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Summary

Background: Despite the three-dimensional (3D) nature of dentofacial deformities,
assessment of orthognathic treatment outcome has been performed using lateral and
frontal cephalograms as well as standardised photographs. A 3D imaging system
(C3D®), based on the principles of stereophotogrammetry, has been developed for use
in the assessment of facial changes following orthognathic surgery. Patients’
perception of their facial appearance before and after orthognathic surgery has been
evaluated using standardised questionnaires, but few studies have tried to link this
perception with the underlying two-dimensional cephalometric data. Comparsions

between patients’ subjective opinions and 3D objective assessment of facial

morphology have not been performed.

Aims: (1) To test the reliability of the 3D imaging system; (2) to determine the effect
of orthognathic surgery on the 3D soft-tissue morphology; (3) to assess skeletal
changes following orthognathic surgery; (4) to evaluate sofi-tissue to hard-tissue
displacement ratios; (5) to ascertain the impact of orthognathic surgery on patients’
perception of their facial appearance and their psychosocial characteristics; (6) to
explore the effect of dentofacial deformity, sex and age on the psychosocial
characteristics; (7) to evaluate the extent of compatibility between the cephalometric

and the three-dimensional measurements and (8) to determine if the magnitude of

facial soft-tissue changes affects the perception of facial changes at six months

following surgery.

Materials and Methods: Ethical approval was obtained from the related Local Area

Ethics Committees. From the 107 orthognathic patients screened, seventy-five
Caucasian patients were included in the study. Forty-six patients were diagnosed as
skeletal Class III and twenty-four as skeletal Class II. The average age was 23.4 years
(range=17-40 years) and the female-male ratio was 3:1. For the facial morphometric
analyses, three subgroups were evaluated: subgroup A, Class III patients treated by

maxillary advancement and mandibular setback; subgroup B, Class III patients treated

by maxillary advancement alone and subgroup C, Class II patients treated by
maxillary impaction and mandibular advancement. Patients were assessed at four
times: within one week before surgery (T1), one month following surgery (T2), three
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months following surgery (T3) and six months following surgery (T4). 3D images
were captured and psycho-social questionnaires were completed at each assessment
time. The questionnaires evaluated patients’ motivation for surgery, perception of

their facial appearance, personality characteristics and postsurgical satisfaction.

Accuracy of the C3D® system was established by comparing linear measurements
taken directly from a dummy head with those taken indirectly through a software-
based Facial Analysis Tool (FAT). Reproducibility of landmark identification was
assessed by repeated digitisation of facial landmarks on ten randomly selected 3D
facial models of orthognathic patients. The accuracy of the volumetric calculation
algorithms was tested in vitro and in vivo by comparing the volumes of added facial
explants obtained by water displacement with those obtained indirectly using 3D

models (via the FAT).

In the main study, 3D facial models of orthognathic patients were built and exported

to the FAT. Twenty-eight anthropometric landmarks were 1dentified on-screen and

their x-, y- and z- coordinates were obtained. Conventional and geometric
morphometric analyses were performed to evaluate soft-tissue surgical change and the
soft-tissue relapse. Superimposition of each couple of models was accomplished by
partial Ordinary Procrustes Analysis and x-, y- and z- displacements of landmarks
were obtained. A novel landmark-based facial asymmetry analysis was performed.

Volumetric assessment at four facial regions was undertaken in subgroup A.

Lateral cephalograms were obtained at three times: within one month before surgery
(T1), within one week after surgery (T2) and at six months following surgery (T3).

These records were used to assess skeletal changes, skeletal relapse and soft-tissue to

hard-tissue displacement ratios.

Results and Conclusions: C3D imaging system was proved to be accurate with high
reproducibility. The reproducibility of landmark 1dentification on 3D models was high
for 24 out of the 34 anthropometric landmarks (SD<0.5 mm). One volumetric

algorithm 1n the Facial Analysis Tool had an acceptable accuracy for the assessment
of volumetric changes following orthognathic surgery (mean error= 0.314 cm3). The

error of the cephalometric method was low and the simulation of mandibular closure
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proved to be reproducible. 2D soft-tissue measurements were compatible with 3D

measurements in terms of distances, but angular measurements showed significant

differences (p<0.05).

Significant 3D-based soft-tissue changes were observed in subgroups A, B and C
following surgery. Significant increase in alar base width was detected in the three
subgroups (p<0.01), wheras the mouth width had a significant decrease in subgroup A
only (p<0.01). Relapse was observed between one month and three months for some
facial landmarks. For the majority of comparisons, the relapse between three months
and six months was insignificant (p>0.05). In subgroup A, mandibular setback was
stable, whereas in subgroup C mandibular advancement relapsed significantly. In
subgroup A, maxillary advancement relapsed significantly, whereas the horizontal
relapse in subgroups B and C was insignificant. Significant soft-tissue to hard-tissue
displacement ratios were found in the anteroposterior direction and to a lesser extent

in the vertical direction.

