 115 
Impression taking 116 
Incisor midlines 52 
Incisors 

aim of surgery 239 
overbite 58 
position 242-243. 282 

dental vro 290. 295 
range of possible movement 262 
short 172 
torque 262-263 

correction 241, 242, 261 
orthodontic cephalometric treatment plan 

(CJ1» 261 
upper. exposure 
lips at rest 59,165,166,170,238 
smiling 60, 171,238 

Infantile swallow 76 
Informed consent 4 
Interferences 9 
Inter-labial gap 56. 57.165.172 

increased 172 
reduced 172 
short upper lip 166 

Interpore blocks 118, 254 
Interproximal enamel reduction (stripping) 

292 
lntra·oral examination 48, 76-78 
abnormalities related to thumb/finger sucking 

76 
canine relationships 76 
crossbites 76 
uowdinglspacing 76 
dental assessment 76 
group 2 (G2) cases 258 
lower curve of Spee 76 
mentalis muscle activity 76 
midlines 76 
molar relationships 76 
overbite 76 
overjet 76 
soft tissues 76 
surgical-orthodontic patient (G3) 233 
tongue 76 

Intra-oral photographs at centric occlusion 
(CO) 108- 109 

Intra-oral radiographs 115 
Intra-oral tissues 

diagnosis 175 
pre-surgical analysis 183 

loint compression 144 
Joint mobilization therapy 204 

Labial crown torque 168 
Labiomental fold 71 
Lateral cephalometric radiographs 93, 114 
Lateral facial photograph 106 
I.e Fort I (LI'I) advancement 17,80,118,164, 

168,186,216,242-243,245,299 
Lip line 61 
Lips 

dosed position 61 
lower 

length 56, 57, 167 
projection to true vertical line 169 
prominence 71 
short 167 

proportions 167 
redundancy 168 
resting position 51, 59,106,114 
soft tissue thicknesses 155, 243 
strain 172 
upper 

angle 169. 243 
compression 104 
length 56, 57.166,172 
projection to true vertical line 243 
prominance 69, 70, 168 
short 166, 172 
support 69, 70,168,243 

Lower arch discrepancy 304 
Lower occlusal level 53 

317 
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Lower third of face 55 
balancing dentoske!etal and soft tissue 

relationships to true vertical length 173 
closed lip strain 172 
gingival tissue el(posure when smiling 

171-172 
inter-labial gap 56,57, 172 
landmarks 165 
length 165 
lip proportions 167 
lip redundancy 168 
lower lip 

length 56, 57,167 
projeaion to true vertical line 169 
short 167 

nasolabial angle 169 
soft tissue pogonion prominence 172 
throat length/contour 173 
upper incisor exposure 170- 172 

lips at rest disharmony 170 
smiling 171 

upper lip 
angle 169 
length 56, 57 
prominance 168 
short 166 
support 168 

vermilion heights 172 
vertical assessment 56, 165 

Magnetic resonance imaging (MRI) 116 
Mandible 

angle 5 1 
area profile 65, 71-72 
asymmetry 176, 178, 182 
body 51 
cephalometric treatment plan (CIT) 

All' movement to 3mm overjet 244 
rotation to 3mm overbite 244 

deviations 54 
growth 

influence on maxillary growth 174 
late 80, 87, 89 
rotation 26 I 

hyperplasia 9 
maxi llary harmony assessment 160, 161 
protrusion 172 
retrusion 172, 174 

Mandibular advancement 173, 270 
Mandibular position indicator (M P!) 203 
Mandibular set-back 173, 174 
Mandibular slide 98, 99, 175, 176, 182 
Mandibular splints 20 I 
Masticatory muscle disorders 140 
Matrix metalloproteinases (MMps) 209 
Maxilla 

area profile 65, 69-70 
influence of mandibular growth on growth 

174 
mandibular harmony assessment 160, 161 
narrow 182 
occlusal plane, cephalometric treatment plan 

(erp) 245 
retrusion 159, 164, 165, 168, 174 
vertical deficiency 165,172 
vertical excess 165, 172 

Maxillary expansion 182 
Maxillary splints 20 I 
Medical history 

basic screening 36 
in-depth history and symptoms 37-38 

Medication 209, 212 
Mentalis muscle activity 76 
Menton, soft tissue thicknesses ISS 
Metallic midface markers 110-113, lSI 

cheekbone III 
nasal base 112 
neck-throat point 113 
orbital rim I I I 
placement 111- 113 
subpupil 112 

Middle third of face 164-165 
Midface markers see Metallic midface markers 
Midfacc retrusion 159, 165 
Midline 

clinical examination 51-52 
dental 52 
dental planning 282 
dental vro 283, 294 

surgical-orthodontic case 303 
intra-oral examination 76 
philtrum 52 
trea tment goals 9 

