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Finite-element morphometry of soft tissue morphology
in subjects with untreated Class III malocclusions

G. D. Singh, BDS, PhD; J. A. McNamara Jr, DDS, PhD; S. Lozanoff, PhD

Abstract: Soft tissue dynamics may contribute to maxillomandibular allometry (size-related changes in shape) associated
with the development of Class III malocclusions. Lateral cephalographs of 124 prepubertal European American children
were traced and 12 soft tissue landmarks were digitized. Resultant geometries were normalized, and Procrustes analysis
established the statistical difference (p<0.001) between mean Class III and Class I configurations. Comparing the Class III
configurations with normals for size-change, color-coded finite element analysis revealed a superoinferior gradient of
positive allometry of the Class III facial nodal mesh. A conspicuous area of negative allometry (=40%) was localized near
soft subspinale, with a =70% increase in size in the mental region. For shape-change, the Class III facial mesh was isotropic,
except in the anisotropic circumoral regions. Conventional cephalometry revealed that about 50% of linear and 75% of
angular parameters differed statistically (p<0.001). Soft tissue dynamics during early postnatal development may
contribute to the development of Class III malocclusions.
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ne of the most important as-

pects of orthodontic treat-

ment planning is an evalua-
tion of the soft tissue profile.!? The
interdependence of muscle activity
and craniofacial morphology sug-
gests a contribution from the muscu-
lature to the development of
occlusion.? Although muscle tonicity
may differ between surgical and non-
surgical patients,* it is conceivable
that true (skeletal) and acquired (sur-
gically induced) Class III malocclu-
sions may result from the activity of
the circumoral musculature. For ex-
ample, Bardach et al.’ tested the hy-
pothesis that cleft lip repair
contributes to maxillofacial growth
aberrations. They found that under-
mining the soft tissue of the upper lip
on the surface of the maxilla was det-
rimental to maxillofacial growth in
beagles. Similarly, Kapucu et al.®
studied the effect of cleft lip repair on
maxillary morphology in patients
with unilateral complete cleft lip and
palate and noted significant degrees
of maxillary retrusion (acquired
Class III malocclusion) compared
with normal individuals. Earlier, for
Class III orthodontic patients,

Frankel™® suggested that vestibular
shields and labial pads counteract the
surrounding muscle forces that re-
strict anterior maxillary skeletal de-
velopment. Indeed, relapse of an
anterior crossbite following dental
arch expansion in the treatment of
skeletal Class III malocclusions may
be due to an increase in labial soft tis-
sue pressure, resulting in postopera-
tive instability. Therefore, it is
conceivable that circumoral soft tis-
sue pressure could act as a factor in
anteroposterior maxillomandibular

One of the goals in treating Class III
malocclusion is to improve the
dentofacial profile.” In the study of
the interrelationships of the soft tis-
sue and dentoskeletal profiles, size
plays a distorting role because it can
mask shape-change.’” Geometric
morphometrics, such as finite ele-
ment morphometry (FEM), allow a
more rigorous analysis of allometry
and anisotropy. (Anisotropy de-
scribes nonhomogeneity with respect
to directionality of shape-change,
e.g., a circle transforming into an el-

allometry (size-related shape- lipse.)In previous studies of the skel-
change). etal etiology of Class III
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malocclusions, FEM has been em-
ployed to demonstrate allometry and
anisotropy of the cranial base,” the
midface,’? and the mandible.”® Re-
cently, there has been renewed inter-
est in facial soft tissue harmony' and
the psychological aspects of
dentofacial attractiveness.’’” Rak'®
described a diminished convexity of
the soft tissue profile in boys and
girls with Class IIl malocclusions, but
account should be taken of sexual di-
morphism as this feature is evident
for soft tissue measurements."” Such
discrepancies may be age-related
phenomena; during the pubertal
growth spurt, soft tissue changes em-
phasize the nose and chin more
prominently.?® Nevertheless, the soft
tissue profile may simply reflect the
underlying hard tissues. A close cor-
relation is thought to exist between
soft tissue landmarks and the under-
lying skeletal and dental structures.”

