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Abstract
Since the very early years of the profession, orthodontists have been interested in evaluating the
effect of orthodontics on facial appearance and determine the appropriate treatment approach for
each patient. However, the current literature mostly examines growing individuals and young
adults because, traditionally, they constitute the majority of orthodontic patients. Nevertheless,
this paradigm has now changed, with older adults also seeking orthodontic care in order to
improve the esthetics and proper function of their occlusion.
Within this spectrum, this work studied a large middle-aged adult population (N=1964) to
determine the characteristics of their facial profile and make associations to underlying occlusal
relationships. The study population comprised individuals who are all members of the NFBC1966
and had returned for a follow up examination visit in 2012, on their 46th birth year. On the day of
their follow up visit, a comprehensive clinical examination was performed, and diagnostic records
were taken, including extraoral photographs. For the purpose of this investigation, the occlusal
measurements and profile photographs were collected and analyzed.
The association between overjet, overbite and facial profile were assessed with traditional soft
tissue measurements on profile photographs. In addition, geometric morphometric analyses were
used to explore the variability of facial profile in this middle-aged population. Finally, the
previously applied geometric morphometric methods were also used to regress facial profile shape
on overjet and overbite.
The results showed that overjet and overbite were more related to measurements describing the
sagittal position of the upper and lower lips. This was more evident in severe malocclusions.
Profile shape variation was related mainly to the protuberance of the lips, the projection of the nose
and chin prominence. The shape of the upper lip was mainly associated to overjet, while overbite
was mostly associated to the lower lip and the mentolabial curvature.
This work described the unique profile characteristics of a large, homogenous population of
middle-aged adults and assessed the effect of overjet and overbite on the profile appearance. It is
concluded that anterior occlusion plays an important role in profile shape variation in middle-aged
adults and its effect on facial profile is predominantly related to the sagittal position of the upper
lip.

Keywords: adult population, facial esthetics, facial profile, geometric morphometrics,
overbite, overjet, profile shape

Kanavakis, Georgios, Kasvojen profiilin ja purennan yhteys Pohjois-Suomen
syntymäkohortti 1966 aineistossa.
Oulun yliopiston tutkijakoulu; Oulun yliopisto, Lääketieteellinen tiedekunta; Medical Research
Center Oulu; Oulun yliopistollinen sairaala
Acta Univ. Oul. D 1658, 2022
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Tiivistelmä
Kautta aikojen hampaiston oikomishoidon ammattilaisia on kiinnostanut tutkia oikomishoidon
vaikutusta kasvojen piirteisiin ja siten päättää yksilöllisesti potilaalle soveltuvasta hoitovaihtoehdosta. Tutkimuksissa on käsitelty lähinnä kasvavia yksilöitä ja nuoria aikuisia, joista perinteisesti oikomishoitopotilaiden pääosa myös koostuu. Tilanne on kuitenkin muuttunut, sillä nykyisin
myös vanhemmat ihmiset hakeutuvat oikomishoitoon parantaakseen estetiikkaa ja asianmukaista purennan toimintaa. Tässä työssä tutkittiin suuren keski-ikäisen aikuisväestön (N=1964) kasvojen profiilin erityispiirteitä ja niiden yhteyttä hampaiden purentasuhteisiin.
Kaikki tutkittavat kuuluvat Pohjois-Suomen kohortti 1966 tutkimusprojektiin (NFBC1966) ja
he ovat käyneet seurantatutkimuksessa 46-vuotiaana vuonna 2012. Seurantakäynnillä tehtiin
kokonaisvaltainen kliininen tutkimus kirjauksineen sekä otettiin kasvovalokuvat. Tämän tutkimuksen yhteydessä purennan piirteet ja profiilivalokuvat analysoitiin. Horisontaalisen ja vertikaalisen ylipurennan suhde kasvojen profiiliin arvioitiin perinteisillä pehmytkudosmäärityksillä
profiilivalokuvista. Lisäksi tutkittiin geometriaan perustuvalla morfometrisellä analyysillä kasvojen profiilin vaihtelua tässä keski-ikäisessä väestöryhmässä. Geometristä morfometria-menetelmää käytettiin myös, kun tarkasteltiin regressioanalyysillä kasvojen profiilin suhdetta horisontaaliseen ja vertikaaliseen ylipurentaan.
Tulokset osoittivat, että horisontaalinen ja vertikaalinen ylipurenta liittyy läheisimmin tuloksiin, jotka kuvaavat ylä- ja alahuulen sagittaalista asemaa. Tämä oli ilmeisintä vakavammissa
purentavirheissä. Tutkimustulosten mukaan kasvojen profiilin muodon vaihtelu liittyi pääosin
huulten ulkonemaan, nenän kokoon ja leuan voimakkuuteen. Regressioanalyysin mukaan ylähuulen asema liittyy pääosin horisontaaliseen ylipurentaan, kun taas alahuuli liittyi voimakkaimmin mentolabiaaliseen kaarevuuteen.
Tämä tutkimus kuvaa suuren keski-ikäisen aikuisväestön omaleimaisia kasvojen profiilin
piirteitä ja arvioi horisontaalisen ja vertikaalisen ylipurennan ilmenemistä profiilissa. Yhteenvetona voidaan todeta, että etuhampaiden purentasuhteet vaikuttavat merkittävästi kasvojen profiilin vaihteluun ja tämä vaihtelu liittyy kasvojen profiilissa pääosin ylähuulen sagittaaliseen asemaan.

Asiasanat: aikuisväestö, geometrinen morfometria, horisontaalinen ylipurenta, kasvojen
estetiikka, profiili, profiilin muoto, vertikaalinen ylipurenta
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1

Introduction

Facial appearance is a key component in human communication and interactions.
When humans meet and make visual contact, they form impressions about each
other that go beyond basic identifying features, such as sex, age and ethnic
background. Facial attractiveness and facial expressions create social, professional
and romantic biases, and thus constitute part of a person’s identity.
Due to its impactful role in many aspects of life, obtaining and maintaining a
pleasant facial appearance is one of the main goals, in addition to function, for
many health care professionals, including oral and maxillofacial surgeons, plastic
surgeons and orthodontists.
One of the most important motivation factors for patients seeking orthodontic
care is facial esthetics. Since the beginning of the profession in the early 1900s, this
is a well-accepted treatment goal for orthodontists, who have always included a
facial assessment in the diagnostic analysis of their patients. However, these
assessments are based on concepts of facial harmony that are rarely based on
normative population data and do not always reflect the esthetic standards of the
society. Moreover, orthodontic treatment has traditionally been associated with
younger populations, since most orthodontic patients are pre-adolescents and
adolescents. Therefore, esthetic concepts and treatment goals are often developed
according to the appearance of the facial structures at a younger age.
In recent years there has been a spurt in the number of adults who are seeking
orthodontic treatment, either as a complimentary intervention to a larger restorative
treatment plan or as a single measure to obtain a more attractive facial appearance.
As the population of developed countries is aging due to advances in medicine and
technology, it is expected that the number of adult orthodontic patients will also
increase with time. In order to meet the esthetic requirements of an older patient
population, orthodontists need to familiarize themselves with facial appearance at
an older age and adjust their treatment strategies accordingly.
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2

Review of the literature

2.1

The human face

The appearance of modern humans is the evolutionary product of multiple
adaptations that have occurred over time. Climate changes, dietary habits and the
development of the human brain have given the face its unique characteristics
compared to other mammalian species (McNeill, 1998). Humans are attracted to
the view of other humans, and this is an instinctive trend that is present since birth.
Eye tracking studies on newborns and infants younger than one month old have
shown that they preferred looking at human faces compared to face outlines or
human faces with altered morphology. (Goren et al., 1975; Johnson et al., 1991)
Also, the face is the main tool for communication among humans and provides an
individual identity, which is identifiable in society. Face recognition is a skill that
is learned during the course of a lifetime and improves as the exposure to other
humans increases (Gauthier & Tarr, 1997). Structurally, the face is a combination
of various anatomical features that are positionally and functionally associated to
each other. However, the collective image of these features, the face, is identified
as one entity upon personal encounter. This happens because visual contact with a
face initiates a cascade of neurological signals and stimulates complex brain
functions that enable facial recognition. (Damasio et al., 1982) This process is
extremely sophisticated and when disturbed can lead to failure of identifying others,
even loved ones. The condition is called “prosopagnosia” and is caused when the
brain is unable to record visual memories and therefore it cannot create
recollections of those memories when seeing a person for the second time.
(Damasio, 1985)
The human brain also has designated areas to recognize the emotions that are
reflected from a face. Using positron-emission tomography (PET), it was revealed
that the neural network for recognizing emotions involves the right anterior
cingulate and the bilateral inferior frontal gyri (George et al., 1993). This
neurological response allows humans to identify basic emotion patterns, such as
anger or happiness, and is likely a part of a protective mechanism against
threatening physical encounter. (Hess et al., 2013) Covering a part of the face can
therefore alter human interactions and reduce the levels of perceived trust. (Marini
et al., 2021) Visual contact with smiling face, on the other hand, produces strong
neurological signals and is associated to a neural stimulation at the medial
19

orbitofrontal cortex, an area of the brain related to rewarding sensations and
feelings of happiness. (O’Dougherty et al., 2003).
Experimental assessments of human cognitive function have shown that
individuals make inferences about others based on the appearance of their face.
These inferences are made within 100ms and do not change when the exposure
time is increased. (Willis & Todorov, 2006; Todorov et al., 2009) This finding
confirms the common belief that first impressions are extremely important, because
they create a solid perception of a new face. In addition to basic personal
characteristics related to age, sex and ethnic background, visual exposure to a new
face creates perceptions about health, fitness, academic competence, intelligence,
and socio-economic background (Huber & Fieder, 2014; Henderson et al., 2016;
Little et al., 2011; Rhodes, 2006; Tsankova & Kappas, 2016; Zebrowitz &
Montepare, 2008; Zebrowitz, 2017). Furthermore, these perceptions may include
information about the personality of the person that is viewed. In a previous
investigation, Kramer and Ward created morphings of female faces based on high
or low values of certain personality traits, as determined through standardized
questionnaires. These morphings were shown to a group of observers, who were
successful in associating a facial morphing to a certain personality trait. (Kramer &
Ward, 2010) Similarly, Windhager et al. obtained geometric information of a group
of male individuals and were able to identify different facial types according to
certain physical or perceived traits, such as adiposity, dominance, attractiveness
and strength. (Windhager et al., 2011)
Based on the most current knowledge regarding the human face, it is evident
that facial appearance plays a significant role in personal, social, professional, and
romantic interactions among people.
2.2