Increased self-esteem, reduced anxiety and reduced depression were among the
findings in the three subgroups as well as in Class II and Class III groups. Different
trends of facial appearance perception were observed between subgroups A, B and C.
Class II patients were significantly different from Class Il patients in some
psychosocial measures. Females, compared with males, had significantly less self-
esteem at all assessment times and were more anxious at Tl and T2. Patients’

perception of facial changes was not generally affected by the magnitude of z-
displacements of facial landmarks assessed in 3D. Satisfaction was high among all

subgroups despite the presence of residual anteroposterior skeletal discrepancies at T4

in subgroups B and C.
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1 Background and Literature Review

1.1 Orthognathic surgery

1.1.1 Definition of orthognathic surgery and its aspects

Orthognathic surgery i1s the correction of severe dentofacial deformities either by
surgery alone or in combination with orthodontics. The past three decades have
produced increasing sophistication in diagnosis and planning for orthognathic patients,
improvements in related orthodontic mechanics and techniques and significant
advances in anaesthesia and surgical approaches. Orthognathic surgery is now capable

of repositioning one or both jaws, moving the chin in all three planes of space and

repositioning dentoalveolar segments.

Impaired mastication, speech problems, temporomandibular joint dysfunction and

(1-3)

psychological effects may be associated with a dentofacial deformity' ™’ and each may

be addressed successfully with orthognathic correction'':.

1.1.2 Historical development of orthognathic surgery

A chronological historical overview of orthognathic surgery is given in Table 1.1.
Orthognathic surgery, originated with Hullihen’s mandibular procedure in 1849 in the
USA®. Angle and Blair first described ostectomy of the horizontal ramus for the
correction of mandibular prognathism'® and Blair (1907) was the first to divide jaw
deformities into five classes: mandibular prognathism, mandibular retrognathism,

alveolar mandibular protrusion, alveolar maxillary protrusion and open bite!”.

Berger (1897) described a condylar osteotomy for the correction of prognathism while
Babcock (1909) and Lindemann (1921) described an almost identical method to the
one suggested earlier by Blair'®. Between 1920 and 1940, some progress in
orthognathic surgery was reported from the USA by Kazanjian®and Dingman
(1944)"?, Limberg (1928) also added some new operative procedures to the treatment
of jaw deformities''’. Between World War 1 and World War II, Pichler (1928),

Wassmund (1935) and Hofer (1936) started to provide leadership in this field®,
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Development of orthognathic surgery halted until the early 1950s and then developed
as a true specialty. Pichler founded the Vienna School of maxillofacial surgery ® and
was succeeded by his pupil Trauner who later moved to Graz. Trauner inaugurated
several orthognathic surgical interventions and trained his successors Kéle and
Obwegeser. Wassmund established the German School in maxillofacial surgery ®and
developed the anterior maxillary osteotomy ). One of his pupils, Schuchardt (1955),
developed the posterior maxillary osteotomy to correct open bite !, The main
innovations of Kole were several new methods for changing the position of the
alveolar process. He was the first to perform bimaxillary alveolar surgery for the
correction of protrusion ). Obwegeser was the first to perform the ‘intra-oral sagittal
split of the mandible’"®. This method was modified later by Dal-Pont (1961) and
Hunsuck (1968)"". Converse (1952) in the USA was one of the innovators in
orthognathic surgery during this period(10"6)but the USA lagged behind Europe in this
field until the late 1970s"'"",

Craniofacial surgery was first carried out using Le Fort III osteotomies by Gillies and
Harrison!'%2" followed by Tessier®. Henderson and Jackson in Glasgow in 1973

were responsible for the development of the Le Fort II osteotomy for the correction of

central midface deformity'®.

Rigid osteosynthesis principles were first applied to the fixation of a sagittal split
osteotomy in 1974®. The first miniplate set was introduced in 1979 and these were
modified by Steinhauser®”.

Some limitations of orthognathic surgery may be overcome by ‘distraction

osteogenesis’, which is the ‘mechanical induction of new bone between bony surfaces

that are gradually pulled apart’®®. This technique was developed from leg lengthening

procedures of Ilizaroff in Russia (1989) and has been employed in the treatment of

dentofacial deformities from the beginning of the 1990s%?,
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Blair 1907 | St. Louis, | One of the dominant leaders in the early orthognathic

surgery.
He described several methods of the correction of
maxillofacial deformities.

The first to divide jaw deformities into 5 classes.

The first to realize the benefits of the cooperation
between orthodontists and surgeons

Bruhn & 1921 | Germany Description of a procedure similar to that mentioned by
Lindemann Blair (1907

Proposal of some new operative procedures

ague, Suggestion of a horizontal osteotomy with a Gigli saw
as a ‘blind procedure’.

