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Abstract

Orthognathic surgery aims to correct underlyingtdfarial deformities and improve facial
aesthetics. This study was designed to comparéwbadimensional (2D) lateral facial soft
tissue profiles of a group of post-surgical pasefarthognathic group) to a control group of
individuals recruited from the local population the West of Scotland. The relative
attractiveness of 112 volunteers (61 females, 5Slesharecruited from the local population
and aged 18 to 35 years, were rated by a lay fémel males, four females) who assessed
three dimensional (3D) facial images of the volenteusing a Visual Analogue Scale. 16
males and 24 females, rated as being “attractind”“anost attractive” were selected to form
the control group. The orthognathic group of 33grds (17 females, 16 males) was recruited
from the Dentofacial Deformity Clinic based at tAlasgow Dental Hospital and the Southern
General Hospital, Glasgow. Right lateral 2D fagadfile photographs of the control group
and the orthognathic group were taken, and digitahtification of soft tissue facial lateral
profile landmarks completed. Outcome measures aegellar, linear horizontal and vertical
linear measurements taken from the soft tissuentankls. Comparison of control males to
control females showed that the males had longsrsfand more prominent chins than the
females. The male orthognathic group had more ysote lips and chins compared to the
male control group, but overall had a similar fagr@rphology. The female orthognathic
group had smaller nasiolabial angles, a longer iandt lower facial heights and lips and chins

which were more prominent than the female controug.
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1 Literature Review

1.1 Introduction

Orthognathic surgery is defined as the surgicatemtion of a dentofacial deformity (Proffit
and White, 1990) and aims to improve facial andtaleaesthetics resulting in a more
harmonious facial skeletal and soft tissue relatigm and establishing a stable functional

occlusion (Barnard and Birnie, 1990).

Orthognathic surgery enables optimal correction agftiological factors, whereby the
underlying skeletal discrepancy is corrected. Adesnin diagnosis, treatment planning,
orthodontic mechanics and surgical technique haabled the use of bimaxillary surgical
procedures to correct facial skeletal discrepanicies! three planes of space. The treatment
does not just change the bony relations of theafatiuctures, but it also affects the overlying
soft tissues and may alter the patient’s appearéfioiy et al., 1995). Orthognathic surgery
is becoming more widely available and accepted aseament for facial anomalies and

malocclusions as is indicated by the increasingatehfJensen, 1978; Cunningham, 1999).

Orthognathic surgery has evolved from an emphasisachieving the optimal functional
occlusion to achieving improvements in facial aestls (Sarver and Ackerman, 2000).
Restoration of the orthognathic form of the facemately depends upon achieving the ideal

facial aesthetics of the individual patient.
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1.2 Dentofacial Deformity

Dentofacial deformity has been defined as facial dantal disproportions great enough to
significantly affect the individual’s quality offé and is likely to require both orthognathic and
orthodontic treatment (Proffit and White, 1991). dentofacial deformity exists when a
patient’s facial proportions and dental malocclasteviate significantly from the normal.

The range of dentofacial deformity extends fromsgrdacial disproportions that involve
cranial and facial structures to those with sewkmetal malocclusions requiring orthognathic
surgery. There is a degree of overlap betweenugiper end of the scale of dentofacial
deformity and the milder forms of craniofacial defaty (Proffit and White, 1991). An

anomaly requires treatment if the disfigurementuoictional problem is likely to be a barrier

to the patient’s physical or emotional well-beiVgHO 1962).

1.2.1 Incidence of dentofacial deformity

The National Health and Nutrition Examination Syr{®&IHANES 111) in the USA reported
approximately 20% of the US population to have dgons from the ideal occlusion, with 2%
of these severe enough to be disfiguring and atiie of orthodontic correction (Proffiét
al., 1998). The exact incidence of dentofacial deftiamirequiring orthognathic surgery is
difficult to estimate because it includes a broagyation of patients with deformities of
congenital, developmental and traumatic origin. wigeer, the number of individuals with
developmental dentofacial deformities in the Uni&dtes who may benefit from orthognathic
surgery is estimated at 1.5-2 million; of thesepragimately 1 million present with Class Il

deformities and 0.5 million with Class 1l deformeis (Proffit et al., 1998). It has been
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estimated that up to 250,000 people in the Unitedyfom have malocclusions severe enough

to require orthognathic surgery (Kunetral., 2008).

1.2.2 Treatment need of dentofacial deformity

Problems associated with dentofacial deformities edfect oral function resulting in
difficulties with speech, swallowing, masticationdaocclusal trauma (Rellet al., 2004).
Facial disfigurement and deformity is associatedhwiegative social and psychological
effects (Philipset al., 1998; Broderet al., 2000, Cunningham1999; Macgregor, 1970;
Macgregor, 1990). The psychological aspects ofiafadeformity should not be
underestimated, daily social interactions for thegéh facial anomalies is a source of
unremitting stress, anxiety and anguish, all of cwhhave implications for personality
functioning and mental health (Macgregor, 1990)dividuals often have to endure negative
social reactions from other members of the pulsilgng from stares and whispers to ridicule
and alienation, with the result that they are dbcidisadvantaged and can be psychologically
damaged. As a result one of the most common reggomwf individuals with facial
disfigurement is to withdraw from social interactifNealeet al., 1986). Facial deformity and
disfigurement is often associated with an altereti-image, and decreased self-esteem

(Williams et al., 1991).

Dentofacial disharmony negatively impacts on aguals quality of life (Brodekt al., 2000).
Those with a dentofacial deformity are more likéty have difficulty in everyday social
situations and personal relationships (Riveral., 2000). It has been reported that between
one third and one half of all patients referred ti@atment consultation had hidggvels of

psychological distress to the extent that theiraNeuality of life was significantly affected
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(Philips et al., 1998). A recent study investigated the effects of faciafigurement on
psychosocial aspects of those born with craniofadisfigurements (Sarweet al., 1999).
Using a control group matched for age, gender are] 24 facially disfigured adults were
guestioned about body image dissatisfaction, stdesn, quality of life and experiences of
discrimination. The craniofacially disfigured attubxperienced greater dissatisfaction with
facial appearance and significantly lower self-esteand quality of life compared to the non-
facially disfigured control group. Dissatisfactiavith facial appearance, self-esteem and
quality of life was related to self-ratings of ploa attractiveness. More than one-third of
those with a craniofacial anomaly reported expeesrof discrimination in employment and
in social settings because of their facial appeaahis study howevenad a small sample

size and so the results should be interpreted aaittiion.

According to Macgregor (1970), the reactions osthavho see someone with a deformed face
range from compassion to repulsion. Often thogé wiilder deformities are ridiculed and
teased, while those with more severe facial defiemiare treated with compassion
(Macgregor, 1970). Individuals with milder anonesliare often more psychologically and
emotionally distressed, as they tend to be sulgecteinpredictable reactions from the public
due to their facial appearance such that they aptalyy prejudiced (Macgregor, 1981;
Cunningham1999). Sarweet al. (1999) supported this view and found that thedheasnot

a linear relationship between the degree of therdefy and dissatisfaction with facial
appearance, self esteem and quality of life. Whbny of the facially disfigured samples
reported severe dissatisfaction with facial aestheand low self-esteem compared to the
control group, others detailed relatively littlesslatisfaction with their appearance, self-esteem
and quality of life. This may go some way to explain why a mild defitynsan be more

challenging to bear than a more severe anomaly.
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1.2.3 Why patients seek treatment

Successful orthognathic surgery requires a combmatf optimal tooth and jaw movements
and an understanding on the clinician’s part ttyfaksess the patient’s motivations, concerns

and expectations thereby ensuring a successfut (Bsaffit and White, 1991).

Two types of motivation have been described; somttepts are motivated by a desire to
change their appearance to please others, “extero@ation” (Edgerton and Knorr, 1971).
These individuals believe that their physical apaeee is negatively impacting on their
employment or on their social status. It has bmeggested that patients in this category need
to alter their personal environment rather tharontesy to surgery to solve their problems
(Cunningham, 1999). “Internal motivation” is whanperson feels that their appearance is
negatively impacting on their quality of life. Ratts in this category are more likely to be
satisfied with the treatment outcome (Cunningha®®9). It is also worth noting that patients
who had realistic expectations are more likely éosatisfied in the long term (Chetal.,
2002). Therefore, it is of paramount importanceat ticlinicians understand patients’
motivation for and expectations of surgery befamgarking on treatment (Nurminest al.,

1999).

Modern society places increased importance on palysittractiveness (Macgregor 1981,
Umbersoret al., 1987). The face has a profound social signifieaaad it is a primary means
of identification and a rich source of nonverbalmeounication (Cunningharet al., 1995;
Cunningham, 1999; Macgregor 1990). Macgregor (188@gests that such is the importance
of facial aesthetics in modern society that if enéacial appearance is unattractive or

disfigured this is effectively an index of theirrpenal worth in society such that facial
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aesthetics become more important than actual parsbaracteristics and qualities. Physical
attractiveness is very important to people acrdissudtures and ages throughout the world,
and those who request treatment are motivatedd®sime to improve facial aesthetics (Kiyak

etal., 1988).

The increasing obsession with physical attractiseraten fuelled by unrealistic pictures of
perfection in the media has in turn influencedphelic’'s perception of what is an acceptable
level of physical attractiveness. As a resultjgrdas with facial anomalies can be distressed
due to the images populated in the mediathase is pressure within modern cosmopolitan

society to conform to an idealised appearance (Muater, 1996).

Studies have assessed the motivations of thosesedloorthognathic surgery, and appearance
is the major concern for many people seeking treatrfJacobson, 1984; Flanaatyal., 1985;
Kiyak et al., 1998; Finlayet al., 1995; Espelandt al., 2008). Functional improvement is also
considered an important factor as reported by abeunof researchers (Jacobson, 1984;
Flanaryet al., 1985). Most often, however, patients present Wwath functional and aesthetic
concerns and it is the proportional importancehafse factors that varies. Different social,
psychological and cultural pressures motivate petplseek treatment to improve their facial
appearance (Macgregor, 1981; Jensen, 1978). Hugnbent of adults requesting orthodontic
treatment for themselves or their children are wadéid by a desire to improve aesthetics
regardless of structural or functional consideradjarather than health or function (Baldwin,

1980).

Studies have shown that most patients who requéstgnathic surgery are motivated by an

improvement in facial or dental appearance and chad to concerns regarding occlusal
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function. Riveraet al. (2000) investigated patient’'s own reasons forewgding orthognathic
surgery and reported that improvement in physipgkarance was a motivation given by 71%
of the sample while improvement in function wasason for 47% of the sample. Young and
old, male and female were equally likely to exprgssater desires for an improvement in

aesthetics (Riveret al., 2000).

According to Leeet al. (2007), patients seek orthognathic surgery to coraedentofacial
deformity, thereby improving functional ability, i body image, quality of life and social
acceptability. The authors investigated the mdtva of 74 female patients seeking
orthognathic treatment to correct a dentofacialodweity. They found that these patients
scored significantly lower than a control group five following factors: perception of
appearance, stigma of surgery and quality of Tites indicates that patients with dentofacial
anomalies have a lower self perception of theireapgnce, and their body image negatively
impacts on their psychosocial functioning and weitlg in everyday life. Patients were more
likely to “accept” corrective surgery and had higkeores in relation to stigma of deformity
and appearance orientation. Appearance orientegfens to the psychological importance an
individual places on their appearance. Patiemstes in relation to stigma of deformity
revealed a significant negative impact due to dantal anomaly such that they felt socially
disadvantaged with respect to: lack of populartgyaluation in ability, problems making
friends of the opposite sex, less chance of masragd more easily insulted. Three factors
were reported that were significant in predictiragignt’'s motivations for seeking orthognathic
surgery to correct a dentofacial deformity inclugdiappearance orientation, stigma of surgery

and the degree to which an individual is satistith their facial appearance.
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1.2.4 Benefits of orthognathic surgery

Benefits of orthognathic surgery have been repoagdmproved self esteem, better body
image and social acceptability (Rivestaal., 2000; Huntet al., 2001). Patients are reported to
generally experience functional and psychosociapravements following orthognathic
surgery (Pahkala and Kellokoski, 2007). Otherseheeported that following orthognathic
surgery, an improved appearance is associatedosytthosocial benefits (Lazaridou-Terzoudi

et al., 2003).

A recent systematic review investigated the psyotia$ benefits of orthognathic surgery
(Hunt et al., 2001). The review found that almost all researahicated that orthognathic
surgery did have psychosocial benefits. Theseaud®d improvements in self-esteem, self-
confidence, body and facial image, personality, wnal stability, mood and social
adjustment. Not only did personal characteristiegrove, in addition studies reported both
improved personal relationships and employment dppiies. Post-orthognathic treatment
patients were found to be less anxious and le$seselscious. The levels of scientific
evidence to support these conclusions were nohgtrand as a result the authors advise

caution in interpreting the findings.

Patients should be offered the appropriate treatnb@ncorrect a disfigurement if it is
subjectively perceived by them as a handicap, mhtoamprove the psychological outcome.
Improvements in facial appearance, chewing abditg temporomandibular joint pain have
been subjectively reported following orthognathicgery (Pahkala and Kellokoski, 2007).

However, in 12% of the patients, temporomandibytant problems were worse after
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treatment. The study concluded that patients whiergo orthognathic surgery experience

functional and psychosocial benefits after surgar#thodontic treatment.

1.3 Facial Attractiveness
1.3.1 Definition of beauty

Beauty has been defined as a quality which is egjdyy the senses and the mind (Hilhorst,
2002; Naini, 2006). Facial beauty is a mysterycomplex concept for which there is no
equation, set of absolute rules or numbers thatscaoessfully describe it (Adamsenal.,

2006; Peck and Peck, 1970). Facial beauty is retsieecognise than to understand (Baig,
2004). Scholars and scientists from time immenhohave studied and attempted to

understand and explain this complex multifacetattept (Barker and Barker, 2002).

1.3.2 Difference between beauty and attractiveness

There is an important but subtle difference betwiaeral beauty and facial attractiveness, and
researchers have agreed that these terms mayweisabe interchangeable. Rhee and Koo
(2007)stated that facial beauty is not a rigid conceghward and fast rules, but can evolve
and change according to time, generation, age,ageratial and ethnicity. On the other hand,
facial attractiveness can be objectively measuredl ia defined as the “time-static visual

properties of a face in a photographic two-dimemgidrontal repose image that are pleasing

to the visual sense of an observer” (Bashour, 2D06b
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1.3.3 History of attractiveness and proportions

Throughout the ages artists, philosophers and tsiierhave debated the concept of facial
attractiveness and attempted to decipher its coemgen From ancient Roman, Egyptian and
Greek times through to the Renaissance, the comtdptial attractiveness has been studied

and recorded in sculptures and paintings (Vegtal., 2000; Naini, 2008).

Each period of history shared a common ideal ofha¢is proportions. The Greeks elucidated
“phi” the golden proportion which has been ideetifias an aesthetic ideal. Phi is the ratio
obtained when a line ABC is cut such that AB/AC aquBC/AB. The ratio of the shorter
section to the longer section of the line is edadhe ratio of the longer section to the entire
line. This results in a value of 0.618 for AC/ABnother proportion called the golden section
is defined as the division of a line such that itago of the longer to the shorter segment is
1.618:1. These ratios are still used as a guigimgiple by surgeons, architects and artists
(Davis et al., 1991). Leonardo da Vinci was fascinated by toacept of ideal facial
proportions and produced drawings investigatingeceht facial proportions (Vegtext al.,

2000; Naini, 2008).

The neoclassical “canons” or principles of progmrtiwhich originated from the Greeks,
divide the face in to aesthetic proportions andused as a guiding standard of aesthetics in
many subjects (Bashour, 2006d&jlany aspects of classic anthropometry still proseful in
modern anthropometrincluding the golden proportion which is used lre tassessment of
dentofacial aesthetics and in assessment of mesabdvidths of the anterior teeth, even

though there is little sound evidence to suppqifdrkaset al., 1985)
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Objective systems such as the anthropometric systedhthe cephalometric system are
recommended as the neoclassical principles arethmight to be a suitable guide for
analyzing facial aesthetics (Bashour, 2006a). &tegt al. (2000) suggest thanodern
anthropometry uses lie mainly in medical and foi@agplication, enabling the assessment of
deformities and growth. It enables a more objectmethod for planning and assessing

orthognathic treatment and maxillofacial surgery.

1.3.4 Basis of facial aesthetics

There is a general consensus that beauty has dutiemary basis, ensuring the Darwinian
survival of the fittest of the species (Sarveeal., 2003; Thornhill and Gangestad, 1999). It
has been suggested that individuals judge fadi@ditveness as a means of assessing features
and interpreting visual cues that may indicate tiealth of another individual and their
potential quality for mate selection (Thornhill aéngestad, 1999). There is evidence to
suggest that perception of beauty has a genetis. bRsibensteirt al. (1999) found that even

at 6 months old infants show a preference for eitra faces. It was reasoned that 6 months
old is too early in human development for socifluences from parents, peers and the media
to take hold and conclude that the reason infargfepan attractive face is due to the way our

brains are wired, so called “general informatioagessing mechanisms”.

1.35 Components of attractiveness

Researchers have long debated what constitutesctatemess (lliffe, 1960; Peck and Peck,

1970). It has been reported that there may bentuimsic feature common to all beautiful
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things and that beautiful faces may display varyamgounts of this feature whether it is

balance or harmony (lliffe, 1960).

There are several factors that encompass attraesge including personality, personal
appearance, physical looks and artistic looks wha&le account of choice of clothes, perfume
and hair. In addition how an individual behavdse thanner in which they relate to and
communicate with others, as well their ability take friends is suggested to contribute to an
individual's attractiveness. Society assessesviddals on these features and if lacking in
physical beauty, corrective surgery is often thly golution to achieve physical attractiveness

(Hilhorst, 2002).

The components of attractiveness have been ineéstigand include facial beauty, body
attractiveness, attractiveness associated withhsesef dress, and dynamic expressive style
including expressiveness, social and communicaskiis. On first encounters, facial
attractiveness and expressive behaviour was reptoteave the most influence on perception
of attractiveness, whilst body attractiveness ah@aiveness of dress had little influence on

overall initial judgments of attractiveness (Riggial., 1991).