Variability in facial appearance

Facial appearance presents significant variation, which can be attributed to genetic
and environmental factors. Investigations of human skulls have shown, for instance,
distinct midfacial differences between populations that lived in diverse climates.
Skulls from more temperate geographical regions presented more prominent
zygomas and more rectangular nasal apertures compared to skulls from tropical
regions, due to differences in sun exposure and temperature changes. (Cui &
Leclercq, 2016) In addition to factors related to normal variation, there are genetic
conditions (syndromes) that lead to facial malformations or create a distinct facial
appearance so that individuals with these syndromes are clearly recognized among
20

others. (Claes et al., 2018; Davidson et al., 2012; Paternoster et al., 2012; Shaffer
et al., 2016)
In addition to facial differences between various populations and facial
malformations due to genetic syndromes, facial appearance varies significantly
within normal populations of the same ethnic origin. Such normal variation is
related to individual genetic input (Claes et al., 2014), environmental stimuli,
growth and the effect of sexual hormones on facial appearance. In twins, genetic
factors explain more than 70% of facial variation, related particularly to facial
height, nose size, lip prominence and inter-ocular distance (Djordjevic et al., 2016;
Naini & Moss, 2004), while facial asymmetry and mandibular form appear to be
more influenced by environmental factors (Djordjevic et al., 2016).
2.2.1 Growth, aging and facial appearance
Upon birth, the human head comprises approximately one third of the size of the
body with the neurocranium (cranial vault) being significantly more developed than
the viscerocranium (facial skeleton). (Proffit et al., 2006) From an evolutionary
perspective, the growth and the increase in complexity of the brain structures,
particularly the frontal lobe, are primary factors in the development of modern
humans. Although there is discussion whether the human brain size and complexity
is a result of ecological or social stimuli, research agrees that it is the main driving
force for the transition from the first primates to hominoids (humans) (DeCasien et
al., 2017; González-Forero & Gardner, 2018). Developmentally, the large size
discrepancy between the neuro- and viscero- cranium at birth reflects the decreased
functional demands of the neonate face (Broadbent et al., 1975; Liu et al., 2010;
Proffit et al., 2006). Within the first year after birth, the relative size of the facial
structures increases and adapts to the development of the primary dentition, the
change in swallowing pattern and to other external factors, such as muscular
activity and breathing (Proffit et al., 2006; Stunz, 1941). Breathing patterns have a
tremendous impact on the development of the craniofacial structures. Based on the
anatomy of the airway passages, a growing child develops nose breathing or mouth
breathing habits, which subsequently control the position of the tongue at rest and
upon swallowing. (Enlow & Hans, 1996a) These functional adaptations express
themselves also in the morphology of the facial cranium and the face, with mouth
breathers presenting a more dolichofacial facial pattern. (Enlow & Hans, 1996b)
The maxillary structures develop prior to the mandibular ones because they are
more related to basic functions such as breathing. The maxillary complex is
21

displaced anteriorly and inferiorly due to growth at the nasomaxillary and
zygomaticomaxillary sutures. (Enlow & Hans, 1996c) At the same time, the width
of the palate adapts to the equilibrium forces between the tongue and the buccal
musculature and is fixated after the age of 10, when the complexity of the
midpalatal suture increases significantly, ultimately leading to its fusion in early
adolescence. (Melsen, 1975 and 1982).
The mandible presents its largest amount of growth during late adolescence
and is the last bony part of the face to grow, which is in line with the overall
cephalocaudal direction of human growth. (Proffit et al., 2006) Based on
longitudinal data, mandibular growth occurs simultaneously with somatic growth
or 1-2 years after it. (Hägg & Taranger, 1982) At birth, the mandible is composed
of thin cortical bone, it presents an underdeveloped condyle, and its primary
function is to encompass the buds of the primary teeth. (Smartt et al., 2005) As the
teeth start to erupt and the functions of the mandible become more complex, there
is an increase in all dimensions, but mainly in the length of the corpus and the
bicondylar width. (Tracy & Savara, 1966; Hoyte, 1991) These changes occur in
harmony with the growth changes of the nasomaxillary complex and are
significantly influenced by the function of the masticatory muscles. (Enlow &
Harris, 1964). During the final stages of mandibular growth there is a significant
increase in the vertical dimension, mainly due to growth at the posterior ramus.
(Buschang & Gandini, 2002) Based on the direction of ramal and condylar growth,
there is also a significant rotational change in mandibular position leading to an
overall change in the vertical dimension of the face. (Björk, 1955; Thilander, 1995)
Tooth eruption also follows the above growth pattern observed in the maxilla
and the mandible. Although there are known intrinsic eruption forces that initiate
the eruption of the dentition, the development of the maxillo-mandibular complex
plays a significant role in the process of tooth eruption. The alveolar processes that
grow in response of maxilla-mandibular growth create the scaffold for the teeth to
erupt with them. This developmental process is also influenced by function. (Enlow
& Hans, 1996b) As, for example, the maxillary complex is displaced anteriorly and
inferiorly and the mandible increases in height due to posterior ramal growth, the
vertical dimension of occlusion increases and this creates the need for the teeth to
erupt into a higher vertical position. Similarly, mandibular rotation changes the
mandibular plane and, thus, the teeth need to adjust their eruption path in order to
create a new occlusal plane and serve their essential functional role. (Björk, 1955;
Enlow & Hans, 1996b) Tooth eruption is a continuous phenomenon that adapts to
22

the changes occurring in the dentition and follows the morphology of the maxillamandibular structures during a lifetime.
Soft tissue facial changes follow the development of the underlying skeletal
structures. Facial appearance changes rapidly and distinctively in childhood and
adolescence, due to growth; and then, during adulthood, it shows the signs of the
aging process.
The most common facial changes occurring during growth and development
are a vertical increase of the lower facial third, a progressively more prominent
nose and a flattening of the orbital and the midfacial region (Kau & Richmond,
2008; Kesterke et al., 2016). Certain changes in facial appearance are observed
until late adulthood and further changes in humans are a continuous phenomenon.
(Behrents et al., 1989; Dager et al., 2008) However most of facial growth occurs
during childhood and adolescence, particularly during the time of adolescent
growth spurt and is mostly associated with bony changes in the underlying maxillamandibular structures. (Buschang et al., 2002; Enlow & Harris, 1964; Franchi et
al., 2000; Smith et al., 2005; Stahl et al., 2008; Wolfe et al., 2011) Transverse
changes are mostly observed during childhood and early adolescence (Bjork, 1955;
Gandini & Buschang, 2000; Melsen, 1982), while sagittal and vertical facial
changes are exhibited mainly during the time of late adolescence. (Bjork & Skieller,
1983; Buschang et al., 2002; Enlow & Harris, 1964; Skieller et al., 1984; Smith et
al., 2005)
This period corresponds in many individuals with the timing of orthodontic
treatment, which thus has an additive effect on the appearance of the face.
Maxillomandibular relationships, chin projection and lip position in adolescents
reflect the combined results of normal craniofacial growth and orthodontic
mechanics. (Nucera, Giudice, Rustico, et al., 2016; O’Brien et al., 2009 a, 2009b;
Papageorgiou et al., 2016) From adolescence to late adulthood facial changes occur
primarily due to gradual lengthening of the nose, reduction in lip thickness and an
overall flattening of the profile (Behrents, 1985; Formby et al., 1994). Therefore,
in this age group, medical or dental interventions within the maxillomandibular
complex need to take into consideration the natural influence of the aging face.
2.2.2 Sexual dimorphism and facial appearance
Existing literature shows that there are significant sex differences in facial growth.
This is mainly associated to different hormonal inputs between females and males
(Penton-Voak & Chen, 2004; Smith et al., 2005). Biologically, these might be
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related to inherent differences in lung capacity, body mass and distribution of
adipose tissue, which to some degree influence facial anatomy (Burton et al., 1993)
Phenotypically, these biological differences lead females to mature much
earlier than males (Roche, 1968), which is also shown in numerous studies
assessing craniofacial growth rate and growth magnitude in both sexes during
childhood and adolescence (Baccetti et al., 2005; Bishara et al., 1998; PrahlAndersen et al., 1995; Robertson et al., 2017; Smith et al., 2005; Zankl et al., 2002)
These facial differences between males and females represent well known
expressions of sexual hormones during growth and development of the human face
(Penton-Voak & Chen, 2004; Probst et al., 2015).
Growth rate and magnitude in females and males contribute largely to the
development of a comprehensive orthodontic treatment plan; early studies
assessing mandibular growth in relation to statural growth show that, on average,
girls experience their adolescent growth spurt 2 years earlier than boys (Baume et
al., 1983; Buschang et al., 1988; Proffit et al., 2006). Clinically, this influences
decisions on treatment mechanics and the use of orthopedic appliances in growing
individuals.
However, from adolescence into adulthood, facial differences between males
and females decline and differentiate (Halazonetis, 2007a; Kesterke et al., 2016;
Robertson et al., 2017). In mature adults, sex has a lesser effect on facial
dimorphism than age, mainly due to changes in bone metabolism and reduced
hormonal expression occurring with aging (Robertson et al., 2017). A decline in
sexual hormones, namely estrogen and testosterone, in females and males
respectively, leads to a reduction of mandibular size, a flatter face and to thinning
of the lips (Shaw et al., 2010; Shaweesh et al., 2019; Windhager et al., 2019). These
changes occur almost twice as fast in females than in males (Windhager et al., 2019),
nevertheless, facial differences become ultimately more subtle with time. The facial,
phenotypic expression of biological changes in both sexes is seen primarily in the
supraorbital ridges, the zygomas, the nose, the cheeks and the chin (Claes et al.,
2018; Othman et al., 2016). And while some of these differences (e.g. eyes) are
present since early childhood, others (e.g. facial width and nasal protrusion)
become more prominent after adolescence and closer to adulthood (Kesterke et al.,
2016).
From a clinical point of view, sexual dimorphism in adults must be accounted
for during treatment planning, particularly because of the differences occurring in
the lower facial third; an area which is significantly influenced by orthodontic tooth
movement and orthognathic surgery. With facial esthetics being the main
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motivational factor for patients seeking various treatments, including orthodontics,
the knowledge of physiologic changes occurring in facial morphology aid
clinicians, whose interventions aim to improve occlusal function and take into
account the facial appearance.
2.2.3 Diagnostic assessment of facial morphology
There are many ways in performing diagnostic assessments of the face. These
include direct anthropometric measurements, radiographic images also depicting
soft tissues and clinical photography (Farkas et al., 2005; Halazonetis, 2007a;
Kesterke et al., 2016; Robertson et al., 2017). Farkas has generated normative data
for facial dimensions in various population groups and created a baseline of values
that describe the face with linear and angular measurements, performed directly
with calipers. He suggests that anthropometry is the most accurate method to study
facial morphology because it provides the opportunity to measure facial areas that
might be covered with facial hair or areas that may appear distorted on surface
images due to facial movement or patient position. (Farkas, 1981; Farkas et al.,
1992; Farkas, 1994; Farkas, 1996a; Farkas et al., 2005) On the other hand, indirect
anthropometry using radiographs, photographs or surface scans have the advantage
of a short examination time, ease of performing measurements related to head
position, and are prone to less examination error (Farkas & Deutsch, 1996b). More
recent studies have evaluated and confirmed the accuracy of photogrammetry in
performing facial measurements with average error on most facial structures being
lower than 0.5mm. (Aksu et al., 2010; Dindaroğlu et al., 2015; Omari et al., 2021)
In orthodontics, facial morphology is routinely studied on photographs or
lateral cephalometric radiographs and is a part of a comprehensive diagnostic
analysis. (Arnett & Bergman, 1993a; Arnett & Bergman, 1993b; Burstone, 1958;
Downs, 1948; Halazonetis, 2007a; Holdaway, 1983; Klontz, 1998; Koski, 1973;
Ricketts, 1968; Steiner, 1953; Tweed, 1946; Vinkka et al., 1975; Vinkka & Koski
1975). The first analyses that emerged after the introduction of cephalometry as a
diagnostic tool in 1931 (Broadbent, 1931; Hofrath, 1931) described facial soft
tissues in relation to facial references such as the nose and the chin (Burstone, 1958;
Ricketts, 1968; Steiner, 1958). The most commonly used in everyday clinical
practice is the Esthetic-line (E-line) introduced by Ricketts (Ricketts, 1968).
However, this one as well as the other lines that use the nose as a reference include
a large range of error due to the variability in nose size. (Figure 1) Other profile
analyses assess the soft tissue profile in relation to standardized lines such as the
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Frankfort-Horizontal line (Lundström & Lundström, 1995). Holdaway, for
example, determines the position of the lips using a line tangent to the soft tissue
chin and the upper lip (H-line). (Figure 1) Lip protrusion is measured as an angle
between the H-line and the Frankfort Horizontal line (FH) (Holdaway, 1983).

Fig. 1. Three facial lines commonly used in orthodontic diagnosis that describe the
position of the lips in relation to the chin and/or the nose. Left: The E-line, which
connects pronasale (the tip of the nose) to soft tissue pogonion. In a normal soft tissue
profile the lower lip is positioned 4 (+/- 3) mm posterior to the E-line. Center: The H-line,
which is the tangent between soft tissue pogonion and the most anterior point of the
upper lip. In orthognathic profiles, the angle between the H-line and FH ranges between
7-14 degrees. Right: The S-line, which connects soft tissue pogonion to the midpoint of
the columella of the nose. In a balanced profile, both lips should touch the S-line.

More recent analyses avoid using reference landmarks that present large variability
among individuals and they have introduced linear and angular soft tissue
measurements that use more stable reference lines. Arnett, for example, uses a true
vertical line through subnasale (the point at the intersection between the nose and
the upper lip). The true vertical line is a perpendicular to the horizontal plane, which
is drawn after the head is placed in a natural head position. (Figure 2) Natural head
position is often defined as the position of the head when an individual is looking
straight into a mirror, looking into their own eyes. It is considered to be a natural
upright position of the head and has been found to be more reliable than the FH
when performing linear and angular profile measurements (Lundström &
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Lundström, 1992; Lundström & Lundström, 1995). To provide a more complete
diagnostic image of the patients’ esthetic treatment demands, profile evaluations
are combined with an esthetic evaluation of the dentition and the smile. These
evaluations are most efficiently performed with standardized indices. The Index of
Orthodontic Treatment Need (IOTN) is a widely used tool to assess the esthetic
impairment of the dentition. It classifies patients based on 10 intraoral images
presenting malocclusions with a decreasing attractiveness rate, based on the
validation performed by a group of observers. (Brook & Shaw, 1989) The IOTN
has been validated with ratings from dental professionals as well as from the lay
population. (Brook & Shaw, 1989; Hunt et al., 2002)

Fig. 2. True vertical line, as a reference line for linear and angular measurements
describing the soft tissue profile.