USA New techniques and improvements for the correction of
mandibular deformities

Vienna The founder of the Vienna School of maxillofacial
surge

Axhausen 1934 | Berlin, The first to mobilize and advance a malunited maxillany
Germany fracture by a Le Fort I osteotomy and an additional
vertical osteotomy.

Started the German School of maxillofacial surgery
Wassmund’s procedure for the correction of maxillary
protrusion (anterior maxillary osteotomy)

Probably the first to perform a total maxillary osteotomy
to correct an open bite case in 1927,

Linz Used an intra-oral approach to accomplish a forward

Historical overview of orthognathic surgery
1849 | USA The first operation for correction of malocclusion and
“ - facial deformity by an anterior mandibular segmenta
osteotom 3
Cheever 1864 | USA The first to report an osteotomy technique in order to
- - resect a nasopharyngeal mass in two patients (Cheever’s
operation
Angle and Blair 1897 | St.Louis, The first described ostectomy of the horizontal ramus
USA for the correction of a mandibular prognathism, ‘St
Louis operation’.
1897 Description of a condylar osteotomy (condylectomy) for
the correction of prognathism
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Wassmund 1935 | Berlin,
Germany

1936

movement of the anterior maxillary segment
Harrison
Converse 1952 | USA Publication of several methods for corrections of jaw
deformities.
One of the first plastic surgeons who was interested ir
facial skeleton surgery as well as reconstructive
rocedures on the soft tissues.
Trauner Inauguration of several orthognathic surgical procedures
_ Graz, Austria | as well as teaching both K&le and Obwegeser
1955 | Germany The inventor of the posterior maxillary osteotomy
T-- (1955), so-called ‘Schuchhardt operation’
The oblique sagittal osteotomy of the ramus.
-

The first to describe bimaxillary alveolar surgery for the
correction of protrusion, deep bite, or short face.

The lower labial segment repositioning,

New techniques for open bite and for genioplasty
Contribution to the first textbook in the literature about
*Surgical Orthodontics’ in 1964
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Table 1.1 contd.
Contribution to Orthognathic Surge
Obwegeser 1955 | Zurich, The first to describe the ‘intra-oral sagittal split of the

Switzerland mandible’ in 19585.

Introduction of inverted-L osteotomy.

The first to present a large series of Le Fort 1
osteotomies (1969) carried out in the 1960s.

Description of different methods of genioplasty

The first, probably, to perform total maxillary and
mandibular osteotomies in 1970 (Bimaxill:

. " » ” .
§

Dal-Pont 195 Modification of the original sagittal split procedure
1968 Modification of Obwegeser’s sagittal split procedure

Tessier 1967 | France The founder of craniofacial surgery
Treated difficult cases of severe orbito-craniofacial
deformities.

Sowray 1968 | London, UK | Sowray-Haskell anterior mandibuloplasty (symphysea

&Haskell ostectom
London, UK | Improving the post-condylar cartilage grafts techniques
for the correction of distocclusion in adolescence

The first maxillofacial surgeon to apply the principles of
rigid ostcosynthesis to the fixation of a sagittal spli

osteotom

Mclntosh & 1975 Introduction of total subapical mandibular osteotomy
Carlotti

Luhr 1979 Improvements of miniplates and introduction of his firs

\O

o0

1974 | Switzerland

miniplate set.

Foster & London, UK | Anterior mandibuloplasty
Henderson

1.1.3 Surgical interventions

——
D
N
o0

Dentofacial deformities are commonly associated with marked problems, which
cannot be treated ideally by tooth movements alone. Three possible treatments exist

(28).

for a jaw discrepancy according to Proffit and White'™: modification of growth,

camouflage that produces a dental compensation for the skeletal discrepancy or

surgical repositioning of the jaws and/or dentoalveolar segments to obtain proper
positioning. Growth modification has proven efficacy in growing patients“”,
Camouflage, which 1s the alignment of teeth to obtain proper function without any
correction of underlying jaw discrepancy, is feasible when reasonably normal dental
occlusion can be achieved with acceptable facial aesthetics*®. However, the more

severe the condition, the more the need for surgical correction and the less likelihood
that compensating tooth movements can establish proper facial balance as well as

functional occlusion.

Proffit and Ackerman (1984) used the ‘envelope of discrepancy’, which is a schematic

representation, to illustrate the limitations of movement with these three treatments®?.
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However, this envelope is a two-dimensional representation, which does not include
the third dimension, i.e. the transverse direction, of the possible movement with each

type of treatment.

Surgery to the maxillofacial complex may be classified according to the number of
jaws involved: one-jaw or two-jaw; type of osteotomy: total-jaw or segmental; type of
approach: intra-oral, extra-oral, intra- and extra-oral; location of the surgery: midface
or mandibular including ramus, body, and chin; direction of correction: vertical,

anteroposterior, transverse or a combination of these'":'%*'~9,

Orthodontic treatment may not be indicated before or after surgery for several reasons,

although to achieve the optimal outcome, planned orthodontics 1s usually

Incorporated.