In an extensive study of Japanese
females, Miyajima et al.”? reported
that, in Class III patients, the under-
lying skeletal and dentoalveolar im-
balances were reflected in the soft
tissue profile, and the average value
for the nasolabial angle remained
similar across developmental stages.
Indeed, when the relative movement
of the soft and hard tissues are as-
sessed after mandibular surgery for
the correction of Class IIl malocclu-
sion, the soft tissues are found to con-
sistently move slightly less than the
underlying hard tissues.?® Similarly,
in the evaluation of postoperative
stability of combined surgical-orth-
odontic procedures, mandibular soft
tissue points followed relapse of the
chin to the same extent.?* Therefore,
the perioral soft tissue pattern might
follow the skeletal morphology, re-
gardless of other dimorphic param-
eters. The aim of the current study
was to employ geometric
morphometrics and conventional
cephalometry to compare the facial
soft tissue profiles between Class I
and Class III malocclusion. By exam-
ining the patterns of deformation of
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the soft tissue facial nodal mesh of
normal and maloccluded children,
we might be able to demonstrate
changes in soft tissue morphology
discernible for the two groups of chil-
dren and indicate graphically the soft
tissue dimorphism of the Class III
condition.

Materials and methods

The total sample employed in this
study comprised 124 children of Eu-
ropean American descent between
the ages of 5 and 11 years. Seventy-
one subjects with untreated Class III
molar occlusion” were compared
with 53 children with normal, Class
I molar relationship over seven age
intervals. The total cross-sectional
sample included an approximately
equal number of males and females,
each with a negative history of
airway problems and no obvious
vertical skeletal discrepancies. Chro-
nological ages were assumed to
match developmental ages in this
study, as carpal radiographs were
unavailable. Therefore, the total
sample consisted of seven age- (5, 6,
7,8,9,10, 11 years) and sex-matched
groups for each occlusal type {Class
I, Class III), consisting of =10 Class III
individuals and =7 Class I individu-
als per group, respectively.

The magnification of each lateral
cephalograph was standardized to an
8% enlargement factor. It was pre-
sumed that all radiographs were
taken from patients exhibiting left-
right symmetry and that the central
X-ray passed along the transmeatal
axis while the teeth were in occlu-
sion. Each lateral cephalograph was
traced on frosted acetate film (0.03"
thick) by one investigator (GDS). To
increase the reliability of the soft tis-
sue landmarks selected, cephalo-
graphs were taped to a light box of
uniform brightness in a darkened
room and digitization was achieved
using a cross-wires cursor. Twelve
homologous soft tissue landmarks on
the lateral profile of the face were
identified and digitized (Figure 1),
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Figure 1

Homologous soft tissue landmarks
employed in this study superimposed on
a tracing of a lateral cephalograph of a
subject with a Class Il malocclusion

SfGl  Soft glabella (most prominent
midsagittal point on the forehead)

SN Soft nasion (maximum concavity
overlying the frontonasal suture)

SfRo Soft rhinion (most prominent point
on anterior tip of the nose)

Cm  Columella (point of intersection of
nose with the philtrum of the upper
lip)

SfA  Soft subspinale (maximum

concavity of the upper lip below
the anterior nasal spine corre-
sponding to A-point)

LS Labrale superius (maximum
midsagittal convexity on the upper
lip)

LI Labrale inferius (maximum
midsagittal convexity on the lower

lip)

SfB  Softsupramentale (maximum
concavity of the lower lip above
menton corresponding to B-point)

SfPo  Soft pogonion (most anterior point

directly opposite pogonion)
SfGn Soft gnathion {most anteroinferior
point directly opposite gnathion)
Soft menton (most inferior point
directly opposite menton)

SiM



employing appropriate software and
a digitizing tablet (Numonics Inc,
Montgomeryville, Pa). These land-
marks showed a discrepancy of <1%
on duplicate digitization and were
deemed to be identified reliably, but
neither landmark reidentification nor
automated landmark detection were
employed.