There are different facial features which are helteto be assessed subconsciously, when
judging facial attractiveness and aesthetics.

1. Averageness, average facial configurations thractive.

2. Sexual dimorphism secondary to sex hormones.

3. Youthfulness and neoteny of the face.

4. Symmetry.
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Bashour, (2006b) states that “facial attractivenisssattributable to both configurational
(prototypicality, symmetry, and youthfulness) andattiral cues (sexually dimorphic
features)”. This is supported by Sarveenl. (2003) who found that the physical components
of beauty are facial and body symmetry, averageoésgppearance, body size ratios and
youthfulness. These features are important in nsdkection and therefore have an

evolutionary function.

There appears to be universal standards of humantyyenamely youth, symmetry and
averageness of appearance. Researchers haveeloatgd what constitutes an attractive face.
Langloiset al. (1990, 1994) reported that composite images effice made up of average
features were rated as being more attractive taadtual face from which they were created.
These findings were supported by Rhoeesl. (2001) who found evidence to support the
concept that facial attractiveness was related aoiaf symmetry and average facial
characteristics (Thornhill and Gangestad, 1999theOresearchers (DeBruirgt al., 2007;
Perrettet al., 1994, Alleyet al., 1991) found that attractiveness is not compjedieitermined
by average facial features, but that there are someaverage characteristics that are
attractive. It has been suggested that an avdeag@ configuration is not necessarily the
critical determinant of facial attractiveness armtt highly attractive faces can deviate

systematically from the average (Perettil., 1994).

Youthfulness is associated with attractivenessw&ar2003) and is perceived as being more
attractive than older faces (Mathetsal., 1985). Neoteny is associated with babyish featu
e.g. large eyes, small nose, round cheeks and Brskiot. Studies have shown that neotenous

features are thought to be attractive (CunningHg99).
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An association has been reported between faciaimgtny and ratings of attractiveness (Fink
et al., 2006). More symmetrical faces were perceived eiagomore attractive and these
individuals were considered to be more sociablé&lligent, balanced and self-confident,
while those with faces that were less symmetricatenperceived as being more anxious.
Symmetry is thought to be a reflection of the gyadf one’s genes, such that the greater the
facial symmetry the greater the ability of one’s\g@® to create a symmetrical individual. A
high sex-specific hormone load is thought to reflacgood immune system, hence the
evolutionary association between sexual dimorpHisacondary to sex hormones) and facial
attractiveness (Weeden and Sabini, 2005). Thisasasssed further in a study which asked
females to rate the attractiveness and symmetijack and white photographs of forty men’s
faces. They found two predictors of male attrastess other than symmetry, namely a longer

lower face and prominent cheek bones (Schedh., 1999).

In conclusion, the literature would suggest tathough average faces are attractive, many
attractive features are non-average, but that fabese facial features deviate to extremes are

perceived as being unattractive.

1.3.6 Culture and beauty

There is a general consensus amongst researchénsothonly does the general public agree
in its judgment of facial aesthetics but that thiera cross-cultural agreement when assessing

physical attractiveness (lliffe, 1960; Martin, 19&%&rrettet al., 1994).

The relationship between racial group and judgnentacial aesthetics was investigated

(Martin, 1964). The study reported that the agathedgments of white and black Americans
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correlated highly, and it concluded that the défdrracial groups shared a similar standard

when judging female facial aesthetics, which wamtbto be the Caucasian facial model.

lliffe, (1960) investigated the preference for féentacial aesthetics. Twelve black and white
photographs of female faces taken in uniform comast aged 20 to 25, and chosen as being
representative of different facial types were pahidid in a national daily newspaper. In total
4355 readers responded to the request to judgépthdiness” of the women’s faces. The
author concludes that there was wide agreement gshahe population as to what was an

attractive face.

Profile preference among different groups withia ffopulation has been assessed, including
orthodontists, general dentists, art studentspkgple, Chinese, black and white lay groups
(Foster, 1973). They were shown silhouetted faprafiles with varying amounts of lip
protrusion and asked to choose their profile pezfee. The groups shared a common aesthetic

standard with respect to lip posture.

1.3.7 Social implications and importance of facial aesthetics

The face is our most noticeable feature and hasigue influence on how we perceive
attractiveness in others and how we identify onetlter (Riggioet al., 1991). Facial

appearance is the focus of attention in socialauten as it gives us information on which we
form first impressions of other people and withuther interaction is the basis on how we
judge others (Cunningham, 1999). Decades of relseaonfirm the importance of physical

attractiveness in our perception of others (Did@¥,Z; Riggioet al., 1991).
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Attractiveness is a visual cue that people usedkarassumptions and conclusions about the
personality and behavior of others in once-off emters and it can influence how we treat
other. In modern society, physical beauty is pesetk as a personal characteristic and is

valued as such in its own right, independent oépttaits (Hilhorst, 2002).

1.3.8 Associations of Attractiveness

The general consensus is that facial attractivedegs impact upon how others perceive
individuals, such that attractive individuals assa@ciated with more positive social attributes
and characteristics (Diogt al., 1972; Dion 1972; Walstest al., 1966; Shaw, 1981; Shast

al., 1985; Cunninghardt al., 1999).

Dion et al. (1972) designed an experiment to test the hysaHest proposed by the Greek
philosopher Sappho who said “what is good is b&aduti 60 college students (30 male, 30
female) were asked to look at head and shouldetoghaphs of young men and women who
were categorised as “good-looking”, “average-logkiand “unattractive” by another group of
raters. The college students were asked to raephiotographs on a variety of personal
characteristics. The authors found that physicaltyactive people were considered to have
more socially desirable personalities than unaitragndividuals. The individuals within the
“good-looking” group were seen as friendlier, warmi@nder and stronger as well as being
more stable, sincere, sensitive, exciting, intemgsimodest, sociable and outgoing, compared

to the average and unattractive groups. Good+apkidividuals were expected to have better

jobs, more successful marriages and in generakperience happier and more fulfilling lives.
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The influence of physical attractiveness and pescgption was examined in a group of
young children (Dion, 1972). The study found th#tactive and unattractive children were
associated with different social behaviours suétt timattractive children were associated with
having more antisocial behaviour compared to dttracchildren. Levels of popularity
increased for attractive female children in the eolchildren while the popularity of
unattractive female children declined in the old&e group. Attractive children were
associated with positive social attributes and gagexl as more self sufficient and independent
than unattractive children. These finding indictitat physical attractiveness does influence
peer perception in very young children and accardinthe authors, it is a significant personal

characteristic at a very young age.

It appears from the literature that society judgedndividual’'s personal characteristics from
their outward appearance at a very young age. mlividual's physical appearance is
associated with their inward character so that waeautiful on the outside is also perceived

to be beautiful on the inside. The “beautiful dqugood” stereotype prevails.

1.3.9 Summary

There is a wide range of factors that may contaliatfacial attractiveness such as symmetry,
averageness, youthfulness and perhaps also sogétman is elusive and indefinable but
intuitive to the human eye. However it is intemggto note that it is the distinguishing factors
that also contribute to extraordinary beauty. &aaitractiveness is also greatly influenced by
fluctuations in fashion and is very media-driverithAugh there appears to be a universal
agreement over the standard of facial beauty, éiaté rages on over what it is exactly that

constitutes facial attractiveness.
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1.4 Objective Evaluation of Facial Attractiveness
1.4.1 Use of photographs for facial measurements

At present the main method of recording soft tissppearance is in the form of photographs.
Photographs are a non-invasive procedure enaldjpgated capture (Strauss, 1997; Ferrario,
1993). Photographs provide an excellent two dinoga and marginally adequate three
dimensional representation of the patient (Strad€87). Other factors such as speed,
convenience, quality and cost have been assocmtbddigital photographs (Nechat al.,
1999; Ferrario, 1993). While digital photograplie a permanent record, they can also be
used to provide a high quality hard copy of thegmat a later date if required (Nechetal.,

1999).

Photographs are a two dimensional representatiantiofee dimensional object and the image
can be influenced by patient posture, muscle téategue, the mood of the patient and the
time of the day at which the photograph was tal&ra(iss, 1997). The photographic image
lacks some of the finer details that can be asdedseng a clinical examination including

information on facial dynamics (Strauss, 1997) angl not a replacement for a live subject

(Farkas, 1994).

According to Farkas, (1994) photogrammetry of tleeef is also known as indirect
anthropometry and is “anthropometry adapted forntfieation of surface features from
standard photographs.”  Photogrammetry involvesortBng measurements of facial
landmarks from standard photographs; as opposadttsopometry where the measurements

are taken from the subject's face. By using a sehdphotographic technique,
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photogrammetry provides an accurate and sciemtiéthod of recording facial measurements

(Farkas, 1994).

An advantage of photogrammetry compared to antimeiy is that the time taken to identify
landmarks directly on the patient is greatly restijcand this can be of great benefit in those
subjects that are less compliant e.g. young childFarkas, 1994). Anthropometry involves
the direct measurements of structures includingaad hard tissue if the face. Differences in
pressure when measuring soft tissue landmarks aklsanoccur with different clinicians and
can result in inaccurate measurements. Certaidmarks are more suitable for indirect
measurement e.g. soft tissue landmarks aroundyth@® this may be uncomfortable for the

patient (Douglas, 2004).

1.4.2 Standardisation of photographs

The use of standardised techniques allows the st@msicomparison of photographic images
of a patient. This is important when measuremarggaken from photographs (Farkas, 1994;
Claman, 1990). In order for photographs to be afu®, they must be taken using a
standardised technique (Arnett and McLaughlin, 2084auss, 1997; Gordon and Wander,

1987; Farkas, 1980).

The use of a standardised photographic techniquablesn the qualitative analysis of

craniofacial soft tissue measurements (Ferrari®3)19 Standardising photographs reduces the
inter-subject variability in taking the same measoents on different patients (Strauss, 1997).
Standard photographic conditions enable direct @ispn between photographs, even if the

photographs are taken at different time periods landifferent photographers. Photographs
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should be as reproducible as possible, and theitcamslin which they are taken should be
reproducible, including the photographic equipmdighting, scale of reproduction and the
framing of the photograph (Bengel, 1985). A stadd&d photographic technique involves
correct and consistent positioning of the subjemt éach photograph, with the same
instructions to all subjects under standard phefolgic conditions (Bengel, 1985; Arnett and

McLaughlin, 2004).

1.4.3 Photographic reproducibility

Whilst photographs are a useful tool there is swar@bility between photographs even when
using a standardised technique (Stepkiaal., 2004). When standardisation is not fully

achieved, there is a greater variation betweemplio¢ographs, and significant errors are likely.

Strauss, (1997) investigated the reproducibilityfamfial photographs and the effect this may
have on facial measurements over time. The airheftudy was to determine whether facial
photos are reproducible to an acceptable level wireatment planning for orthodontic or
orthognathic surgery. The study involved 20 suisj@ttending 5 photo sessions over a 7 to
14 day period, with a minimum of 24 hours betweachesession. Full frontal, frontal
smiling, full-lateral and close up facial views weaiaken using a standardised photographic
technique. The subjects photographs were repeaigd 8 measurements of the photographs
were recorded. The accepted clinical margin foraepcibility was set at 1mm for linear
measurements and 2 degrees for angular measuremé&hes results indicate that the least
accurate measurements were from smile photographsoaer lip length measurement. The
overall mean accuracy for all measurements was¥%;9tibwever significant variability was

seen in some patients.
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1.4.4 Photographic validity

In an attempt to determine the validity of photeirs, Farkas, (1980) compared facial
measurements obtained by direct anthropometry sigameasurements taken from
standardised photographs of the same subject. sitly involved 36 healthy young white
Canadians, 18 male and 18 female subjects. Statataicharks used in anthropometry were
marked on the skin of the subject's faces and al tot 64 measurements were used for
comparison. Linear measurements from the photbgrapere recorded using a sliding
calliper and angular measurements were taken wattotaactor. Measurement reliability was
determined according to the average difference dé@twthe indirect and the direct
measurements, which if found to be greater than lamn®? degrees were regarded as
inaccurate. Overall the study found 20 of the G&surements were reliable. Lateral profile
views were associated with the most valid measungsnél3 out of 20 measurements)

compared to frontal prints which had a total ofréllable measurements.

1.45 Sources of errors in photogrammetry — identif ~ ication of soft tissue
landmarks

Farkas, (1994) cited the following factors whiclm edfect landmark identification;
 Landmarks covered by hair or hidden behind fadedtures, e.g. on profile
photographic views porion can be hidden behindusagr the commisure of the labial
fissure may be concealed by skin crease.
» Certain landmarks cannot be viewed, e.g. glabdalanct be seen if hidden by an

eyebrow and trichion can be concealed by hair.
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* Some landmarks cannot be marked, e.g. inner aret cammisures of the eyes and
mouth, while others may not be clearly visible ba photograph to be measured, e.g.
the most lateral point of the ala.
» Landmarks that are on the edge or contour of anetdrfeatures can be difficult to

identify.

1.4.6. Sources of errors in photogrammetry — subjec  t positioning

The subject's head position can influence measumesnsuch that when taking a profile
photograph if the head is tilted forward the subpgapears to have a recessive chin and if the
head is tilted backwards, can appear to have anptbiz mandible (Strauss, 1997; Farkas,
1980). Errors occur when the subject’s face istirectly positioned such that the profile line

in the photograph is not a true reflection subgetdtial profile (Farkas, 1994).

Farkas, (1980) recommends proper positioning of dhkject’'s head with respect to the
vertical and horizontal planes, suggesting thatkeraron the face can enable the Frankfurt
horizontal to be located. Using the Frankfurt hamial to position the subject’'s head may not
be ideal as it can be uncomfortable and unnattired.rest position also known as natural head
position which is approximately 5 degrees aboveRtamkfurt horizontal is preferred (Farkas,
1980). Natural head position (NHP) has been defined as fibsition adopted by the head
when the subject is sitting or standing in a reteaMpright position” and has been described as
“a standardised orientation of the head with thesdpcused on a distant point” (Lundstrem
al., 1992). NHP involves the use of an extra cranial referelivee for orientation and this
technique provides a reproducible true horizorgéénence line that can be used in clinical,

photographic and radiographic assessment (laiit., 1986). Use of the Frankfort plane to
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orientate the subject’'s head has been recommendadsinall number of studies (Clamen
al., 1990; Sommer and Mendelsohn, 2004) while the ntgjéavour the use of natural head

position (Philipset al., 1984; Benson and Richmond, 1997; Cooke, 1990).

NHP has been used extensively in the orthodornécaliure when analysing craniofacial
morphology as it is the logical reference and daegan position for the evaluation of
craniofacial morphology (Moorrees and Kean, 1958p® and Tallgren, 1971 undstrom

and Lundstrom, 1992; Lundstroghal., 1995; Leitacet al., 2000; Cooke and Wei, 1988).

1.4.7 Sources of errors in photogrammetry — photog raphic distortion

Photographs are a two dimensional representation tiree dimensional object and are
subject to errors of projection which result intdison and differential magnification due to

the effect of the camera lens. Photographic distoroccurs when the camera is focused
taking a profile photograph, due to the three dism@mal nature of the face, certain parts will
be more in focus than others resulting in distortamd inaccuracies when measuring two

landmarks that have different field depths (Fark&94; Douglas, 2004).

1.4.8 Summary

The use of photographs to capture the face in twisional (2D) remains the main method
of carrying out indirect anthropometry despite there widespread use of three dimensional
(3D) techniques (Nechalet al., 1999). While more sophisticated 3D techniques dueh

additional benefits compared to 2D techniques, 2hains a popular and widespread

techniqgue employed by clinicians. This is due tstcaccessibility, portability and ease of use
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of conventional equipment i.e. a digital camergew centres have the expertise and financial
resources to harness the use of 3D imaging. Canp#ckages used in the planning of
orthognathic surgery are still mainly based on ifgofiews of patients. It is therefore not

within the scope of the review to address the af&D imaging.

1.5 Previous Studies Analysing Soft Tissue Profile

Several studies have attempted to objectively mealcial “norms” based on angular and
linear measurements of profile photographs in i@ahip to a true vertical line (Arnett al.,
1999; Fernandez-Riveird al., 2002; Fernandez-Riveis al., 2003; Anicy-Milosevicyet al.,
2008a; Anicy-Milosevicet al., 2008b; Scavonet al., 2008; Kale-Varlket al., 2008; Malko¢
et al.,, 2009; Uysalet al., 2009). A summary comparing the studies that henaysed soft

tissue profile is found in Table 1.1.

1.5.1. Age

The ages of the samples studied were broadly simvaich varied from 18 to 40 years, with
most studies sampling adults from the ages of 1®tgears. The widest age range was 21 to
40 years (Kale-Varllet al., 2008). However, as the population samples weoag and early
middle-aged adults who had completed growth, corsparbetween most of the studies is
possible. However, the study of Arnettal. (1999) studied a sample of adults, but the mean

age and range of ages was not reported.

1.5.2 Inclusion criteria

All similar studies specified that only those indwals with a Class | occlusion or normal

occlusion were eligible for inclusion (Arne#t al., 1999; Anicy-Milosevicyet al., 2008a;
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Anicy-Milosevicy et al., 2008b; Scavonet al., 2008; Kale-Varlket al., 2008; Malkogcet al.,
2009; Uysalet al., 2009). This was presumably on the assumptiah @ass | occlusion is
indicative of a Class | skeletal base, but this rnayncorrect due to dental compensations of

underlying skeletal problems.

Several studies attempted to address this isssilygctively assessing facial profile (Arnett
et al., 1999; Anicy-Milosevicyet al., 2008a; Anicy-Milosevicyet al., 2008b; Scavonet al.,
2008) and only including subjects with balancedefaor pleasing profiles. A sample of
Caucasian American models with a Class | occlusieere selected for soft tissue
cephalometric analysis with the aim of quantifygapd facial harmony (Arnett al., 1999).
Inclusion selection was based upon the very subgassessment of “good facial balance” by
one expert individual. Also, the potential of stilen bias exists, as selection of the trial

sample was carried out by the three authors opéper.

1.5.3 Differences in methods used

* Records used to analyse facial appearance
Differences exist between studies with regard ®titpe of record taken; some studies took
measurements from cephalograms (Aree#i., 1999; Uysakt al., 2009) while all remaining

studies used photographs.