Midline deviations 182 
dental vro 

Chart I 287 
Chart 2 288 

Midline mandibular osteotomy 270 
Missing teeth 180 
Model construction I 16 
Model examination 76, 282 

cephalometric treatment plan (01') 240 
class II malocclusion 128, 213, 249, 250, 

251,272 
dental vro 287 
facial treatment planning 226 
group I (GI) cases 226 
group 2 (G2) cases 258 
overbite with mandibular slide 99 
pre-orthodontic analysis 175 
pre-surgical analysis 183 
surgical-orthodontic patient (G3 cases) 233 

Mode! mounting 93, I 16 
splint construction 203 

Molar position 
dental planning 282 
dental vro 283, 294 

Chart 1 287 
Chart 2 288, 292 
surgical-orthodontic case 303 

facial treatment planning 227 
group 2 (G2) cases 260 

group I (GI) cases 227 
group 3 (G3) cases 233 

Molar relationships 76, 180 
Motivation of patient 226 

cephalometric treatment plan (01') 240 
questionnaires 33 

basic 34 
in-depth 35 

Muscle pain 50 
Muscle relaxation 208 
Muscle symptoms 41 
Musculature 

diagnostic work-up 139-149 
masticatory muscle disorders 140 

Nasal base 69, 164, 243 
metallic midface markers 112 
retrusion 164 

Nasal bridge 70 
Nasal projection 69, 70,165,243 
Nasal tip 52, 70 
Nasolabial angle 169 
Nasolabial folds 164, 245 
Natural head position (NHr) 95, 106, 114, 

lSI 
clinician determined 96, lSI 
modified 96,151 

N~k 

pain 50, 199 
classification 139 

range of movements 50 
symptoms 41-44 

Neck-throat point 113, lSI 

Obstructive sleep apnea 44 
Occlusal cants 54, 176, 178 
Occlusal plane 175 

aim of surgery 239 
incisor torque correction 241 
maxilla 

cephalometric treatment plan (el1') 245 
chin position adjustment 246 

Oral hygiene 175 
Orbital rim 66, 67, 164,243 

augmentation 164, 243 
deficient 164 
metallic midface markers III 
rim to jaw harmony 160, 161 

Orthodontic assessment 
group I (GI) cases 225 
group 2 (G3) cases 225 

Orthodontic cephalometric treatment plan 
(CIT) 261-263 

dental compensation 262-263 
early treatment 

class II division I cases 261-262 
class III cases 262 

evaluation of compromise versus ideal 
treatment 263 

growth/growth modification 261-262 
incisor position 290 
lower incisor torque correction 261 
overbite evaluation 26 1 
overjet evaluation 261 
steps 261 
upper incisor torque correction 26 I 

Orthodontic history 39 
in-depth 40 

Onhodontic treatment 226, 258 
case repon 285- 297 
incisor torque correction 242 
joint compression 144 
planning 282-314 

dental planning 282 
group I (GI) cases 226-227 
group 2 (G2) cases 259, 260 



prior treatment decisions 282 
see IIlso Dental VTO; Onhodontic 

cephalometric treatment plan (CI'P) 
pre-surgical analysis 183 
see IIbo Surgical-onhodontic cases 

Orthognathic surgery 2. 3 
see 1I1s0 Surgical-orthodontic cues 

OsteoMed bone harvester 118 
OsteoMed rigid plates 118, 130, 192.254 
Osteomyelitis 114 
Outline form of face 51 
Overbite 175, 227, 270 

cephalometric treatment plan (CI'P) 241, 
24' 

orthodontic 261 
intra-oral examination 76 
with mandibular slide 99 
treatment goals 9. 263 

Overjet 174. 180. 188,212,213,227.270 
cephalometric treatment plan (CTP) 24], 

24' 
onhodontic 261 

intra-oral examination 76 
mandibular area profile el<amination 7 t, 72 
relapse following surgery 14] 
treatment goals 9, 263 

Palatal bar 211, 212 
Panoramic radiographs 93, 1] 4 

asymmetry indel<es 114 
facial treatment planning 226 
group I (Gl) cases 226 
group 2 (G2) cases 258 
surgical-orthodontic patient (G3 cases) 233 
total condylar remodeling diagnosis 148 