1.1.3.1 Midface surgery

1.1.3.1.1 Total maxillary surgery

Le Fort I osteotomy is the most versatile procedure for the correction of midface
deformities'' "'83%) e Fort I ‘step’ osteotomy is one of its modifications to permit a

horizontal maxillary movement without altering the vertical dimension>*.

Anterior Le Fort II osteotomy was proposed as a solution for nasomaxillary
hypoplasia by Converse et al (1970)°*, while the pyramidal Le Fort II osteotomy was
described by Henderson and Jackson (1973)%?. Quadrangular Le Fort II osteotomy
was first described by Kufner (1971)°%.

The Le Fort III osteotomy is used to correct severe midfacial congenital deformities
and syndromes, e.g. Apert, Crouzon and Pfieffer syndrome. Several modifications
have been proposed such as the Le Fort III (malar-maxillary) advancement, Le Fort III
(naso-malar) advancement and malar bone advancement. The last two operations do

not contain any movement of the maxillary bone®”.
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1.1.3.1.2 Segmental maxillary osteotomies:

Subapical maxillary osteotomies include: single tooth osteotomy which is limited
mainly to the upper anterior teeth; corticotomy to permit surgically assisted retraction
of upper anterior teeth in Class II Division 1 malocclusion®?; anterior segmental
osteotomy using the Wassmund technique, the Wunderer’s modification, or a more

recent method to alter the premaxilla vertically and/or anteroposteriorly®”; posterior

%) and

segmental osteotomy suggested by Schuchardt (1959) and modified by Kufner
horseshoe ostectomy(3 ® These procedures can be used to correct open bite, posterior

cross-bite, or to open or to close a space in the arch.

1.1.3.2 Mandibular surgery

1.1.3.2.1 Ramus procedures

Subcondylar osteotomy!'” can be done extra-orally and, more commonly, intra-orally.
It 1s indicated, sometimes, to correct mild mandibular prognathism. Condylectomy is
used mainly to treat condylar hyperplasia, mandibular asymmetry caused by

hemifacial microsomia, unilateral mandibular hypertrophy or TMJ ankylosis(32).

The bilateral sagittal split osteotomy (BSSO) is the most versatile mandibular
osteotomy''>**49_ It is used mainly in mandibular setback or advancement. It could be
used to correct skeletal open bite®”. Vertical subsigmoid osteotomy (VSO) is the
alternative of BSSO in setback procedures and it is used, also, for correction of

mandibular asymmetries. The trans-oral approach has become more popular deleting
the disadvantages of having an external scar or occasional damage to the mandibular
branch of the facial nerve®". Other less common approaches are the inverted ‘L’

(37)

osteotomy, the ‘C’ osteotomy" and the arcing osteotomy Post-condylar

grafting*>*) has also been used as an early step in the management of severe

mandibular retrusion to minimize the complexity of surgical intervention later on.

1.1.3.2.2 Body procedures

Blair (1907) was the first to describe body osteotomy of the mandible'”. The main

indication 1s the presence of deformity in the body of the mandible, and where there

are missing teeth or teeth that can be sacrificed in the lower arch. Body ostectomies in

the anterior part of the mandible include step osteotomy/ostectomy, midline
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symphyseal osteotomy/ostectomy and the Sowray-Haskell procedure®®. Those that
are carried out posterior to the mental foramen include: Thoma’s Y-shaped ostectomy,
rectangular ostectomy, Thomas’ Trapezoid ostectomy, inverted V-shaped
ostectomy'® and L-shaped osteotomy*”., Mandibuloplasty is a term used to describe
those operations on the lower border of the mandible, such as the anterior

mandibuloplasty'*.

1.1.3.2.3 Subapical osteotomies

Developed originally by Hullihen in 1849, the K&le procedure is now used to correct
malposition of the lower anterior segment and to close open bite. Posterior subapical

osteotomy, although a technically difficult procedure, can be employed to level super-

(37)

erupted posterior mandibular teeth or to upright them"’. The total subapical

osteotomy, proposed in 1975*%), has been used mainly in Class II malocclusion with a

low mandibular plane angle and a normal anterior position of Pogonion®”.

1.1.3.3 Genioplasty

Chin surgery is commonly combined with other orthognathic procedures. About 15%
of all dentofacial deformities primarily involve the chin G2 Obwegeser in 1955 first
described the intra-oral approach, or labial sulcus incision, to the osteotomy of the

anterior mandibular lower border'!?.