» Method used when taking the record
Studies differed with respect to jaw position whaking records. This could affect the soft
tissue profile and affect the results making direstparison difficult. Jaw relationship

differed between studies, with some employing ¢eiirclusion (Kale-Varllet al., 2008),



Table 1.1 Details of previous studies on lateral facial sisue measurements (continued on next page)
Arnett et al. (1999) Fernandez-Riveiroet al. (2002; 2003) | Anicy-Milosevicy et al. (2008a; 2008b) | Scavonest al.,(2008)
50 (Linear study)
Males 20 67 (Angular study) 52 30
162 (Linear study)
Females 26 208 (Angular study) 58 29
Ethnicity White American White Galician Caucasian Croatian White Brazilians
Age (years) Adult 18-20 23-28 18-30
Models. No craniofacial anomalies. Class | occlusion. Normal occlusions.

Inclusion
criteria

Class | occlusion.
Facial balance.
Selected by a single
individual.

Random selection of medical and dent
students.

Not necessary Class | skeletal patterng
includes all skeletal types.

alMinimal spacing and crowding.
Balanced and pleasing profile as selec
by 2 expert individuals.

Competent lips.

No visual imbalances.

No previous orthodontic or surgical
treatment.

Absence of major skeletal problems.

Orthognathic profile.
ddo facial asymmetry.

Lip seal.

No previous orthodontic
treatment, trauma or facia
surgery.

Selected by 2 Brazilian
Orthodontists.

Records used

Standardised
cephalograms.

Standardised photographs.

Standardised photographs.

Standardised photographs.

]

Natural head position.

Natural head position.

Natural head position.

Methodology Seatgd cpndyles. Relaxed lip posture. Natural head position. Centric re_latlon.
Passive lips. Relaxed lip posture.
Measurements | Angular and linear Angular and linear Angular aime:&r Angular and linear

Reference lines

True vertical through
Subnasale

True vertical through Nasion

True vertical parallel to True vertical
through Nasion

True horizontal perpendicular to True
vertical through Tragus

Canut line (Sn-B)

True vertical through Subnasale
Canut line (Sn-B)

Burstone line (Sn-Pog)

Ricketts line (Prn-Pog)

True vertical through
Subnasale
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Malkog et al. (2009)

Uysal et al. (2009)

Kale-Varlk etal. (2008)

Males 46 67 47
Females 54 66 64
Ethnicity Anatolian Turkish Anatolian Turkish Anatolian Tuski

Age (years)

19-25

Males 22.6 £ 2.2
Females 22.1 £+ 2.6

21-40

Inclusion criteria

Turkish with Turkish grandparents.
Random sample.

Class | occlusion.

Minor or no crowding.

Normal growth and development.
Well-aligned dental arches.

All teeth present except third molars.
Well balanced faces.

Good facial symmetry.

No significant medical history.

No history of trauma.

No previous orthodontic or prosthodontic
treatment.

No previous maxillofacial or plastic surgery.

Angle Class | occlusal relationship with
normal overbite and overjet.
Well-aligned upper and lower dental arche
Normal growth and development pattern.
No history of previous orthodontic or
prosthodontic treatment.

Normal anteroposterior and vertical
relationships as judged by the value of the
ANB and SN-MP angle.

All grandparents of Anatolian origin.
Skeletal Class | pattern.
sNo facial asymmetry.

Overjet that did not affect soft tissue
profile.

Records used

Standardised photographs

Standardised cephalograms

Standardised photographs

Natural head position.
Relaxed lip position.

Natural head position.

Methodology Subject's forehead, neck and ears clearly Natural head position. C_entrlc occlusion.
L Lips at rest.
visible.
Measurements Angular Angular and linear Angular

Reference lines

True vertical through Nasion

True vertical parallel to True vertical through
Nasion

True horizontal perpendicular to True vertical
through Tragus

True vertical through Subnasale
Frankfort horizontal

No details given




centric relation (Scavonet al., 2008) or a “seated condyles” position (Arnetial., 1999)
while the remaining studies did not specify the jaationship.

» Reference lines with regard to the sample size tsedentate the image
Reference lines were used in order to take measunanirom, the majority of studies used a
True Vertical (TV) through subnasale (Arnettal., 1999; Scavonet al., 2008; Anicy-
Milosevicy et al., 2008b; Uysaét al., 2009) while one study used a True Vertical tim®ugh
nasion (Fernandez-Riveie al., 2002; Fernandez-Riveim al., 2003). The use of different
reference lines results in different measuremeamtt shat the direct comparisons may not be

made between these studies.

Summary

Although the studies may have some weaknessesmaitdtions in their methodology, never
the less, the aims of the various studies weredbyaamilar; which was to measure 2D soft
tissue profile values in samples of normal malesfamales. Currently, the normal values for
various populations has been determined, howevere thave been no studies carried out that
have investigated the 2D soft tissue profile meamants in a trial sample recruited from the
normal population in the West of Scotland. Addiatiy, no studies have been carried out that
compare a sample of those who have undergone owdkiug surgery to a control population

using 2D profile soft tissue measurements as aromg measure.
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1.6 Subjective Evaluation of Facial Attractiveness

Previous attempts to subjectively evaluate fadiaaetiveness have been based on a variety of
scoring systems and panel assessments, in whiolg k@&t ranking by a group of professional
or lay individuals or both is undertaken (Robereriy, 1992; Peerlingst al., 1995; Knight
and Keith, 2005; Tatarunaitet al., 2005; Shafieeet al., 2008). Professional opinions
regarding the assessment of facial aesthetics rmayarrespond with the perception and
expectation of both patients and lay people (Albeh@l., 1984). The perception of facial
aesthetics by professionals, non-professionalspaients has been found to differ (Shetw
al., 1975; Albinoet al., 1984). However Tedesebal. (1983a) found a moderately high level
of inter-rater reliability and perception of derdoial aesthetics between both orthodontists

and lay judges.

16.1 Lay panel versus expert panel

Several factors related to panel composition hasenlreported to influence the rating of
facial attractiveness including; gender, ethniciige, a professional versus a lay panel and the
level of training and education of panel membevghile high levels of correlation between
professional and lay panels have been describeatliiRgset al., 1995; Kiekengt al., 2005),
other studies have found a difference between gsadaal and lay opinions regarding facial
aesthetics (Albin@t al., 1984, Bellet al., 1985; Kokichet al., 1999). It is suggested that the
level of training and experience of professionalfuences their rating of facial appearance
(Tedescoet al., 1983; Prahl-Andersost al., 1979; Lineset al., 1978; Philipset al., 1992b;
Cochranest al., 1997). Prahl-Andersoet al. (1979) investigated the differences in perception

of dentofacial morphology among orthodontists, gahelentists and parents of children
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participating in the Nymegen Growth study. A tadéll,150 parents, 72 general dentists and
54 orthodontists were asked to subjectively asiasdine drawings of facial profiles and
colour photographs of dentitions. They answeresktjaons as to the normality or abnormality
of dentofacial appearance and the need for orthedtveatment. Significant differences were
found between the parents and the professionald) thie parents more accepting of
dentofacial morphology that deviated from the ndrmad not requiring treatment. Lay
people were less critical than general dentists @tigodontists regarding the aesthetics of
photographs of the dentition. The study found mgniBcant difference between the
assessments of the orthodontists and the genarastde The authors suggest the reason for
the difference in evaluations and perceptions bette groups is due to the difference in
knowledge and experience of each group. This eisrated by Tedesa al. (1983a) who
suggested that the orthodontist’s training infllestheir evaluation of facial aesthetics and

recommended the use of lay panel members.

In a further study, Cochranet al. (1997) assessed a lay panel and orthodontic ‘sanel
preference for skeletal profile and found a sigaifit difference between the opinion of
orthodontists and lay person regarding the mosdcive profile. Orthodontists were 40 times
more likely than lay persons to choose Class let&klprofile as the most attractive. Both
groups agreed on the most unattractive profile.e &kplanation for the difference between
orthodontist and lay person opinion was that ortimbidts tend to focus on different parts of
the face, such as the mid-third or lower third, levipatients tend to view their facial aesthetics
as a whole. They suggest that lay persons argaioéd to be as critical of facial aesthetics as

orthodontists and will not be as familiar with vieny profile images.
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Lines et al. (1978) found significant differences in assessnanfacial profile between
professionals, including orthodontists, oral surggodentists and lay people. The results
found that the opinion of those who were untraimedhe assessment of facial aesthetics
differed from orthodontists and oral surgeons, wlokthodontists differed in their facial
profile preference to oral surgeons. This suggdisés different levels of training and
experience influence the evaluation of facial apgpeee. The authors found a statistically
significant difference between the evaluators pezfee for male and females profiles. A flaw
of this study is that dentists, medical and destadents were categorised as not having
training in facial aesthetics, however it is prdleathey will have a better understanding and

more experience of appraising and analysing fagathetics than other non-professionals.

Lay people are more likely than general dentistfhodlontists or oral surgeons to assign
normal ratings to profile drawings (Beli al., 1985). Oral surgeons and orthodontist evaluate

facial profiles similarly; however surgeons are enlikely to recommend surgical correction.

1.6.2 Effect of gender and race

Other variables that influence the assessmentcdlifattractiveness include gender; ethnicity
and number of participants in the lay panel. Tedesal. (1983b) assessed the consistency
of judgements of dentofacial attractiveness withard to the gender and race of both the
raters and those being assessed. The raters seahmi college freshmen, including equal

numbers of black females, black males, white femaled white males each of whom scored
the photographs of the dentofacial aesthetics ggaaincluding equal numbers of black and
white females and black and white males. The astfmund that female raters judged all

photographs to be more attractive than male ratBtack raters judged all photographs to be
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more attractive than white raters. There was gaifstant difference found for dentofacial

attractiveness rating of black and white or malé famale photographed children.

Flores-Mir et al. (2004) evaluated and compared the aesthetic pgeynepy a lay panel
consisting of 91 randomly selected adults, of ssnitedifferent facial and dental views. They
found that moderate correlations between the astingtings using a lay panel. Intra
evaluator effects (level of education and age) mid consistently influence the aesthetic
perception of smiles but gender did. They founsl dpposite of Tedesaca al. (1983b), in
that males were consistently less critical thandies evaluating the same photograph. They
make a number of recommendations when using a #melp including larger and more
significant sample of lay people in different socidtural settings, and similarly to Tedesto
al. (1983b), supports the finding that differencesa@sthetic perception exist according to
ethnic origin. They advise a standardisation afiggconomic status as well as cultural and
religious status, for the lay panel and recommenddyeneity in racial origin in the
photographed subjects, and that the lay panel dhbelselected from pure race origin if

possible.

1.6.3 Panel number

The ideal number of panel members has been repwitec range of numbers recommended;
from four (Peerlingst al., 1995) to more than twelve (Tedestal., 1983b). Howells and

Shaw, (1985) found that a two person panel usirgggnaphs to rate facial attractiveness was
valid, reliable and reproducible. Reliability cdude further improved by increasing the panel
size. A more recent study by Kiekesisal. (2007) found a randomly selected panel size of

seven to be the ideal panel size.
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1.6.4 Conclusion

According to Bellet al. (1985) and Kiyaket al. (1981), patients requesting orthognathic
surgery are usually considered to be unhappy abeirt facial aesthetics; however they may

not perceive their facial appearance in the sameasgdhe oral surgeon and orthodontist.

Numerous studies have investigated how professemélay panels perceive facial aesthetics,
and have confirmed that the two groups view faaedthetics differently (Albinet al., 1984,
Bell et al., 1985; Kokichet al., 1999). Prahl-Anderscet al., (1979) and Kerr and O’ Donnell,
(1990), found that clinicians are more criticaldeintofacial aesthetics than the general public.
Kokich et al. (1999) found a fundamental difference in the pption of smile aesthetics

between orthodontists, general dentists and laplpeo

Lack of consensus has implications for succeseeafrnent aims and goals. Many failures are
not the result of technical difficulties but of fdifences between the clinician’s goals and the
patient’s perception of their facial appearance awgectation of the treatment outcomes
(Albino et al., 1984). Many patients request orthodontic anthognathic treatment to
improve their facial aesthetics and become momadive in the belief that it will result in
other perceived benefits. Clinicians are trainedbé critical; and provide the best aesthetic
result as they perceive it. A mismatch betweenctimcian’s and the patient’s perception is

not conducive to a successful result.

From the literature, it is evident that the deptafessional has a different perception of facial

aesthetics, and dentofacial morphology to thatagfgeople. In recommending treatment to
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patients, it is important for orthodontists and @@geons to know whether their evaluation of

facial aesthetics is similar to the general public.

1.7 Use of the Visual Analogue Scale (VAS)

A Visual Analogue Scale (VAS) is a simple methodtthas been used to measure subjective
experiences and behaviours and has been reportde tealid, reliable and sufficiently
sensitive for use in clinical and research topitsis one of the most frequently used
measurement scales in health care research arasilg eonstructed, simple to use and is a
quick method of scoring making it a practical tém use in clinical situations (Wewers and

Lowe, 1990; McCormackt al., 1988).

The VAS was first developed by Hayes and Patteisol®21 to rate employees work and
further developed by Freyd in 1923 who used it tiodg personalities, finding it to be

generally useful. More recently the VAS has besaduto measure mood by Aitken and
Zealley, (1970) and since then has been appliedatay clinical and research topics such that

it's use is now widespread (Ahearn, 1997; McCormeich., 1988).

A common method to assess facial and dentofadiactiveness is to use panels of different
types of raters to evaluate facial attractivenéssi@stromet al., 1987; Toddet al., 2005;
Kiekenset al., 2007). Different methods have been used foepassessment of facial and
dentofacial aesthetics, and can be divided in wtvain groups. The first category includes
rank order scales, whereby the results of an assedsare not separated by equal intervals,
but are relative and organised ordinally which effiect the statistical analysis. The second

category involves a visual analogue scale (VAS)cWhis in contrast to rank order scales, as
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the scores are absolute and a rater's assessnoeatfeceach object is relatively independent
from the others (Scahbet al., 2009). VASs have been used widely in studiesssng facial
and dentofacial aesthetics (Philipsal., 1992a; Kokichet al., 1999; Faureet al., 2002:

Kiekenset al., 2007).

The VAS represents a continuous range of valuesansists of either a horizontal or vertical
straight line with anchor terms at either end iatlitg the minimal and maximal extremes of
the dimension under examination (Wewers and Lov@®0L In a horizontally orientated
VAS, the higher end of the sale is to the right.alvertically orientated VAS the higher end of
the scale is towards the top, both can be used woithwithout graduated markings. A
horizontal line is commonly used as it is assodiatéh a more uniform distribution of scores
compared to a vertical VAS which has been fountdmssociated with higher failure rates
(Scott and Huskisson, 1979; Scott and Huskisson6)19This was due to the fact that some
patients did not understand the concept. Othearekers (Gift, 1989) have recommended the
use of the vertically orientated VAS, suggestingttthe vertical scale was more sensitive,
produced higher scores, and was easier for sulifgatse than the horizontal scale. While the
VAS may vary in orientation and anchors, it is @&dliift, 1989). Good correlation has been
found between vertical and horizontal when using WAS, with the scores from the
horizontal scales slightly lower than those frora tlertical scales. It has been recommended

that the same scale be used throughout a studyt @wbHuskisson, 1976).

Word descriptors at either end of the scale sigth® maximum and minimum limit on the
scale. Anchor terms used in studies on depressor included “most happy” and “most
depressed”, studies on pain using VAS have usedribkor terms “no pain” at one end and

“pain as bad as it could possibly be” at the ottred (Aitken and Zealley, 1970). Numbers
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and verbal labels used as intermediate points eaultrin a clustering of scores around a
preferred number (Aitken, 1969; Scott and Huskisd®716). Studies that have used VAS to
assess dentofacial and facial aesthetics commosdyg wescriptor terms such as “very
unattractive” to indicate zero and “very attractive indicate the opposite end of the scale
(Philips et al., 1992a; Philipst al., 1992b; Howells and Shaw, 1985; Kokiehal., 2006).
Reproducibility of previous marks varies along teegth of the VAS and subjects tend to
estimate accurately along the extremes or in thee®f the line while the region 2 cm either

side of the midpoint has been reported to be thst leproducible (Dixon & Bird, 1981).

The length of the line can vary but commonly tetmi$e 100 millimetres as one part in a
hundred is adequately sensitive Aitken, (1969)neki shorter than 100mm tend to produce
greater error variance (Revél al., 1976). Studies assessing dentofacial aestheiiosnonly
used 100mm lines (Howells and Shaw, 1985; Phiipa., 1992a; Philipst al., 1992b) but
longer and shorter lines have been used e.g.150mthb@mm (Kokichet al., 2006). The
participant marks a position along the VAS linettisarepresentative of their perception of a
subjective experience under assessment. The VAEoied by measuring the distance from

the one end of the scale to the subject’s marleriite.

The construction of a VAS has been described inraber of stages by Scott and Huskisson,
(2976). Initially the sensation or response tawbserved must be defined. Then the anchor
terms are decided which indicate the maximum angimuim of the subjective experience
under observation. These should be easily undetsthort and not so extremely worded as
to never be used. The line should have definiteotfypoints and be of an appropriate length.
The VAS should be introduced to the participantthvai standardised suitable question prior

to the commencing the assessment.
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The VAS has been used as method to rate subjquteeomena in research, and in medicine
including mood (Zealley and Aitken, 1969), qualiy life (Priestman and Baurn, 1976),
depressive iliness (Zealley and Aitken, 1969). j&tive phenomena such as feelings and
sensations are continuous and words do not alwaygey precisely how a person judges a
subjective experience. Digital rating scales usesheasure subjective phenomena can result
in artificial categories. The VAS represents atocwous range of values and is a more

sensitive rating scale than either verbal or digating scales (Aitken, 1969).

The VAS system has been applied widely in reseascthey are simple to employ and can be
modified for use in a wide range of research sgitinThe scale has been found to be simple
and quick to construct, quick and easy to apply soate, easily understood by subjects and
appropriate to be used repeatedly and often (Raggland Williams, 1977). It is a very

sensitive technique which is better able to disitrate than other types of scales (Scott and
Huskisson, 1976), can used by untrained staff (Mon; 1983) and has been reported to have

fewer limitations than other methods (Zealley antke%n, 1969).

