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Abstract

The purpose was to test the hypothesis that soft-tissue morphology differs consistently in people of diverse ethnic
origin exhibiting Class III malocclusions. Lateral cephalographs of 70 Korean and 71 European—American children
aged between 5 and 11 years were traced and 12 homologous, soft-tissue landmarks digitized. The total sample was
subdivided into seven age- and sex-matched groups, and Procrustes superimposition was used to generate average
geometries scaled to an equivalent size. Statistical differences were tested by ANOVA. Graphical analysis using a
colour-coded finite-element (FEM) program was used to localize differences in morphology. Procrustes’ results
indicated that the overall mean Korean and European—American soft-tissue configurations differed statistically
(p <0.001), and this difference was also true in all seven age groups tested (p < 0.001). On comparing mean
Korean and European—American Class III soft-tissue configurations for local size change, FEM analysis revealed
that whereas the Korean mental regions generally were smaller (approx. 43% on average), local increases in size
were apparent for the lower lip (approx. 29% on average). For shape change, the mean Korean and European—
American soft-tissue configurations were fairly isotropic except in the region of the columella, lower lip and the
anterior part of the mental region. Features of the soft-tissue integument in individuals of diverse ethnic origins
appear to be associated with the underlying skeletal Class III morphology. © 1999 Elsevier Science Ltd. All rights
reserved.
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1. Introduction

Although Class III malocclusions show a relatively
low prevalence of approx. 1-4% in European—
American populations (Kelly et al., 1973; Kelly and

Abbreviations: FEM, finite-element morphometry.
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50% of orthodontic patients in Korea sought treat-
ment for Class III malocclusions. Similarly, Kameda
(1982) noted mandibular protrusion in about 50% of
orthodontic patients in Japan. Mak (1969) found a
Class III prevalence of approx. 20% in Hong Kong
Cantonese children, while Tang (1994) reported that
some 15% of male Hong Kong Chinese exhibited
Class III malocclusions. In an earlier study, Johnson et
al. (1978) discovered that 23% of Chinese children had
Angle’s Class III malocclusions. Therefore, it appears
that Class III malocclusions are prevalent to a
greater degree in South-East Asian populations. The
increased prevalence in those populations is likely to
be genetically determined but the skeletal features of
South-East Asian children with Class III malocclu-
sions have not been considered extensively in the
English-language literature. Nevertheless, analysis of
craniofacial morphology is essential in orthodontic
evaluation and clinical treatments, and this is hin-
dered as the role of craniofacial components in the
aetiology of the South-East Asian Class III profile
has not been fully investigated. For example,
Hoffman et al. (1994) indicate that surgeons subjec-
tively assess facial aesthetics and devise soft-tissue
treatment objectives, but as there is limited infor-
mation in the English-language orthodontic literature
on the morphology of Korean individuals with Class
III malocclusions, the effect of ethnic variations
could make this task more difficult.

One way of investigating the putative association
between the circumoral soft tissues and the develop-
ment of Class III malocclusion would be to compare
the soft-tissue matrices that might be associated with
the development of the Class III condition. In a pre-
vious analysis (Singh et al. 1998a), the skeletal com-
ponents of prepubertal Korean and European—
American children with Class III malocclusions were
contrasted. The Korean children appeared to develop
Class III malocclusions because of their smaller skel-
etal anterior cranial base and midfacial dimensions,
and a large and less favourable mandibular mor-
phology than those of their European—American
counterparts (Singh et al., 1998a). Therefore, our
aim now was to investigate whether the cutaneous
soft tissues reflect the underlying skeletal mor-
phology. Rejection of the null hypothesis, that there
is no difference in soft-tissue morphology in children
of diverse ethnic origin with Class III malocclusions,
might provide support for the view of an active role
of the soft-tissue complex in the determination of
final facial form. As well, the study could provide
some further generic insights into the orthodontic
management of the prepubertal South-East Asian
child presenting for treatment of a Class III maloc-
clusion.

SfRo

SfM

Fig. 1. Homologous soft-tissue landmarks employed in this
study superimposed on a tracing of a lateral cephalograph of
a Korean child with a Class III malocclusion. SfGl, soft gla-
bella (most prominent mid-sagittal point on the forehead);
SfN, soft nasion (maximum concavity overlying the frontona-
sal suture); SfRo, soft rhinion (most prominent point on an-
terior tip of the nose); Cm, columella (point of intersection of
nose with philtrum of upper lip); SfA, soft sub-spinale (maxi-
mum concavity of the upper lip below the anterior nasal spine
corresponding to point A); LS, labial superioris (maximum
mid-sagittal convexity on the upper lip); LI, labial inferioris
(maximum mid-sagittal convexity on the lower lip); SfB, soft
supramentale (maximum concavity of the lower lip above
menton corresponding to point B); SfPo, soft pogonion (most
anterior point directly opposite pogonion); SfGn, soft
gnathion (most anterior-inferior point directly opposite
gnathion); SfM, soft menton (inferior—most point directly
opposite menton).

