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Soft Tissue Profiles of 3-5 Year Old Preschool Children

Kerem Dalci * / Serap Cetiner **

Objective: Identifying the characteristics of soft-tissue profiles in 3-5 year old children. Methods: Children
that participated in the study were selected from the 6 major districts of Ankara. In the selected schools,
3-5 year old 1513 children with primary dentition were examined and profile photographs were obtained.
Facial convexity angle (FCA) and Total facial convexity angle (TFCA) were measured from profile pho-
tographs. Results: The mean values for the total facial convexity (145.9° +4.2) and facial convexity
(165.3° £4.5) angles were determined. FCA and TFCA were significantly influenced by primary second
molar terminal plane relationship. Conclusion: Finding of this study may be used as clinical references for
pediatric dental patients and also, the significant relationship between soft tissue profile and primary occ-
lusion is important for orthodontic diagnosis and treatment of pediatric dental patients.
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INTRODUCTION

oft tissue profile has always been an important clinical
S tool in the diagnosis and treatment planning of skele-

tal discrepancies. Both cephalometric radiographs'
and facial photography?® have been used to identify and clas-
sify soft tissue parameters. However, the use of facial pho-
tography for this purpose fell out of favor with introduction
of radiographic analyses and Roentgenographic cephalomet-
rics. The recent resurgence of facial photography has been
brought about in part due to concerns about radiation and in
part by improvements in imaging tools, which have made
soft tissue imaging easier and eliminated worries about asso-
ciated radiation exposure.’

The soft tissue profile is affected by a number of vari-
ables, including skeletal relationships, dental positions and
soft tissue thickness and function.* Several studies have used
linear and angular measurements obtained from profile pho-
tographs to describe soft tissue profiles in children with uni-
lateral cleft lip and palate,>* while other studies have used
lateral photographs to assess changes in soft tissue from ado-
lescence to adulthood.™ However, despite numerous studies
dealing with soft tissue profiles in adolescents and adults,
the literature includes few studies with children under 6
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years of age and only one that was conducted with children
under age 5."

Identifying the characteristics of soft-tissue profiles in
children under 6 years of age could provide useful prognos-
tic and diagnostic criteria. Therefore, this study aimed to
describe soft-tissue profile types in children aged 3-5 years;
to assess the relationship between the occlusal features of
primary dentition and the soft tissue profile; and to deter-
mine soft tissue convexity norms for two profile angles in a
population of children aged 3-5 years with normal primary
occlusion.

MATERIALS AND METHOD

This school-based, cross-sectional study was conducted with
children aged 3-5 years attending pre-school in the Turkish
capital, Ankara. Located in the Central Anatolia region,
Ankara has a population of approximately 4 million.
According to the Ministry of National Education (MONE),
a total 0f 2,971 children in Ankara aged 3-5 years attend pre-
school, with 22 state-run pre-schools enrolling 2,277 chil-
dren and 34 private pre-schools enrolling 694 children.

The study utilized a two-stage stratified sampling design.
In the first stage, 6 districts in Ankara (Alti ndag, Keg 16 ren,
Mamak, Yenimahalle, Sincan, Cankaya) were selected based
on housing density, and in the second stage, 1 private and 3
state-run pre-schools were randomly selected from each dis-
trict, for a total of 24 schools. Permission to conduct the
study was granted by the MONE.

The study population consisted of all children aged 3-5
years attending the participating pre-schools and present on
the days during which the examinations were conducted.
Children’s ages were identified from school records. The age
range of 3-5 years was selected in order to eliminate children
with incomplete primary dentition as well as those with
mixed dentition.

Volume 35, Number 3/2011 339

220z dunr Gz uo Jasn [eydsoH @ 869]j00 [eluaq yieadeApiA neteyg Aq ypd 895, 1Luo0obeboop € G~ Pdol/80626 L 2/6£€/E/SEAPA-a0IE/Pdol/W0o ssaidus)e-ueipLawy/:diy WOy papeojumoq



Soft Tissue Profiles

According to different authors,'> " the sagittal relation-
ships of the dental arches were described according to the
terminal plane relationship of the maxillary and mandibular
primary second molars and the relationship of the primary
canine teeth. Occlusion was assessed with teeth in the inter-
cuspal position. Teeth were examined under direct light, and
both left and right molar and canine occlusions were
recorded.