Some participants find it difficult to convert abective sensation to a straight line. Huskisson
(1974) investigated the measurement of pain anadothat having explained the VAS
technique 7% of his subjects were unable to useTiis difficulty has been removed by
teaching participants how to apply the techniqud by ensuring the participants receive

written instructions (Guyat al., 1987).

Visual analogue scales do have limitations inclgdirparticipant’s interpretation of an anchor
term which maybe different to others (Aitken, 19689wever the careful choice of simple

and concrete descriptors can reduce the likelinafoihis happening. Accurate reproduction
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of the scale is essential and photocopying has bmerd to distort the length of the scale.
The angle at which the subject views the VAS magrdhe placement of the mark especially
when using a vertical line scale and it is reconueenthat a vertical VAS should be viewed

from a vertical position (Dixon and Bird, 1981).

It is important to assess suitability of the VAS the specific subject population before use
since it can be treated differently by differentpptations. Mental disorganisation and
confusion, loss of ability to think abstractly, exffs of medication on comprehension,
difficulties in understanding and with hand-eye rchaation, loss of perceptual skills and
memory which can occur in the elderly populatiom @éapede successful use of the VAS

(Wewers and Lowe, 1990).

Summary

The VAS has been reported to be a valid and camishethod of measuring a range of
subjective phenomena and behaviours with high $eweélvalidity reported (Aitken, 1969;
McCormacket al., 1988). This method has been used for both casgres between groups
of subjects and for self subject comparison andifsignt levels of inter rater reliability have
been reported. Participants have been found taldie to assess the same subjective or
behavioural dimension at a similar point using ttéshnique (McCormaclt al., 1988).
Markings on VAS has been reported to reduce itsiseity, while reliability is enhanced
when stable phenomena are being evaluated (GBY)19Patient compliance and insufficient
explanation are reported to be the greatest sowfcegor associated with VAS (Dixon and
Bird, 1981). Teaching should be provided priorctammencing the study or clear written

instructions given (Gift, 1989; Ahearn, 1990).
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2 Rationale and Aims of the Study

2.1 Rationale for the Study

Orthognathic surgery is becoming more widely avdaand acceptable as a treatment for
facial anomalies and malocclusions as is indicatedhe increasing demand (Jensen, 1978;
Cunningham, 1999). Aesthetic improvement has deand to be the primary motivating
factor for patients who seek orthognathic surgéfiydk et al., 1981; Flanaryet al., 1985;

Jacobson, 1984; Finlay al., 1995; Espeland al., 2008).

Current methods of assessing this aesthetic imprexe of orthognathic surgery are based on
subjective assessments by the clinician and patieeitiding patient questionnaires aimed at
eliciting the patient’s personal view of the out@of the treatment (Pahkala and Kellokoski,
2007; Lazaridou-Terzoudd al., 2003). The perception of facial aesthetics lyfgssionals

has been found to differ from that of patients (8lehal., 1975; Albinoet al., 1984). This

would indicate that current methods based on stibgempinions are not adequate as
individual bias influences the assessment of tlsellt® of treatment. There is a lack of
research providing objective measures by whichréselts of orthognathic surgery can be

assessed.

It is a patient’s perception, as a lay person,aaidl attractiveness that is paramount when
assessing the outcome of surgery. Using a layl gangelect a group of attractive subjects
would provide a control group with facial aesthgtibat would be desired by a patient, a lay

person themselves, and therefore a goal of treatmen
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Assessment of facial aesthetics using two dimema$sid@D) profile soft tissue facial
measurements is a clearer, more consistent andlastheed method than subjective
assessment. In order to assess the successtoféntdhe post-operative orthognathic surgery
patient’s facial aesthetics can be compared tordralogroup of the population. There are
currently no reference values for 2D soft tissuaalaprofile measurements for a West of
Scotland population to which the 2D profile soféstie measurements of post-operative
orthognathic patients can be compared. This spudyides a method by which objective
measures in the form of angular and linear fadiafile measurements can be used to assess

the outcome of orthognathic surgery.
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2.2 Aims of the Study

1. To determine the 2D soft tissue facial profile meaments of a control group of
attractive individuals aged 18 to 35 years old,emadnd females from the West of
Scotland as selected by a lay panel. The null thgsis being that there is no

difference in the angular and linear measuremegtisden males and females.

2. To compare the 2D soft tissue facial profile meesants of a group of post-
orthognathic surgery patients to a control groupatifactive subjects. The null
hypothesis being that there is no difference in dhgular and linear measurements
obtained from a group of post-orthognathic surgeatients and the control group of

attractive subjects.
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3 Materials and Methods Part 1

3.1 Study Design

The overall aim of the study was to compare, uaimgular and linear measurements, the two-
dimensional (2D) lateral facial appearance of aigrof post-surgical orthognathic patients to
a control group of attractive individuals. Ethiegdproval for the study was obtained from the
Local Area Dental Ethics Committee of North Glasgbwiversity Hospitals NHS Trust,

Appendix I.

Part | of the study involved the selection of atooingroup of “attractive” individuals from a
group of volunteers. A concurrent study recordedd dimensional (3D) facial images of the
same group of volunteers by stereophotogrammekhese images were then shown to a lay
panel who rated the attractiveness of the indivgluging a Visual Analogue Scale (VAS).
The control group consisted of those individualsowkere most consistently considered

attractive by members of a lay panel.

3.2 Subjects

Subjects for the control group were recruited omoduntary basis from within the local
population of the West of Scotland. Subjects weuited over a ten month period from

April 2008 to January 2009.
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3.2.1 Inclusion criteria

» Caucasian individuals from the West of Scotland.
» Both parents originating from the West of Scotland.
» Subjects to be aged between 18-35 years of age.

* Informed consent obtained to participate in thestu

3.2.2 Exclusion criteria

» Craniofacial defect or syndrome.

» Facial hair.

* Non-Caucasian origin.

* Not originating from the West of Scotland.

» Parents of subjects not originating from the WéSatland.

3.3 Materials
3.3.1 The 2D imaging system

As well as capturing the subjects using 3D steretygrammetry, each subject was captured
using a 2D system. The 2D imaging system (Fig8r&s3.2) consisted of a tripod (Bilora
Stativ, model number 75-64, W.Germany) that he3® anm digital SLR camera (Fuji S2,
Tokyo, Japan) with a 105 mm macro lens. lllumioaif the subjects was achieved by means
of two foreground flash lamps (500 Watt, Elinchretyle 400 FX) each covered with a soft

box (Calumet Nova 22) positioned either side ofdtibject at a 45 degree angle. The distance

between the subject and the camera was fixed afdt.



Background

/

Ruler\\ )/Subject
-—m—(O)—— N

Mirror
7 D
Foreground Camera Foreground
flashlight flashlight

Figure 3.1  Schematic diagram of the photographic set up.
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The tripod was adjustable in a vertical directionatlow adjustments to the height of the
camera, according to each subject’s body heiglhis &nsured the correct horizontal position
of the optical axis of the lens of the camera. Theera was used in the manual setting
enabling the adjustment of the focal length/foduse shutter speed was set to 1/125, with the
opening of the aperture set to f/22. Digital plypaphic images were recorded on to a flash

drive compact flash card (Microdrive™ 512 MB, IBWVhailand).

3.3.2 Calibration

A 10 cm metal ruler with a weight attached was sagpd from the arm of a tripod to indicate
the True Vertical reference line (TV) and positidrigehind the subject’'s chair in the mid-
sagittal plane. The ruler scale enabled calibnatd photographs so that objective linear
measurements could be directly compared. A miuas positioned approximately 110cm in
front of the subject’'s chair to allow the consisteagistration of the natural head position

(NHP).

3.3.3 Image capture

Prior to image capture, subjects were asked to verspectacles, jewellery and makeup and
ensure all hair was drawn completely off the face aeck. The subject was then seated on a
chair in front of the camera. The subject was tpmsed so that the profile of the right hand
side of the face and the 10cm ruler were both Msib each image. The subject’s position
was checked to ensure the photograph was takerermhgoular to their midsagittal plane.
Images were taken with the subject in natural heagition to ensure standardised

photographs (Figure 3.2).
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As part of the photographic capture, subjects westucted to:
* keep eyes open,
» adopt the natural head position, by gently movihgirt head up and down whilst
looking in to their eyes in the mirror directlyfiront of them,
» warned of a flash of light,
» keep perfectly still while the photograph was beigen.
» say “Mississippi”, then swallow and say “N” (guideds for extra oral photography to
obtain rest position natural expression as propbgecachrisson, 1998).
Following these instructions, and ensuring the ettbpad adopted natural head position and

the lips were in the rest position, a photograpbauth subject’s right profile view was taken.

3.4 Lay Panel Members

The lay panel consisted of a random selection wf foales and four females between the ages
of 18 and 35 years. The members of the lay paret all of Caucasian origin from the West
of Scotland. Subjective bias was minimised as rafrthe lay panel had a medical or dental
background or prior experience of orthodontic cararee dimensional images were shown to
the lay panel which did not include imagery of teeth and thus an assessment of facial

attractiveness was carried out which excluded dlaesthetics.
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Figure 3.2  Photograph showing right lateral profile view, takeith subject in natural

head position with calibration ruler positioned imehthe subject in the midsaggital plane
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3.5 Rating of Images

The concurrent study of the same sample of 112 meérs captured by 3D
stereophotogrammetry was used for this part ofstndy. The 3D images of each volunteer
were viewed in a frontal view and then rotatedhe lkeft and right using GL view software
(htp://home.snafu.de/hg/). During the viewing #ueeen was captured as a video clip using
screen recording software, Auto Screen Recordesdqvh Software Inc, Victoria, Canada).
Each video clip of 30 seconds duration was embeddesl a PowerPoint presentation
(Microsoft® Powerpoint 2000, Microsoft CorporatiddSA) and saved onto a DVD (Imation,
Schipol, The Netherlands). The DVD therefore cstesi of consecutive individual video
images for the 112 volunteers. The lay panel sysaly rated the images on the DVD at

one sitting.

The members of the lay panel members were givanuct®ns on how to rate the images
prior to viewing the presentation. They were astkemnore facial complexion, hair, position
of ears and to assess facial attractiveness wsfect to facial balance and harmony. The lay
panel members rated each image using a 100mm htalzgdAS which was marked with
anchors “very unattractive” and “very attractiveMembers of the lay panel indicated the
level of attractiveness by drawing a vertical lorethe VAS. Each member of the lay panel

rated all 112 images in one sitting with altermagde and female images presented.

3.6 Ranking of Images

The VAS scores were ranked from most attractieast attractive for each subject as judged

by the lay panel members. The scores were divided 3 categories; “most attractive”,
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“attractive”, and “least attractive”. Individualgho were assessed as being “most attractive”
and “attractive” by at least six members of the penel were selected to form the control

group. The control group consisted of 16 malesZzhtemales.
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3 Materials and Methods Part Il

3.7 Study Design

The study was designed to compare 2D lateral prpfilotographic views of a group of post-

surgical orthognathic patients to a control grotipttractive patients. The study was based on
the objective measurement of digitised images uamgular and linear measurements. The
control group of attractive individuals was selechy a lay panel as detailed in Materials and

Methods Part I.

Ethical approval was obtained from the Local Areanfal Ethics Committee of North

Glasgow University Hospitals NHS Trust, Appendix I.

3.8 Subjects

The post-surgical orthognathic group were recruiteth the Dentofacial Deformity clinics at
the Glasgow Dental Hospital and the Southern Gérdoapital Glasgow. Subjects were
recruited over a seventeen month period from A3008 to August 2009. All subjects in the
post-surgical orthognathic group had been under dlee of one Consultant Oral and
Maxillofacial surgeon in the Southern General HtdpiGlasgow. Informed consent was

obtained from each subject prior to participationhie study.
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3.8.1 Inclusion criteria
» Caucasian individuals from the West of Scotland.
» Both parents originating from the West of Scotland.
« Patients to be aged between 18-35 years of age.

» Post-orthognathic surgical correction of a dentafadeformity.

3.8.2 Exclusion criteria

» Craniofacial defect or syndrome

» Facial hair

* Non-Caucasian origin

* Not originating from the West of Scotland

» Parents of subjects not originating from the WéSatland

3.8.3 Sample size calculation

Sample size estimation is determined by four maotoirs

1. The level of the desired power.

2. The intended statistical test to be used.

3. The smallest clinical significant difference thatexds to be detected.

4. The variability of the observed data.
The clinical significance was derived from the fesof a previous study and was set at 3 mm
(Joneset al., 2007). A search of the literature indicated tihat majority of soft tissue facial
landmarks of potential interest had a standardadiewi of + 3.0 mm (Arnetgt al., 1999).

Applying a significance level of 0.05 and a pow&B0% a sample size of 16 subjects would
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be required (Gardneat al., 1986). This means that within each group a mimmof 16

patients are required.

3.9 Materials

As previously described the post-surgical orthogicagiroup patients were imaged using the
standardised capture protocol (section 3.3.3).s phnocedure was carried out for the control
male and female images and the male and femaleopibstgnathic surgery images. The soft

tissue landmarks used in this study are showngnrEs 3.3 and 3.4, and the landmarks and
measurements recorded are detailed in Tables 3315to Stomion was the landmark used
when the subject’s lips were competent and allicertneasurements were recorded from this
landmark. Stomion superior and stomion inferiorevéhe landmarks identified when the

subject’s lips were incompetent and all verticalasm@ements were recorded from these

landmarks.

3.9.1 Error study

The validity and reproducibility of the method wassessed by an error study. Six images
were randomly selected from each of the 4 grolgech of the 24 images was landmarked

two weeks apart and the data used in the erroystud



Table 3.1

Soft tissue landmarks used in the study.

W

Landmark Definition
Glabella (G) The most anterior point of the middle line of the
forehead that borders the upper line of the eyebro
Nasion (N) The most concave point located at tlsaln@ot.

Pronasale (Prn)

The most anterior point of the tipse

Columella (Cm)

The most inferior and anterior pahthe nose.

Subnasale (Sn)

The point where the upper lip jtiiacolumella.

Soft tissue A point (A)

The most concave point between Subnasale and {
mucocutaneous limit of the upper lip.

Labiale superior (Ls)

The point that indicates the mucocutaneous limit g
the upper lip.

Upper lip anterior (ULA)

The most anterior point the upper lip.

Stomion superior (Sts)

The most inferior point of the upper lip, also reéel
to as Upper lip inferior (ULI).This landmark was
used in subjects with incompetent lips.

Stomion (Sto)

The point where upper lip contacts lower lip. This

landmark was used in subjects with competent lips

Lower lip anterior (LLA)

The most anterior poirtthe lower lip.

Stomion inferior (Sti)

The most superior point of the lower lip also reder
to as Lower Lip Superior (LLS). This landmark way
used in subjects with incompetent lips.

\"2J

Labiale inferior (Li)

The point that indicates the mucocutaneous limit g
the lower lip.

Soft tissue B point (B)

The deepest point of the inferior sub labial cortyav
also referred to as Supramentale (Sm).

Soft tissue pogonion (Pog)

The most anterior pofrthe convexity of the chin.

Menton (Me)

The most inferior point of the outliaEthe chin




Table 3.2 Landmarks used to define clinical angular measergs.

Landmark Measurement
ULA-Sn-Cm Nasiolabial angle
Cm-Sn-Ls Nasiolabial angle
ULA-SN-TV Upper lip angle
G-Sn-Pog (Facial comiexty anle)
G-Prn-Pog Angle of total facial convexity
L-Sm-Pog Mentolabial angle
Li-B-Pog Mentolabial angle
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Table 3.3 Landmarks used to define clinical linear horizomt&lasurements.

Landmark Definition
G-TV Glabella to True Vertical (TV)
Prn-V Pronasale to TV
A-TV Soft tissue A point to TV
Ls-TV Labiale superior to TV
ULA-TV Upper lip anterior to TV
LLA-TV Lower lip anterior to TV
Li-TV Labiale inferior to TV
B-TV Soft tissue B point to TV
Pog-TV Soft tissue pogonion to TV
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Table 3.4  Landmarks used to define clinical facial harmoajues and the linear
horizontal differences between landmarks relativéhe True Vertical.

Landmark Measurement
B-Pog Soft tissue B point to soft tissue pogonion
LLA-Pog Lower lip anterior to soft tissue pogonion
ULA-LLA Upper lip anterior to lower lip anterior
A-B Soft tissue A point to soft tissue B point
G-A Glabella to soft tissue A point
G-Pog Glabella to soft tissue pogonion




Table 3.5 Landmarks used to define clinical linear verticeasurements.
Alternative names are in brackets.

Landmark Definition
G-Sn Middle facial third height
N-Sn Vertical nasal length
N-Me Anterior face height
Sn-Me Inferior facial third height

Sn-ULI (Sn-Sti) Length of upper lip (Incompetent lips)

Sn-Sto Length of upper lip (Competent lips)

ULI-LLS (Sts-Sti) | Interlabial gap

LLS-Me Length of lower lip (Incompetent lips)
Sto-Me Length of lower lip (Competent lips)
Sti-B Length of lower lip (Incompetent lips)
Sto-B Length of lower lip (Competent lips)
Ls-Sts \_/ermillion of upper lip (Incompetent
lips)
Ls-Sto Vermillion of upper lip (Competent lips)
s Vermillion of lower lip (Incompetent
Li-Sti :
lips)
Li-Sto Vermillion of lower lip (Competent lips)

B-Me Chin height
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Prn

Figure 3.3  Right profile image with competent lips showing #wdt tissue landmarks with
the True Vertical (TV) reference line used in thiady. Alternative names for
landmarks are in brackets.
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Prn

Sts (ULI)
Sti (LLS)

3\

LLA

Pog

Figure 3.4  Right profile image with incompetent lips showitng tsoft tissue landmarks
with the True Vertical (TV) reference line usedhis study. Alternative names
for landmarks are in brackets.
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3.10 Analysis of Digital Images

The digital images of the attractive control groamd the post-surgery orthognathic group
were analysed using Adobe Photoshop (Version 7.0he images were imported and a
separate layer which recorded each stage of thigseavas created, and for each stage of
analysis, a new layer was created. Each layer stidive individual measurements which
could be manipulated independently of one anothdradlowed the operator view all or some
of the layers at any one time. All of the data waalysed by one operator. There were 4 key
stages to the data analysis:

» Construction of a true vertical plane passing tgtosubnasale.