Several types of genioplasty techniques exist. The functional genioplasty is used to

correct abnormal mentalis muscle activity at an early age. Augmentation genioplasty,

however, includes: horizontal advancement osteotomy, vertical downgraft osteotomy
with interpositional graft, alloplastic onlay grafts, biological onlay grafting and lateral
expansion osteotomy (midline osteotomy). Reduction genioplasty includes the
following: horizontal sliding osteotomy and setback, vertical reduction osteotomy
with wedge ostectomy, shave of the chin protuberance and lateral reduction. A fourth

technique 1s the asymmetrical genioplasty with vertical or lateral shift of the genial
segment?,
1.1.3.4 Adjunctive cosmetic (aesthetic) surgery

Rhinoplasty, used to correct any nasal deformity and to improve function, is usually

carried out after orthognathic surgery®. Where the contours of the neck are
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obliterated by localized accumulation of adipose tissue, suction or transoral lipectomy

is indicated®?.

1.1.4 Dentofacial deformities

1.1.4.1 General Classification of dentofacial deformities

It is more appropriate to describe the skeletal relationships rather than simply the
dental relationships, since orthognathic surgery is used to correct the underlying

skeletal base discrepancies. The occlusion by itself may be most misleading®®".

1.1.4.1.1 Common dentofacial deformities

Table 1.2 summarizes the possible dentofacial deformities, which may exist in the
maxilla or the mandible. Maxillary deformities may arise in the anteroposterior,
vertical or transverse direction. Mandibular deformities include mandibular

anteroposterior excess or deficiency as well as asymmetry. Chin deformities include

macrogenia and microgenia which are often associated with other mandibular
deformities. Combined maxillary-mandibular deformities can be seen in the short face

syndrome, the long face syndrome, apertognathia and lower facial asymmetry”‘ 4,

1.1.4.1.2 Uncommon dentofacial deformities

Cleft lip and palate may be associated with Pierre Robin syndrome, Treacher-Collins
syndrome or Apert’s syndrome. Facial asymmetry may result from hemifacial
microsomia, hemifacial atrophy, hemifacial hypertrophy or neurofibromatosis.
Midface deficiencies may arise from craniosynostoses (Apert’s, Crouzon’s, and

Pfeiffer), Binder’s syndrome, achondroplasia or cleidocranial dysplasia. Mandibular

deficiencies may be one of the signs of Pierre Robin syndrome, Treacher-Collins
syndrome or hemifacial microsomia®?. On the other hand, mandibular prognathism
could be one of the facial characteristics of Gorlin-Goltz syndrome, osteogenesis

imperfecta, Marfan syndrome or Klinefelter syndrome.
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1.1.4.2 Facial characteristics of certain dentofacial deformities

1.1.4.2.1 Class I dentofacial deformity

1.1.4.2.1.1 Class I dentofacial deformity with vertical maxillary excess

In the frontal view, there is a long, tapering face with lip incompetence and excessive
exposure of the upper incisor teeth when the lips are in the relaxed posture. In
addition, increased lower facial third, a narrow alar base and flat paranasal areas are
present*”. In the lateral view, the most common features are: relatively large nose,
flat to concave paranasal areas, excessive interlabial gap, flat upper lip without a

vermilion curl and usually an everted lower lip®*".

1.1.4.2.1.2 Class I dentofacial deformity with microgenia and retrogenia

In profile, microgenia is simple retrusion of the chin with a normal maxillomandibular
skeletal base relationship®®". The term ‘retrogenia’ relates to the deficient chin in
profile, while the term ‘microgenia’ relates to the total chin area, but clearly both may
describe the same patient®". The main features of this deformity are retrusion of the

chin button, double-chin appearance, increased labiomental angle and lip

Incompetence.

1.1.4.2.2 Class II dentofacial deformity

1.1.4.2.2.1 Mandibular deficiency in patients with short or normal face height

There is a well-developed chin button, with an appearance of deficiency at the lower

lip. Lower face height tends to be short, and the shorter it 1s, the greater the tendency
for a lower lip curl which accentuates the labiomental fold. The upper face and

midface appear normal and well balanced. The elevator muscles of the mandible

appear well developed. Skeletally, the mandibular plane angle tends to be flat and the

gonial angle relatively squared® 149),

1.1.4.2.2.2 Mandibular deficiency in patients with open bite

The main features are increased lower third face height, excessive interlabial distance,

everted lower lip, recessive chin and usually decreased exposure of the upper anterior

teeth”).

10
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1.1.4.2.3 Long-face syndrome

The primary distinguishing characteristic is the large total face height especially in the
lower third. This is usually accompanied with anteroposterior jaw malrelationships.
One sign of excessive face height is lip incompetence, with separation of the lips at
rest, which exceeds 4 mm"”. On smiling, there is excessive upper incisor display®").
Narrow cheeks, narrow and pinched nostrils, pointed chin, separated lips, exaggerated
shadows beneath the eyes, and increased nasolabial angulation in profile are

characteristic®!*”.