Lateral profile photographs were taken with children
seated upright in a chair. Children were asked to look at the
reflection of their pupils in a mirror positioned at their eye
level. Photographs were taken using a Sony DSC T33
(Tokyo, Japan) under natural light and with a camera-to-sub-
ject distance of 1 meter. Images were transferred to a com-
puter using Photoshop® 7.0 (Adobe® Systems Inc.,
Minnesota, United States), and 4 soft tissue landmarks were
marked, as follows: Soft tissue Glabella (GI”): most promi-
nent or anterior point of the forehead; Pronasale (Pr): most
prominent or anterior projection point of the nose; Subnasale
(Sn): junction of the columella and the upper cutaneous lip;
Soft tissue Pogonion (Pog’): most anterior point of the soft
tissue chin (Figure 1a). Using these anatomical landmarks,
the following angular measurements were obtained:

Facial Convexity Angle (FCA) (GI’SnPog’): the acute
angle formed by GI’, Sn and Pog’'"** (Figure 1b); and Total
Facial Convexity Angle (TFCA) (GI’PrPog’): the acute
angle formed by GI’, Pr and Pog’""* (Figure 1c). All soft tis-
sue reference points in this study were marked on digital
photographs according to the definitions of Chaconas and
Bartroft.”

Lateral images were accepted as satisfactory if they com-
plied with the following photographic criteria: All defined
landmarks are visible; The sagittal view includes the area
anterior to the ear and extends vertically from the soft tissue
chin to the glabella and tragion; The opposite pupil, eyebrow
and eyelashes are not visible; One philtral column is visible;
The lips are lightly touching; There are no cast shadows, and
all facial features are visible."”

All photographs were taken by the same observer (KD),
who also marked the soft tissue anatomical landmarks on the
photographs and performed the angular measurements.
Intra-observer agreement was assessed by having the
observer repeat this procedure with 150 children after a
2-week interval. Kappa values calculated for FCA (0.957)

and TFCA (0.950) indicated reliability between the first and
second round of evaluations.

Kappa coefficients were also calculated to assess the reli-
ability of lateral photographs by randomly selecting 25 chil-
dren, repeating the above procedure using a cephalostat, and
then comparing the angular measurements recorded from the
photographs taken with and without a cephalostat. A Kappa
score of 0.978 indicated reliability between photographs
taken with and without a cephalostat.

Statistical Analysis

Chi-square tests were used to compare soft tissue profile
characteristics by sex and age group, with a value of p<0.05
considered significant. Mean values of soft tissue profile
angles were compared using one-way ANOVA.

RESULTS

Soft tissue profile evaluations were conducted on 1,513 chil-
dren (male: 814, female: 699). The mean age of participants
was 4.21+0.7 years, and the total numbers of children ages
3,4 and 5 years were 355, 483 and 675, respectively.

The overall mean FCA value was 165.3° +4.5 (min:
149.3° , max: 179.3° ), and the overall mean TFCA value
was 145.9° £4.2 (min: 131.7° , max: 159.7° ). FCA and
TFCA were classified as low [FCA>169.8° (165.3° +4.5);
TFCA>150.1° (145.9° +4.2)], medium
(FCA=165.3° +4.5; TFCA=145.9° +4.2), and high convex-
ity [FCA<160.8° (165.3° -4.5); TFCA<141.7° (145.9° -
4.2)]. High convexity FCA was observed in 8.1% of all chil-
dren, medium convexity in 74.6% and low convexity in
17.3%. High convexity TFCA was observed in 12.6% of all
children, medium convexity in 71.9% and low convexity in
15.5% (Graph 1).