Parafunclional activities 140. 208 
joint compression 144 
splint therapy 200 

Paroxetine 209 
Patient el<pectations 

history-taking 33 
orthognathic surgery 40 
treatment goals 9 

Patient preferences 4 
Patient- clinician communication 46, 78 

treatment goals 33 
Peg-shaped incisor 180 
Periodontal health 282 

arch expansion 9 
treatment goals 9 

Personal information records 3], 32 
Philtrum. midline analysis 51, 52, 182 
Photographs 51, 93 

facial 106-107 
intra-oral at centric a<:dusion (CO) 108-109 

Physical therapy 5. 204, 205 
Planned incisor position (PIP) 227 
Pogonion 

advancement 186 
prominence 71, 72. 172 
protrusion 172 
retrusion 172 
soft tissue thicknesses 155 

Pre-orthodontic analysis 175 
Prolactin 144 
Psycho-physiological assessment 208 

Pterygoid muscle trigger points 206 

Rapid maxillary/palatal expansion 182. 211, 
212,262 

Rearmost uppermost and midmost (RUM) 
position 202 

Records 93-133. 282 
accuracy 94 

facebow/wax bite transfers 105 
digital versus conventional 93 
da<:umentation 93 
first tooth contact 98-99 
impression taking 116 
intra-oral radiographs 115 
lateral cephalometry 114 
magnetic resonance imaging (MR!) ] 16 
metallic midface markers 1 ] 0-1 ] 3 
model mounting 116 
natura l head position (NIll') 95 

modified 96 
panoramic radiograpns 114 
phOlographs 

facial 106-107 
intra-oral at centric a<:dusion (CO) 

108-\09 
quality 94 
staff training 93 
standardization 94 
tomograms ! 15 
wax bite 97 

construction te<:hnique 100-] 03 
Relapse 224 

see also Surgical relapse 
Relaxed incisor exposure 59, 165. 170 

facial treatment planning 238 
short upper lip 166 

Restorative pra<:edures 282 
Retention 193 
Rhinoplasty 165 
ROIated teeth 180 
Routine onhodontic cases (G I) 2 

SAM III aniculator 116, 203 
Selective serotonin re-uptake inhibitors (SSRls) 

209 
Serial cephalometric rad iographs 45 
Sertraline 209 
Skeletal normals 6 
Sliding chin osteotomy 186. 246 
Smile 60 

facial photographs 107 
gummy 171-172 
upper incisor/gingival tissue exposure 60. 

171 
facial treatmelll planning 238 

Soft tissue anomalies 76 
Soft tissue cephalometric analysis (STC\) 6. 7. 

150 
aim of surgery 239 
assessing projections to true vertical line 

(WL) 158-159 
high midface 158 
mandible 158 
maxilla 158 

Class! relationship 229, 231, 232 

Class 11 mala<:dusion 122, 127, 132, 187, 
191. 195,214.218.221. 249. 254, 257. 
265,267,268.271. 275. 279. 302, 309. 
313 

division I. 13, 14 
Class III mala<:clusion 18. 19,23.27,85,89 
dental and skeletal factors 154-155 
development 151 
facial heights/lengths assessment 156. 157 
female/male differences 162- 164 
group I (GI) cases 226 
group 2 (G2) cases 7 
group 3 (G3) cases 8, 233. 237, 239 
harmony values assessment 160-16 1 

mandibular 160,161 
maxilla to mandible 160.161 
soft tissue inferior orbital rim to jaw 160. 

161 
total facial harmony 160, 161 

incisor position 290. 291 
lower third of face 165-173 
mean values 

female 152-153 
male 152-153 

middle third of face 164-165 
onhodontic treatment planning 262 
positioning during examination 151 
soft tissue thickness 155 

Spacing ]80 
dental vro 288, 289 
intra-oral examination 76 

Splint therapy 5,200-203.212 
biofeedback combined treatment 206 
condyle displacement effects reduction 200 
condyle position 202 
mandibular splints 201 
maxillary splints 201 
physical therapy combined treatment 204 
purpose 200 
soft versus hard splints 200 
splint construClion 203 

Stability goals 9 
Static a<:dusion 9 
Stress management 206-208 

behavioural assessment 208 
cognitive assessment 208 
psycho-physiological assessment 208 
psycho-physiological model 208 
trea tment planning 208 

Stripping (interproximal enamel reduction) 
292 

Subpupil area 66, 68, 164,243 
flat/soft 164 
metallic midface markers 112 

Substance P 209 
Supernumerary teeth 115 
Supra-hyoid myotomy 186 
Surgical assessment 

group 2 (G3) cases 225 
group 3 (G3) cases 225 

Surgical relapse 9 
condylar remodeling ]41 
post.surgical growth 45 

Surgical-onhodomic cases 
combined treatment planning for group 2 

(G2) cases 259 
dental vro 283, 284. 298-314 

re-evaluation before surgery 308 
319 



320 

Surgital-onhodomic cases, wnlinued 
facialueatment planning 233-246 
in-depth medital history 37 
in_depth onhodontic history 40 
joint compression 144 
onhodontics with lower jaw surgery 226 
onhodontics with upper jaw surgery 226 
orthodontics wi!h upper and lower jaw 

surgery 226 
onhodontist5' views 4 
patient expe<:tations 40 
patient motivation questionnaire 33 
patient preparation 182 
pre-surgital dentitionfintra-oral tissues 

analysis 183 
pre-surgital growth assessment 45 
pre-surgital orthodontic prepara!ion 308 
soft !issue cephalometric analysis (STCA) 