In addition to traditional measurements that are used for the description of facial
morphology in orthodontics, there are more contemporary methods that do not use
linear and angular variables due to the inherent errors that they include. These are
mostly related to the fact that they are heavily influenced by size. As alternative
option, a morphometric analysis of facial morphology is proposed and has been
validated using cephalometric images (Halazonetis, 2007a, 2007b).
In the study of sexual dimorphism, in particular, recent investigations have
used 3D facial images of various population groups (Farkas et al., 2005;
Halazonetis, 2007a; Imaizumi et al., 2019; Kesterke et al., 2016; Mydlová et al.,
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2015; Tanikawa et al., 2016; Velemínská et al., 2012). The majority of those show
that the most distinct differences between male and female faces are seen in the
slope of the forehead (Mydlová et al., 2015; Spiegel, 2011), the size and shape of
the nose (Bishara et al., 1998; Tanikawa et al., 2016; Velemínská et al., 2012; Zankl
et al., 2002), the contour of the lips and facial convexity (Imaizumi et al., 2019;
Kesterke et al., 2016; Mydlová et al., 2015). This was also revealed in a recent
study using three-dimensional photogrammetry to explore facial shape in a large
cohort of young adults (Kanavakis et al., 2021). Based on the methodology used,
differences between males and females were pure shape differences because the
effect of size was controlled for in the statistical model. In this study group, males
presented more prominent eyebrow ridges and forehead, a more dominant nose and
a more pronounced chin than females. Females, on the other hand had fuller lips,
larger eyes, and rounder cheeks than males. These differences are seen on the
superimposition of the average male and female face (Figure 3).

Fig. 3. Best-fit superimposition showing the surface differences in facial shape between
males and females. The color-map (lower right) displays the magnitude of those
differences, as distance of the female from the male face (positive: forward). (Modified
image from Kanavakis, G., Halazonetis, D., Katsaros, C., & Gkantidis, N. (2021))

Despite its increased accuracy, however, 3D facial imaging is yet not used routinely
in everyday clinical practice due to reasons related mainly to the availability of the
necessary equipment.
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2.3

Facial attractiveness

Facial attractiveness has always fascinated mankind. Archeological findings and
historical evidence from ancient Greece have illustrated attempts to define beauty
and set rules or so called “canons” for ideal bodily proportions and harmonious
anatomic relationships. Such attempts are evident in philosophy and sculpture.
Formulas for constructing human and godly representations were developed, and
artists would attempt to implement these laws in their works (Peck & Peck, 1970).
Similarly, the current scientific community has also attempted to quantify
beauty and provide measurable values for what is considered to be a beautiful body,
face and smile. Attempts have been made to relate the golden proportion to facial
relationships in an effort to find a universal standard for esthetically acceptable
faces. (Rossetti et al., 2013) However the task of describing beauty with numbers
and formulas has mostly provided ambiguous results, with few facial relationships
showing a significant association with the golden proportion. (Kiekens et al., 2008)
The importance of soft tissue facial esthetics in orthodontic (Anic-Milosevic et
al., 2010; Sarver & Ackerman, 2000; Weyrich & Lisson, 2009) and surgical
treatment planning (Arnett & Bergman, 1993b; Arnett & Gunson, 2010) has also
been emphasized since it greatly affects social status (Little et al., 2011; Rosen &
Underwood, 2010), self-confidence (Oikawa et al., 2012) and self-esteem (Bale,
2013).
Furthermore, the social impact of facial morphology and expression has been
studied in depth. More attractive people are viewed preferably as potential mates
and social partners than less attractive individuals (Grammer et al., 2003), and are
treated differently, leading them to have better jobs, higher incomes, and achieve
more desirable outcomes in most spheres of life people consider important
(Gangestad et al., 2005). Regarding orthodontics, improved appearance and
psychosocial function are important concerns for patients who seek orthodontic
treatment and their parents, while oral function usually does not gain so much
emphasis (Kiyak, 2008).
Perception of attractiveness, in general, is strongly dependent on ethnic
background (Potter & Corneille, 2008; Soler et al., 2012), gender (Knight, 2005;
Valenzano et al., 2006; Windhager et al., 2011), education level (Hönn et al., 2008)
and sexuality (Glassenberg et al., 2009). Facial attractiveness in particular is related
to overall facial shape (Valenzano et al., 2006; Windhager et al., 2011), symmetry,
averageness, and sexual dimorphism (Gangestad et al., 2005; Zaidel et al., 2005),
as well as to individual facial characteristics such as lip thickness (Schaefer et al.,
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2006), lip proportions (Wong et al., 2010), nose shape (Schaefer et al., 2006) and
size (Khosravanifard et al., 2013), chin length (Windhager et al., 2011) and
prominence (Naini et al., 2012), eye dimensions (Rhee et al., 2012) and facial
convexity (Khosravanifard et al., 2013; Naini et al., 2012). Tooth size, tooth color
as well as the amount of gingival display on smiling also appear to directly
influence perception of attractiveness (Anwar & Fida, 2012; Geld et al., 2007). On
the contrary, the presence of malocclusion appears to negatively impact facial
attractiveness (Claudino & Traebert, 2013; Havens et al., 2010).
Previous studies have evaluated facial attractiveness qualitatively (Swaddle &
Cuthill, 1995; Valenzano et al., 2006). More recent investigations have been
conducted to study self-perceived facial attractiveness (Bale, 2013; Johnston et al.,
2010; Springer et al., 2012) and attractiveness as viewed by groups of independent
raters (Swaddle & Cuthill, 1995; Todd, 2005; Valenzano et al., 2006). Commonly,
investigators are using software to alter facial features on images and through this
approach try to define the characteristics of an attractive face (Little & Jones, 2003;
Perrett et al., 1999; Soh et al., 2005).
Multiple studies have shown that people associate various personality traits
with facial characteristics. For example, a large jaw and prominent brow ridge in
men are associated with a dominant personality, whereas more feminine traits (like
a smaller jaw) receive attributes such as honesty and cooperation. (Penton-Voak &
Perrett, 2000) Studies have examined the effect of personality traits such as
neuroticism, self-esteem and dominance on smile attractiveness and have found a
notable association. (Geld et al., 2007)
2.4

Assessment of facial structures in orthodontics

Traditionally, the orthodontic specialty has emphasized on the prospect of
improving facial appearance through orthopedic change in intermaxillary positions
or through pure tooth movement. This, in addition to improving the function and
health of the stomatognathic system are agreeably the most significant goals of
orthodontic treatment.
In the present era, due to an increased focus of the public on facial appearance,
an improvement in smile and facial esthetics have become one of the main
motivational factors for people seeking orthodontic care (McKiernan et al., 1992;
Nurminen et al., 1999; Silvola et al., 2014). Thus, the treatment paradigm has also
shifted towards the impact that orthodontics can have on facial esthetics. Advances
in three-dimensional technology, intraoral scanning and digital photography have
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notably improved clinical diagnosis of the facial soft tissues (Burhardt et al., 2016;
Halazonetis, 2005; Manosudprasit et al., 2017) and improved the potential of
performing soft tissue predictions (Chang et al., 2017). Nevertheless, in everyday
clinical practice, orthodontists are still relying on more traditional methods to
obtain information on soft tissue morphology and determine their treatment goals
accordingly.
2.4.1 Two-dimensional soft tissue assessment
Recent technological developments in three-dimensional imaging have created new
opportunities in orthodontic diagnosis. However, in most clinical settings a set of
two-dimensional photographs and radiographs remain the most common tools for
facial assessments and have been found reliable for clinical purposes (Fink et al.,
2016; Nucera, Giudice, Bellocchio, et al., 2016). The most notable soft tissue
changes related to orthodontic treatment are seen on the profile and are induced
either by growth modifications or by dentoalveolar changes. Thus, profile analysis
is an essential step in the diagnosis and treatment planning of orthodontic patients
(Bergman, 1999; Proffit et al., 2006).
Cephalometric images depict the craniofacial osseous tissues as well as an
outline of the profile. They are the primary tool used to determine intermaxillary
relationships, sagittal and vertical tooth positions, evaluate growth patterns and
assess treatment outcomes. Its application becomes particularly helpful in the
treatment of growing patients and patients undergoing orthognathic surgery. There
are multiple soft tissue profile assessments proposed with the use of cephalometry
that are either used exclusively or in combinations by most clinicians. (Arnett &
Bergman, 1993b; Arnett et al., 2012; Arnett & Gunson, 2004; Halazonetis, 2007a;
Holdaway, 1983; Merrifield, 1966; Steiner, 1953; Tweed, 1946) When using
cephalometry for soft tissue analysis, the diagnostic interest focuses on specific
areas of the profile; profile convexity, lip prominence, chin projection and vertical
mandibular position (Arnett & Bergman, 1993b). For example, the E-line (Steiner,
1953), the H-angle (Holdaway, 1983) and the Z-angle (Merrifield, 1966) are some
of the traditional profile measurements that are used extensively for studying the
sagittal position of the lips in relation to the face. Recently, more measurements
and indices have also been proposed (Arnett & Bergman, 1993b; Arnett et al., 2012;
Arnett & Gunson, 2004), which include less limitations because they are not
dependent on structures with large variation, such as the nose.
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Despite its extensive use, cephalometry has several shortcomings that are
related to the overlap of anatomical structures, image magnification and
reproducibility of landmark identification (Baumrind & Frantz, 1971a, 1971b;
Lagravère et al., 2009, 2010). Therefore, two-dimensional profile photographs are
also often used to assess profile appearance and longitudinal profile changes. Given
that there is an association between cephalometric soft tissue measurements and
measurements on profile photographs (Staudt et al., 2009; Wasserstein et al., 2015)
there is justification for investigating soft tissues on profile photographs.
Nevertheless, the vast majority of previous studies have described profiles
using linear and angular measurements, which are heavily influenced by size and
do not provide accurate shape information of the profile outline (Adams et al.,
2013). Alternatively, geometric morphometric methods have been proposed to
study soft tissues, offering a more accurate description of profile shape and profile
changes over time (Halazonetis, 2007a, 2007b)
2.4.2 The effect of tooth position on facial appearance
There is a strong interrelationship between osseous craniofacial structures and the
soft tissues that overlap them (Halazonetis, 2007b). This includes the individual
effect of tooth positioning, which is expressed primarily in the appearance of the
lips. In growing individuals, soft tissues change naturally because of skeletal and
dentoalveolar growth, leading, among others, to an increase of the length and the
thickness of the upper lip (Hoffelder et al., 2007; Nanda & Ghosh, 1995; Subtelny,
1959). Thus, the effect of occlusion becomes additive to natural changes occurring
during growth. In adults, most growth has ceased and therefore natural facial soft
tissues change in response to the aging process causing a gradual increase in nose
length, a decrease in lip thickness and an overall flattening of the face (Behrents,
1985; Formby et al., 1994).
Due to their proximity, the upper and lower incisors are the main anatomical
structures that affect lip positioning and thus have the greatest impact on soft tissue
profile. Therefore, in cases of malocclusion where the anterior teeth are severely
malpositioned, such as in cases with extreme overjet, the profile deviates largely
from a harmonious appearance. Previous investigations have studied the
relationship between anterior tooth position and lip position and have found mixed
results; with some studies showing a strong relationship between incisor position
and the structure of the perioral tissues (Alkadhi et al., 2019; Hershey, 1972;
Yasutomi et al., 2006) and others arguing that lip appearance is less related to tooth
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position and more affected by factors such as lip strain, lip thickness and lip posture
(Kuhn et al., 2016; Rains & Nanda, 1982; Talass et al., 1987). Most studies,
however, have not taken into consideration the changes in lip thickness due to
incisor proclination. Alkadhi et al. studied a group of patients who had undergone
orthodontic treatment with premolar extractions, but whose lip thickness remained
the same before and after treatment. It was found that pre-treatment lip thickness
was not associated to the change in lip position during treatment, raising doubt upon
the common belief that patients with thinner lips will experience a larger change in
lip position when treated with premolar extractions. (Alkadhi et al., 2019)
Nevertheless, there appears to be consensus that the anterior teeth have some
influence on the appearance of the soft tissue profile and there are several
investigations focusing on the effect of orthodontic treatment mechanics on facial
profile (Bowman & Johnston, 2000; James, 1998; Kocadereli, 2002; Konstantonis
et al., 2018; Ruf & Pancherz, 2006; Young & Smith, 1993). Most of those
investigations, however, study growing patients who have traditionally been the
main treatment population in orthodontic practices. The effect of occlusion and
orthodontic treatment on the soft tissues of non-growing individuals is not well
addressed in the current literature, although the number of adult patients seeking
orthodontic treatment has increased significantly in recent years. Studies on adults
are scarce and the ones that are published have studied small, heterogenous
populations.
2.5