Facial convexity was found to increase with age (i.e.
FCA decreased) (Table 1). High convexity was more preva-
lent among five-year-olds (19.3%) than among three-year-
olds (15.5%). Medium convexity was also more prevalent
among five-year-olds (74.2%) than among three-year-olds
(71.3%). Conversely, low convexity was more prevalent
among three-year-olds (13.2%) than among five-year-olds
(6.5%). Differences between age groups were statistically
significant.

Figure 1. a. Landmarks; b. Angle of Facial Convexity (GI’'SnPog’);
c. Angle of Total Facial Convexity (GI’'PrPog’)
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Graph 1. Distribution of Facial Convexity and Total Facial Convexity
types.
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Soft Tissue Profiles

No statistically significant differences were observed in
the distribution of facial convexity by sex (p>0.05) (Table
2). Medium convexity FCA was the most common type in
both boys (73.8%) and girls (75.4%).

Total facial convexity was also found to increase with age
(i.e. TFCA decreased) (Table 3). High convexity was more
prevalent among five-year-olds (16.6%) than three-year-olds
(14.1%), whereas low convexity was more prevalent among
three-year-olds (18.6%) than five-year-olds (10.5%). Differ-
ences between age groups were statistically significant.

No statistically significant differences were observed in
the distribution of total facial convexity by sex (p>0.05)
(Table 2). Medium convexity was the most common type in
both boys (70.9%) and girls (73.1%).

FCA and TFCA mean, minimum and maximum values
and standard deviations by sex are given in Table 4. The
mean FCA was 165.3° +4.5 in boys and 165.3° 4.4 in

Table 1. Distribution of facial convexity by age group.

Facial Convexity Age3 Age4 Age5 34 4-5 3-5
(%) (%) (%) Years Years Years

High Convexity 15.5 17.2 19.3 ns * *
Medium Convexity  71.3 73.2 74.2 ns ns *
Low Convexity 13.2 9.6 6.5 b ns b

*p<0.05, ®p<0.01, ™ p<0.001.

Table 2. Distribution of facial convexity by sex.

Facial Convexity Total Facial Convexity

Boys (%) Girls (%) p Boys (%) Girls (%) p

High Convexity 7.9 8.4 ns 13.6 113 ns
Medium Convexity  73.8 754 ns 70.9 731 ns
Low Convexity 18.3 16.2 ns 15.5 156 ns

*p<0.05, **p<0.01, ** p<0.001.

Table 3. Distribution of total facial convexity by age group.

girls, and the mean TFCA was 145.9° 4.1 in boys and
145.8° +4.3 in girls. These differences were not statistically
significant.

FCA and TFCA mean, minimum and maximum values
and standard deviations by age are given in Table 5. The
mean FCA values for children ages 3, 4 and 5 were 164.7° ,
165.5 ° and 165.5° respectively, and the mean TFCA val-
ues for children ages 3, 4 and 5 were 145.2° , 146.2° and
146.0° respectively. The differences in mean values by age
group were significant for both FCA (p<0.05) and TFCA
(p<0.01).

FCA and TFCA mean, minimum and maximum values
and standard deviations by primary molar terminal plane
relationship are given in Table 6.

The prevalence of total facial convexity by terminal plane
relationship is given in Table 7. The prevalence of high con-
vexity profiles as measured by FCA was significantly higher
(p<0.001) among children with distal terminal plane rela-
tionships (18.5%) when compared to children with mesial
step (1.1%) and flush terminal plane relationships (8.7%),
whereas the prevalence of low convexity profiles was sig-
nificantly lower (p<0.05) among children with distal termi-

Table 5. Mean facial convexity and total facial convexity values by

age group.
Facial Convexity Total Facial Convexity
Angle Angle
3 Year Old 164.7° 145.2°
4 Year Old 165.5° 146.2°
5 Year Old 165.5° 146.0°

Table 6. Mean, minimum and maximum values and standard devia-
tions of facial convexity and total facial convexity by
primary second molar occlusion.