Procrustes superimposition (the
construction of a two-form superim-
position by a least-squares method)
was employed to determine whether
soft tissue landmark configurations
differed between occlusal types at
each age interval. The Procrustes
routine was implemented on an
Amiga 3000 computer and an aver-
age 12-noded geometry for each age
group was determined using a gen-
eralized orthogonal Procrustes
analysis.?? Following this method,
every object’s coordinates were
translated, rotated, and scaled itera-
tively until the least-squares fit of all
configurations was no longer im-
proved. Therefore, all configurations
were registered with respect to one
another, and as a result, geometric
configurations of soft tissue land-
marks were scaled to equivalent ar-
eas, avoiding problems introduced
by differences in size. Each Class I
group mean geometry was compared
statistically with the age-matched
Class III group average geometry us-
ing an analysis of variance.”®* In
each instance, the null hypothesis
was that the Class I mean was not
significantly different from the Class
III average. Residuals and corre-
sponding F-values were computed,
tabulated, and compared.

In order to validate the source(s) of
heterogeneic soft tissue morphology,
FEM analysis that incorporated a
spline interpolation function®® was
undertaken.""*13® The method em-
ployed is briefly summarized here.
An anatomical structure is defined as
a structural continuum bounded by
homologous landmarks or nodes.
Change in form is viewed as a con-
tinuous deformation of an initial ref-

Soft tissue morphology in untreated Class 111 subjects

Table 1

Soft tissue linear variables (mm)

Soft tissue angular variables (0)

SfN-SfRo
SfRo-Cm
Cm-SfA
SfA-LI
LI-SfB
SfB-SfPo
SfGn-Sfv

SfN-SfRo-Cm
SfRo-Cm-SfA
Cm-SfA-L!
LI-SfB-SfPo

erence geometry into a final configu-
ration. The magnitude and direction
of strain is calculated based on this
deformation and provides a simple
numeric description of change in
form. Any two-dimensional defor-
mation can be quantified as a major
and a minor strain (principal strains).
If the two strains are equal, the form
change is characterized by a simple
increase or decrease in size. For ex-
ample, if a circle enlarges, then the
diameter of the circle increases by a
constant amount but the geometry
remains unchanged, i.e., it remains a
circle. If, however, only one of the
principal strains changes, then the
circle deforms into an ellipse, chang-
ing in both size and shape. Therefore,
form change can be characterized as
a size and/ or shape change by exam-
ining the principal strains.

As the product of the strains indi-
cates a change in size, a product not
equal to 1 represents a size change
equal to the remainder, e.g., 1.60 rep-
resents a 60% increase in size (posi-
tive allometry), whereas 0.90
represents a 10% decrease in size.
Similarly, a shape change is deter-
mined by the ratio of the principal
extensions, with a value different
from 1 representing observable
shape change. The ratio of the diam-
eter change represents a change in
anisotropy (nonuniform shape
change), e.g., 1.60 deforms a circle
into an ellipse. The products and ra-
tios can be determined at individual
points within a geometry, linearized,
and color-coded to provide a graphic
display of size- and shape-change for
geometrical deformation. In order to
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perform FEM on a sample of subjects,
landmark configurations must be
processed to achieve a mean form
representing a group. Procrustes
analysis is one technique based on
minimizing the distances between
homologous landmarks for a sample
of geometries. The variance around
each landmark is determined and ex-
pressed as a root-mean square
(RMS). Therefore, statistical analyses
can be performed on the overall ge-
ometries, as each group is repre-
sented as a mean and variance. Based
on this approach, groups can be de-
termined to be statistically different
from one another using Procrustes
analysis. This difference can be de-
scribed graphically as a size- and/or
shape-change using FEM.