* Magnification calculation

* Landmark identification.

* Measurements — angular and linear.

3.10.1 Construction of a true vertical line passin g through subnasale

A true vertical reference line was constructed Ipgréo the ruler visible in the photograph.

The constructed line passed through subnasale.

3.10.2 Magnification calculation

The magnification factor was determined by usingBel Photoshop software with reference
to the scale of the 10cm True Vertical (TV) rulecarded in each image. This was calculated
by measuring 5¢cm on the ruler and recording theévatgnt number of pixels this represented
using the software measuring tool. The magnifcatfactor allowed correction of the

subsequent linear measurements.
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3.10.3 Landmark identification

The landmarks were identified using Adobe Photostwop recorded using 0.2mm diameter
coloured circles. All linear measurements werewated in millimetres (mm) and angular

measurements in degrees (°).

3.11 Measurements
3.11.1 Facial angles

The angular measurements recorded are shown imeSi@u5 and 3.6. Adobe Photoshop was
used to construct and calculate the angles byngisipecific soft tissue landmarks. The

angular measurement was calculated using the ABbbsshop measurement tool.

3.11.2 Linear horizontal distances

The linear horizontal measurements recorded anershoFigure 3.7. Adobe Photoshop was
used to construct and calculate the distancesibygthe specific soft tissue landmarks, e.g.
nasal projection was constructed by drawing apegendicular from Pronasale to a True
Vertical line through Subnasale. Measurements wal@ilated using the Adobe Photoshop
measurement tool. To denote the relative posdidhe measurements to the True Vertical,
horizontal distances anterior to TV were assignpdsative value, and posterior distances to

this line were assigned a negative value.



Figure 3.5

Angular measurements of the study; G-Sn-Pog, GHagnand Li-Sn-Pog
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cm Cm
Ls
ULA
ULA-Sn-Cm Cm-Sn-Ls

Sn

ULA

ULA-Sn-TV

Figure 3.6  Angular measurements of the study; nasiolabial eenULA-Sn-Cm),
nasiolabial angle (Cm-Sn-Ls), upper lip angle (UBA-TV)
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-Value + Value

Prn-TV

r'\-/

Figure 3.7 Linear horizontal measurements relative to the Tveetical (TV) reference
line through subnasale as used in this study.n@cate relative position to the
TV measurements to the right side of TV are notat#l a positive (+) value
and measurements to the left of TV are notated avitkegative (-) value.
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3.11.3 Facial harmony value

The clinical facial harmony measurements that dater facial balance are shown in Figure
3.8. Adobe Photoshop was used to construct andilagdcthe linear horizontal differences

between the landmarks, relative to the True Vdrtlmaugh Subnasale.

3.11.4 Linear vertical distances

The linear vertical measurements recorded are shiowkigures 3.9 and 3.10. Adobe
Photoshop was used to construct and calculate ithendes by joining specific soft tissue
landmarks e.g., anterior face height (Nasion-Mentarizontal lines perpendicular to a True
Vertical through Subnasale were constructed from gbft tissue landmarks (Nasion and
Menton) and the measurement tool within Adobe Pdtaip was used to construct a
perpendicular vertical line between the two hortabfines and measure it's length. Stomion
was the landmark used when the subject’s lips wenspetent and all vertical measurements
were recorded from this landmark. Stomion supearat stomion inferior were the landmarks
identified when the subject’s lips were incompetand all vertical measurements were

recorded from these landmarks.
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Total face harmony
measurements

"”\

ULA

./

3

Ji
[

Intrajaw harmony
measurements

Intramandubular harmony
measurements

Figure 3.8  Facial harmony measurements used in the stidgialharmony values are the

facial relationships that determine facial balaand harmony between landmarks. All values

are calculated as the linear horizontal distand¢e/d®en two landmarks perpendicular to a TV
through subnasale. Total face harmony measurer@®mg and (G-Pog). Intrajaw harmony

measurements (A-B) and (ULA-LLA).
and (B-Pog).

Intramandibul@rmony measurements (LLA-Pog)



Figure 3.9
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Linear vertical measurements used in the studhewrsin an image with
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Figure 3.10 Linear vertical measurements used in the studhewisin an image with
incompetent lips
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3.12 Statistical Analysis

The angular, horizontal and linear measurementg &ealysed using SPSS version 15.0 and
found to be normally distributed. Descriptive stats provided mean and standard deviations
for the measurements for the groups; control malé eontrol female, control male and
orthognathic male, control female and orthognatéioale. An independent Student’s t-test
was used to compare the means of the measurenmntbef groups, calculate the mean
difference between the groups, confidence intearad the level of significance. Equal
variances were not assumed.

A linear horizontal or vertical measurement wasardgd as clinically significant when greater

or equal to 3mm (Jonesal., 2007).



Chapter Four

Results
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4 Results Part |

4.1 Sample Characteristics

During the period of data collection a total 61 &as and 51 males agreed to take part in the
study and were viewed by the lay panel. Afterdiinvg the data into three categories — most
attractive, attractive and least attractive andoshwy individuals who were thought of as
being most attractive and attractive by at ledstyGanel members, 16 “control” males and 24

“control” females were selected.

Number Mean age Range
Srelelss (N) (Yrs) (Yrs)
Male 16 25.4 19-32
Female 24 21.3 18- 30

4.2 Error of the Method

The results of the error of the method are presemtdables 4.1 — 4.2. Systematic error was
assessed by paired t-tests and random error agsegsmefficients of reliability (Houston,

1983). No systematic errors were observed. Allfacdehts of reliability were above 90%.



Table 4.1 Reproducibility of landmark identification, X catinates.

Landmark Mean' | SD | p-value® CR?

Glabella (G) -0.04| 043 0.67 0.99
Nasion (N) -0.10 0.53 0.36 0.99
Pronasale (Prn) -0.03 0.5} 0.79 0.99
Columella (Cm) 0.47 0.91 0.20 0.99
Subnasale (Sn) -0.22 1.35 0.44 0.99
Soft tissue A point (A) 0.03 0.44 0.78 0.99
Labiale superior (Ls) 0.01 0.49 0.98 0.99
Upper Lip Anterior (ULA) 0.08 0.84 0.67 0.99
Stomion superior (Sts) 0.02 1.5 0.84 0.99
Stomion (Sto) 0.19 0.81 0.28 0.99
Lower Lip Anterior (LLA) -0.25 1.20 0.56 0.99
Stomion inferior (Sti) -0.23 0.56 0.54 0.99
Labiale inferior (Li) -0.24 0.64 0.10 0.99
Soft tissue B point (B) 0.17 0.7( 0.24 0.99
Soft tissue Pogonion (Pog) 0.17 0.4 0.86 0.99
Menton (Me) 0.96 1.21 0.10 0.99

1 Mean difference between repeat landmark ideatitin (mm)
2 Testing for significant differences from zerangspaired t-tests
3 CR = Pearson's coefficient of reliability
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Table 4.2 Reproducibility of landmark identification, Y catinates.

Landmark Mean' | SD | p-value® CR®

Glabella (G) -0.41| 0.77 0.12 0.99
Nasion (N) 0.46 1.46 0.13 0.99
Pronasale (Prn) -0.25 1.1y 0.32 0.99
Columella (Cm) -0.39 0.73 0.02 0.99
Subnasale (Sn) -0.09 0.96 0.64 0.99
Soft tissue A point (A) -0.05 1.20 0.85 0.99
Labiale superior (LS) -0.28 0.49 0.16 0.99
Upper Lip Anterior (ULA) -0.12 0.59 0.34 0.99
Stomion superior (Sts) -0.03 0.42 0.90 0.99
Stomion (Sto) -0.10 0.42 0.28 0.99
Lower Lip Anterior (LLA) 0.39 0.45 0.52 0.99
Stomion inferior (Sti) -0.57 0.81] 0.35 0.99
Labiale inferior (Li) 0.10 0.52 0.34 0.99
Soft tissue B point (B) -0.23 0.9(¢ 0.23 0.99
Soft tissue Pogonion (Pog) -0.72 0.89 0.20 0.99
Menton (Me) -0.49 0.76 0.15 0.99

1 Mean difference between repeat landmark ideatitbon (mm)
2 Testing for significant differences from zerangspaired t-tests
3 CR = Pearson's coefficient of reliability
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4.3 Control Males and Control Females

Table 4.3 presents the angular measurement rdsultae male and female control groups
including the mean, standard deviation and deseeipstatistics and tests for significant
differences between control males and females. alllncases there were no statistically
significant differences between the control maled females for angular measurements. The
nasiolabial angle was larger or more obtuse inféineale group than the male group. The
nasiolabial angle (Cm-Sn-Ls) also showed the langesan difference (4.1°). The males had
larger mean values for the following measurements:

» facial harmony value

» angle of total convexity

* mentolabial angle.

The results for horizontal measures relative tor@eTVertical (TV) are shown in Table 4.4.
For all the measurements the values were largdreriemale group than in the male group,
except for glabella to TV and pronasale to TV. rEheas no clinical or statistical difference
between all the linear horizontal measurements niale and female groups. The 95%
confidence for the mean difference was greater 8mam for the following measurements:

* glabellato TV

e Bpointto TV

* pogonionto TV.



Table 4.3 Angular measurements (degrees) comparing congiE@srand females showing means, standard deviarmhgests for significant
differences between control males and control femal

Difference p_
Measurement Landmark* Male Female between Value? 95% ClI for Mean Difference®
means
Mean | S.D.| Mean| S.D. Lower Limit | Upper Limit
Nasiolabial angle ULA-Sn-Cm 10855 116 112198. -3.6 0.299 -10.7 3.4
Cm-Sn-Ls 108.§ 12.1 112/9 98 4.1 0.264 -11.6 3.3
Upper Lip Angle ULA-Sn-TV 5.6 4.1 6.3 4.7 -0.7 0.628 -3.5 2.2
Facial Harmony Angle
(Facial Convexity G - Sn - Pog 169.9 4.6 167(7 46 2.2 0.148 -0.8 5.2
Angle)
Angle of Total Facial | o b pog | 1412 45 139l 4l 1.8 0.218 11 7 a4
Convexity
Mentolabial Angle Li - Sm - Pog 133.3 115 1319 .10 1.4 0.690 -5.8 8.7
1. Full names of landmarks and abbreviations aredisteéhe appendix.
2. p-values calculated using Student’s t-test.
3. 95% confidence intervals for the mean difference.




Table 4.4 Linear horizontal measurements (mm) relative teeTVertical (TV) comparing control males and fersabowing
means, standard deviations and tests for signifididierences between control males and females.
Measurement Difference p_
(Projection to True Landmark?* Male Female between » | 95% CI for Mean Difference®
: Value
Vertical, TV) means
Mean | S.D.| Mean| S.D. Lower Limit | Upper Limit
Glabellato TV G-TV 4.1 6.0 -2.5 5.3 -1.7 0.374 -55 2.1
Pronasale to TV P -TV 16.7 24 163 17 0.4 P.54 -1.0 1.9
A pointto TV A-TV -2.3 1.1 -2.5 1.3 0.2 0.517 .50 1.0
Labiale superior to TV Ls-TV -0.6 1.8 -1.0 1.8 50. 0.430 -0.7 1.6
Upper lip anterior to TV ULA-TV -0.7 1.7 -0.7] 2.0 0 0.966 -1.2 1.2
Lower lip anterior to TV LLA-TV -3.4 2.4 -3.6 2.5 0.2 0.824 -14 1.8
Labiale inferior to TV Li-TV 4.1 28| -5.0 2.5 D. 0.322 -0.9 2.7
B pointto TV B-TV -9.9 39| -100 49 0.1 0.932 2.7 3.0
Pogonion to TV Pog-TV -6.0 5.1 -8.( 3.9 2.1 0.187 -1.1 5.2

1. Full names of landmarks and abbreviations aredisteéhe appendix.

2. p-values calculated using Student’s t-test.

3. 95% confidence intervals for the mean difference.
Figures in red indicate statistical significance.
Figures in bold indicate clinical significance.




The results for facial harmony values are shownTable 4.5. In the majority of
measurements the values were larger in the fennalgoghan the male group, except for:

* B point to pogonion

» glabella to A point.
There was no statistical difference between théafatarmony values for males and
females except for B point to pogonion (p = 0.04Rkjt this was not clinically significant.
It is interesting to note that glabella to pogonwas clinically significant (3.3mm) but not
statistically significant (p = 0.254). This measment showed the largest clinical
significance compared to all the other facial hamnealues between the groups. The 95%
confidence for the mean difference was greater 8mam for the following measurements:

» glabella to A point

» glabella to pogonion.

The results for linear vertical measures are shiowhable 4.6. For all measurements the
values were larger in the male group comparededeimale group except for:

» vermillion of upper lip

» vermillion of lower lip.
Anterior face height in the male group had thedatgnean difference (12.2mm) followed
by inferior facial third (9.3mm), length of loweipl (LLS-Me) (6.8mm) and chin height
(6.6mm). The following measurements were clinicalhd statistically significant:

» vertical nasal length

* anterior face height

* inferior facial third

* length of lower lip (LLS-Me)
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» chin height.

All of these measurements were highly statisticalgnificant (p < 0.001) with the
exception of the length of upper lip measurement (p003). In addition to the previously

mentioned clinically significant measurements, 3680 confidence for the mean difference

was greater than 3mm for:
* middle facial third

* length of lower lip (LLS-B).



Table 4.5

Facial harmony values (mm), the linear horizodttierence between landmarks as calculated fronTtbe Vertical (TV)

comparing control males and females showing mesgasdard deviations and tests for significant déffiees between
control males and females.

Measurement Difference p_
(Projection to True | Landmark*® Male Female between » | 95% CI for Mean Difference®
. Value
Vertical, TV) means
Mean | S.D. | Mean| S.D. Lower Limit | Upper Limit
B point to Pogonion B - Pog 3.9 2.0 2.6 1.7 1.3 0.045 0 2.5
Lowerlip anteriorto |\ \ n _pog | 41 | 31| 48| 26 0.8 0.434 2.7 1.2
Pogonion
Upperlip anteriorto |, 1 a | 29 | 19 | 29 | 16 0 0.947 1.1 1.2
Lower lip anterior
A point to B point - 7.6 3.8 8.2 2.6 -0.5 0.63 -2.8 1.7
Glabella to A point G-A 2.4 5.7 0.7 4.9 1.7 0.341 -1.9 5.2
Glabella to Pogonion| G - Pog -1.2 9.5 -415 7|4 3.3 0.254 -2.5 9.1

1. Full names of landmarks and abbreviations aredisteéhe appendix.
2. p-values calculated using Student’s t-test.
3. 95% confidence intervals for the mean difference.

Figures in red indicate statistical significance.

Figures in bold indicate clinical significance.




Table 4.6 Linear vertical measurements (mm) comparing comiades and females showing means, standard davgati
and tests for significant differences between admtrales and females.

Difference p_
Measurement Landmark Male Female between Value? 95% CI for Mean Difference®
means
Mean | S.D.| Mean| S.D. Lower Limit | Upper Limit
Middle facial third G-Sn 69.3 3.4 68.1 4.2 1.2 31B -1.2 3.7
Vertical nasal length N - Sn 53.2 256 5043 2.7 2.8 0.002 1.1 4.5
Anterior face height N - Me 1279 7.8 1157 63 122 <0.001 7.4 17.0
Inferior facial third Sn - Me 73.8 5.5 64.% 35 9.3 <0.001 6.1 12.6
Sn — ULI
Length of upper lip (Sn — Sts) 22.2 1.8 204 15 1.8 0.003 0.7 2.9
Sn - Sto
: ULI-LLS
Interlabial gap (Sts — Sti) 1.3 2.4 0.8 2.0 0.5 0.494 -1.0 2.0
LLS — Me
Length of lower lip (Sti— Me) 501 | 41| 433 25 6.8 <0.001 4.4 9.2
Sto — Me
St—-B 181 | 31| 170 21 11 0.221 07 3.0
(LLS — B) . . . : . . : .
Vermillion of upper lip Ls - Sts 6.8 1.5 7.3 1.1 .50 0.312 -1.4 0.5
Vermillion of lower lip Li - Sti 8.5 19 9.3 0.8 9 0.126 -1.8 0.2
Chin height B - Me 32.6 3.9 26.( 3.2 6.6 <0.001 4.2 9.0
1. Full names of landmarks and abbreviations aredistehe appendix.
2. p-values calculated using Student’s t-test.
3. 95% confidence intervals for the mean difference.
4. Figures in red indicate statistical significance.
Figures in bold indicate clinical significance.




4 Results Part Il

4.4 Sample Characteristics

During the period of data collection a total 17 &@as and 16 males agreed to take part in

the study.
Gender Number (n) M%"’;PS;" ge '?3:36
Male 16 22.4 16 - 34
Female 17 23.8 17-35

4.5 Control Males and Orthognathic Males

Table 4.7 shows the angular measurements for the coatrol and orthognathic groups
including means, standard deviations and desceipsitatistics and tests for significant
differences between control males and orthognatades. There were no statistically
significant differences between the control malesl arthognathic males for angular
measurements. The mentolabial angle in the orttbgngroup showed the largest mean
difference (6.2°). Orthognathic males had largeamvalues for the angle of total facial
convexity and upper lip angle. The orthognathidengaoup had smaller mean values for
the remaining angles; nasiolabial and facial haynamgles. Clinical significance cannot

be commented on as there is no absolute figumrediodte clinical significance.



Table 4.7

for significant differences between control maled arthognathic males.

Angular measurements (degrees) for control maldsoahognathic males including means, standarcatdens and tests

Difference p_
Measurement Landmark?* Control Orthognathic between Value? 95% ClI for Mean Difference®
means
Mean | S.D.| Mean| S.D. Lower Limit | Upper Limit
Nasiolabial angle ULA-Sn-Cm 1084 116 107.6 99 -0.9 0.819 -8.7 6.9
Cm-Sn-Ls 108.§ 12.1 1074 10, -1.4 0.73 -9.5 6.8

Upper Lip Angle ULA-Sn-TV 5.6 4.1 7.7 5.2 2.1 204 -1.3 55
Facial Harmony Angle | o, pog 1699 46 1691 55 0.8 0.67/ 4.4 9 2
(Facial Convexity Angle)
Angle of Total Facial | o by - pog 1411 45 1412 44 0 0.994 3.4 3.4
Convexity
Mentolabial Angle Li - Sm - Pog 133.83 115 1395 .93 6.2 0.179 -3.0 15.4

4. Full names of landmarks and abbreviations aredistehe appendix.
5. p-values calculated using Student’s t-test.
6. 95% confidence intervals for the mean difference.