2. Materials and methods

After obtaining appropriate consent, pretreatment
lateral cephalographs of 71 European—American sub-
jects aged between 5 to 11 years with Angle’s Class 111
molar malocclusion were retrieved (Guyer et al., 1986).
A further 70 cephalographs of untreated Koreans with
a similar Class III molar relation were also obtained
from a Korean orthodontic practice. The total sample
included an approximately equal number of age-
matched males and females with no history of airway
problems and no obvious vertical skeletal problems. It
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Table 1
Procrustes analysis of mean soft-tissue configurations of Korean and European—American Class III children

Age (years) 5 6 7 8 9 10 11 TS*
Residual 0.0035 0.0032 0.0041 0.0033 0.0039 0.0037 0.0033 0.0031
F-value 2.4509 4.0427 6.0126 6.4712 5.3563 4.0018 2.2781 25.7667
p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

4TS is the total combined soft-tissue comparison that is significantly different at p < 0.001; the total sample is decomposed into

age groups, all age groups maintain statistical difference at p < 0.001.

was assumed that all radiographs were taken from in-
dividuals exhibiting left-right symmetry and that the
central X-ray beam passed along the transmeatal axis
while the teeth were in occlusion. The magnification of
each film was standardized to 8%. The chronological
age was assumed to match the developmental age in
this study as carpal ages were unavailable.

Each lateral cephalograph was traced onto frosted
acetate film (0.03” thick) and checked by one investi-
gator (GDS). Landmark coordinates from cephalo-
graphs taped to a light box of uniform brightness were
digitized using appropriate software and a digitizing
tablet (Numonics Inc., Montgomeryville, PA). Twelve
homologous soft-tissue landmarks were identified and
digitized (Fig. 1). These landmarks encompassed the
lateral facial profile and permitted the construction of
the soft-tissue configurations to be studied. All films
were digitized twice, and any landmarks that showed a
discrepancy of >1% on duplicate digitization were
deemed to be identified unreliably and were excluded
from the final analyses.

Procrustes analysis was used to determine the var-
iance around each landmark and express it as a root
mean square. Each total sample was subjected to
Procrustes superimposition and each group was rep-
resented as a mean and variance. The Procrustes rou-
tine was implemented on an Amiga 3000 computer,
and an average 12-noded geometry for each age group
was determined using a generalized orthogonal
Procrustes analysis (Gower, 1975). Following this

Table 2

method, every object’s coordinates were translated,
rotated and scaled iteratively until the least-squares fit
of all configurations was no longer improved.
Therefore, all configurations were registered with
respect to one another, and as a result of this pro-
cedure the geometric configurations of soft-tissue land-
marks were scaled to equivalent areas, avoiding
problems introduced by differences in size. To deter-
mine whether soft-tissue landmark configurations dif-
fered between ethnic types and at each age interval,
each European—American group mean geometry was
compared statistically to the age-matched Korean
group mean geometry by ANOVA (Gower, 1975). In
each instance, the null hypothesis was that the
European—American mean was not significantly differ-
ent from the Korean. Residuals and corresponding F-
values were computed, tabulated and compared.

In order to visualize sources of heterogeneic soft-tis-
sue morphology, FEM analysis was undertaken (Singh
et al., 1997a,b; 1998b) incorporating a spline interp-
olation function (Bookstein, 1991). Based on this
approach, differences can be described graphically as a
size and/or shape change (e.g., Singh et al., 1997a,b;
1998Db, inter alia). The FEM software was written in
“C” and implemented on an Amiga 3000 computer.
The overall mean European—American configuration
was taken as the initial geometry, and this was com-
pared to the overall Korean mean. The mean geome-
tries at each age interval were also compared (approx.
10 individuals per group; 5 males, 5 females).