The total Class I configuration was
taken as the initial geometry, and this
configuration was compared with
the Class III mean. The geometries
for each age group were also com-
pared. Eight comparisons were gen-
erated in total, and deformation
values were computed for at least
2000 points per geometry for graphi-
cal display. A log-linear interpolation
of the size- and shape-values was
used to generate a color map. These
form-change measures then were
color-mapped into each Class I
midfacial configuration to provide
graphical displays of geometric
change for the total and each age-
wise comparison. The choice of inter-
polation® was arbitrary as there is no
biologic justification for the deploy-
ment of a spline function; because of
this, conventional cephalometry was
included in the study. Therefore,

Vol. 69 No. 3 1999 217



Singh; McNamara; Lozanoff

Table2

Procrustes analysis of mean soft tissue configurations of Class | (normal) and Class lll subjects. TS represents the
total combined Class | and Class lll comparison that is significantly different at the p<0.001 level. When the total
sample is decomposed into age subgroups, all age groups maintain statistical difference at the p<0.001 level.

Age (yrs) 5 6 7 8 9 10 11 TS
Residual 0.0023 0.0023 0.0016 0.0016 0.0012 0.0025 0.0019 0.0015
F-value 1.7703 1.7857 1.5655 2.2512 1.4649 2.3014 1.7916 8.2585
p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
seven linear distances (mm) between FEM  revealed an overall the soft subspinale region and an in-

coordinates were calculated (Table
1), as well as four soft tissue angles
(°). By employing bivariate statistical
analysis (paired t-tests), the battery of
linear and angular parameters delin-
eated was analyzed. This part of the
study would enable comparison of
the baseline data with respect to pre-
vious studies that are restricted to
conventional cephalometric analysis
alone.

Results

Residuals from the overall
Procrustes analysis and those at each
age were tabulated and compared
using an F-distribution (Table 2). Sta-
tistically significant differences be-
tween the normal and Class III soft
tissue landmark configurations oc-
curred at p<0.001 for the total sample.
When the total sample was decom-
posed over seven age intervals, the
comparisons maintained statistical
significance at p<0.001 for all age
groups tested.

Table 3 summarizes nodal values
for size- and shape-changes, using
FEM to compare Class I and Class I
soft tissue configurations. Size-
change variables indicated little
change at the nodes in the upper
third of the facial drape (e.g., SfGl-
SfRo) and diminution at the nodes of
the midface (e.g., Cm-S5fA), with in-
creased values for nodes of the lower
third of the facial profile (e.g., SB-
SfM). Shape-change variables, how-
ever, indicated little heterogeneity
except for the lips (e.g., LS and LI
Table 3). Comparing the total Class
III soft tissue and normal configura-
tions for size-change graphically,
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superoinferior gradient of positive
allometry of the Class III soft tissue
facial nodal mesh (Fig. 2viii). Con-
spicuously, there was a localized
area of negative allometry between
the columella and labrale superius,
with an epicenter based on the soft
subspinale region (Fig. 2viii; =40%
decrease in size). In contrast, between
soft supramentale and soft gnathion,
an increase in size of approximately
70% was evident (Fig. 2viii). For
shape-change, the Class III soft tissue
facial nodal mesh was predomi-
nantly isotropic (Fig. 3viii), except for
the anisotropic circumoral and labial
regions, including the soft subspinale
region (Fig. 3viii).

Decomposition of the sample into
the seven age- and sex-matched
groups revealed that at age 5 years a
similar pattern of size-change
emerged (Fig. 2i: =50% decrease at
SfA; =75% increase at SfPo). Simi-
larly, the 6-year old group (Fig. 2ii)
exhibited soft subspinale diminution
(=55%), with positive allometry
{(=65%) visible in the soft symphyseal
region. The 7-year-old group (Fig.
2iii) demonstrated an almost identi-
cal pattern of soft subspinale short-
ening (=50%) and positive
symphyseal allometry (=60%). In
contrast, the 8-year-old group (Fig.
2iv) showed some nasomaxillary
diminution, but negative allometry
was maintained in the soft
subspinale region (=25%) allied with
positive allometry (=85%) in the sym-
physeal region, as in the other age
groups.