Geometric morphometrics

The vast majority of investigations that are evaluating facial morphology are using
linear and angular measurements to describe the face dimensionally and structurally.
These methods are largely inaccurate, because they are significantly influenced by
size. Geometric morphometrics offer an alternative and superior method to study
the morphology of the face. It is a mathematical method used commonly in
biological and physical sciences, to study shape differences between organisms and
assess the evolutionary process within and among species. The mathematical theory
and biological application of geometric morphometrics are well understood and its
statistical properties are considered superior to those of distance or angle-based
methods to describe the form of an object (Adams et al., 2013).
In order to perform this type of analysis, the objects or the anatomical structures
(e.g. the face) need to be described with landmarks. Landmarks are divided into
anatomical landmarks, which describe points where obvious change in anatomy
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occurs, such as the most extreme point of a structure or a change in tissue texture;
and into semi-landmarks, which are not homologous by definition and are used in
order to improve the definition of the structure under study (Gunz & Mitteroecker,
2013). After this first step, all landmark configurations are centered and scaled to a
common centroid size, and then rotated to minimize the Euclidian distances
between homologous landmarks (Figure 4). Through this process, space
coordinates of each landmark are converted into Procrustes coordinates that
describe the position of the landmark in space shape. Procrustes coordinates are
subsequently handled as statistical variables; they are reduced to Principal
Components through a Principal Component Analysis and are used as shape
variables in statistical analyses.

Fig. 4. Schematic displaying the process of Procrustes Superimposition. In order to
compare the two shapes (red and black) that are defined with 5 landmarks each, those
shapes are first centered (b) to a common centroid. Then, they are scaled to a fixed
centroid size in order to eliminate size differences between the shapes (c) and finally
the shapes are rotated so that the sum of the squared distances between corresponding
landmarks is minimized (d). This process allows for pure shape comparisons between
landmark configurations.
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3

Aims of the study

The aim of this work was to study profile appearance in a large population of
Finnish adults, all of whom were members of the Northern Finland Birth Cohort
(NFBC1966) (University of Oulu: Northern Finland Birth Cohort 1966. University
of Oulu). Normal variation in profile shape, as well as the association between
occlusion and facial profile were in the focus of the studies that comprise this work.
The specific aim(s) of each of the studies are listed below:
1.
2.
3.

To explore the association between overjet, overbite and facial profile, in the
NFBC, using two-dimensional soft tissue measurements. (I)
To establish patterns of profile shape variation and explore the presence of
sexual dimorphism in a large, homogenous adult population. (II)
To evaluate the effect of overjet and overbite on adult profile shape using
geometric morphometric methods. (III)

The individual study hypotheses were the following:
1.
2.
3.

There are significant differences in profile between middle-aged adults with
varying severity of overjet and overbite.
There is significant variation and sexual dimorphism in the profile of middleaged adults.
Profile shape alone can significantly predict the severity of overjet and overbite.
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4

Materials and Methods

4.1

Sample population

The study population for this investigation was part of the Northern Finland Birth
Cohort 1966 (NFBC 1966). The NFBC 1966 is a longitudinal, epidemiological
research program designed to promote the health and well-being of the population
of Northern Finland. In total, there are 12058 members of the NFBC 1966, all of
whom were born in 1966 in the two most northern provinces of Finland, Oulu and
Lapland. They represent 96.3% of all births in the region for that calendar year
(Rantakallio, 1988; University of Oulu: Northern Finland Birth Cohort 1966.
University of Oulu).
As part of their participation in this research program, individuals were invited
to return on predetermined dates for follow-up visits, during which a variety of
medical and dental examinations were performed. The follow-up examinations
were conducted at the ages of 6-12 years, 14-16 years, 31 years and 46 years.
During the first two examinations information on general health was collected and
at the 31-year follow-up study, a questionnaire about orofacial pain was added.
In 2012, at the age of 46 years, 1964 (1052 females and 912 males) presented
themselves for a comprehensive dental examination during which data regarding
their dental and oral health status were recorded. The study procedures included a
thorough clinical examination and photographic records (frontal and profile
photographs). The study was reviewed and approved by the Ethical Committee of
the Northern Ostrobothnia Hospital District on September 22nd 2011 (#74/2001)
and on September 17th 2012 (#227/2012). Participants provided written consent
prior to participation and they maintained the right to withdraw from the study at
any time. During their health examination they received health information and in
case of treatment need they were referred for treatment.
Based on the aim of each individual study presented in this thesis, the
individual sample populations were selected after application of specific inclusion
and exclusion criteria. Differences in sample size are related to partially missing
data or the quality of the available profile photographs. The selection processes
leading to each sample population are described below.
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4.1.1 First study (I)
To be included in the first study, participants had to have full records from the
clinical examination and clinical photographs of diagnostic quality. Subjects with
craniofacial syndromes or severe facial deformities were not included. After
applying these criteria, the final study population for the first study consisted of
1630 participants (711 males and 919 females).
4.1.2 Second study (II)
The second study included all participants who did not have recognizable
craniofacial deformities, craniofacial syndromes, or a history of treatments that
could have altered their facial appearance. Also, extraoral images needed to be of
diagnostic quality, with neutral facial expression and without any interruptions in
the profile outline (e.g. presence of facial hair). These criteria were fulfilled in 1776
individuals (964 females and 812 males), who, thus, comprised the final study
population.
4.1.3 Third study (III)
Out of the initial population, the third study included subjects with complete
clinical records of acceptable diagnostic value, who did not have any craniofacial
deformities, syndromes, or a history of facial reconstructive surgery. These criteria
were fulfilled by 1754 individuals (799 males and 955 females) who comprised the
final population of the third study.
4.2

Methods

The clinical examination, including intraoral measurements was performed by six,
calibrated dentists and an experienced dentist referred here a golden standard at the
Institute of Dentistry of Oulu University. Calibration of the dentists was repeated
every three months during the clinical examination. Prior to performing the
examination, they were trained deliberately by a group of specialized dentists,
members of the NFBC1966 research group, in order to adhere to the “golden
standard”. An occlusal registration was carried out in a standardized manner
according to Björk et al (Björk et al., 2009) and Harris&Corruccini (Harris &
Corruccini, 2018). Overjet and overbite were measured manually with a caliper to
38

the nearest 1mm value and in the maximum intercuspation position. Overjet was
measured as the horizontal distance between the incisal edge of the right central
maxillary incisor and the labial surface of the antagonist mandibular incisor. In
cases when the mandibular incisor was positioned more labially than the maxillary
one, a negative value was recorded (negative overjet). Overbite was measured as
the vertical overlap between the incisal edges of the right maxillary incisor and its
corresponding mandibular incisor. In the instance of an openbite, a negative value
was recorded.
Clinical photographs were also obtained according to a standardized protocol,
using the same camera (Canon 600D, Canon EF-S 60 mm F/2.8 MACRO USM,
general illumination). The position in which participants were standing during
photo acquisition was marked on the floor at a 190cm distance from the tripod
securing the camera. In cases with significant height deviation between the
participant and the camera, the participant stood (short stature height) or sat on a
saddle chair (tall stature height) and the height of the camera was adjusted
accordingly. The camera settings were programmed at F/5.6 and ISO/200 (jpegformat). Each participant had one profile and two frontal photographs (resting and
posed smile) taken. Glasses and other face covering accessories were removed prior
to photo acquisition.
For all studies, prior to application of the methodology, the demographic
information and clinical occlusal measurements were exported to an Excel
worksheet (Microsoft Excel, Microsoft ©, Richmond WA, USA) and facial profile
images were imported into Viewbox 4.1 software (dHAL Software, Kifissia,
Greece) for processing and digitization. The methodologies applied in each
individual study, as well as the respective statistical analyses are described in detail
below. All statistical analyses were conducted with “ViewBox 4.1” software and
IBM SPSS statistics for Windows (Version 26.0. Armonk, NY: IBM Corp.). In all
tests, a type-I error of 5% was accepted.
4.2.1 Associations between anterior occlusion and soft tissue profile
measurements (I)
In the first study, a single examiner (GK) identified a series of soft tissue landmarks
on the profile photographs of all subjects. These were selected because they are
used in most commonly applied soft tissue analyses, and are listed in Table 1.
Facial profile measurements were performed in reference to a vertical line
drawn at 70 degrees to the line connecting Tragus and Nasion (Figure 5). Previous
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studies have also used this reference line to conduct profile analyses (Wasserstein
et al., 2015), as a standard reference for head position, often near to the natural head
position (Lundström & Lundström, 1992; Madsen et al., 2008). In order to assess
the reliability of this line and validate its use, a pilot study was conducted using 30
randomly selected photographs from the study sample. The pilot study showed that
when the photographs were oriented so that the head was in natural head position,
the line between Tragus and Nasion forms an approximately 70-degree angle with
the true vertical line (μ= 69.83; SD=1.95).
After landmark identification, profile measurements were conducted
automatically following a predetermined template, which was created prior to study
initiation. The calculated variables are presented in Table 2 and comprised the
outcome variables in all following analyses.
Table 1. Soft tissue landmarks.
Landmark

Definition

Glabella (Gl)

The most prominent point of the forehead as it appears on a profile image

Tragus (Tr)

Eminence of the external ear, situated in front of the concha towards the meatus

Nasion (N)

The deepest point of the curvature between glabella and the bridge of the nose

Pronasale (Pn)

The most prominent point of the nose on the horizontal axis

Subnasale (Sn)

The deepest point of the curvature connecting the nose to the upper lip

Upper lip (FA point) The most prominent (anterior) point of the upper lip
A-point (A)

The deepest point of the curvature between subnasale and FA point of the upper lip

Lower lip (FA point) The most prominent (anterior) point of the lower lip
Pogonion (P)

The most prominent (anterior) point of the chin

B-point (B)

The deepest point of the curvature between pogonion and FA point of the lower lip

Gnathion (Gn)

The most inferior-anterior point of the chin

Menton (Me)

The most inferior point of the chin
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Fig. 5. Vertical reference line.
Table 2. Linear and angular measurements for assessment of facial profile.
Landmark

Definition

A – B to Tr line

The distance from A to Tr line minus the distance from B to Tr line

Upper lip to Tr line

The distance between the FA point of the upper lip and Tr line

Lower lip to Tr line

The distance between the FA point of the lower lip and Tr line

P to Tr line

The distance between P and Tr line

Convexity Sn

The angle between the lines connecting Gl – Sn – P

Tr - P to Tr – Sn (%)

The ratio of the linear distances between Tr - P and Tr - Sn

Tr - N to Tr - Sn (%)

The ratio of the linear distances between Tr - N and Tr – Sn

Tr – A to Tr - SN (%)

The ratio of the linear distances between Tr – A and Tr - Sn

Tr – B to Tr - Sn (%)

The ratio of the linear distances between Tr – B and Tr – Sn

Lower facial height (%)
Upper facial height (%)

The ratio of the distances Sn – Me (lower facial height) and Na – Me (full facial
height)
The ratio of the distances N – Sn (lower facial height) and N – Me (full facial height)
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4.2.2 Profile shape variation and sexual dimorphism (II)
In order to apply geometric morphometric methods for the purposes of this
investigation, a digitization template was developed on Viewbox 4 software (dHAL
software, Kifissia, Greece), which was used to digitize all profile photos. The
template included 48 landmarks (4 fixed and 44 sliding semi-landmarks) (Figure 6)

Fig. 6. Template for digitization of profile photos.