FEM analysis comparing Korean and European—American Class III soft-tissue nodal values for size and shape change®

SGl SfN SfRo Cm SfA LI SfB SfPo SfGn SftM
Size

0.9582 1.0252 0.9851 0.9387 0.9151 1.1877 1.2127 0.6342 0.6253 0.5908
Shape

1.0124 1.0082 1.0016 1.0086 1.0310

1.0415 1.0632 1.0472 1.0096 1.0001

# Size-change variables indicate little change for the upper two-third of the face (SGI-SfA), slight diminution of the upper lip (LS)
with increased values for the lower lip (LI-SfB) but marked decreases in size for the Korean soft-tissue chin region (SfPo-Sfm).
Shape-change variables indicate little heterogeneity. Note that internodal values were calculated for at least 2000 points per geome-
try.
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Fig. 2. Size change using FEM to compare mean overall Class III soft-tissue configurations: Korean mental region is approx. 40%
smaller but lower lip is approx. 29% larger than mean European—American configuration.
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Fig. 3. For shape change, mean Korean and European—American soft-tissue comparison is predominantly isotropic. Minor degrees
of anisotropy (approx. 5%) are localized in the lower lip, columella, and anterior part of the mental region.
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Table 3
FEM analysis comparing Korean and European—American
Class III soft-tissue nodal values for size differences

Age (years) Mental region % decrease Lower lip % increase

5 50 20
6 30 30
7 50 15
8 45 50
9 50 40
10 50 40
11 35 40

Therefore, eight comparisons were generated in total,
and deformation values were computed for at least
2000 points per geometry for graphical display. A log-
linear interpolation of the size and shape values was
used to generate a colour map. These form-change
measures were then colour-mapped into each
European—American configuration to provide graphi-
cal displays of geometrical change for the overall and
each age-wise comparison.

3. Results

ANOVA demonstrated no statistical differences for
sex, so the males and females were combined into a
single group. Residuals from the overall Procrustes
analysis and those at each age are shown in Table 1.
Statistically significant differences between the mean
Korean and European—American Class III soft-tissue
configurations occurred at p <0.001 for the total
sample. When the total sample was decomposed over
the seven age intervals, the comparisons maintained
statistical significance at p < 0.001 for all age groups
tested.

Fig. 2 demonstrates size change using FEM to com-
pare mean overall Korean and European—American
Class III soft-tissue configurations. Size-change vari-
ables for the overall comparison (Table 2) indicated
that the Korean mental region generally was smaller
(approx. 40%), but increases in size were apparent for
the lower lip (approx. 29%). For shape change (Table
2 and Fig. 3), the Korean and European—American
soft-tissue configurations were fairly isotropic (invar-
iant with respect to direction, i.e., uniformity in the
nature of the shape change) with minor degrees of ani-
sotropy (nonhomogeneity with respect to direction,
i.e., directionality evident in the nature of the shape
change) localized in the regions of the columella, lower
lip and the anterior part of the mental region.
Decomposition of the sample into the seven age- and
sex-matched groups revealed that a similar pattern of
size change emerged for the Korean children (Table 3).

For shape change, the overall mean comparison and
the 5 to 11-year-old age groups were similar (Fig. 3).
The majority of the soft-tissue configurations were iso-
tropic, with evidence of anisotropy restricted to the
columella, lower labial and soft mental regions in the
Korean configurations. For the age groups compared,
although the range of anisotropy differed in various
regions of the facial mesh in these configurations, the
degree of anisotropy was remarkably similar over the
age range studied. Therefore, it appears that a combi-
nation of reduced soft tissue in the mandibular sym-
physeal region allied with lower-lip protrusion
distinguishes the Korean Class III soft-tissue lateral
profile from the European—American Class III facial
nodal mesh.

4. Discussion

In the assessment of facial form and form change,
modern geometric morphometrics are appropriate
techniques as they permit a more rigorous analysis of
shape and size change. For example, Richtsmeier and
Cheverud (1986) and Lozanoff and Diewert (1989)
noted that decomposition of morphological integration
is possible using FEM. Therefore, the application of
FEM is warranted in the analysis of craniofacial
growth (Motoyoshi et al., 1989). But Ferrario et al.
(1995a) noted that shape similarities largely can be
overwhelmed by size differences, and Lele (1993) has
highlighted the problems of using Procrustes analysis
as a statistical tool. In a previous study, Procrustes’
results were corroborated through other statistical tests
including linear measures and Euclidean distance
matrix analysis (Singh et al., 1998a). It was, therefore,
essential to scale the configurations to equivalent size
before investigating local shape and size changes to de-
rive meaningful comparisons.