The 9-year-old group (Fig. 2v) ex-
hibited negative allometry (=50%) in
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crease in size-change in the symphy-
seal region (=55%), similar to other
age groups. The 10-year-old group
(Fig. 2vi) showed a smaller negative
allometry for the subspinale region (a
diminution in size by some =40%),
but the symphyseal increase in size
(=75%) was similar to that of other
age groups. Finally, the 11-year-old
group (Fig. 2vii) demonstrated
midfacial soft tissue foreshortening
(=25%) and symphyseal increases
(=70%) comparable to most other age
groups.

For shape-change, the 5- to 7-year-
old subgroups were similar (Figs. 3i-
3iii). The majority of the soft tissue
configurations were isotropic (invari-
ant with respect to direction), with
evidence of anisotropy restricted to
the soft subspinale and labial re-
gions. However, while the 8-year-old
group (Fig. 3iv) exhibited anisotropic
circumoral and symphyseal regions,
the 9-year-old group (Fig. 3v) dis-
played isotropy in the symphyseal
region similar to the 5- to 7-year-olds.
The 10-year-old group (Fig. 3vi) was
the most isotropic (uniformity of
shape-change), exhibiting anisotropy
of =5% to 15%, confined to the labia.
Finally, the 11-year-old subgroup
(Fig. 3vii) demonstrated homogene-
ity in soft tissue shape-change, with
anisotropy restricted to the labial and
soft-tissue menton regions.

Table 4 shows the results of conven-
tional cephalometry. Only three of
the seven linear measurements re-
turned statistical significance. The
Class III group showed a decrease in
length between columella to soft
subspinale, and labrale inferius to



Soft tissue morphology in untreated Class 111 subjects

Table 3
FEM analysis comparing Class | and Class lll soft tissue nodal values for size- and shape-change. Size-change
variables indicate little change for the upper third of the face (SfGl-SfRo), diminution of the midface (Cm-SfA), and
increased values for the lower third of the facial profile (SfB-SfM). Shape-change variables indicate little heterogeneity
except for the lips (LS and LI). Note that internodal values were calculated for at least 2000 points per geometry

StGl SiN SfRo Cm SfA LS LI SfB SfPo SfGn StM
Size-change
1.0406 1.0136 1.0128 0.7190 0.6106 0.9085 0.8608 1.1963 1.6660 1.4398 1.1464
Shape-change
1.0001 1.0001 1.0008 1.0095 1.0191 1.0773 1.0745 1.0161 1.0060 1.0021 1.0047
Table 4

Summary of mean craniofacial distance (mm = s.d.) and angular (° + s.d.) measurements. Note that 3 out of 7 linear
distances and 3 out of 4 angular parameters returned statistical significance. Refer to Table 1 for key.

Class | Linear measures (mm) Angular measures (°)

Age SfN-SfRo SfRo-Cm  Cm-SfA  SfA-LI LI-SfB  SfB-SPo SfGn-StM SfiN-SfRo- SfRo-  Cm-SfA-LI LI-SfB-
(yrs) Cm Cm-SfA SfPo
5 / 427 16.5 6.5 24 124 105 10.3 111 134 177 140

6 427 15 7 241 121 9.3 9.8 113 136 177 137
7 404 16 6.9 25 13.6 10.5 10.9 107 132 177 136

8 422 17.7 54 236 13.2 11.9 101 104 141 177 140

9 39.7 16.9 74 239 13.7 104 104 103 142 173 138
10 413 17.2 57 241 125 10.8 9.8 103 147 169 138
11 41.8 16.6 6.8 23.3 14.7 9.6 125 101 142 174 142
Mean 41.6 16.6 6.5 239 13.2 104 105 106 139 175 139
Std 11 0.9 0.7 05 0.9 0.9 09 4.3 49 3.1 2.1
5 39 16 32 26.9 10.7 15.4 1.1 106 148 159 141

6 38.7 16.6 3.6 247 1141 14.8 10.4 111 148 161 148
7 415 16.2 4.2 25.3 115 144 10.3 102 148 156 148