Figures in red indicate statistical significance.

Figures in bold indicate clinical significance.




The results for linear horizontal measures relatoven True Vertical (TV) are shown in
Table 4.8. In the majority of measurements thaieslwere larger in the control group
except for glabella to TV. There was no statistiiierence between the linear horizontal
measurements for the two groups. B point to TWatbthe largest clinical significance
compared to all other linear horizontal measurdéaéen the control and orthognathic male
group, and was the only clinically significant (83) difference. The 95% confidence for
the mean difference was greater than 3mm for thewimg measurements:

* glabellato TV

* upper lip anterior to TV

» labiale inferior to TV

* Bpointto TV

* pogonion to TV

The results for facial harmony values are showitable 4.9. All of the facial harmony
measurements were not clinically or statisticalngicant except for Glabella to A point
and Glabella to pogonion which were clinically sfggant (2.9mm) and (4.3mm)
respectively, but these were not statistically diggmt. Glabella to pogonion in the
orthognathic group showed the largest mean diftexgd.3 mm). B point to pogonion,
upper lip anterior to lower lip anterior and A pbin B point measurements were larger in
the control group. The 95% confidence for the méiélerence was greater than 3mm for
the following measurements:

e A pointto B point

» glabella to A point

» glabella to pogonion



Table 4.8 Linear horizontal measurements (mm) relativerieeVertical (TV) comparing control males and oghathic males
showing means, standard deviations and testsdnifisant differences between control males anbdaghathic males.
Measurement Difference
(Projection to True Landmark* Control Orthognathic between | P —Valué | 95% CI for Mean Difference®
Vertical, TV) means
Mean | S.D.| Mean| S.D. Lower Limit | Upper Limit
Glabella to TV G-TV 41| 6.0 -6.2 5.2 2.1 0.308 -6.1 2.0
Pronasale to TV Prn-TV 16.7 2.4 16.2 2.1 -0.6 88.4 -2.2 1.1
A pointto TV A-TV -2.3 1.1 -1.8 14 0.4 0.364 .50 1.3
Labiale superior to TV Ls-TV -0.6 1.8 0.5 2.6 1.1 0.198 -0.6 2.7
Upper lip anteriorto TV | ULA-TV -0.7 1.7 0.7 2.8 14 0.105 -0.3 3.1
Lower lip anteriorto TV | LLA-TV -3.4 24 -1.0 4.1 24 0.051 0 4.9
Labiale inferior to TV Li-TV -4.1 2.8 -1.8 4.0 2. 0.072 -0.2 4.8
B pointto TV B-TV 99| 39| -6.6 5.8 3.3 0.074 -0.3 6.8
Pogonion to TV Pog - TV -6.0 5.1 -4.3 5.9 1.7 0.393 -2.3 5.7

1. Full names of landmarks and abbreviations aredistéhe appendix.

2. p-values calculated using Student’s t-test.

3. 95% confidence intervals for the mean difference.
Figures in red indicate statistical significance.
Figures in bold indicate clinical significance.




Table 4.9 Facial harmony values (mm), the linear horizodtierence between landmarks as calculated fronTthe Vertical (TV)
comparing control males and orthognathic males gigpwmeans, standard deviations and tests for gignif differences
between control males and orthognathic males.

Measurement Difference p_ 95% Cl for Mean
(Projection to True | Landmark* Control Orthognathic between 2 : 3
. Value Difference
Vertical, TV) means
Mean | S.D. | Mean| S.D. Lower Limit| Upper Limit
B point to Pogonion B - Pog 3.9 2.0 3.0 1.9 -0.9 216. -2.3 0.5
Lower lip anteriorto || A _pog | 41 | 31| 42| 29 0.2 0.861 2.0 2.4
Pogonion
Upperlipanteriorto | o 11 a [ 29 | 19 | 23| 16 0.6 0.359 1.9 0.7
Lower lip anterior
A point to B point A-B 7.6 3.8 5.9 4.1 -1.7 0.229 -4.6 1.2
Glabella to A point G-A 2.4 5.7 5.3 4.0 2.9 0.104 -0.6 6.5
Glabella to Pogonion G - Pog -1.2 9.9 3.0 66 4.3 0.151 -1.7 10.2
1. Full names of landmarks and abbreviations arediste¢he appendix.
2. p-values calculated using Student’s t-test.
3. 95% confidence intervals for the mean difference.
Figures in red indicate statistical significance.
Figures in bold indicate clinical significance.




Table 4.10 shows the results for linear verticalasuees. In all the measurements the
values in the orthognathic male group were largan the control group except for vertical
nasal length, anterior face height, interlabial gad chin height. There was no statistical
difference between the vertical measurements exoefite vermillion of the upper lip (p =
0.003), but this was not clinically significant §inm). Length of the lower lip (Sti — B)
was the only clinically significant measurement2(@m) but was not statistically
significant (p = 0.104). The 95% confidence fag thean difference was greater than 3mm
for all measurements except:

* interlabial gap

« vermillion of lower lip

4.6 Control Females and Orthognathic Females

Table 4.11 shows the angular measurements foethalé control and female orthognathic
groups including means, standard deviations andrigise statistics and tests for
significant differences between control females arttiognathic females. There was no
statistical difference between the angular measenésrfor the female control and female
orthognathic groups, except for the nasiolabiales)gULA-Sn-Cm) (p = 0.020) and (Cm-
Sn-Ls) (p = 0.006). Nasiolabial angle (Cm-Sn-Ls)¥emale controls showed the largest
mean difference (-8.1°). The female orthognathimug compared to the female control
group had smaller:

* nasiolabial angles

» upper lip angles

* mentolabial angles
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The orthognathic female group had larger mean gdiuethe remaining angles:
» facial harmony angle

» angle of total facial convexity.



Table 4.10 Linear vertical measurements (mm) comparing comyales and orthognathic males showing means, sthdeaiations
and tests for significant differences between admtrales and orthognathic males.

Difference p_
Measurement Landmark* Control Orthognathic between Value? 95% ClI for Mean Difference®
means
Mean | S.D.| Mean| S.D. Lower Limit | Upper Limit
Middle facial third G-Sn 69.3] 3.4 69.3 6.( 0.1 otx -3.5 3.6
Vertical nasal length N - Sn 53.2 2pb 52(7 5] -0.5| 0.736 -35 2.5
Anterior face height N - Me 1279 7.8 1274 7.6 4-0. 0.889 -5.9 5.2
Inferior facial third Sn - Me 73.8 5.5 74.9 6.3 1.0 0.628 -3.3 5.3
Sn — ULI
Length of upper lip (Sn — Sts) 22.2 1.8 23.7 29 1.5 0.059 -0.1 3.0
Sn - Sto
. ULI - LLS
Interlabial gap (Sts — Sti) 1.3 2.4 1.1 2.1 -0.2 0.781 -1.9 1.4
Length of lower lip LLS - Me 50.1] 4.1 50.4 4.2 0.3 0.823 -2.7 3.3
Sti-B 181 | 3.1| 203 4.3 2.2 0.104 -0.5 4.9
Vermillion of upper lip Ls - Sts 6.8 1.5 8.6 1.7 81. 0.003 0.7 3.0
Vermillion of lower lip Li - Sti 8.5 1.9 9.1 2.7 6. 0.458 -1.1 2.3
Chin height B - Me 326 39 307 3.7 -1.9 0.172 6-4. 0.9

1. Full names of landmarks and abbreviations aredistehe appendix.

2. p-values calculated using Student’s t-test.

3. 95% confidence intervals for the mean difference.
Figures in red indicate statistical significance.
Figures in bold indicate clinical significance.




Table 4.11  Angular measurements (degrees) comparing cornohlfes and orthognathic females showing meangjathdeviations
and tests for significant differences between adriémales and orthognathic females.

Difference

Measurement Landmark* Control Orthognathic between VaF:Iu_eZ 95% ClI for Mean Difference®
means
Mean | S.D.| Mean| S.D. Lower Limit | Upper Limit
Nasiolabial angle ULA-Sn-Cm| 1121 89 105.6 8|0 -6.5 0.020 -11.9 -1.1
Cm-Sn-Ls 1129 9.8 1049 7.8 -8.1 0.006 -13.6 -2.5
Upper Lip Angle ULA-Sn-TV 6.3 4.7 6.1 5.3 -0.2 0.913 -34 3.1
Facial Harmony Angle
(Facial Convexity G - Sn - Pog 167.7 4.6 1700 5.7 2.4 0.15] -1.0 5.9
Angle)
angle of Total Facial g _pm-pog | 1304 42 1425 61 3.1 0.07] 0.4 6 6.
onvexity
Mentolabial Angle Li- Sm - Pog 1319 10)11 1244 .43 -7.5 0.063 -15.4 0.4

7. Full names of landmarks and abbreviations aredistehe appendix.

8. p-values calculated using Student’s t-test.

9. 95% confidence intervals for the mean difference.
Figures in red indicate statistical significance.
Figures in bold indicate clinical significance.




The results for horizontal measures relative toweNertical (TV) are presented in Table
4.12. The majority of horizontal measurements sftbey statistically significant difference
between the control and orthognathic groups exioept

* glabellato TV

* pronasaleto TV

« Bpointto TV
A point to TV and labiale superior to TV were higlstatistically significant (p < 0.001).
The female control group had larger measuremenesgatxcept for:

» glabellato TV

* labiale superior to TV

» upper lip anterior to TV
The majority of linear horizontal measurements wegeclinically significant with the
exception of:

* labiale inferior to TV (3.3mm)

* pogonionto TV (3.4mm)
Pogonion to TV in the control group had the largastan difference (3.4 mm). The 95%
confidence for the mean difference was greater 8mam for all measurements except:

* pronasaleto TV

« Apointto TV

Facial harmony values are presented in Table 4Th®&. facial harmony measurements
were not significant clinically or statistically ept for glabella to A point and glabella to
pogonion which were both clinically significant 73nm), (5.1mm) respectively and

statistically significant (p = 0.021), (p = 0.034}kpectively. Glabella to pogonion in the
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control group showed the largest mean differencingf). The orthognathic group had
larger values for:

* B point to pogonion

* lower lip anterior to pogonion

» glabella to A point
The 95% confidence for the mean difference wastgreéhaan 3mm for the following
measurements:

» glabella to A point

» glabella to pogonion



Table 4.12 Linear horizontal measurements (mm) relative toeTviertical (TV) comparing control females and oghathic females
showing means, standard deviations and testsdnifisiant differences between control females artidognathic females.

Measurement Difference p_
(Projection to True Landmark?* Control Orthognathic between » | 95% ClI for Mean Difference®
: Value
Vertical, TV) means
Mean | S.D.| Mean| S.D. Lower Limit | Upper Limit
Glabellato TV G-TV -2.5 5.3 -5.3 4.8 -2.8 0.087 -6.0 0.4
Pronasale to TV Prn-TV 16.3 1.7 15,4 1.7 -0.9 20.1 -2.0 0.2
A pointto TV A-TV -2.5 1.3 -1.0 1.2 1.6 <0.001 0.7 2.4
Labiale superior to TV Ls-TV -1.0 1.8 1.3 1.7 2.4 <0.001 1.2 3.5
Upper lip anterior to TV ULA-TV -0.7 2.0 1.3 1.9 2.0 0.003 0.7 3.2
Lower lip anterior to TV LLA-TV -3.6 2.5 -1.1 3.0 2.5 0.009 0.7 4.3
Labiale inferior to TV Li-TV -5.0 2.5 -1.5 2.8 3.3 0.001 1.5 5.0
B point to TV B-TV -10.0| 4.9 -7.6 4.7 2.4 0.127 0.7 5.5
Pogonion to TV Pog- TV -8.1 39 -46 4.9 3.4 0.022 0.5 6.4

1. Full names of landmarks and abbreviations aredistehe appendix.
2. p-values calculated using Student’s t-test.
3. 95% confidence intervals for the mean difference.

Figures in red indicate statistical significance,

Figures in bold indicate clinical significance




Table 4.13 Facial harmony values (mm), the linear horizodtfierence between landmarks as calculated fronTthe Vertical (TV)
comparing control females and orthognathic femsltesving means, standard deviations and testsdoifisiant
differences between control females and orthogod#imales.

Measurement Difference p_
(Projection to True | Landmark* Control Orthognathic between » | 95% CI for Mean Difference®
. Value
Vertical, TV) means
Mean | S.D. | Mean| S.D. Lower Limit | Upper Limit
B point to Pogonion B - Pog 2.6 1.7 3.6 2.8 1.0 40.1 -0.4 2.3
Lower lip anterior to
Pogonion LLA - Pog 4.8 2.6 4.9 3.0 0.1 0.944 -1.8 1.9
Upperlipanteriorto | a 11 | 29 | 16 | 22| 19 0.6 0.274 1.8 05
Lower lip anterior
A point to B point A-B 8.2 2.6 7.2 3.4 -1.0 0.326 -3.0 1.0
Glabella to A point G-A 0.7 4.9 4.4 4.8 3.7 0.021 0.6 6.8
Glabella to Pogonion G - Pog -4.5 7.4 0.b 711 5.1 0.034 0.4 9.7
1. Full names of landmarks and abbreviations aredisteéhe appendix.
2. p-values calculated using Student’s t-test.
3. 95% confidence intervals for the mean difference.
Figures in red indicate statistical significance.
Figures in bold indicate clinical significance.




Table 4.14 show the results for linear vertical sugaments. In all cases the measurements
were larger in the female orthognathic group exéept

* middle facial third

» vertical nasal length

* length of lower lip (Sti-B)
The following measurements were both clinicallyngigant and statistically significant

* inferior facial third,(p = 0.003)

* length of lower lip (LLS-Me), (p = 0.001)

» chin height, (p = 0.001)
Inferior facial third showed the largest mean d#fece in the orthognathic group (4.2mm).
The 95% confidence for the mean difference wastgrethan 3mm for the following
measurements:

* middle facial third

» anterior face height

* inferior facial third

length of lower lip (LLS-Me)

chin height.



Table 4.14 Linear vertical measurements (mm) comparing cbfémales and orthognathic females showing mestaadard
deviations and tests for significant differencesMeen control females and orthognathic females.

Difference
Measurement Landmark* Control Orthognathic between VaPIu_eZ 95% CI for Mean Difference®
means
Mean | S.D.| Mean| S.D. Lower Limit | Upper Limit
Middle facial third G-Sn 68.1 4.2 67.8 4.5 -0.3 84 -3.1 2.6
Vertical nasal length N - Sn 50.0 2. 49(8 216 -0.5 0.528 -2.2 1.2
Anterior face height N - Me 1157y 6. 1184 47 2.8 0.113 -0.7 6.3
Inferior facial third Sn - Me 64.5| 3.5 68.7 4.5 4.2 0.003 1.6 6.9
Sn — ULI
Length of upper lip (Sn — Sts) 20.4 15 21.0 2.7 0.6 0.412 -0.9 2.7
Sn - Sto
Interlabial gap tJSIEL_—LSLtﬁ 0.8 2.0 1.0 2.0 0.1 0.826 -1.1 1.4
Length of lower lip LLS - Me 43.3 2.5 46.7 3.4 3.5 0.001 1.5 54
Sti— B 170| 21| 16.7 2.1 -0.3 0.684 -1.6 1.1
Vermillion of upper lip Ls — Sts 7.3 1.1 7.7 1.7 40. 0.409 -0.6 1.3
Vermillion of lower lip Li — Sti 9.3 0.8 9.4 1.4 D. 0.798 -0.7 1.0
Chin height B - Me 26.0f 3.2 30.C 3.7 4.0 0.001 1.7 6.3

1. Full names of landmarks and abbreviations arediste¢he appendix.

2. p-values calculated using Student’s t-test.

3. 95% confidence intervals for the mean difference.
Figures in red indicate statistical significance.
Figures in bold indicate clinical significance.




Chapter Five

Discussion



112

5 Discussion Part |

5.1 The Control Group
5.1.1 Patient recruitment

The overall aim of this study was to compare, usingular and linear measurements, the 2D
soft tissue facial profile measurements of a grofipost-operative orthognathic surgery

patients to a control group of attractive indivitbuaThis aim has been achieved.

5.1.2 The control group

Part | of the study was aimed at recruiting a adngroup of males and females who were
representative of the population of the West oftlaod. As the overall aim of the study was
to compare the 2D outcomes following orthognathigery in a group of patients from the
West of Scotland, the inclusion criteria of the ttohgroup were specified to match the

demographics of the post-surgical group.

Previous studies assessing 2D facial soft tissa@lggrmeasurements to create a database of
normal values have used similar inclusion critbaged on ethnic origin and age (Arrettl .,
1999; Fernandez-Riveird al., 2002; Fernandez-Riveisb al., 2003; Anicy-Milosevicyet al.,
2008a; Anicy-Miloseviciet al., 2008b; Scavonet al., 2008; Kale-Varlket al., 2008; Malkog

et al., 2009; Uysalet al., 2009). Overall, 112 individuals volunteeredhi® assessed for

potential inclusion in the control group.
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5.1.3 Use of a lay panel

A shared appreciation of facial attractiveness aesthetics exists amongst the general public
and across different cultures (llliffe, 1960; Martl964; Perregt al., 1994). Improvement in
facial aesthetics with a view to having a more fnal’ or “attractive” appearance is the main
motivating factor for the majority of individualgeking orthognathic surgery (Flanaatyal.,
1985; Finlayet al., 1995; Riveraet al., 2000). However, it has been shown that opinions
differ between clinicians and lay people with regp® what constitutes an attractive facial
appearance (Prahl-Anderseinal., 1979; Albinoet al., 1984; Bellet al., 1985; Kokichet al.,
1999). Ultimately, it is the opinion of the patiesand their peers which matters most when
subjectively assessing facial attractiveness pargfesy. This study aimed to provide a more
patient-orientated assessment of facial attractisenby using a lay panel to rate the

attractiveness of potential recruits to the congrolup.