1.1.4.2.4 Short-face syndrome

The so-called ‘short-face syndrome’ is characterized by: a broad and square face,

reduced anterior facial height, broad nose, increased alar flare, decreased nasolabial

angle, wide oral commissure, reduced upper anterior tooth display and a profile which

looks more normal with the mandible in the rest position(3 1,30.50)

1.1.4.2.5 Class III dentofacial deformity

The Class Il deformity is multifactorial in its developmental process. A large

mandible, small maxilla or both, and possibly open bite may be components. On
frontal facial examination, those with a significant component of mandibular

prognathism usually show a flat appearance in the lower face with little or no
projection of the chin button and a reduced labiomental fold. The tight soft tissue

seems to be related to soft-tissue stretch as throat length increases®?.

From the profile view, a well-defined inferior mandibular border is noticed in true
prognathism, whereas in relative prognathism, where the maxilla is at fault, the neck-
chin angle often is poorly defined and the submental area may show some layers of
excess connective and adipose tissue®. A skeletal Class III patient with midface
deficiency often displays a flat appearance of the upper lip along with a thin vermilion
border and reduced maxillary incisor display at rest®?. Upper lip height is often
reduced below its Caucasian normal values of 20 — 24 mm. Frequently there is an

acute nasolabial angle with the columella of the nose oriented more horizontally than

in normal due to reduced nasal growth®. One of the important features of midface
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deficiency is the narrowed alar base and deficient malar, paranasal and infraorbital

areas, the latter usually resulting in increased scleral show">?.

1.1.4.2.6 True midface dentofacial deformities

According to Epker et ai(47), three basic variations of the true midface dentofacial
deformity can be observed: maxillary-malar deficiency / retrusion, maxillary-nasal
deficiency / retrusion and maxillary-malar-nasal deficiency / retrusion. One of the

common findings in the three types is the paranasal hollowness, while the retrusion of
the malar eminence is absent in maxillary-nasal deficiency. Infraorbital rim retrusion
1s present in the three types but nasal dorsum retrusion does not characterize the

maxillary-malar deficiency"*”.

Midface deficiencies may also be classified according to Henderson and Jackson
(1973) as follows: supra-apical maxillary hypoplasia, nasomaxillary hypoplasia and
total midfacial hypoplasia. Nasomaxillary hypoplasia is divided into four subgroups:
involvement of the dentoalveolar segment, Binder’s syndrome, cleft palate syndrome

and panfacial problems'?.

1.1.4.2.7 Facial features with other deformities

1.1.4.2.7.1 Transverse maxillomandibular discrepancy

A transverse maxillomandibular discrepancy exists 1f the teeth exhibit a disparity in

arch width when the dental models are held in centric occlusion or centric relation.

The transverse discrepancy may exist as the primary problem or it may appear

associated with maxillary, mandibular or maxillomandibular dentofacial

deformities™*”.

With isolated cases, in which the transverse discrepancy is the only problem, the facial
features are not affected significantly unless there i1s a large discrepancy. The smile
could be one of the facial expressions that is related to some degree to the relative

transverse dimension of the maxilla to the mandible. The enlargement of the rami of
the mandible transversely is called ‘bilateral massetric hypertrophy’, which is

secondary to an enlarged masseter muscle and characterized by overdevelopment of

the angles of the mandible®",
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1.1.4.2.7.2 Bimaxillary protrusion

Bimaxillary protrusion is a musculo-skeletal dentofacial deformity characterized by
protrusion of the alveolar bone and teeth in both the upper and lower jaws with
variable anteroposterior skeletal relationships- Class I, Class II or Class III ©°), The
facial features in the full-face view, regardless of the severity of the condition, include
upper and lower lip protrusion, very marked labiomental fold and eversion of the lips.
Laterally, the common features are upper and lower lip protrusion, acute nasolabial

angle, low lip line and in many cases mild chin retrusion (31,54.33)

1.1.4.2.7.3 Dentofacial asymmetry

Mild degrees of left-right asymmetry, in apparently symmetric faces, are of little
concern. More severe asymmetries of the face and jaws, large enough to be easily
detected on clinical examination, are found frequently in those with dentofacial

deformity®®. Deviation of the chin to one side is one of the most common features

frontally. Hemifacial microsomia causes asymmetry, but has a lot of variations 1n its

clinical features®". Congenital or syndromic unilateral dentofacial deformities (e.g.

cleft lip and palate) are outside the focus of this literature review and will not be

discussed here.

1.2 Methods of facial morphometric assessment

1.2.1 Anthropometry

Morphometry derives from the Greek: ‘morph’ meaning °shape’ and ‘metron’

meaning ‘measurement’. Anthropometry is a specialised area of morphometry relating

to the human form. Facial anthropometry is, therefore, the measurement of the shape
of the human face®?”. It has been widely accepted that facial anthropometry is a useful
clinical means of quantitative assessment of facial surface anantomy®®. The technique
relies on the identifaction of soft-tissue landmarks and the direct measurement of
distances, arcs and angles between these points. In the last three decades, the face has

been assessed comprehensively using the standardised methodology developed by
Farkas in order to provide a normative database®®". However, direct anthropometry
has several limitations as a method of facial assessment and documentation. Great

skill 1s required to apply callipers to the face to avoid surface depression, thereby,

introducing error in the assessment. It is a time- and labour-consuming procedure,
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which limits the number of measurements that can be performed directly on the
patient’s face. Lack of a unified methodology between different research centres has
resulted in confusion in the application of techniques and in the interpretation of
findings®®. In addition, the conventional morphometric methods applied in facial
anthropometry (i.e. linear, archial and angular measurements) do not provide any
information about the geomotric properties and relationships between the different

facial features under assessment® .