8 40.7 15.5 45 238 10.8 143 104 107 151 159 147

9 415 15.8 4 253 11.1 155 9.7 105 149 156 145
10 4 16.8 41 23.1 11 15.7 10.9 105 154 151 150
11 43.8 17.2 54 20.7 114 142 10 106 160 152 147
Mean 4.3 16.3 41 242 1141 14.9 10.4 106 151 156 146
Std 21 06 0.7 2 0.3 0.6 0.5 27 45 37 29
Sig. N.S. N.S. p<0.001 N.S. p<0.001 p<0.001 N.S. N.S. p<0.001 p<0.001 p<0.001

soft supramentale; but an increase in
soft supramentale to soft pogonion
length. In contrast, 75% of soft tissue
angles were statistically different.
The Class III mean values showed
obtuse angulation between the tip of
the nose-columella-soft subspinale,
and columella-soft subspinale-
labrale inferius angulation, but acute
angulation between labrale inferius-
soft supramentale-soft pogonion,
reaching statistical difference at p<
0.001 when Class Il and Class I forms
were compared (Table 4). These find-
ings are in accord with the geomet-
ric morphometric findings reported
above.

Therefore, it appears that a combi-
nation of reduced soft tissue in the
subspinale region, allied with in-
creases in the mandibular symphy-
seal region, distinguish the Class III
lateral profile from the normal facial
nodal mesh. That these morphologi-
cal differences are localized predomi-
nantly in specific maxillomandibular
regions may have a bearing on the
anteroposterior jaw relations associ-
ated with Class III malocclusions.
Moreover, the early pattern of facial
deformation was maintained up to
the later postnatal stages (Table 4),
suggesting that the foundation for
Class III malocclusions is laid down
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in early childhood and maintained in
the untreated, prepubertal child.

Discussion

A knowledge of normal growth will
help predict soft tissue changes pro-
duced by orthodontic interventions,*
while the prediction of abnormal
growth in Class IIT malocclusions is
desirable® to aid orthodontic treat-
ment planning and prevent un-
wanted relapse. McCance et al.*
employed a color-coded method of
quantifying postoperative 3-D facial
bone and soft tissue movement. Their
methodology, however, relied upon
ratios, as the subjects were not cor-
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rected for size. In view of the hetero-
geneity of this class of malocclusion,
we based the Class III occlusal type
on the molar relationship,” although
other studies have adopted classifi-
cations based on cephalometric
analysis,”® ANB angle,* incisor rela-
tionships,” or deciduous canine re-
lationships.® The selection criterion
employed in the current study, how-
ever, was supported when tested in-

Figure 2

Size-change color maps transforming the

mean soft tissue Class | geometry into

the mean Class Ill configuration.

(i) Atage 5 years a=50% decrease in
size at SfA is conspicuous with a
~75% increase in size at SfPo.

(i) The 6-year-old comparison exhibits
soft subspinale size diminution
(=55%) with positive allometry
(=65%) visible in the soft symphy-
seal region.

(iii) The 7-year-old group demonstrates
soft subspinale shortening (=50%)
and positive symphyseal allometry
(=60%).

(iv) The 8-year-old group shows
nasomaxillary diminution, but
negative allometry is maintained in
the soft subspinale region (=25%)
allied with positive allometry (=85%)
in the symphyseal region.

(v) The 9-year-old group exhibits
negative allometry (=50%) in the
soft subspinale region and an
increase in size-change in the
symphyseal region (=55%).

(vi) The 10-year-old group shows
negative allometry for the
subspinale region (=40%) buta
symphyseal increase in size
(=75%).

(vii) The 11-year-old group demonstrates
midfacial soft-tissue foreshortening
(=25%) and symphyseal increases
(=70%).