Type Of Terminal Profile

Plane Relationship Angle Mean sd  Minimum Maximum

Total Facial Age3 Age4 Age5 3-4 45 35
Convexity (%) (%) (%) Years Years Years
High Convexity 141 15.1 16.6 ns ns *
Medium Convexity  67.3 73.9 72.9 * ns *
Low Convexity 18.6 11.0 10.5 * ns *

*p<0.05, *p<0.01, ** p<0.001.

Table 4. Mean, minimum and maximum values and standard devia-
tions of facial convexity and total facial convexity by age
group.

Mean sd  Minimum Maximum

Facial Convexity Angle

(Boys) 165.3° 4.5 149.3° 179.3°
Facial Convexity Angle

(Girls) 165.3° 4.4  152.8° 179.2°
Total Facial Convexity Angl

(Boys) 145.9°  +41 133.5° 157.4°
Total Facial Convexity Angle

(Girls) 145.8° 43  131.7° 159.7°

The Journal of Clinical Pediatric Dentistry

Mesial Step Facial
Convexity
Angle 165.6° +4.2 157.9° 178.5°

Total
Facial
Convexity
Angle 146.3° 3.7 136.8° 159.7°

Flush Terminal Facial
Convexity
Angle  165.5° 44 149.3° 179.3°

Total
Facial
Convexity
Angle 145.9° 43 131.7° 158.1°

Distal Step Facial
Convexity
Angle  163.2° 46 153.5° 175.5°

Total
Facial
Convexity
Angle  144.1° 4.2 135.4° 156.5°
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nal plane relationships (13.8%) when compared to children
with mesial step (17.9%) and flush terminal plane relation-
ships (17.6%).

The prevalence of total facial convexity by terminal plane
relationship is given in Table 7. The prevalence of high con-
vexity profiles as measured by TFCA was significantly
higher (p<0.001) among children with distal terminal plane
relationships (25.8%) when compared to children with
mesial step (7.9%) and flush terminal plane relationships
(12.2%). In addition, the prevalence of low convexity pro-
files was significantly lower (p<0.05) among children with
distal step relationships (13.3%) when compared to children
with mesial step relationships (9.7%).

In order to assess normal values for FCA and TFCA in
children ages 3 to 5 years, FCA and TFCA means and stan-
dard deviations were extrapolated from the data obtained for
children with “normal” dental occlusions. Normal primary
occlusion was classified according to the criteria described
by Banker et al.,' i.e. a mesial step or flush terminal plane
relationship; a Class I primary canine relationship; and
incisor and primate spaces in both jaws. A total of 628 chil-
dren from among the study population met the criteria for
normal primary occlusion. Among these children, mean
value of FCA was 165.4° +4.5 (min: 149.3° , max: 179.2° )
and TFCA was 145.6° 4+4.3 (min: 131.7° , max: 158.1° ).

FCA and TFCA mean, minimum and maximum values
and standard deviations of 3, 4 and 5 year-old children with
normal primary dental occlusion are given in Table 8.

DISCUSSION
Profile analysis is considered a vital diagnostic technique to
be mastered not just by orthodontists, but by all practitioners

providing primary dental care to patients.”” In general, soft
tissue analysis relies on angular, linear, or planar measure-
ments, or a combination of the three.” Methods such as
anthropometry," photometric analysis” and cephalometry"
have been used to analyze facial features from both frontal
and lateral views of the face. More recently, 3D soft tissue
laser scanners (eg. 3dMD) and software (eg. Dolphin)**
have been developed to provide 3-dimensional soft-tissue
analysis. Although images taken with a 3dMD camera
would have provided more comprehensive views of the face
and would have permitted more calculations, existing reso-
urces did not permit the use of this expensive technology for
an epidemiological study of this size.

Angular photometric analyses require no reference
planes, and angular measurements are not affected by pho-
tographic enlargement.”” Moreover, the method is considered
to be much easier for children to cope with when compared
to cephalometrics.