This type of shape analysis enables a quantification of shape variation of
anatomical structures, using Cartesian coordinates of landmarks that describe the
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shape under study. Other sources of variation, such as size, are being controlled for
and thus, true shape variation can be studied (Adams et al., 2013).
In this study, digitization was performed in three steps, as follows:
1.

2.

3.

The borders of the upper and lower lip vermillion were selected manually.
These landmarks are considered fixed landmarks (Gunz & Mitteroecker, 2013)
as the vermillion border describes a clear change from one skin texture to
another, is homologous among all individuals and is clearly identifiable.
Two curves were projected on the profile. One started from Trichion (i.e. the
hairline, as seen on the profile image) and ended at Upper Stomion (i.e. the
point on the upper lip where the profile is interrupted by the mouth opening),
defining the upper profile outline. The second defined the lower profile outline
and extended between Lower stomion (i.e. the point on the lower lip where the
profile is interrupted by the mouth opening) and the middle of the throat. It was
decided to describe the profile with two separate lines, to account for cases
where the lips were not in contact in repose (lip incompetence). The landmarks
corresponding to the Upper and Lower Stomia were defined as the lower end
of the upper outline and the upper end of the lower outline respectively. They
were also treated as fixed landmarks because they describe extreme points of
an anatomical structure.
All other landmarks were placed through an automated process at
predetermined positions, as determined by the developed template. On the
upper outline, for example, the first landmark was placed at 5% of the distance
between Trichion and Upper Stomion, the second at 10% of the distance, the
third at 15% of the distance etc, until the entire upper outline was adequately
described. The lower outline was described with landmarks that were placed in
an analogous manner. The upper and lower vermillion borders that were placed
manually in the first step were represented by their nearest points on the
respective curve, which were also placed automatically to avoid error.

In contrary to the first study, here no traditional soft tissue landmarks were used, to
avoid the error associated with manual landmark identification. More importantly,
however, traditional landmarks were not used because they do not meet the
definition of a true anatomical landmark that is homologous among individuals.
Anatomical landmarks are defined as biologically homologous landmarks that
describe points with visible change in local anatomy, such as the extreme of a
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structure or the crossing point between two types of tissues (Gunz & Mitteroecker,
2013). The only landmarks that meet this definition on a profile image are the upper
and lower stomia and the vermillion borders of the upper and lower lips. Thus, all
other points used are not anatomical landmarks but rather constructed points that
were distributed along the upper and lower profile outlines on predetermined
positions and were treated as semi-landmarks. The definition of a semi-landmarks
is referring to landmarks that do not have a biological interpretation, do not show
correspondence among subjects and, therefore, cannot be treated as homologous
landmarks during a shape analysis. The advantage of not using traditional soft
tissue landmarks to describe profile shape can be seen below in Figure 7.

Fig. 7. Profile shape description with semi-landmarks (4a; left) and traditional soft
tissue landmarks (4a; right). The image on the left (a) depicts the upper and lower facial
curvatures (black lines) that were placed first, along each profile image. The red dots
represent landmarks positioned along the curves. On the left profile image, the
landmark used in this study are shown. On the right, the red dots correspond to
traditional soft tissue landmarks. The image on the right (b) depicts the landmark
configurations when the black profile lines are removed. As seen on the images on the
right column (4b), when the profile line is removed, traditional landmarks do not provide
adequate profile shape information.

In order to assess shape variation, all shapes in a sample (here, all profile outlines)
need to be as corresponding as possible prior to being superimposed. Thus, to
reduce shape variation and decrease heterogeneity between individual shapes due
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to the initial placement of semi-landmarks along the curves; the following steps
were performed:
1.
2.

3.

An average profile shape was created from all individual profile shapes in the
sample. This was then used as a reference for the next step.
All semi-landmarks were allowed to slide along their respective curves in order
to acquire a position as close as possible to the corresponding semi-landmark
on the average shape.
After the first sliding process, all individual profile shapes were saved as a new
file and used to create a new average shape, which was then used as a reference
for a second sliding process.

This iterative process was repeated three times in total in order to minimize bending
energy between individual profile shapes and the most recent average profile shape,
and to establish homology between corresponding landmarks (Bookstein, 1997;
Gunz & Mitteroecker, 2013).
The profile shapes of all individuals in the sample were subsequently
superimposed with Procrustes Superimposition (Rohlf & Slice, 1990) to minimize
the sum of squared distances between all points and transform landmark
coordinates into shape coordinates, as described in Section 2.5 of this manuscript
and in Figure 4. Due to the large number of shape coordinates (48 landmarks x 2 =
96 space coordinates), they were not used directly in the statistical analysis, to allow
for higher reliability and better interpretation of the results. Shape coordinates were
reduced to Principal Components (PCs) of shape using a Principal Component
Analysis (PCA). This is a standard procedure in geometric morphometrics prior to
applying any subsequent analysis (Bookstein, 1991; Halazonetis, 2007a;
Polychronis et al., 2013).
4.2.3 The effect of anterior occlusion on profile shape variation (III)
In order to study the effect of anterior occlusion on profile shape, shape information
was obtained following the same methodology described in section 4.2.2 of this
manuscript. From the sample of 1776 individuals that met the inclusion criteria for
Study II, twenty-two were excluded because there were not sufficient data
regarding their occlusion, thus leading to the final sample of 1754 participants who
were investigated in Study III.
Information about overjet and overbite were obtained from the clinical data
recorded on the day of the follow up visit, in 2012 (Study I and (Krooks et al.,
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2016). Comparisons between males and females for overjet and overbite values are
presented in Table 3.
Table 3. Overjet and overbite values in males and females.
Occlusal measurements

Mean (SD)

P-value

Males (N= 799)

Females (N=955)

Overjet

2.90 (1.90)

3.25 (1.91)

< 0.001

Overbite

3.41 (2.07)

3.41 (1.76)

0.971

4.3

Statistical analyses

4.3.1 Associations between anterior occlusion and soft tissue profile
measurements (I)
Prior to performing the main statistical analysis, an independent sample t-test was
used to compare the profile measurements between males and females and
determine of sexual dimorphism in profile.
The association between overjet, overbite and profile measurements was tested
with multiple linear regression models. Overjet and overbite were the dependent
variables, and all profile measurements were treated as independent variables.
Type-1 error was set at 5% for all statistical analyses.
Also, in order to perform a comprehensive exploration of the available data,
analyses were initially performed on the entire sample without grouping of subjects.
In this fist analysis overjet and overbite were treated as continuous variables.
However, clinically, it was considered relevant to also group participants according
to the severity of their overjet and overbite into 3 groups: extreme negative values
(≤0), normal values (0<x<5), extreme positive values (≥5) (all values measured in
mm).
To validate the reliability of the regression models, data were tested for
normality and linearity with histograms and P-P plots of the regression standardized
residual values for overjet and overbite (Figure 8a-d). Assumptions of linearity and
normality were met and, in addition to the large sample size, served as valid
justification for a regression analysis.
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Fig. 8. (a-d). Histograms andP-P plots displaying the normality and linearity of the data.
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4.3.2 Profile shape variation and sexual dimorphism (II)
Variation in profile shape was shown by plotting the most important Principal
Components into graphs. Furthermore, the direction of variation explained by each
PC was observed on profile shapes that were created using the mean shape
coordinates and the shape coordinates corresponding to +/-3 SD from the mean
(Klingenberg, 2013). With this method, the direction of variation is exhibited as
change in shape configurations. This was done for the entire sample, as well as
separately in females and males.
Differences between sexes in profile shape were assessed with permutations
tests in the mean Procrustes distance between the average female and the average
male profile shape. Moreover, the association between profile shape and sex was
tested with a multivariate regression model, with the first 9 PCs treated as the
dependent variables and sex as the predictor variable. In order to assess whether
profile shape could predict sex, a discriminant analysis was conducted in the entire
sample. Its results were cross validated with the “leave one out method”.
4.3.3 The effect of anterior occlusion on profile shape variation (III)
The effect of overjet and overbite on profile shape was assessed with a multivariate
regression model, assuming that the first 9 PCs were the dependent variables and
overjet and overbite the independent variables. Justification for using PC1-9 as
shape variables is provided in section 5.1.2. of this manuscript.
Also, similarly to the analysis performed to explore sexual dimorphism in the
sample, a discriminant analysis was used to study whether overbite alone or overjet
alone could predict the shape of an individual’s profile The “leave one out” method
was used here as well for cross-validation.
4.4

Error of the method

4.4.1 Soft tissue landmarks
In the first part of this series of investigations, profile was described with soft tissue
measurements, using common soft tissue profile landmarks. The error related to the
identification of those landmarks was determined by digitizing 200 randomly
selected photographs twice, after a wash out period of 4 weeks.
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The measurements from the first and second digitizations were then compared
with Bland-Altman plots, showing high agreement. The Bland-Altman plots for
variables A point-B point/Tr line, Upper lip/Tr line and Pogonion/Tr line are shown
in Figure 9.
The results of the Bland-Altman plots were also supported by using the
Dahlberg formula to calculate error. Error values ranged from 0.41 - 0.67 mm for
linear measurements and 0.45 - 0.77 degrees for angular measurements. Both error
range values were assumed acceptable since they are notable lower than the
clinically acceptable error values.
4.4.2 Shape analysis
In studies II and III, profile shape was described by means of landmark
configurations that were generated through a digitization process described
thoroughly in section 4.2.2 of this manuscript. The systematic and random error
associated with this process were assess as follows.
1.

2.

3.

After a wash out period of 2 weeks, the digitization process was repeated for
120 randomly selected images. Following the sliding of initially digitized
landmarks, the repeat landmark configurations were superimposed by means
of Procrustes Superimposition and their space coordinates were transformed to
shape coordinates.
Systematic error was tested through permutation tests (100,000 permutations)
on the Procrustes distance between the first and second digitization of these
120 images. The mean shape difference between the first and second
digitization was not found to be significant indicating no systematic error
(P=0.915).
To assess random error, the PC values of all 120 subjects from the first and
second digitizations were exported to an excel file sheet. For this purpose, only
the values of PC1-PC9 were used since these were the PCs also used as shape
variables in all analyses. Random error was calculated as the percentage of
total variance in space shape explained by the difference between first and
second measurements. This resulted in a random error of 4.6%, which is judged
as low considering the number of landmarks used to describe the profile.
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Fig. 9. Bland-Altman plots showing the agreements in measurements between the first
and second digitizations (Study I).
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5

Results

5.1

Associations between anterior occlusion and soft tissue profile
measurements (I)

The comparison between males and females revealed significant differences
between sexes (Table 4), in most values, and thus the data were stratified according
to sex for all further analyses.
Table 4. Gender dimorphism of facial measurements.
Soft tissue measurements

Mean (SD)

P-value

Males (N=711)

Females (N=919)

A point – B point to Tragus line

3.10 (1.63)

2.50 (1.43)

< 0.001

Upper lip to tragus line

3.36 (1.95)

3.00 (1.78)

< 0.001

Lower lip to tragus line

2.74 (2.21)

2.19 (2.05)

< 0.001

Pogonion to Tragus line

1.5 (3.01)

0.94 (2.83)

< 0.001

Convexity subnasale

170.3 (6.3)

170.7 (6.28)

0.206

Tragus Pogonion to Tragus – Subnasale (%)

114.40 (4.77)

113.78 (4.56)

0.007

Tragus-Nasion to Tragus – Subnasale (%)

97.40 (3.28)

98.45 (3.26)

< 0.001

Tragus – A point to Tragus – Subnasale (%)

100.76 (1.25)

100.38 (1.11)

< 0.001

Tragus – B point to Tragus - Subnasale (%)

105.01 (3.73)

105.15 (3.40)

0.469

Lower facial height (%)

59.70 (2.31)

58.97 (2.24)

< 0.001

Upper facial height (%)

42.16 (2.35)

42.83 (2.30)

< 0.001

Entire sample analyses
Profile measurements were able to predict a moderate percentage of variation in
overjet and overbite in the present sample. In males, approximately 30% of overjet
and 20% of overbite were predicted by the profile, and in females the respective
values were 28% for overjet and 17% for overbite (Table 5).
The parameter coefficient analysis showed that some of the independent
variables (profile measurements) had a greater effect on the primary outcomes than
others. Upper lip to tragus line, which expresses the anterior-posterior position of
the upper lip, presented a very strong association to overjet.
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In addition, the position of A-point (Tr-A / Tr-Sn) and B-point (Tr-B / Tr-Sn)
were highly weighted factors regarding the effect on overjet and overbite. However,
the anterior-posterior position of the chin (Tr-P / Tr-Sn) was not associated to
overjet and overbite. All parameter estimates are displayed in Table 6.
Table 5. Multiple regression models for overjet and overbite, in males and females.
R2

P-value

Males

0.296

< 0.001

Females

0.279

< 0.001

Males

0.200

< 0.001

Females

0.167

< 0.001

Occlusal measurements
Overjet

Overbite

Subgroup analysis
Most of the overjet and overbite values in the present sample were within normal
limits (1-4 mm); 1313 out of 1630 participants (80.55%) presented a normal overjet,
and 1158 out of 1630 (71.04%) with a normal overbite. In order to obtain more
clinically relevant information regarding the present sample, a subgroup analysis
was performed, only studying individuals with extreme overjet and overbite values.
The same multiple regression models were applied in each individual sub-sample.
In cases with an excessive overjet (≥5mm), the regression model was able to
predict 17% of the variation in overjet values (P<0.001). In the subgroup with
individuals who had smaller than normal overjet values (≤0 mm), the regression
model predicted 44% of the variation in overjet (P=0.011). When the regression
model was applied in individuals with a deep bite (Overbite ≥5mm), its predictive
value was 12% (P<0.001) and in cases with an open bite (Overbite ≤0 mm) 15%
(P=0.509). These results are also displayed in Table 7.
The parameter estimates of effect sizes in the subgroup analyses showed that
the only consistently significant association was between the sagittal positions of
the upper and lower lip and overjet values (Table 8).