(viii) Graphically comparing the total
Class 1l soft tissue and normal
configurations for size-change, FEM
reveals an overall superoinferior
gradient of positive allometry of the
Class lll soft tissue facial nodal
mesh. There is a localized area of
negative allometry between the
columella and labrale superius, with
an epicenter based upon the soft
subspinale region (=40% decrease
in size). In contrast, between soft
supramentale and soft gnathion, an
increase in size of =70% is evident.
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dependently of the clinical diagnosis;
soft tissue landmark configurations
determined by Procrustes analysis
differed between the two occlusal
types independently of the clinical
diagnosis. One limitation of the
Procrustes analysis is that, although
variance at landmarks is depicted, no
interlandmark information is avail-
able. For this reason, FEM analyses
also were employed. Bookstein,*
however, raised concerns regarding
the use of FEM for configurations of
more than three landmarks, one of
the problems being the choice of tri-
angles. Others,*®* however, have
shown that the reliability of pooled
data is satisfactory for intergroup
FEM comparisons. Indeed, using
FEM for graphical analysis avoids

Figure 3

Shape-change color maps transforming

the mean soft tissue Class | geometry

into the mean Class Il configuration.

(iy Forshape-change, the 5-year-old
soft tissue configuration is isotropic,
with evidence of anisotropy
restricted to the soft subspinale,
perioral, and labial regions.

(i) The 6-year-old group is similar to
Fig. 3i. The majority of the soft
tissue configuration is isotropic, with
anisotropy restricted to the soft
subspinale and labial regions.

(i) The 7-year-old group shows that the
majority of the soft tissue configura-
tion is isotropic, with anisotropic soft
subspinale and labial regions.

(iv) The 8-year-old group exhibits
anisotropy in the circumoral and
symphyseal regions.

(v} The 9-year-old group displays
anisotropy in the soft subspinale
and labial regions similar to the 5- to
7-year-olds.

(vi} The 10-year-old group shows the

most isotropic soft tissue configura-

tion, exhibiting anisotropy of =5% to

15%, confined to the labia.

The 11-year-old group demonstrates

homogeneity in soft tissue shape-

change, with anisotropy restricted to
the labial and soft tissue menton
regions.

(viii) For overall shape-change, the Class
| soft tissue facial nodal mesh is
predominantly isotropic, except for
the anisotropic circumoral and labial
regions, including the soft
subspinale region.

(vii

=
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registration on any individual node,
thus obviating misleading conclu-
sions due to relative changes in po-
sition for any landmark used as a
registration point.

In terms of localization, one might
expect differences in regional mor-
phology within the soft tissues of
Class III individuals compared with
Class I subjects. Results from the
graphical analysis indicated that de-
creases in local size occurred pre-
dominantly in the soft subspinale
region, whereas large increases in
size were seen particularly in the soft
mandibular mental area. These re-
sults support the view that the
midface is either displaced posteri-
orly or is restrained from growing
anteriorly relative to the mandible.
The putative ontogenetic hindrance
would have the effect of decreasing
the anteroposterior midfacial length
during morphogenesis and simulta-
neously leading to mandibular prog-
nathism. In an earlier study, Singh et
al.®® noted that the Class III skeletal
midface is reduced by =10% in an-
teroposterior dimension when ana-
lyzed using FEM. In another FEM
study,? the Class III skeletal man-
dibular corpus was increased in size
by =12%. In view of the =40% soft
midface reduction in size relative to
the Class I sample, allied with the
=70% soft mandibular increase in
size noted in the present study, it
would appear that the soft tissues
may play a more active role than
supposed in the development of the
imbalance between maxillary and
mandibular growth characteristics of
subjects with Class III malocclusion.
That such findings have been re-
ported for patients with Class III mal-
occlusion supports the hypothesis of
an altered soft tissue activity compo-
nent in the etiology of Class IIf mal-
occlusions. For example, Seren*
reported that hypofunction of the
mentalis muscle is related to man-
dibular protrusion; more recently,
Trotman et al.22 suggested that soft
tissue parameters such as lip posture,
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airway size, and tonsil size may be
associated with differences in cranio-
facial morphology. Frinkel”## rec-
ognized the role of the soft tissue in
the development of Class III maloc-
clusion, as can be seen in the design
of his appliance system. The vestibu-
lar shields and upper labial pads of
the FR-III appliance function to coun-
teract the forces of the surrounding
musculature that, according to
Frankel, restrict forward maxillary
skeletal development and cause a
retrusion in maxillary tooth position.