Facial convexity is generally determined by two different
angular measurements: the “Facial Convexity Angle
(FCA)”, which excludes the nose; and the “Angle of Total
Facial Convexity (TFCA)”, which includes the nose."**
FCA is formed by the intersection of the soft tissue glabella
(GI’), Subnasal (Sn) and soft tissue pogonion (Pog’)" and
provides information about harmony between the middle
and lower parts of the face as well as anteroposterior devia-
tions of the upper and lower basal bones.> TFCA is formed
by the intersection of the soft tissue glabella (GI”), Pronasal
(Pr) and soft tissue pogonion (Pog’)" and provides informa-
tion about growth of the nose and its influence on the soft
tissue profile."*** TFCA is usually affected by nasal
changes.” With the exception of studies by Subtelny" and

Table 7. Distribution of convexity type by primary second molar occlusion.

Primary Second Molar

Terminal Plane Relationship

Mesial-Flush  Flush-Distal Mesial-Distal

Mesial step Flush Terminal Distal step
Facial Convexity High Convexity % 1.1 % 8.7 % 18.5 b b b
Medium Convexity % 81.0 % 73.7 % 67.7 * ns *
Low Convexity % 17.9 % 17.6 % 13.8 ns * *
Total Facial Convexity High Convexity % 7.9 % 12.2 % 25.8 * o b
Medium Convexity % 78.8 % 71.0 % 64.5 * * *
Low Convexity % 13.3 % 16.8 % 9.7 ns * *

*p<0.05, *p<0.01, ** p<0.001.

Table 8. Mean, minimum, maximum and standard deviation values of facial convexity and total facial convexity angles among children with

normal primary dental occlusion.

Age Group n Mean sd Minimum Maximum
Age 3 FCA 168 166.0° +4.4 149.3° 178.1°
TFCA 168 146.3° +4.3 131.7° 158.1°
Age 4 FCA 199 165.4° +4.1 153.3° 179.2°
TFCA 199 145.8° +4.1 134.6° 157.4°
Age 5 FCA 261 164.1° +4.8 152.7° 176.4°
TFCA 261 144.5° +4.7 133.2° 157.0°
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Pelton and Elsasser,” all cross-sectional and longitudinal
studies of soft tissue convexity in the literature have been
conducted with adolescents and adults. Collecting informa-
tion from younger patients would provide a distinct advan-
tage in view of the growing clinical interest in preventive
measures and early detection and treatment of malocclusion.

Of the 1,513 children examined in this study, the major-
ity (74.6%) presented medium convexity profiles, followed
by low convexity (17.3%) and high convexity profiles
(8.1%) when measured by FCA. Similarly, when measured
by TFCA, the majority (71.9%) presented medium convex-
ity profiles, followed by low convexity (15.5%) and high
convexity profiles (12.6%). Considering that growth and
development peaks well after the age of 5 years, it was not
surprising that none of the children in this study had concave
profiles.

Subtelny," and Chaconas and Bartroff*> have shown that
facial convexity remains relatively stable after the age of 6
years. While the bony profile straightens with age, the
growth in soft tissue covering does not follow the same pat-
tern, leading to a differential in the thickness of soft tissue
covering various aspects of the underlying hard tissue.* This
has been attributed to a greater increase in the thickness of
the soft tissue covering the maxillary jaw in comparison to
that of the mandibular symphysis and forehead area." In con-
trast to these studies, a longitudinal study by Bishara et al**
showed that facial convexity increases significantly between
the ages of 5 and 9, remains relatively stable from age 9 to
age 13, and then decreases from age 13 to adulthood.

Our study found facial convexity increased significantly
from age 3 to age 5. Not only did the prevalence of high con-
vexity profiles increased significantly (p<0.05) with age
(from 15.5% among 3-year-olds to 19.3% among 5-year-
olds), the prevalence of low convexity decreased signifi-
cantly (p<0.001) with age (from 13.2% among 3-year-olds
to 6.5% among 5-year-olds). These results are similar to
those of Subtelny," who reported that between the ages of 3
and 6, there is a slight increase in facial convexity caused by
changes in skeletal structures.