52

Table 6. Parameter estimates for overjet and overbite, in males and females.
Soft tissue measurement

Standardized Coefficients-Beta

P-value

Females

1.390

0.080

Males

1.050

0.339

Females

-1.496

0.079

Males

0.935

0.424

A – B to Tr line
Overjet

Overbite

Upper lip to Tr line
Overjet
Females

0.897*

<0.001

Males

0.730*

< 0.001

Females

0.362*

0.026

Males

0.286*

0.035

Overbite

Lower lip to Tr line
Overjet
Females

0.053

0.708

- 0.429*

0.002

Females

-0.439*

0.004

Males

- 0.239

0.098

Females

0.208

0.378

Males

0.176

0.436

Females

0.176

0.436

Males

0.331

0.169

Females

-0.224*

0.035

Males

- 0.084

0.423

Females

-0.118

0.301

Males

0.109

0.328

0.020

0.844

- 0.012

0.916

Males
Overbite

Pogonion to Tr line
Overjet

Overbite

Convexity subnasale
Overjet

Overbite

Tr-P to Tr – Sn (%)
Overjet
Females
Males
Overbite
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Soft tissue measurement

Standardized Coefficients-Beta

P-value

Females

0.209

0.059

Males

0.081

0.505

Tr - N to Tr – Sn (%)
Overjet
Females

- 0.413*

<0.001

Males

- 0.469*

< 0.001

Overbite
Females
Males

-0.084

0.423

- 0.448*

< 0.001

Tr – A to Tr – Sn (%)
Overjet
Females

0.417*

<0.001

Males

0.349*

< 0.001

Overbite
Females

0.349*

<0.001

Males

0.240*

< 0.001

Tr – B to Tr - Sn (%)
Overjet
Females

-0.556*

<0.001

Males

- 0.567*

< 0.001

Overbite
Females

-0.567*

<0.001

Males

- 0.569*

< 0.001

Lower facial height (%)
Overjet
Females

-0.185

0.327

- 0.493*

0.029

Females

-0.493*

0.029

Males

- 0.108

0.653

Males
Overbite

Upper facial height (%)
Overjet
Females

-0.250

0.219

- 0.644*

0.008

Females

-0.644*

0.008

Males

- 0.098

0.706

Males
Overbite
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Table 7. Multiple Regression models for extreme overjet and overbite values.
Anterior occlusion variable

N

Mean

R2

P-value

Overjet
≥5

261

6.30

0.163

< 0.001

≤0

56

- 0.70

0.442

0.011

Overbite
≥5

389

5.81

0.117

<0.001

≤0

84

-0.48

0.150

0.509

Table 8. Parameter estimates for extreme overjet and overbite values.
Dependent variable

Standardized Coefficient-Beta

P-value

Upper lip to Tr line
Overjet ≥ 5

0.810*

Overjet ≤ 0

2.427*

0.001
0.003

Overbite ≥ 5

-0.333

0.086

Overbite ≤ 0

0.008

0.990

Overjet ≥ 5

- 0.505*

0.047

Overjet ≤ 0

- 2.349*

0.002

Overbite ≥ 5

0.093

0.656

Overbite ≤ 0

0.203

0.736

Lower lip to Tr line

Tr-A to Tr-Sn (%)
Overjet ≥ 5

0.301*

0.010

Overjet ≤ 0

- 0.166

0.601

Overbite ≥ 5

0.122

0.235

Overbite ≤ 0

- 0.110

0.647

Tr-B to Tr-Sn (%)
Overjet ≥ 5

- 0.491*

0.008

Overjet ≤ 0

- 0.095

0.814

Overbite ≥ 5

- 0.482*

0.004

Overbite ≤ 0

0.102

0.783

5.2

Profile shape variation and sexual dimorphism (II)

After Procrustes Superimposition of all profile shapes, a Principal Component
analysis was performed to reduce the amount of shape variables into PCs of shape,
each of which explains a certain amount of variation. In the present sample the first
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4 PCs explained more than 70% of variation (PC1: 33.1%, PC2: 23.1%, PC3: 11%,
PC4: 6.7%) and the first 9 PCs explained more than 90% of variation (Figure 10).

Fig. 10. Scree plot displaying the percentage of variation explained by each PC.

This finding becomes important because it determines the number of PCs that need
to be used in all subsequent analyses. Ideally, the number of PCs used need to
explain 100% of shape variation in order to not lose any shape information,
however, practically this is not possible therefore the number of PCs used is
determined by the “broken-stick” method (Peres-Neto et al., 2005). The results of
the “broken stick” method for the present sample are shown in Table 9. Once the
value for “broken stick” becomes larger than the individual variance explained by
a PC, it is an indication that the number of PCs up to this number explain enough
variation so that the amount of shape information lost is not significant. As seen in
Table 9 the cut-off limit for “broken stick” is the ninth Principal Component and,
thus, it was decided to use the first 9PCs in all statistical analyses. Even if more
than 9 PCs were used the additional amount of variation would be minimal and,
thus, it would not make the results more robust. On the contrary, adding another
shape variable in all subsequent analyses would reduce the power of the statistical
analysis.
The variation in the population was also described visually with profile
morphings showing the average profile shape and the profile shape corresponding
to +/- 3SD from the average. These morphings are exhibited in Figure 11c and also
present the direction of variation explained by each PC.
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Table 9. Variance explained by each of the first 20 PCs.
Principal Components (PCs)

Variance (%)

Cumulative variance

Broken stick (%)

(%)
PC1

33.1

33.1

6

PC2

23.1

56.3

4.8

PC3

11

67.3

4.2

PC4

6.7

73.9

3.8

PC5

5.1

79

3.5

PC6

4

83

3.3

PC7

3.2

86.2

3.1

PC8

3.1

89.3

2.9

PC9

2.2

91.5

2.7

PC10

1.4

92.9

2.6

PC11

1.1

94

2.5

PC12

1

94.9

2.4

PC13

0.9

95.8

2.3

PC14

0.7

96.5

2.2

PC15

0.7

97.2

2.1

PC16

0.5

97.8

2

PC17

0.3

98.1

1.9

PC18

0.3

98.4

1.9

PC19

0.3

98.7

1.8

PC20

0.2

98.9

1.7

Only morphings for the variation explained by PC1-4 were created because the first
four PCs explain adequate amount of variation (<70%) and because the
visualization of direction of variation after PC4 would be practically not possible
due the very small percentage of variation explained by the PCs after PC3.
Upon observation of the morphings on Figure 11c, it is seen that PC1, which
explains approximately 1/3 of the variation in the sample, is related to changes in
the slope of the forehead, as well as chin and lip projection. PC2, explaining almost
a quarter of shape variation, described variation in the size of the nose and the
vertical dimension of the lower third of the face; PC3 was associated to lip fullness
and protuberance of the dorsal nasal surface; and PC4 was related to the length of
the upper lip and the depth of the labiomental sulcus.
Furthermore, there was significant sexual dimorphism in the profile shape of
this group. This can be seen in the plot displayed in Figure 11a and it was confirmed
by the results of the permutation tests on the mean Procrustes distance between
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females and males (Procrustes distance: 0.020, P<0.001; 100,000 repetitions
without replacement).

Fig. 11. a) PCA graph displaying facial variation according to sex (in SD units), in the
entire sample, as explained by PC1 (33.1%), PC2 (23.1%) and PC3 (11%) (Females: light
red, Males: blue). b) Average and exaggerated profiles of female (red) and male (blue)
subjects. c) Shape morphings displaying shape variation as explained by PC1-4. The
middle column shows the average profile shape of the entire sample. Lines crossing
the profile shape represent the amount and direction of variation at each profile
landmark (blue: positive, red: negative). The left and right columns present morphings
of shape extremes from -3 to +3 standard deviations of PC scores (top row: PC1, upper
middle row: PC2, lower middle row: PC3, bottom row: PC4).
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In order to visualize the difference in profile between males and females, the
average landmarks configurations of each sex were used to create average profile
shapes (Figure 11b). Although significant, these differences were not easy to
identify on the average images, thus exaggerated versions of the average profile
shapes were generated by multiplying the average shape coordinates by 5 and
making new configurations using the updated shape coordinates (Figure 11b). The
exaggerated images clearly show that males presented flatter lips, more dominant
eyebrow ridges and more protruded noses than females. Due to the presence of
significant sexual dimorphism in the sample, shape variation was also assessed
separately in females and males, following the same method described above for
the entire sample (Figures 12-15).
The mathematical association between sex and profile shape was tested by
means of a multivariate regression model, with profile shape variables being the
dependent variables and sex the predictor. The results revealed a moderate, but
significant effect of sex on shape (η2=0.398; P<0.001). Between-groups effect sizes
showed that PC3 was the dependent variable with the largest association to sex
dimorphism (η2=0.245; P<0.001), while on other PCs the effect was notably
weaker (Table 10).
Table 10. Between groups effect sizes in shape variation, as explained by PC1 – PC9.
Variance (%)

η2

P-value

PC1

33.1

0.003

0.029

PC2

23.1

0.000

0.865

PC3

11

0.245

0.000

PC4

6.7

0.005

0.003

PC5

5.1

0.055

0.000

PC6

4

0.078

0.000

PC7

3.2

0.002

0.050

PC8

3.1

0.004

0.008

PC9

2.2

0.006

0.001

Principal Components (PCs)
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Fig. 12. a) PCA graph displaying facial variation in females (in SD units), as explained
by PC1 (35.7%) and PC2 (23.4%). b) The middle column depicts the average female facial
shape, as well as the amount and direction of variation at each profile landmark (blue:
positive, red: negative). Profile morphings showing the shape extremes from -3 to +3
standard deviations of PC scores (top row: PC1, bottom row: PC2).