5.1.4 Panel composition

Variations in the ideal panel size have been reporHowells and Shaw, stated that the
assessment of photographs to rate facial attramtsse using a panel of two members was
valid, reliable and reproducible. Reliability cdube further improved by increasing the
number of panel members (Howells and Shaw, 1988ers have advised panel sizes of four
members (Peerlingt al., 1995) to 12 members (Tedesepal., 1983b). More recently,
Kiekenset al. (2007) found a randomly selected panel size ofis¢v be an ideal panel size.
Differing demographic factors between the lay paared the trial sample can also influence
the assessment of facial attractiveness by thedagl. Such differences include age, gender,

ethnicity, professional status, and level of edoca{Tedescaet al., 1983b; Dunlevyet al.,
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1987; Flores-Miret al., 2004). Taking into account these variables thiglys aimed to
minimise potential lay panel influences by selegtnlay panel which consisted consisting of
eight Caucasians (four male, four female) from Wiest of Scotland, aged 18 to 35 years,
none of whom had a clinical background or priorexignce of orthodontic care. In addition

the lay panel was not informed of the researchteures

5.2 Methodology
5.2.1 Assessment of facial aesthetics by use of th e VAS

The VAS is a consistent and highly valid methodne¢éasuring subjective phenomenon
(Aitken, 1969; McCormaclt al., 1987), and it has been previously used to asae&sd and
dentofacial aesthetics (Philipsal., 1992a; Philipgt al., 1992b; Kokichet al., 1999; Fauret

al., 2002; Kiekent al., 2007). The use of the absolute VAS scores esle@ by each rater
has its limitations with the overall scores of eaater being relatively independent of each
other (Scahbett al., 2009). This means that the absolute scores drdimgatly comparable.
The sensitivity of the VAS, as a measurement isahcreased by ranking the scores to enable
the relative changes rather than the absolute satube reported (Eldet al., 2006). A high
degree of intra-examiner and inter-examiner agre¢mden ranking the facial aesthetics
using photographs has been previously reported dfReblarryet al., 1992). The present
study therefore was based on the ranked VAS taifgehe control group. In an attempt to
further achieve greater agreement on which subjéztsnclude in the control group;
individuals were only chosen if 6 or more of thia panel ranked them in the top two thirds.
The control group was finally made up of 16 maled 24 females considered as “attractive”

and “most attractive” by at least six of the laypha
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In summary, this study uses a control group reptesge of attractive people in the
population of the West of Scotland, as chosen lay ganel. The goal of facial surgery is to
improve facial appearance, but as discussed eattier final outcome of improved facial
aesthetics should be not be decided upon by oimlicielns. One of the strengths of this study
is that the control group was chosen by the mgjofita lay panel which consisted of eight lay
people using ranked VAS scores, and who were amdas background. The rating panel
which carried out an impartial assessment of tb&fappearances of the volunteers enabled
the collection of those facial appearances whiehgéneral public considered attractive and
most attractive. Analysis of the resulting contgobup created a data-base of reference 2D

soft tissue profile values for 18 to 35 year olishie West of Scotland.

5.2.2 Use of profile photographs

The aim of treatment has evolved from achievingiéeal occlusion” to one which recognises
that facial aesthetics are of prime importance\&aand Ackerman, 2000; Czarneekial.,
1993). As a result of this concept change, clirsaessment of the soft tissues and aesthetics
has a more important role in diagnosis and treatrplamning (Ackermaret al., 1999). The
facial soft tissues do not always closely correlatehe underlying hard tissues (Subtelny,
1959; Burstone, 1958). Treatment planning is myéw solely devised on dental and skeletal
tissues but increasingly on soft tissue aesthaiscthe changes in facial soft tissues do not
always follow the changes in the underlying skéletal dental tissues that occur as a result of
treatment (Halazonetis, 2007).

The principal aim of this study was to compare fsgical outcomes of orthognathic surgery
to a control group by the objective analysis ot sisEue landmarks on 2D lateral profile facial

views. Realistic facial representations are recenmaed when using a panel of raters to assess
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facial aesthetics to ensure the best possibletr@egrlingst al., 1995). In this study the 2D
profile image was not shown to the lay panel, asvieryday life, individuals do not generally
view others in this way. Instead 3D images oflal? volunteers were shown to the lay panel
as it produced a more true to life view of the allesoft-tissue facial structure (Tocktl al.,
2005). It could be argued that the use of prgdiletographs is not a true representation of the
patient and these should be superseded with 3DesnBy analysis. Historically facial soft
tissues have been assessed clinically and cephaicallg, with many authors using different
soft tissue landmarks and parameters (Riedel, 1B6Gtone, 1958; Subtelny, 1959; Ricketts,
1968; Holdaway, 1984). Hence the need for praofilage capture and analysis will remain
the current method, since treatment planning baseldard tissues does not provide the best

facial aesthetic result (Yogosawa, 1990).
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5.2.3 Soft tissue landmark and measurement choice

The soft tissue landmarks and measurements ustt ipresent study were decided by the
facial area under examination, reproducibility ahdmark identification and the landmarks
and measurements recorded in other studies thergdidyling comparison. A total of 16 soft
tissue landmarks that were easily visible werecseteto improve reproducibility of landmark
identification. Measurements involving tragus amdhion were not included as these
landmarks have been reported to be difficult tonidg and the measurements involving these
landmarks unreliable (Fernandez-Riveetoal., 2002). Orthognathic surgery results in soft
tissue facial changes mainly at the mid and loweeflevel; therefore soft tissue landmarks
were chosen from these areas. A combination of gulan 9 linear horizontal, 11 linear
vertical and 6 facial harmony measurements wererded and comparison made with other
similar studies that analysed soft tissue profilsgg a standardised technique (Arrebtal.,
1999; Fernandez-Riveirat al., 2002; Fernandez-Riveiret al., 2003; Malkocet al., 2009;
Uysalet al., 2009; Anicy-Milosevicyet al., 2008a; Anicy-Miloseviciet al 2008b; Scavonet

al., 2008; Kale-Varlket al., 2008).

524 Intra-operator reproducibility of landmark i dentification

A method error study was carried out to assessvéldity and reproducibility of the soft

tissue landmark identification. Six images froncteaf the groups including the male control
group, female control group, male orthognathic gremd female orthognathic group were
randomly selected. Each of the 24 images was larkkd two weeks apart to determine
intra-operator error. No systematic errors werseobed and all coefficients of reliability

were above 90%.
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Previous studies that have analysed 2D soft tipsoies have reported on the method error.
Ferndndez-Riveirat al., (2003) reported the highest method error, theatgst variability
with high standard deviations and large confidantervals with the nasiolabial angle and the
mentolabial angle. Similarly Malkoet al., (2009); also reported the highest method error
with the mentolabial angle. Both Scavateal., (2008) and Anicy-Milosevicy al., (2008a)

found that the nasiolabial angle respectively adhighest error.

Anicy-Milosevicy et al. (2008b) reported the highest error of verticalamwements was
associated with superior facial third (trichiondagg#la), which is suggested to be due to
difficulty in identifying trichion. This landmarkvas not used in the present study owing to
the difficulty in identifying the landmark. Kalearlk et al. (2008) reported that of the
measurements in common with the present studyfatial harmony angle was associated
with the highest method error. Arnettal. (1999) did not give details of a reproducibildly
landmarks and measurements while Uystahl. (2009) reported on the method error of

measurements not used in the present study.

5.3 Analysis of the Attractive Group

In the West of Scotland control group there were statistically significant differences
between the males and females for angular measoteme&he nasiolabial angle was larger or
more obtuse, by 4°1in the female group than the male group. All a@rmg facial angles
including facial harmony angle, angle of total &#otonvexity and mentolabial angle were
smaller in the female control group. As no anguat@asurements were statistically significant
between male and females this would indicate thelesnand females from the control group

have a broadly similar facial profile with respextangular measurements.
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The angular measurements found in the present stedy of a similar range and variation to
the previous studies, Table 5.1. The non-stasibyisignificant difference in nasiolabial angle
between males and females was in agreement witk\aops study whose inclusion criteria
were similar to the present study (Ferndndez-Rivetral., 2003). However other studies
reported significant differences for these angled i is interesting to note that these studies
specified a particular facial form as part of timelusion criteria (Anicy-Milosevicyet al.,
2008a; Kale-Varlket al., 2008; Malkocet al., 2009). The differences in the findings were
numerically small and may indicate differences l@etw the population groups, due to the

different inclusion criteria and the method in whibe samples were selected.

All linear horizontal measurements relative to aél'¥ertical reference line through subnasale
were larger in the female group compared to theengabup except for glabella to TV and
Pronasale to TV. There was no clinical or statmtidifference between any of the
measurements for the two groups. Many of the diffees were minimal and not clinically
significant; however the 95% confidence for the mddference was greater than 3mm for
glabella to TV, B point to TV and pogonion to TWhis would indicate that males have more
prominent chins and more retrusive foreheads tleanakes relative to the True Vertical
through subnasale. The remaining horizontal measemes relative to TV are similar for both

males and females.



Table 5.1

Table comparing angular measurements betweesttidy and previous studies (continued on next page)ues inbold indicate
statistic significance between males and femaldsinvihe study.

Anicy- Anicy- Fernandez-| Fernandez-
Study | Present | Present Armett Arnett Uysal Uysal Milosevicy | Milosevicy | Riveiro Riveiro
etal. etal. etal. et al.
Study Study (1999) | (1999) | (2009) | (2009) etal. etal. etal. etal.
Measuremen Male Female (2008a) (2008a) (2003) (2003)
Male Female | Male | Female
(mm) Male Female Male Female
ULA-Sn- Mean 108.5 112.1 106.4 103.5 1068 108
Cm S.D 11.6 8.9 7.7 6.8 10.6 8.3
Mean 108.8 112.9 105.42 109.39 105.2 107.57
Cm-Sn-Ls
S.D 12.1 9.8 9.52 7.84 13.28 8.5
Mean 5.6 6.3 8.3 12.1 8.7 12
ULA-Sn-TV
S.D. 4.1 4.7 5.4 51 6.4 7.1
G-Sn-Po Mean 169.9 167.7 169.4 169.3 1674 166 168.8 1169, 168.2 167
g S.D. 4.6 4.6 3.2 3.4 5.3 5 4.97 4.69 4.96 5.36
Mean 141.2 139.4 139.9 139.2
G-Prn-Pog
S.D. 4.5 4.2 5.38 4.5
. Mean 133.3 131.9 129.26 134.5 130.75 131.45
Li-Sm-Pog
S.D. 11.5 10.1 9.6 9.1 9.6 11




Malko¢ | Malkog¢ | Kale-Varlk | Kale-Varlk | Scavone | Scavone

Study| etal. et al. etal. etal. etal. et al.
Measurement (2009) | (2009) (2008) (2008) (2008) 2008
(mm) Male Female Male Female Male Female
Ula-Sn-Cm Mean 108.9 113.9

S.D 11.6 10.8
Cm-Sn-Ls Mean | 101.09 102.94 98.7 104.4

S.D 10.19 10.43 13.7 12.7

Mean
ULA-Sn-TV SD.
G-Sn-Pog Mean 170.6 168.8 169.3 167.9

S.D. 6.15 5.44 5.3 4.7

Mean 142.4 142.6
GPMPOY b [ 54 5.3
Li-Sm-Pog Mean | 130.2 137.2 126.3 125.6

S.D. 8.5 10.9 4.3 4
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These horizontal measurements relative to TV result similar to the previous studies in
both magnitude and variability, Table 5.2. An resting observation is the similarity of
the nose tip position, between all the studiesspective of forehead position, Figure 5.1
and 5.2. It would appear that the maxillary safsue (i.e. upper lip position) was more
retrusive in relation to TV for the West of Scotlapopulation than for the other studies.
With respect to the forehead, the American corgroup had much more upper and lower
lip protrusion, i.e. fuller lips than any of thehet control groups including the present
study. It would also appear that chin point in thmerican control group is more
anteriorly positioned together with the lower liplhis would tend to indicate that the
single individual responsible for choosing the “cofi individuals favoured a straighter
facial profile with full lips (Arnettet al, 1999). The positions of the forehead for two
studies were very similar (Arneét al., 1999; Uysalket al., 2009), yet the lips were more
protrusive in the American control group when compao the Turkish group. A possible

reason for this is the obvious difference in in@uascriteria.

Harmony values are a measure of facial balanceharmdony between different soft tissue
facial landmarks, which is an important elemenbeéuty. Facial balance is determined
by assessing the position of two soft tissue lanisaelative to each other. Facial
harmony values are the horizontal distance betwe&enandmarks perpendicular to a True

Vertical (TV) reference line through subnasale.



Table 5.2  Table comparing linear horizontal measurementgive to a True Vertical reference line throughrseagale between
this study and previous studies. Valuebaid indicate statistic significance between malesfanthles within the
study.
Study Arnett Arnett Uysal Uysal _Anlcy-_ . Anlcy-_ . | Scavone [ Scavone
Present | Present Milosevicy | Milosevicy |
Study | Study (?9%19) (itgagjé) (gto?)]é) (gto%Jé) eta. etal. (gto%]é) o005
Measurem Male Female Male Female | Male | Female (2008b) (2008b) Male Female
(mm) Male Female
Ry Mean -4.1 -2.5 -8 -8.5 -8.4 -8.4 -7.4 -5.5
S.D 6 5.3 2.5 2.4 0.5 0.3 3.8 4.3
Brn.TV Mean 16.7 16.3 17.4 16 17.4 16.1 16.9 15.6 15.3 13.9
S.D 2.4 1.7 1.7 14 2.6 1.8 1.8 1.9 2.1 1.6
Mean -2.3 -2.5 -0.3 -0.1 -0.2 -0.2
A-TV
S.D. 1.1 1.3 1 1 1.8 1.2
Mean -0.6 -1 13 1.3
Ls-TV
S.D. 1.8 1.8 1.8 14
Mean -0.7 -0.7 3.3 1.2 1.9 1.2 . .
ULA-TV 2.3 13
S.D. 1.7 2 1.7 1.9 2.8 1.9 1.8 1.8
Mean -3.4 -3.6 1 1.9 -1 -1.2 0 -1
LLA-TV
S.D 2.4 2.5 2.2 14 3.8 2.7 2.2 2.8
, Mean -4.1 -5 -2 -1
Li-TV
S.D 2.8 2.5 2.5 1.9
BTV Mean -9.9 -10 -7.1 -5.3 -10.5 -9.1 -9.5 -7.4 -7.1 7.8-
S.D. 3.9 4.9 1.6 1.5 4.7 3.7 3.1 2.7 3.4 4.1
Mean -6 -8 -3.5 -2.6 -6.4 -6.4 -6.4 -5.6 -4.5 -6.4
Pog-TV
S.D. 5.1 3.9 1.8 1.9 5.6 5 3.9 3.4 5.1 5.2




Figure 5.1  Diagram showing the horizontal measurements velati a TV for the present
and previous studies for females, showing the comiaadmarks.
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Figure 5.2  Diagram showing the horizontal measurements weldti a TV for the present
and previous studies for males, showing the comiauoeimarks.

Horizontal distance from True Vertical (TY) (mm)
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- Arnett et al., 1999

Pog Uysal et al., 2009

-+ Scavone et al., 2008
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Harmony values assess four areas of facial balenct@ding; intramandibular parts, interjaw
parts, orbit to jaws and the total face. Intramlnldr harmony measurements assess chin
projection to lower lip position (LLA-Pog) and sdfssue B point (B-Pog) relative to TV.
Interjaw harmony values assess the position oftssitie B point to soft tissue A point (A-B)
and upper lip relative to lower lip (ULLA-LLA) retwe to TV. Interjaw harmony is
determined by upper and lower incisor inclinatiomxillary occlusal plane and soft tissue
thickness. Total facial harmony values assessegpdkition of the forehead to the upper jaw
(G-A) and to the chin (G-Pog) relative to TV. Candad with the facial harmony angle these

values give an overall view of facial balance.

The intramandibular relationships were not clidicalignificant, and the 95% confidence for
the mean difference was less than 3mm. HoweveiBt to Pogonion, which assesses chin
projection to soft tissue B point relative to TV,asv statistically significant (p=0.045).
Overall, many of the differences were minimal amd dinically significant in this sample.
However there was a clinically significant diffecenfor glabella to pogonion and the 95%
confidence for the mean difference was greater 8mam for glabella to A point. Overall, the
harmony values indicate that male and female ctnae broadly similar for these values,
however they differ with respect to position ofdbead to the upper jaw and forehead to chin
position relative to TV. In that the linear honital distance between forehead and upper jaw
relative to TV is larger in males compared to fezsalkhe linear horizontal distance between
forehead and chin point relative to a TV is smallermales compared to females. The
intramandibular and interjaw relations are similtie control males and females differ with
respect to total facial harmony as reflected in theasurements glabella to A point and

glabella to pogonion.
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The majority of harmony values were not differemt the present study and the other studies
that reported on them (Arnedt al., 1999; Uysalkt al., 2009). The most marked difference
was in the measurements glabella to A point anblejjia to pogonion, Table 5.3. This tended
to indicate that in the West of Scotland contraug, relative to the forehead, both the soft
tissue maxillary and mandibular positions wereustre compared to the other studies (Arnett
et al., 1999; Uysakt al., 2009). This is supported by the horizontal meaments relative to

a TV results.

All vertical measurements were smaller in the feamgtoup compared to the male group
except for vermillion of upper lip and vermilliori lower lip. Differences in the anterior face
height, inferior face height, length of lower lipcachin height were clinically and statistically
significant (p < 0.001). In addition to the prewsdly mentioned clinically significant

measurements, the 95% confidence for the mearretiife was greater than 3mm for middle
facial third, length of lower and vertical nasahdgh which was statistically significant (p =
0.002). These results indicate that females havaller vertical facial lengths compared to

males.

The following linear vertical measurements werdistiaally significantly different for male
and females; nasal length, anterior face heigfrior facial third, length of upper lip, length

of lower lip and chin height. The mean value fdrede vertical measurements



Table 5.3

Table comparing harmony values measurements betiieestudy and previous studies. Valuebaid

indicate statistic significance between males amdafles within the study.