In the present study, when total facial convexity includ-
ing the nose was examined, the prevalence of high convex-
ity profiles increased, unsurprisingly, from 14.1% among 3-
year-olds to 16.6% among 5-year-olds, whereas the preva-
lence of low convexity decreased significantly from 18.6%
among 3-year-olds to 10.5% among 5-year-olds. In both
cases, the differences in profile by age were statistically sig-
nificant (p<0.05). These findings are consistent with those of
Subtelny' and Pelton and Elsasser” and can be explained by
the forward growth of the nose with age.”

Studies with older subjects have found differences in
TFCA between boys and girls.””** Darwis et al ¥ reported
that while facial growth may be similar in young boys and
girls, differences become more apparent after 9 years of age.
In our study, the mean FCA and TFCA values did not vary
significantly between boys and girls. This can be explained
by the fact that the children in our study were much younger
than the typical age at which children experience the growth

The Journal of Clinical Pediatric Dentistry

spurt that enlarges the maxilla and mandible and results in
dramatic changes in the facial profile.

In order to define normal values for soft tissue profiles,
children with normal primary occlusions (i.e., physiological
incisor spaces, primate spaces, mesial and/or flush terminal
plane relationships) were selected from among the study
sample (628 children out of 1,513). The mean FCA and
TFCA values of these children were found to be 165.4° +4.5
and 145.6° +4.3, respectively.

Our study found a strong relationship between soft tissue
facial convexity and primary second molar occlusion type,
with the mean FCA and TFCA decreasing from 165.6° and
146.3° , respectively, among children with mesial step
occlusions to 163.2° and 144.1° , respectively, among
those with distal step occlusions. Although medium convex-
ity was the most common type of FCA and TFCA regardless
of primary second molar relationship, higher rates of distal-
step molar relationships were found among children with
high convexity profiles (both FCA and TFCA) when com-
pared to those with medium and low convexity profiles
(p<0.001), whereas higher rates of mesial-step molar rela-
tionships were found among children with low convexity
profiles (both FCA and TFCA) when compared to those with
high and medium convexity profiles (p<0.05). These find-
ings indicate that facial traits have an effect on occlusion,
even at very young ages (3-5 years).

In contrast to our study, a study by Fields and Vann® that
used visual assessment to predict dental and skeletal rela-
tionships in preschool children demonstrated that soft tissue
alone is not a reliable reference for the assessment of skele-
tal and dental relationships in young children, probably due
to variations in thickness and distribution of the soft tissue
drape. The difference between our results and those of Fields
and Vann can be attributed to the differences in evaluation
methods (visual evaluation vs. photographic measurement)
between the two studies.

Studies have shown that facial convexity and total facial
convexity differ by race.” For example, a longitudinal study
by Bishara et al’ that evaluated facial convexity and total
facial convexity in American subjects ages 5-25 years found
mean FCA and TFCA values of 170.0° +4.3 and
148.1° £2.9, respectively, for boys age 5 and of 169.4° +4.5
and 147.1° £4.7, respectively, for girls age 5. These values
were higher than the values for children age 5 obtained in
our study (boys: 165.3° +4.5 and 145.9° +4.1, girls:
165.3° +4.4 and 145.8° +4.3). These differences in convex-
ity may be attributed to differences in the races of the par-
ticipants.

CONCLUSIONS
The protocol used in this study is a simple, low-cost and
non-invasive method that can be used as a practical diag-
nostic tool for the evaluation of facial soft tissue, especially
with small children and in large epidemiological studies
where cephalometric radiographs are not practical.

The significant relationship between primary occlusion
and the degree of convexity of the soft tissue profile found
in this study is of great importance in the early diagnosis of
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dento-skeletal discrepancies. Further studies should be con-
ducted that use longitudinal data and include children of
different ages.
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