60

Fig. 13. a) PCA graph displaying facial variation in females (in SD units), as explained
by PC3 (8.9%) and PC4 (6.2%). b) The middle column depicts the average female facial
shape, as well as the amount and direction of variation at each profile landmark (blue:
positive, red: negative). Profile morphings showing the shape extremes from -3 to +3
standard deviations of PC scores (top row: PC3, bottom row: PC4).
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Fig. 14. a) PCA graph displaying facial variation in males (in SD units), as explained by
PC1 (34.1%) and PC2 (23.8%). b) The middle column depicts the average male facial
shape, as well as the amount and direction of variation at each profile landmark (blue:
positive, red: negative). Profile morphings showing the shape extremes from -3 to +3
standard deviations of PC scores (top row: PC1, bottom row: PC2).
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Fig. 15. a) PCA graph displaying facial variation in males (in SD units), as explained by
PC3 (9.1%) and PC4 (7.6%). b) The middle column depicts the average male facial shape,
as well as the amount and direction of variation at each profile landmark (blue: positive,
red: negative). Profile morphings showing the shape extremes from -3 to +3 standard
deviations of PC scores (top row: PC3, bottom row: PC4).
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The association between sex and profile shape was studied in more depth in order
to observe if profile shape information alone could predict the sex of an individual
in the sample. The results revealed that profile shape, as defined by PCs 1-9, was
able to predict sex in 79.6% of females and 76% of males in the population (Table
11).
Table 11. Discriminant analysis of the predictive value of profile shape on sex.
Principal Components (PCs)

Predicted sex (%)
Male

Female

PC1 – PC9
Male

73.6

26.4

Female

17.7

82.3

The discriminant function coefficients showed that PC3 had the strongest effect on
sex, which is in agreement with the results of the previously applied regression
model (Table 12). Therefore, it can be concluded that the presence of sexual
dimorphism in the present sample is related to the direction of variation described
by PC3 (Figure 11).
Graphically this is also shown when the variation in males and females males
is plotted. As seen in Figure 16, males and females differ significantly in the axis
of PC3 while PC1, PC2 and PC4 show marginal differences.
Table 12. Contribution of each predictive factor to the discriminant function.
Predictors
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Standardized canonical discriminant function coefficients

PC1

-0.106

PC2

-0.008

PC3

0.879

PC4

0.143

PC5

0.465

PC6

0.546

PC7

0.095

PC8

0.128

PC9

-0.162

Fig. 16. (a) Principal Component Analysis (PCA) graph displaying facial variation
according to sex (in SD units), in the entire sample, as explained by PC1 and PC2
(Females: light red, Males: blue). (b) Average male (blue) and average female (light red)
shape with respective SDs, as described by PC1 and PC2. (c) PCA graph displaying
facial variation according to sex (in SD units), in the entire sample, as explained by PC3
and PC4 (Females: light red, Males: blue). (d) Average male (blue) and average female
(light red) shape with respective SDs, as de-scribed by PC3 and PC4.

5.3

The effect of anterior occlusion on profile shape variation (III)

As alluded to in section 4.2.3., 1754 out 1776 individuals in whom profile shape
was examined, also had adequate occlusal data from the clinical examination.
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These twenty-two subjects were removed from the sample of digitized profile
shapes, and the Procrustes Superimposition, as well as the Principal Component
analysis were repeated. However, the results of the shape analysis were identical
because these subjects only constituted 1.2% of the entire sample. Therefore, no
additional results on shape variation will be presented in this section.
Regarding the effect of the occlusal parameters on profile shape, the
multivariate regression model revealed a statistically significant effect of overjet
(η2overjet = 0.213; P < 0.001) and overbite (η2overbite = 0.138; P < 0.001). Due to the
presence of pronounced sexual dimorphism in profile shape, this association was
also tested separately in males and females. The tests revealed similar results (Table
13).
Table 13. Associations between overjet, overbite and profile shape, as described by
PC1-PC9.
η2

P-value

Overjet

0.213

< 0.001

Overbite

0.138

< 0.001

Overjet

0.226

< 0.001

Overbite

0.140

< 0.001

Group
Entire sample (N=1754)

Males (N=799)

Females (N=955)
Overjet

0.255

< 0.001

Overbite

0.135

< 0.001

The effect of the occlusal parameters on each individual Principal Component of
the profile shape was shown with between subjects’ effect sizes and is presented in
Table 14. However, none of the effects were notably stronger than the others,
indicating that the occlusal parameters were not particularly associated to any of
the shape PCs. When the morphings are observed, it becomes evident that
individuals with extreme positive overjet values presented larger profile convexity,
a more protruded upper lip, a deeper mentolabial sulcus and a more retruded
mandible. On the contrary, negative overjet values were associated with more
concave profiles, a shallow mentolabial sulcus and a more retruded upper lip. In
addition, as exhibited by the amount of shape variation at each profile landmark,
differences between extreme positive and extreme negative overjet values were
mainly expressed as changes in upper lip posture. Regarding overbite, extreme
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positive overbite was linked to a shorter lower facial third and a deep mentolabial
sulcus, while extreme negative overbite values showed a straighter profile shape
and an increased lower facial third.
Table 14. Associations between overjet, overbite and profile shape, as described by
PC1-PC9.
η2

P-value

Overjet

0.070

< 0.001

Overbite

0.013

< 0.001

Principal Components
PC1

PC2
Overjet

0.004

0.013

Overbite

0.035

<0.001

PC3
Overjet

0.006

0.002

Overbite

0.001

0.246

Overjet

0.049

<0.001

Overbite

0.041

<0.001

PC4

PC5
Overjet

0.000

0.620

Overbite

0.004

0.011

Overjet

0.012

<0.001

Overbite

0.007

0.001

Overjet

0.040

<0.001

Overbite

0.015

<0.001

PC6

PC7

PC8
Overjet

0.002

0.057

Overbite

0.003

0.032

Overjet

0.018

<0.001

Overbite

0.014

<0.001

PC9
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Fig. 17. Profile morphings according to overjet (top row) and overbite (bottom row). The
middle column depicts the average facial shape of the entire sample, as well as the
amount and direction of variation at each profile landmark (blue: positive, red: negative),
as explained by overjet (top row) and overbite (bottom row) values. On each row, the
images left and right of the average present profile shapes of extreme overjet (top) and
overbite (bottom) values.
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Furthermore, the discriminant analysis showed that there was a tendency to classify
cases as having a normal overjet and overbite, thus indicating that profile shape
alone was not able to accurately predict if an individual in the sample presented
extreme overjet and overbite. The results are shown in Table 15.
Table 15. Predictive value of profile shape on severity of overjet and overbite.
Principal Components (PC1-PC9)

Overjet / Overbite groups

Predictive Percentage

Negative

Normal

Excessive

Negative (N=64)

3

61

0

4.7%

Normal (N=1530)

4

1509

17

98.6%

Excessive (N=160)

0

144

16

10%

Negative (N=92)

1

91

0

1.1%

Normal (N=1454)

2

1440

12

99%

Excessive (N=208)

0

193

15

7.2%

Overjet groups

Overbite groups
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6

Discussion

This work investigated the profile appearance of a large cohort of adult individuals,
members of the Northern Finland Birth Cohort 1966 (NFBC1966). The outcomes
of this work are unique in the current literature because of the characteristics of the
study sample and the methodology applied. The cohort under study was comprised
from individuals who were all born in the same year and have lived their lives in
the same geographic region, within a radius of 100 km. This constitutes a very
homogenous sample and thus, our results were not influenced by other factors that
may have had an impact on profile such as age or ethnicity.
Also, this thesis focuses on a population that is increasingly more interested in
orthodontic treatment. Facial and smile esthetics are the most common motivation
factors for patients seeking orthodontic care and this is particularly true for adults
(Kiyak, 2008; McKiernan et al., 1992; Nurminen et al., 1999; Pabari et al., 2011;
Silvola et al., 2014; Tung & Kiyak, 1998). In addition to other treatments that aim
to improve the appearance of the face and the attractiveness of the smile,
orthodontic treatment has become very much in demand, also among middle-aged
adults. With life expectancy in developed societies increasing, this trend is only
expected to become more popular.
Nevertheless, the current literature primarily addresses the diagnostic
challenges, and the treatment needs in children, adolescents, and young adults
because traditionally they are the main orthodontic patient groups. In growing
individuals there is long standing, solid evidence regarding the types of
malocclusions that need early, interceptive treatment (Graber, 2011; Proffit et al.,
2006) and regarding the treatment management in patients with skeletal
intermaxillary discrepancies (Baccetti et al., 2000, 2012; Franchi et al., 2004;
Proffit et al., 2006; Tulloch et al., 2004). Furthermore, there is ample information
regarding treatment expectations for various types of malocclusions, providing
clinicians with the necessary literature to plan their treatment mechanics and
support their treatment decisions (Konstantonis et al., 2018; Nucera, Giudice,
Rustico, et al., 2016; Papageorgiou et al., 2016). In adults, however, there is very
limited literature about the association between type of malocclusion and treatment
expectations and regarding the effect of treatment on facial appearance. To increase
our understanding of these associations, there is a need for unselected population
data. Here, we introduced population data regarding the profile appearance of
middle-aged adults and the effect of anterior occlusion on the profile.
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6.1

Facial appearance variation in adults

This is the first study to assess the profile in a large, genetically homogenous
population of middle-aged adults, in which there is little diversity stemming from
ethnic or environmental factors. Therefore, based on the sample characteristics it
can be assumed that the observed facial variation is much associated to sex
differences. The outcomes show that more than half of the variation in facial profile
(PC1 explained 33.1% and PC2 explained 23.1%) was related to the slope of the
forehead, the length of the nose and lip protrusion. Based on the outcomes, the
initial hypothesis of this study can be accepted.
A genome-wide association study (GWAS) of approximately 20,000
individuals of European descent revealed 76 genetic loci involved in the
development of both, the brain and the face, exhibiting a significant convergence
in the signaling pathways between the two structures (Naqvi et al., 2021). The study
divided the face into quadrants and showed that the forehead, the nose, the lips and
the mandible share the most genetic association signals to frontal lobe segments,
such as the prefrontal cortex. These areas were also identified as the areas of largest
facial variation, as also found in this study. From an evolutionary point of view, the
development of the human face also reflects the impact of social, cultural, and
environmental stimuli. As previously shown from anthropological studies, facial
evolution from early hominins to humans was initiated from a striking increase in
brain size (González-Forero & Gardner, 2018) related to an increase in cognitive
functions. Among human populations from different geographic origins, the
existing facial variation has been attributed to environmental, dietary and
climatological factors that have led to developmental adaptations of the facial
structures (Cramon-Taubadel, 2011; Cui & Leclercq, 2016; Harvati & Weaver,
2006; Katz et al., 2017). The effect of such extrinsic factors is mostly seen in the
anatomy of the jaws and the midface. However, environmental stimuli explain less
variation than sexual dimorphism (Katz et al., 2017).
The present work showed significant differences in facial profile between
males and females. Although this was not directly obvious upon visual observation
of the average male and female facial morphings, the exaggerated morphings
exhibited that the areas of sexual dimorphism were the lips, the nose, and the
forehead; the same areas that were the areas of largest overall variation in the entire
sample. Thus, it can be assumed that sex differences accounted for the largest unite
variation in this population at this age. In females, lips were more prominent, there
was less notable nose projection, and the eyebrow ridges were less prominent. This
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method of visualizing differences has also been used in other studies (Imaizumi et
al., 2019) due to the difficulties that are often experienced in the identification and
quantification of sexual dimorphism (Imaizumi et al., 2019; Mydlová et al., 2015).
In mature adults, who experience minimal growth changes, facial appearance
is impacted by the reduction in bone metabolism, a decrease in tissue tonicity and
hormonal changes (Penton-Voak & Chen, 2004; Robertson et al., 2017; Stevenson
& Thornton, 2007). The influence of these factors fluctuates, and it is reported that
facial differences tend to decrease in middle age and are then reinstated after the
age of 64 years due to a substantial lengthening of the lower face in males
(Robertson et al., 2017). Although the average morphings of male and female
profiles support the notion of minimal facial differences in the examined age group,
the statistical analyses conducted in the present studies do not show this difference
This is also clearly shown in the exaggerated version of the morphings. The
between-group analysis performed in the entire sample revealed that PC3 was
strongly associated to sexual differences. PC3 described variation in lip fullness,
the protuberance of the dorsal nasal surface and the inclination of the forehead.
Taking into consideration that facial changes with aging are also related to lip
flattening, increase in nose projection and a more pronounced chin (Behrents, 1985;
Bishara et al., 1998), it would not be an overelaboration to assume, according to
the results of this study, that the factors related to sexual dimorphism in facial
appearance are the same factors that influence facial youthfulness (Jones, 1995;
Perrett et al., 1998; Robertson et al., 2017).
In addition to the profile differences described by PC3, the largest remaining
percentage of variation was described by PC1 and PC2 that accounted for 56% of
variation in the sample. PC1 was associated with facial convexity, chin and lip
protrusion, and PC2 was more related to variation in nose projection and variation
in the vertical dimension of the face.
Considering that size has not influenced the results as it was standardized
during the Procrustes Superimposition, the measured variation represents pure
shape variation. Geometric morphometric methods have also been used in previous
investigations leading to similar results (Halazonetis, 2007a; Imaizumi et al., 2019;
Mydlová et al., 2015; Velemínská et al., 2012). Studying an ethnically homogenous
group aged between 20-80 years, Mydlová et al reported that in all ages males
presented with a more dominant forehead, stronger eyebrow ridges, a more
prominent nose and a longer upper lip (Mydlová et al., 2015). Although the results
confirm these findings, it is unlikely that the results by Mydlová et al provide
reliable population data due to the inadequate sample size. The present study, on
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the contrary, investigated a very large group of individuals of same exact age,
allowing for safer conclusions regarding the entire population. Imaizumi et al
(Imaizumi et al., 2019) studied more than 1000 adults and also reported on the role
of the nose and the lips as major factors for facial variation. Despite the large
sample size, however, their study did not account for the effect of age on the results,
although the age of the participants ranged between 19 and 59 years. Thus, these
results are strongly affected by age and do not provide reliable information about
facial variation in the population.
In addition to the results of the regression models, the discriminant analysis
showed that, in the present sample, profile shape alone successfully predicted sex
in 76% of male subjects and 79% of female subjects. This question has also been
addressed by others, reporting predictive values up to 90% or higher (Cao et al.,
2011; Fellous, 1997; Tanikawa et al., 2016; Velemínská et al., 2012) Nevertheless,
the higher percentage in the prediction is linked to the fact that size was also
included in the equation, introducing a significant factor related to facial shape.
Indeed, when size was not considered, the prediction percentage decreased to 73.3%
(Velemínská et al., 2012), which is comparable to our results. Moreover, most
previous investigations applied their discriminant analysis an heterogenous
samples including young and older adults, which would logically increase variation
and make differences more distinct.
6.2