237,239 

Temporomandibular join! 
clinical examination 48, 49-50, 147 

examination form 148, 149 
condylar remodeling set' Condylar 

remodeling 
condyle anatomy 145-146 

immature 146 
stable 145 
unstable 146 

condyle positioning 202 
condyle si~ 146 
history 39 
magnetic resonance imaging (MRI) 116, 148 
mandibular growth potential 2GI 
pain during movement 48, 49 
problems list 148 
range of movements 48, 49 
sounds48,50, 147 
stability 9, 118,282 
tomograms 115, 148 
treatment goals 5 

Temporomandibular joint disorders 140 
articular disorders 140 
bruxism 200 
cause 140 

classification 139, 140 
conservative phase of treatment 200-209 

medication 209 
physical therapy 204, 205 
splint therapy 200-203 
stress management 20G-208 

degenerative disease 200 
diagnostic work-up 139-149 
hypoxia-reperfusion model 200 
muscle problems 140 
pain/dysfunction 199 

form-based hiStory-laking 41-44. 147 
surgical lavage 209-210 
surgical-onhodontic patient (G3) 233 
treatment planning 199-222 

group 2 (G2) cases 26{l 
Temporomandibular joint lavage 209-210 
Temporomandibular joint splint 104 
Tetracyclines 209 
Therapeutic exercise 204 
Throat length/contour 71. 72, 173 

metallic midface markers 113 
Thumb sucking 76 

class \I division 1 malocclusion 261 
Tomogram' liS 
Tongue 

activity during swallowing 76 
forward thrust 76 

class \I division 1 ma locclusion 262 
intra-oral examination 76 
size/position 7G 

Tooth anatomical form 180 
Tooth size analysis 180 
Total facial harmony 160. 161 
Trauma 

joint compression 144 
temporomandibular joint disorders 140 

Treatment goals 2-10, 225 
borderline G2/G3 cases 4 
facial balance 6-8 
muscular function 5 
patient-clinician communication 33 
patient's chief complaint/patient expectations 

9,33 
periodontal health 9 
stability 9 
static occlusion 9 

success criteria 4, 5-10 
temporomandibular joint function 5 

Treatment planning 78 
facial 224-279 
muscle relaxation 208 
onhodotllic 282-314 
patient preparation 182 
stress management 208 
temporomandibular joint disorders 199-222 

Trigger points 20G, 207 
True vcrticalline (lVL) 6,151 

soft tissue cephalometric analysis (STCA) 
measurements 158-159 

Tumors 114 
Twin Block appliance 266 

Ultrasound therapy 204 
Upper arch discrepancy 306 
Upper occ1usallevel 53 

Vemlition 
heights ]72 
upper and lower border lengths 62 

Venical facial planning 59. 60 
surgical-onhodontic patient (G3) 237. 238 

Vitamin C 186,216 
Vitamin [ 186, 216 

Wv: bite 51. 65, 93, 97. 106, ] 14. liS, ]68 
accuracy during transfers] 05 
bite-open 104. 106, 114,253 
Class II malocclusion] 29, 253 
construction technique 100-103 

firs! closure 100 
second try-in 102 
third try-in 103 
trimming ]01 

diagnostic acrylic splint 104 
firsl looth contact 98-99 
splint construction 203 
!rimming 105 

Zygomatic width 51 



Facial beauty can be recognized, but it is difficult to define objectively the 
components of this beauty. Objectivity, however, is necessary for orthodontists and 
surgeons who are attempting to maximize facial harmony and balance. They need 
a systemized and objective approach to facial planning, which reflects the difference 
between female and male faces, and which has the potential to be developed and 
applied to different ethnic and age groups. 

This book presents a new and groundbreaking approach to facial planning in 
orthodontic and orthognathic surgery cases. It describes an objective, computerized 
method of facial analysis and treatment planning, which is backed up by a 
methodical and standardized method of case documentation. In its emphasis on the 
True Vertical Line and movement away from the traditional cranial base 
measurements, it represents a turning point in facial planning. 

Facial and Dental Planning for Orthodontists and Oral Surgeons is a practical and 
superbly illustrated manual from a world-renowned author team. 

IS 

~T~Mosby I 
An imprint of Elsevier Science 
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