It appears also that the early pattern
of facial deformation is maintained in
the later postnatal stages in the un-
treated Class III child, supporting the
view that the foundations for Class
III malocclusion are established in
the early postnatal period.’** In the
present study, however, no account
was taken of sexual dimorphism,
even though this feature is evident
for soft tissue measurements.* Nev-
ertheless, perioral soft tissues follow
a pattern similar to that of the mean
group,® and this principle was up-
held in our study. In addition, in the
development of malocclusions,
Buschang et al.% considered that size
differences are established before 11
years of age, and that boys with nor-
mal occlusion and untreated Class III
malocclusion are comparable in
growth velocity and acceleration. In-
deed, in a cross-sectional study of
1376 Japanese females, Miyajima et
al.”2 reported that for Class III pa-
tients the underlying skeletal and
dentoalveolar imbalances were re-
flected in the soft tissue profile.
Therefore, the perioral soft tissue pat-
tern might simply follow the skeletal
morphology, regardless of other di-
morphic parameters.

In the treatment of Class III maloc-
clusions, Ngan et al.”, using 6 months
treatment with maxillary expansion
and protraction, found that forward
movement of the maxilla was accom-
panied by 50% to 70% forward move-
ment of the soft tissue profile.
Similarly, in the mandible, down-
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ward and backward movements of
the soft tissues were 71% to 81% of
the corresponding hard tissue move-
ment. Those values are in agreement
with the magnitude of values re-
ported here, using a different analyti-
cal technique. Similarly, Ingervall et
al.¥ reported that, on average, the la-
bial fold and chin moved 6% more
than the hard structures while the
lower lip moved 12% less than the
mandibular incisors in patients
treated with mandibular setback for
the surgical management of Class III
malocclusions. Therefore, as the aim
of orthodontic treatment is to correct
Class III malocclusions to Class [, the
soft tissue differences described for
untreated Class III subjects mirror the
putative changes required in the
treatment of Class III patients to at-
tain a normal lateral facial profile.
Simply stated, the =40% reduction in
size noted at soft-subspinale localizes
the region and degree of correction
required for the Class III child. Nev-
ertheless, the limitations of generic
data are that they cannot be used for
individual patient prediction, and the
problem of individual patient treat-
ment planning still needs to be ad-
dressed.

As well, relapse following dental
arch expansion may be due to an in-
crease in labial soft tissue pressure
resulting in postoperative instability.
Shellhart et al.* suggested, however,
that labial adaptation occurs follow-
ing an initial increase in pressure.
This supposition is supported by our
current findings, as the upper nasola-
bial fold appears to be associated
more closely with the maxillary su-
pra-alveolar process. Miyajima et
al.2 reported that in the Japanese fe-
male the average value for the na-
solabial angle remains similar across
developmental stages. Indeed, the
soft tissues may serve to camouflage
the hard tissue morphology. These
views are in accord with our present
findings using a different technique;
anisotropy of the labial structures
was evident.



Ultimately, any morphometric tech-
nique simply provides a description
that may be used to hypothesize a de-
velopmental mechanism; the decom-
position of cause versus effect
remains elusive. The negative allom-
etry localized near soft subspinale
may simply reflect the underlying
hard tissues. Therefore, the biologi-
cal mechanism that Class III maloc-
clusions may result from either early
overactive maxillary musculature or
hypofunction of mandibular muscu-
lature must be tested further; it high-
lights the multi-faceted nature of this
particular maxillomandibular dis-
harmony. Although mathematical
techniques such as faciometrics® and
Fourier analysis may allow quantita-
tive analysis of shape and its change®
in the search for a definitive param-
eter that can be deployed to charac-
terize the development of Class III
malocclusions, graphical color-coded
displays may be of more practical
use to the clinician. As well, the value
of electromyographic assessment in
Class III malocclusions has been
shown.*® Further work will be di-
rected at determining the functional
and physiological effects of different
treatment modalities on the soft tis-
sue profile of the Class III patient.
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