Study | Present | Present Arneltt Arn;tt Uyzjal Uyzjal
Study Study et al. etal. et al. et al.
(1999) (1999) | (2009) | (2009)
Measuremen Male Female
Male Female Male Female

(mm)

Mean 3.9 2.6 3.6 2.7 4 2.7
B-Pog

S.D 2 1.7 1.3 1.1 2.2 2.1

Mean 4.1 4.8 4.4 45 5.3 5.2
LLA-Pog

S.D 3.1 2.6 25 2.1 35 34

Mean 29 2.9 2.3 1.8 2.9 2.4
ULA-LLA

S.D. 1.9 1.6 1.2 1 1.8 1.6
A-B Mean 7.6 8.2 6.8 52 8.8 7.2

S.D. 3.8 2.6 15 1.6 3.8 3.3
GA Mean 2.4 0.7 7.8 8.4 6.7 6.5

S.D. 57 4.9 2.8 2.7 1.8 1.1

Mean -1.2 -4.5 4.6 59 1.9 1.9
G-Pog

S.D. 95 7.4 2.2 2.3 5.6 5.1




was smaller for females compared to males indigatiat a common finding in all the studies
that reported on these vertical measurements fanhalé smaller vertical facial lengths. Again
it was interesting to note that the American cdngroup had longer faces than the West of

Scotland group. This was evident as a larger totarior face height, Table 5.4.

Both the vermillion of the upper lip (Ls-Sts), (ISte) and the vermillion of the lower lip (Li-
Sti) were not statistically significant for the dies that recorded these measurements in Table
5.4. All the studies that reported on these memsants found that the mean value was larger
for females compared to males; however it was taitsically significant. The remaining

vertical measurements were similar between alttmgrol groups.

It is obvious that there is a difference betweerteraad female faces. Therefore, unlike other
studies, it is not appropriate to group them togethr analysis (Weinberg al., 2004; Wong

et al., 2008). The comparison of the present results wrdvious studies, particularly the
American control group, show that there is a défere between this group and the European
control group in terms of mainly horizontal andtical measurements. The American control

group have longer faces, with straighter profiled enuch fuller lips.



Table 5.4

Table comparing vertical measurements betweerstady and previous studies.

Anicy- Anicy- . i . i
Study | present | Present | A" | Arnett et | Uysalet | Uysalet | Milosevicy | Milosevicy Femandez-| Fernandez
et al. Riveiro et Riveiro et
Study Study al. 1999 | al. 2009 | al. 2009 etal. et al.
Measuremen Male Female 1999 Female Male Female (2008b) (2008b) al. (2003) | al. (2003)
(mm) Male Male Female
Male Female
G-Sn Mean 69.3 68.1 67.94 64.69 72.1 68.7
S.D 3.4 4.2 4.35 3.39 4.88 4.66
N-Sn Mean 53.2 50.3 53.8 50.27 52.53 49.86
S.D 2.5 2.7 2.74 2.65 4.12 3.7
N-Me Mean 127.9 115.7 137.7 124.6 135.] 124.
S.D. 7.8 6.3 4.7 4.7 6.3 5.8
Sn-Me Mean 73.8 64.5 81.1 71.1 76.5 68.7 71.16 63.4] 71.4 65.4
S.D. 55 3.5 4.7 3.5 55 4.5 4.7 3.38 5.69 4.33
Sn-Sts Mean 22.2 20.4 24.4 21 23.4 20.4 23.55 20.57 23 421.
ULI
(én-S)to) S.D. 1.8 1.5 2.5 1.9 3 2.9 2.64 2.01 2.6 1.83
Mean 1.3 0.8 2.4 3.3 1.2 1.4 0.29 0.62
ULI-LLS
S.D. 2.4 2 1.1 1.3 1.6 1.3 0.76 1.5
LLS-Me Mean 50.1 43.3 54.3 46.9 52 46.9
S.D 4.1 2.5 2.4 2.3 3.7 3.1
Sti-B Mean 18.1 17 47.6 42.9 19.01 17.48
(Sto-Me) S.D 3.1 2.1 3 2.48 2.49 1.93
Ls-Sts Mean 6.8 7.3 8.39 8.52 7.27 7.43
(Ls-Sto) S.D. 1.5 1.1 1.29 1.35 1.65 1.39
o Mean 8.5 9.3 8.36 8.59
Li-Sti
S.D. 1.9 0.8 1.78 1.52
B-Me Mean 32.6 26 28.63 25.21 29.09 25.85
S.D. 3.9 3.2 2.22 2.24 2.93 2.48




5.4

Future Considerations

* The images from the attractive sample were viewgdhle lay panel only in one

sitting. Thus intra-rater reproducibility in ratirgf facial attractiveness could not be
determined. Honmt al. (2008) recommend that the assessment rating bpéahel
should be repeated at least two weeks later fotigwthe initial assessment to
eliminate memory bias and thereby improve the mycibility and validity of the
study. This has been employed by many researcivéhsa minimum of one week
between assessments (Roberts-Heirg}., 1992; Peerlingst al., 1995; Lundstronet
al., 1987). To further improve the study further @stigation into intra-rater

reproducibility would be appropriate.

Profile photographs provide 2D information from ypwoihe view of the face, thereby
ignoring the 2D measurements from other parts efdlce including frontal and three
quarter views. A future consideration would beirtcorporate images of the face
from different views, alternatively 3D capture. photograph is a 2D representation
of a 3D object and there is loss of depth of fieldhich does not occur with 3D

capture. Extending the study to involve 3D measerdm would provide a more

comprehensive analysis of the facial soft tissdfeminces that exist between males

and females.

There is no clinically significant value for anguleneasurements which makes
interpretation less clear. Further study evalgatinclinically significant value for

angular measurements is recommended.
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5 Discussion Part Il

5.5 The Orthognathic Group

55.1 Patient recruitment

The post-operative orthognathic group was randomdgruited from the Dentofacial
Deformity clinics at the Glasgow Dental Hospitatldhe Southern General Hospital Glasgow.
The orthognathic control group was similarly mattheéth the control group with respect to;
age (18-35 years), ethnicity and place of origiMembers of the orthognathic group were
required to be a minimum of six months post-opeeatorthognathic surgery to allow
sufficient soft tissue healing and resolution oftpoperative swelling (Kaet al., 2007). In
total 16 males aged between 16-34 years (mean adey2ars) and 17 females with an age

range of 17-35 years (mean age 23.8 years) wereitegt to the post-operative orthognathic

group.

5.5.2 Surgical procedures

The type of orthognathic procedure was not consdi@n important variable of the study as
all surgical procedures were provided with the aifrcorrecting an underlying dentofacial

deformity and “normalizing” the patient. The swai procedures undergone by the male
orthognathic group included; 13 males were treatgd maxillary advancements, 6 males
were treated with mandibular setbacks and 4 mades rhandibular advancements. The
surgical procedures undergone by the female orttbgn group included; 12 females who

had maxillary advancements and 8 females who hadimalar advancements, while one

female had a mandibular setback procedure.
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5.6 Male Orthognathic Group Compared to the Male
Control Group

There were no statistically significant differendetween the control males and orthognathic
males with respect to angular measurements. Tinotaéial angle in the orthognathic group
showed the largest mean difference (6.2°). Thetof@nal angle is dependent on lower lip
soft tissue thickness, chin soft tissue prominemce antero-posterior position of the chin.
The larger mentolabial angle observed in the malbognathic group may be due to the
majority of patients presenting with class Il sieal patterns. These patients often initially
present with a Class Il incisor with dental comgeion with retroclination of the lower labial
segment and lower lip; this leads to an increaghenmentolabial angle. As the majority of
surgical procedures were maxillary advancementgahoies for the correction of a class |l
skeletal pattern, this may suggest that full loveech dental decompensation was not
achievable or desired (partial decompensation).r&ivéhe orthognathic male group had
similar angular facial measurements suggestingtteatment had successfully corrected any

potential angular discrepancies between the groups.

The majority of linear horizontal measurements waraller in the male orthognathic group
except for glabella to TV. The 95% confidencetfog mean difference was greater than 3mm
in the majority of measurements except for proragal TV, A point to TV and labiale
superior. B point to TV was clinically significa(®.3mm) in this sample. The results indicate
that the male orthognathic group have more proteusipper and lower lips and chins
compared to the male control group. A possiblelanaiion may be that the majority of
surgical procedures were maxillary advancementguoes to correct a clinically retrusive

maxillary position accepting an already slightlpminent chin. The measurement glabella to
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TV, indicates the linear horizontal position ofdbead relative to the TV.As this landmark is
unlikely to change with surgery, this absolute ealndicates that the males orthognathic
group’s forehead position is more retrusive comgdethe control group. An alternative
inference may be that the maxilla in the surgicalig is too far forward, therefore the TV line
passing through subnasale is also too far forwaddtherefore the forehead appears retrusive
relative to TV. In either case the discrepancyween glabella and A point is different
between the groups; this is supported by the ldifference in the harmony value, glabella

and A point, seen between the groups.

The 95% confidence of the mean difference was gréhan 3mm for glabella to A point (G-
A) and A point to B point (A-B). The results indie that interjaw relations, as reflected by
(A-B), are different between the groups. The grodiffer with respect to total facial harmony
as reflected in the glabella to pogonion values glattella to A point. Over all the results
indicate that intramandibular harmony has beeneaeli by the post-operative orthognathic
male group, but total facial harmony has not bednexed. In the male orthognathic group
the relative linear horizontal position of forehdadchin point is more prominent relative to
TV and is a larger distance compared to male cttrd@he results indicate that surgery is
correcting the intramandibular harmony but not ecting the relationship of glabella to

pogonion which is a measure of total facial harmony

The majority of linear vertical measurements wdighly larger in the male orthognathic
group compared to the male control group exceptddical nasal length, anterior face height,
interlabial gap and chin height. The vermilliontbé upper lip was statistically significant (p
= 0.003). The 95% confidence for the mean diffeeenvas greater than 3mm for all

measurements except interlabial gap and vermitilower lip. The results indicate that the
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vertical measurements were generally similar betwibe two groups; however the majority

of linear vertical measurements were slightly laigehe male orthognathic group.

5.7 Female Orthognathic Group Compared to the Femal e
Control Group

The nasiolabial angle was smaller in the femalaagmathic groups, with the largest mean
difference between the groups of 8.1°. Both nabial angles (ULA-Sn-Cm) and (Cm-Sn-

Ls) were statistically significant (p=0.020) and&Qp006) respectively.

Overall, the orthognathic female group had simdagular facial measurements suggesting
that treatment was successful; however in the fensaihognathic group both nasiolabial
angle were smaller than the control group, whicls wtatistically significant. Again the
maxillary advancement procedures will have the tgstaeffect on nasiolabial angle change.
The results are tending to indicate that the adwaent is moving the upper lip forward and

reducing the nasiolabial angle. The clinical digance of this change remains unknown.

The majority of horizontal measurements showedtssically significant difference between
the female control and female orthognathic groegsept for glabella to TV, Pronasale to TV
and B point to TV. Both pogonion to TV and labiatderior to TV were clinically and
statistically significant. The results indicat&t in the orthognathic female group both the
upper and lower lips and chin were further forweathtive to TV compared to the control
group. As discussed earlier, this may be due sitipa of the forehead or the TV line, but

again the harmony values support this result.
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Most facial harmony values were not clinically tatsstically significant except for glabella to
A point and glabella to pogonion which were bothichlly significant (3.7mm) and (5.1mm)
respectively and statistically significant (p £21) and (p = 0.034) respectively. Overall the
results indicate that both intramandibular reladiamd interjaw relations were broadly similar
for both groups, however total facial harmony was achieved by the orthognathic group as
reflected by glabella to A point and glabella togpoion values. Surgery is correcting the

intramandibular harmony and interjaw relations ittt correcting total facial harmony.

The majority of vertical measurements were slighahger in the female orthognathic group
compared to the female control group except fordteidacial third, vertical nasal length and
length of lower lip (Sti-B). The 95% confidencer filne mean difference was greater than
3mm for the following measurements middle fachatd, anterior face height, inferior facial

third, length of lower lip (LLS-Me) and chin heightnferior facial third, length of lower lip

(LLS-Me) and chin height were clinically and st&tally significant. The results indicate that
the female orthognathic patients had greater mal lawer facial heights compared to the

female control group.

5.8 Future Considerations

* The comparison of the 2D facial soft tissue meanerds of potential orthognathic
patients to the collected population’s normativéuga provides the first stages of an
objective measurement of a subjective characteridturther development may allow
patients to see clearly how closely their faciapegrance correlates with what is

considered attractive by the general public.
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Currently a software prediction programme DolphDolphin Imaging, Chatsworth,
USA) is based on the results of Arngttel. (1999). This planning software utilises the
2D soft tissue values based on white American nsodéth good facial balance as
assessed by one author. Following the resultseoptesent study, the appropriateness
of treatment planning West of Scotland patientagishis software now needs further

investigation.

An assessment of the appropriateness of the diegiesatment planning and outcome
of treatment provided could be carried out by rdicay facial measurements before
and after surgery and recording the type of surgicacedure which produced the
result. A lay panel could also be used to as$esaédsthetic improvement by viewing

the sample before and after treatment.



Chapter Six

Conclusions
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6 Conclusions

6.1 First Aim

To determine the 2D lateral soft tissue facial meaments of an “attractive” group of
West of Scotland males and females between thedde® and 35 as selected by a panel

of laypeople.

Conclusions

* A database of 2D photographic images of 24 femahes16 males from the West
of Scotland has been created based on the seledt®blaypeople. Simple angular

and linear measurements have been recorded.

e Males and females differ from one another with eespmainly to the linear
measurements recorded, especially the linear aénieasurements. Males have

longer faces and more prominent chins.

 The null hypothesis that there is no differencewieen the 2D soft tissue
measurements between males and females in thetia#rgroup in this study was

not upheld.
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Second Aim

To determine whether post-operative orthognathitepes look attractive based on

objective measurements of 2D soft-tissue faciadhaarks.

Conclusions

A database of 2D images of 17 females and 16 npalstsorthognathic surgery and
from the West of Scotland was collated from the tofatial Clinics at Glasgow

Dental Hospital.

The facial morphology of the male orthognathic skmpas found to be similar to
the male attractive group except that the maleogrththic group have more
protrusive upper and lower lips and chins compacedhe male control group.
Surgery appears to be correcting the intramandibbErmony and interjaw

relations but not correcting total facial harmony.

The facial morphology of the female orthognathiougr was similar to the female
attractive group except that the female orthogeoagihoup had smaller nasiolabial
angles, longer mid and lower facial heights andenpgnd lower lips and chin

which were further forward relative to TV compatedhe control group.

The null hypothesis that there is no differencewkeen the 2D soft tissue
measurements obtained from a group of attractibgests and those of the post-
surgical treatment group in this study was not lghhégain, surgery appears to be
correcting the intramandibular harmony and interja@lations but not correcting

total facial harmony.
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7 Appendices
7.1 Appendix | — Copy of the Ethics Letter

Acute Services Division N H S
e, ot

Greater Glasgow
and Clyde

West Glasgow Ethics Committee 2

Western Infirmary
Dumbarton Road
Glasgow
G116NT

Tel: 0141-211-6238
Fax: 0141-211-1920

20 May 2008

Dr Balvinder Khambay

Level 5,

Orthodontic Department,

Glasgow Dental Hospital & School,
378 Sauchiehall Street,

Glasgow

G2 34z

Dear Dr Khambay

Study title: A pilot study to investigate the two & three dimensional
features of the Bhinormalehk West of Scotland face
and the development of an assessment tool to evaluate
the success of orthognathic surgery.

REC reference: 07/S0709/59

Amendment number:

Amendment date: 20 April 2008

The above amendment was reviewed at the meeting of the Committee held on 20 May
2008.

Ethical opinion

The members of the Committee present gave a favourable ethical opinion of the
amendment on the basis described in the notice of amendment form and supporting
documentation.

Approved documents

The documents reviewed and approved at the meeting were:

Notice of Substantial Amendment (non-CTIMPs) 20 April 8
Covering Letter 20 April 2008

Membership of the Committee
The members of the Committee who were present at the meeting are listed on the attached
sheet.

Delivering better health

www.nhsggc.org.uk 40389
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Acute Services Division
R&D approval ‘ \N H S/

All investigators and research collaborators in the NHS should notify the R&D ﬁmatem&lasgow
relevant NHS care organisation of this amendment and check whether it affects R&@nd Clyde
approval of the research.

Statement of compliance
The Committee is constituted in accordance with the Governance Arrangements for

Research Ethics Committees (July 2001) and complies fully with the Standard Operating
Procedures for Research Ethics Committees in the UK.

| 07/50709/59: Please quote this number on all correspondence J

Yours sincerely

PP Andrea TorriKMa ager - West Glasgow LREC's

E-mail: andrea.torrig@ggc.scot.nhs.uk

Enclosures List of names and professions of members who were present at the
meeting and those who submitted written comments

Copy to: R & D Department

Delivering better health

www.nhsggc.org.uk 40389
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7.2 Appendix Il - Rating VAS Instructions
Thank you for agreeing to take part in this study.

You will be shown 112 images of peoples faces,
each will be on the screen for about 30 seconds
and each will rotate to provide you with a “3D view”
of the face.

Using the line below please indicate with a vertical
line where you would place the face on the line
given that one end represents “very unattractive”
and the other “very attractive”.

vertical line
For example ‘

Ve ry Ve ry
unattractive attractive

We are interested in “facial harmony” since
attraction encompasses many other factors;
therefore please IGNORE the following facial
features whilst carrying out the assessment.

» Skin condition
* Hair

* Eyes

e Ears

Many thanks

Dr B.S.Khambay
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Thank you for agreeing to take part in this study.

You will be shown 112 images of peoples faces, each will be on the screen for 30 secon
and each will rotate to provide you with a “3D view” of the face.

Using the line below please indicate with a vertical line where you would place the face ¢
the line given that one end represents “very unattractive” and the other “very attractive”.

vertical line
For example ’
Ve ry Ve ry
unattractive attractive
No.1
Ve ry Ve |’¥
unattractive attractive
No.2
Ve ry Ve ry
unattractive attractive
No.3
Ve ry Ve |’¥
unattractive attractive
No.4
Very Very

unattractive attractive
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