Occlusion and profile appearance

The association between anterior occlusion, namely overjet and overbite, and
profile was studied using two methodologies. First, this research question was
addressed using traditional soft tissue measurements in order to obtain results
comparable to most related studies in the orthodontic literature. Then, this
relationship was tested with geometric morphometric methods to overcome the
shortcomings of linear and angular measurements.
6.2.1 Association between soft tissue measurements and anterior
occlusion
In the first analysis, soft tissue measurements were significantly associated to
overjet and overbite. However, they were not able to predict a notable percentage
of variation in anterior occlusion, except for negative overjet and mandibular
retrognathia, where the profile measurements were highly correlated to the occlusal
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measurements. This means that measurements done on a lateral photograph are
unlikely to provide an accurate indication about the overjet and overbite of the
individual, except in cases with negative overjet. Based on this the hypothesis of
this study is rejected. An analogous finding has also been shown previously by
Staudt and Kiliaridis who assessed the correlation between the cephalometric
intermaxillary measurements and their respective measurements on a profile
photograph (Staudt et al., 2009).
The position of the anterior dentition in regard to the soft tissue profile is a
decisive diagnostic factor in orthodontics particularly when the extraction of
premolars is part of the treatment planning discussion (Cheng & Cheng, 2017; Iared
et al., 2017). Although the main interest in extraction cases is the effect of treatment
on soft tissue profile, due to the variety of factors affecting soft tissue outcomes in
orthodontics, it is not always feasible to quantify this effect (Kiekens et al., 2008;
Rains & Nanda, 1982). The present study did not address the issue of profile
outcomes after orthodontic treatment, however the information provided offers
valuable information regarding the link between anterior occlusion and profile
measurements in middle-aged adults. Considering that many age-related facial
changes had already occurred in the present sample at the time of the follow up
visit, one could assume that the expected lengthening of the upper lip would move
its contact point to the upper incisor more coronally, thus eliciting a weaker
response to tooth position compared to individuals with higher lip tonicity. If this
is true, the relationship between the anterior teeth and the profile would be weaker,
as evident by the present results.
The association between anterior occlusion and profile measurements shown
in this work needs to be interpreted within the context of the population’s occlusal
characteristics. Most of the cohort members presented normal overjet and overbite
values and extreme malocclusion were only seen in a relatively small percentage
of individuals. Since mild to moderate malocclusions are part of normal facial
variability (Uribe et al., 2013, 2014), it is unlikely that in such cases there are
distinct differences in profile. Severe malocclusions, on the other hand, usually
have a significant impact on profile appearance and are more obvious, as observed
in studies using eye-tracking methodology (Richards et al., 2015). Therefore, the
present sample was also explored in more depth by selecting only the individuals
with extreme overjet and overbite values. Subjects with normal values were
excluded in this subgroup analyses. The results showed that even in cases with
severe overjet and overbite values, the anterior occlusion was only weakly
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associated to the profile measurements, with the exception of cases with severe
negative overjet, as noted above.
Despite the overall weak associations found, there were certain profile
measurements that appeared to be more related to overbite and overjet than others.
The measurements describing the position of the lips, particularly the upper lip, had
a stronger effect size in the regression models that were applied. The role of the
upper lip in the profile appearance of the population also became obvious when the
association was assessed with the use of geometric morphometrics.
6.2.2 Association between profile shape and anterior occlusion
In the second assessment considering the effect anterior occlusion has on the profile,
the profile was described with landmarks and semi-landmarks, after which their
space coordinates were transformed into shape coordinates and then used as shape
variables in the subsequent regression models.
The results showed that overjet and overbite predicted 21.3% and 13.8% of the
profile shape variation in this population, respectively. Therefore, the hypothesis of
this study is accepted.
Analogous effects were found when the sample was divided in females and
males and the analyses were repeated. Although these associations were significant,
the predictive effect was weak, thus not supporting the notion that overjet and
overbite strongly affect facial profile, as has been suggested in growing individuals
and young adults. However, it needs to be accounted that facial profile appearance
is the phenotypic expression of a large variety of factors including the anatomy of
the underlying skeletal structures and the genetically determined characteristics of
the soft tissues. Within this context, the present findings have a meaningful
biological significance. It is shown that anterior occlusion has an important
contribution to overall facial appearance. In growing individuals, using a similar
methodology, it has been found that dentofacial structures were able to predict more
than 50% of profile variation (Halazonetis, 2007b). If more dentoskeletal
parameters had been used here as well as predictors of profile shape, it is possible
that the present results would be more in line with the ones by Halazonetis.
However, it must also be considered that occlusal parameters are not completely
independent from the underlying dentoskeletal structures. For example, in
brachycephalic individuals, it would be expected to see a deep bite and in severe
mandibular retrognathia, a severe positive overjet. This relationship between the
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bony facial structures and incisor occlusion might partially explain the effect that
anterior occlusion had on the entire shape profile.
Uribe et al. explored profile variability in adult populations by investigating
subjects with moderate to severe Class II and Class III malocclusions (Uribe et al.,
2013, 2014). In these studies, a principal component analysis was performed on the
cephalometric measures of non-growing individuals to determine the presence of
craniofacial patterns. In Class II cases, with an overjet larger than 4mm, overjet
was associated with 33% of shape variation (Uribe et al., 2014); and in Class III
individuals, with negative overjet values, the incisor relationship accounted for 34%
of shape variation (Uribe et al., 2013). Although these studies are not directly
comparable to the present ones, because they included subjects with an age range
between 16 and 60 years, they show similar percentages of phenotypic variability
associated to the anterior teeth.
The findings of this study underscore the importance of achieving optimal
inter-incisor relationships in mature orthodontic patients. Overjet and overbite
might not have a strong effect on the appearance of the entire profile, but they do
impact the appearance of the upper and lower lip (Alkadhi et al., 2019; Arnett &
Bergman, 1993b; Bittner & Pancherz, 1990). Indeed, the profile morphings
produced in a relation to the overjet and overbite values depicted that the largest
variability in profile was explained by the upper lip position. This agrees with the
literature emphasizing the significance of upper teeth retraction in soft tissue
treatment outcomes. Particularly when the effect of growth is minimal, the lips are
probably the only facial features that orthodontic treatment can impact consistently.
And, as presented in another study this is mainly true for the upper lip (Alkadhi et
al., 2019).
A discriminant analysis was performed here to reverse the initial hypothesis
and assess the predictive value of profile shape in determining overjet and overbite.
It was shown that facial profile was not able to successfully predict the anterior
occlusion even in extreme cases. In fact, only 10% of cases with an overjet larger
than 5mm were successfully identified by profile shape information. Little attention
has been paid on that in the current literature. A study by Staudt and Kiliaridis
(Staudt et al., 2009) compared the association between soft tissue profile and
severity of mandibular prognathism and revealed that profile images may be able
to predict severe cases of Class III malocclusion. However, their results are not
comparable to the present ones because they only included subjects with Class III
malocclusion. The equivalent portion of such cases in the present population were
only 64 out of 1754, of which only 12 had an overjet smaller than -2mm. The low
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predictive values reported here are an indication that although anterior occlusion
has a significant effect on the lips, its overall impact on the profile is not strong
enough to create distinct phenotypic variation in the population.
6.3

Limitations

In this work a large, homogenous population of middle-aged adults with Finnish
descent was investigated. Although there were many advantages related to the
homogeneity of this sample that support the robustness of the results, the findings
should not be extrapolated to populations with different ethnic origin.
In addition, there are unknown factors related to the population that could have
affected the results. The menopausal state of females in the group was not taken
into consideration. Menopause has been reported to impact facial shape and thus
interfere with the normally observed convergence between the facial appearance of
males and females after the age of 50 (Windhager et al., 2019).
Also, 20% of the sample population reported having some kind of orthodontic
treatment and females were significantly more likely to have had treatment.
(Krooks et al., 2016) Being part of a publicly funded health care system, some of
the cohort members had received some kind of orthodontic care at an early stage in
their lives. However, it can be assumed that this had only minimal effect on the
results because cases who had received orthognathic surgery or other facial surgical
intervention were excluded from the sample, and therefore there were no subjects
whose facial appearance was changed invasively. Conventional orthodontic
treatment is a common dental procedure in modern societies and can therefore be
considered as part of a contemporary way of life. Furthermore, the aim of the study
was not to assess the effect of orthodontics on facial profile. A cross-sectional
observation was made between profile appearance and anterior occlusion and for
that purpose the occlusal stand of the subjects prior to participation is less relevant.
In addition, the data included some outliers. These are noticed in Figures 1116. All outliers were assessed post hoc to determine if there were any errors done
during in the digitization. It was confirmed that all outliers were true data and were
thus not removed from the analyses. Also, they accounted for less than 1% of the
sample population, making it unlikely to have jeopardized the reliability of the
results.
A combined assessment of frontal and profile photographs would allow for a
more complete evaluation of facial appearance and this will be performed in future
studies.
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6.4

Clinical implications

This series of studies provide valuable diagnostic information in the orthodontic
management of middle-aged adults. As the age expectancy in developed societies
increases, and with facial esthetics being the primary motivational factor for adults
seeking orthodontic treatment; the association between tooth positioning and facial
appearance will become more clinically relevant.
From the results it can be concluded that the position of the upper lip is a main
factor for profile variability in this age group, and thus should be thoughtfully
considered during treatment planning. The importance of this feature is also
underscored by studies using 3D facial images, which revealed the noteworthy role
of lip appearance in perception of facial attractiveness (Kanavakis et al., 2021).
Despite the impressive developments in three-dimensional technology and
digital imaging in orthodontics, most orthodontic settings still rely on twodimensional data for their diagnosis and treatment planning. These include
cephalometric images, 2D photographs and study models. Within this context, the
present results are relevant in clinical practice and provide an aid to clinicians
primarily in patients that are often esthetically focused and wish to achieve an
improvement in their facial and smile appearance.
6.5
1.

2.

3.

Conclusions
Soft tissue measurements on facial photographs show a combined weak to
moderate association to overjet and overbite values. However, individual soft
tissue measurements related to the sagittal position of the lips appear to be more
related to the anterior occlusion. In cases with negative overjet, soft tissue
measurements on profile photographs provide reliable information regarding
the severity of the anterior malocclusion. (I)
Profile shape variation in middle-aged Finnish adults is associated to the
inclination of the forehead, the protrusion of the lips, the prominence of the
chin and the projection of the dorsal nasal surface. There is significant sexual
dimorphism in profile appearance between males and females in this
population, representing northern European ancestry. Sexual differences are
mainly related to lip protrusion, forehead inclination and nasal prominence. (II)
Overjet and overbite play an important role in profile shape variation in
middle-aged adults. Their effect on facial profile is predominantly related to
the position of the upper lip. (III)
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