In this study, the sexes were combined as the sample
was relatively small. That this appears to be permiss-
ible is gleaned from the three-dimensional morphome-
try of adult cutaneous facial landmarks. Ferrario et al.
(1996a) employed two infrared camera-coupled devices
to reconstruct the facial soft-tissue complex, noting no
significant sex differences. Thus, combining sexes in the
5 to 11-year age range generally is satisfactory because
of the only modest sexual dimorphism of craniofacial
structures present at these prepubertal ages (Riolo et
al., 1974). Therefore, morphological differences detect-
able by FEM with the use of combined samples con-
sisting of prepubertal boys and girls appears to depict
ethnic, presumably genetic, craniofacial heterogeneity.
Despite these findings, neither automated landmark
detection nor study of experimental error was possible
here, even though FEM is sensitive to small changes in
landmark location (Ayoub and Stirrups, 1993).
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Variation in soft-tissue facial form in association
with ethnicity is expected a priori. Given the under-
lying skeletal morphologies of the Class III Korean
and European—American child (Guyer et al., 1986;
Singh et al., 1998a), it appears that midfacial retrusion
may or may not be associated with soft-tissue
dynamics when change in form from the Class I to the
Class III condition is investigated. Korean children
appear to develop Class III malocclusions because of
their smaller skeletal anterior cranial base and midfa-
cial dimensions than those of their Class III
European—American counterparts (Singh et al,
1998a). But form differences in midfacial soft tissues
do not appear to be evident when diverse ethnic
groups with Class III morphologies are compared
(Figs. 2 and 3). We therefore suggest a passive role
for the circumoral soft tissues in the actiology of
Class III malocclusion.

Ngan et al. (1997) compared Chinese and Caucasian
Class III patients and noted ethnic differences: for
example, the soft-tissue mandibular prognathism and
lower-lip protrusion reflected the more severe under-
lying skeletal disharmony in the Chinese sample. Singh
et al. (1998a) reported that Korean children appear to
develop Class III malocclusions because of a large and
less favourable mandibular morphology than that of
their Class III European—American counterparts. But,
in the current study, the Korean Class III children
appear to have smaller symphyseal soft tissues than
their American Class III counterparts. Given the
underlying Korean Class III skeletal mandibular mor-
phology (Singh et al., 1998a), it appears that the sym-
physeal soft tissues do not reflect skeletal configuration
equally when ethnicity is taken into account, in con-
trast with some of the findings of Ngan et al. (1997).
The concept of a passive role or hypofunction of the
mental soft tissues (Seren, 1990) is, however, supported
by our FEM analysis.

Further analysis revealed that lower-lip protrusion
was detectable in the Korean Class III children, and
this feature may reflect the anterior crossbite indicative
of Class III malocclusion in Sout-East Asian children,
in support of some of the findings of Ngan et al.
(1997). Miyajima et al. (1997) have catalogued differ-
ences in soft-tissue lip profile in untreated Class III
Japanese females with anterior crossbites. But Bittner
and Pancherz (1990) report that while a large overjet
(Class II malocclusion) was most often reflected in the
face, a Class III incisor relation was difficult to detect.
It also is likely that tongue shape, size and/or protru-
sion will affect the labial position of the lower incisors
(visualized as lower-lip protrusion for the Class III
Korean child), but this feature was not investigated
here. Another feature of the Class III condition is a
diminished convexity of the profile of the soft tissues
(Rak, 1989). This flattening of the facial profile may be

enhanced in the Korean child, bearing in mind the
form of the lower lip, the reduced size of the mental
region, and an obtuse (skeletal) frontonasal angle
(Singh et al., 1998a). Therefore, Miyajima et al. (1996)
correctly predicted that a single standard of facial aes-
thetics is not appropriate for application to diverse eth-
nic groups.

Zeng (1992) suggests that the rate of developing a
skeletal Class III malocclusion for Japanese patients
with a positive family background is not higher than
for those with a negative one. This finding implies that
the epigenetic influence of the soft-tissue matrix could
have a bearing upon the final facial form. Indeed,
facial soft-tissue size and shape is influenced by factors
such as age, sex and skeletal classification to a lesser
extent. Using soft-tissue landmarks, noted that the
upper third of the face had the largest variability and
that the sexual dimorphism largely was explained by
the lower third of the face. In our current, limited,
cross-sectional study, it appears that the soft-tissue
matrices are established at an early postnatal age and
that the developmental pattern does not change signifi-
cantly when prepubertal Class III Korean children and
their European—American counterparts are compared.
Discrepancies in the mental and lower-lip regions
might become more evident in the postpubertal stage
but  this hypothesis requires further  study.
Morphofunctional re-equilibration of skeletal Class III
malocclusions is, however, implied as one of the keys
to the resolution of this complex condition (Nidoli et
al., 1990). proposed a computerized mesh-diagram
analysis to assess modifications in facial form after
orthodontic interventions. In future studies the out-
come of orthodontic interventions will be assessed by
FEM to determine whether Korean and European—
American children have similar soft-tissue mor-
phologies after orthodontic correction of Class 11T mal-
occlusions.
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