1.2.2 Conventional two-dimensional methods

1.2.2.1 Cephalometry

In 1931, the methodology of cephalometric radiography came to full fruition when
Broadbent in the USA and Hofrath in Germany simultaneously published methods to
obtain standardized head radiographs‘®*®?. The principle of standardized head
radiography involves a constant focal-spot-to-object distance and preferably a
constant object-to-film distance®”. Broadbent’s cephalometer was designed to enable
the operator to obtain a lateral cephalogram as well as a frontal one®”. After the
invention of cephalometric radiography, Lucien de Coster from Belgium was the first
to publish an analysis based on proportional relationships in the face conforming to

principles used in antiquity'®”.

Various methods in ancient civilizations have applied mathematical measurements to

the human face and form®”. The search to relate the ideality of proportions to the
physical reality flourished through the contributions of Leonardo da Vanci in the
fifteenth century and the Books of Proportions by Direr in the beginning of the
seventeenth century®’. Camper in the eighteenth century adopted the idea that a
change in the angulation of the vertical to the horizontal axes of a coordinate system
could produce differences in facial profile. His line, which extended from ‘porus
acusticus’ to a point below the nose, became the reference line for the angular

(66)

measurements used in studies of facial morphology and aging®”. The terms

‘prognathic’ and ‘orthognathic’, introduced by Retsius, are tied to Camper’s

illustrations of facial form in man and primates®?.
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The first cephalometric analysis in the USA by Downs was designed to illustrate the
spread of all measurements of an individual by plotting these values on a chart at + 1
and 2 standard deviations around a vertical representing the midpoint of the
distribution of each variable®”*®, Downs’ polygon was an effective method of
quantitatively and qualitatively illustrating a static cephalometric analysis®®. Downs’
analysis included three important measurements: the facial angle, angle AB to the
facial plane and the angle of convexity. The facial angle is the angle of the facial plane
(N-Pog) to the Frankfort plane; it indicated whether the lower face was protrusive,
retrusive or upright. The angle AB to the facial plane described clearly the relationship
between the facial profile and the skeletal bases of the upper and lower teeth. The
angle of convexity (N-A to A-Pog) was used to evaluate the relationship between the
maxillary dental base and the mandible as seen in profile, thus giving an indication of
the contour of the face®”*®. However, this analysis just dealt with the skeletal and

dental components of the face without any direct measurement from the soft tissues.

Steiner in 1953 proposed the appraisal of various parts of the skull separately, namely
the skeletal, dental and soft tissues'’”. The soft tissue analysis provides a means of

assessing the balance and harmony of the lower facial profile. Steiner elected to use

the anterior cranial base (Sella to Nasion) as the line of reterence to which the jaws

would be related’?, instead of the Frankfort Horizontal line used by Downs. The lips,
in well-balanced faces, should touch a line extending from the soft tissue contour of

the chin to the middle of an S formed by the lower border of the nose. This line is

referred to as the S-line'’”. Steiner’s S-line is still used in orthodontics and

orthognathic research in addition to Steiner’s skeletal and dental parameters'’*"?),

Burstone was the first to define landmarks on the soft-tissue profile on the lateral

cephalogram!’?. He defined six key landmarks, which were used in a system of

angular measurements to evaluate contours and inclinations of segments of the facial
profile. Nasolabial angle and facial contour angle are two of many soft-tissue

measurements that he proposed for use.

Sassouni’s analysis was the first cephalometric analysis to emphasize vertical as well

as honizontal relationships and the interaction between vertical and horizontal

proportions"’". Sassouni coined the terms ‘skeletal open bite’ and ‘skeletal deep bite’
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depending upon the divergence or convergence of the four horizontal anatomic planes
used in his analysis. This archial analysis was used later in a photo-cephalometric
analysis in treatment planning for surgical correction of dentofacial disharmonies'’®,

but it did not gain popularity.

Ricketts’ analysis was another good tool to assess the facial form from cephalograms.
Evaluation of the facial width, facial height and facial contour depended upon the use
of the facial angle, the XY axis and the facial plane. Facial contour was measured as

the angle between the facial plane (N-Pog) and A-Pog'™. The aesthetic line (E-line)

of Ricketts is one of the common lines to assess the balance of the facial profile,
which has been used in many orthognathic and orthodontic analyses!>">***1_E-line
extends from soft-tissue pogonion to pronasale (tip of the nose). Ricketts analysis
contains eleven measurements, which were categorized into four subgroups: the chin

in space, skeletal convexity, teeth and profile®®>*?,

In an effort to create a clinically useful analysis, McNamara divided the craniofacial
skeletal complex into five major sections: maxilla to cranial base, maxilla to mandible,

mandible to cranial base, dentition and airway*®. McNamara stated that the maxilla in

the skull should be assessed clinically by observing the soft-tissue profile, and then

evaluated by comparing the various lateral cephalometric measurements to normative
standards!’>*?. Soft-tissue evaluation consists of the nasolabial angle and the cant of
the upper lip. The average nasolabial angle in adult males and females with well-

balanced jaws was indicated to be 102°. It was clear that McNamara’s analysis could

not be utilised for comprehensive analysis of soft-tissue changes following

orthognathic surgery.

Several tools and analyses have been proposed to help in the assessment of
orthognathic patients, pre- and post-operatively, such as the ‘dentofacial deformities
evaluation’®, Burstone’s method®”, Di Paolo’s quadrilateral analysis®®’*®, the

(89) . (90)

lateral photometric analysis described by Butow 7/ and Bergman’s analysis'”™.

There are, currently, many measurements to assess soft-tissue facial changes but the

most common ones include: vertical facial proportions, facial asymmetry
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measurements, anterior upper teeth exposure at rest, dental exposure on smiling,
middle to lower facial third ratio, upper lip to lower lip height ratio, nose width and
length, nasolabial angle, upper lip prominence, lower lip prominence, interlabial gap,
labiomental fold, zero-meridian, chin prominence, chin-neck angle, soft-tissue angle
of facial convexity, E-line of Ricketts, S-line of Steiner, Z angle of Merrifield, and

Holdaway’s soft-tissue measurements!’’-76:80:82,86,90-93,93-96)

A cephalometric evaluation of the craniofacial complex requires a plane of reference
from which to assess the location of various anatomic structures. Traditionally, two
planes have been used, namely the Sella-Nasion plane (SN) and the Frankfort
horizontal (FH). The ‘SN’ plane may provide erroneous information if the inclination
of this plane is either too high or too low. The ‘FH’ plane has been advocated to

(97,98)

represent more accurately the clinical impression of jaw position . As an

alternative, the use of a constructed horizontal drawn through nasion at an angle of 7
degrees to the SN line has been suggested by Legan and Burstone®®. Another
approach involves obtaining the cephalogram with the head in the natural head
position®, ‘True Horizontal’ is then drawn perpendicular to a plumb line on the
radiograph. The Delaire’s cranial base line!'%? and the Bishara’s constructed ‘NO’

line"%:19) have not been been used commonly as reference frames in the orthognathic

literature.

A posteroanterior cephalometric film is used usually in the assessment of facial
asymmetry. Therefore, the analysis of the film is onented primarily toward
quantifying and locating any asymmetry that may be present!®. Another indication
for its use is the atypical vertical maxillary excess deformity when 5 mm or more of
maxillary superior repositioning 1s contemplated“”. Frontal radiographs, however,
have not been used widely in cephalometric research over the last four decades and

their main use has been restricted to asymmetry and some three-dimensional studies
(104,105)

Each cephalometric study examines several different measurements to arrive at the
diagnosis and treatment plan. When different cephalometric analyses were used to

examine the same orthognathic patients, different diagnoses, treatment plans and

treatment outcomes were generated'*®, Wylie et al concluded, “cephalometrics could
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not be considered as the primary diagnostic tool in the correction of dentofacial

deformities.”

1.2.2.2 Photography and photogrammetry

Although diagnostic judgments may be made from the clinical examination of the
orthognathic patient, extraoral and intraoral photographs are an essential part of
diagnostic records. The most common extraoral photographs for the assessment of the

face are full-face with lips relaxed, full-face smile, 45-degree oblique and profile!'?.

Jacobson and Vlachos considered the human face as a “complex mosaic of lines,
angles, shapes, textures and colours” and “the interplay of these elements produces an

infinite variety of facial forms from near perfect symmetry to extreme
disproportions™ . An aesthetically pleasing face is regarded as one in which the
various facial features are well proportioned and balanced and relate well to the other

facial features, whether viewed from the front or the side®?)

Photogrammetry is defined as “the science or art of obtaining reliable measurements
by means of photographs™'?”. The major role of photographs in assessing facial traits,
before and after treatment, followed the work of Sheldon on ‘photogrammetry’ in
1940'%D, Neger!!®® used different reference lines and angles to make his method of

analysis sensitive enough to detect differences between the various malocclusion

types. Extraoral photographs cannot detect asymmetries in dynamic lip functions, the
relationship of dental to skeletal midlines or the 3D nature of the clinical appearance
of asymmetry!'™. <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>