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Craniofacial heterogeneity of prepubertal
Korean and European-American subjects with
Class III malocclusions: Procrustes, EDMA,
and cephalometric analyses

The purpose of this study is fo determine whether there is a differ-
ence in craniofacial morphology in subjects of diverse ethnic ori-
gin with untreated Class Ill malocclusions, and thus to examine
the validity of using similar therapeutic protocols in their orth-
odontic management. Lateral cephalographs of 142 Korean and
European-American children aged 5 to 11 years were traced,
and homologous cranial, midfacial, and mandibular landmarks
were digitized. Procrustes analysis and Euclidean Distance
Matrix Analysis (EDMA] were performed fo identify size-cor-
rected differences of the three craniofacial configurations, and
bivariate analysis to determine statistical differences between 42
cephalometric parameters. Procrustes analysis indicated statisti-
cal significance for each configuration of landmarks; these
results were confirmed by EDMA and cephalometry. Korean
children appear to develop Class lll malocclusions because of
smaller anterior cranial base and midfacial dimensions, exacer-
bated by a large and less favorable mandibular morphology.
Therefore, morphologic diversity of craniofacial components,
presumably due fo heterochrony during development, contributes
to distinctive facial profiles associated with Class Il malocclu-
sions. Ethnic heterogeneity may need to be taken into account in

the orthodontic management of Class Il malocclusions.
(int J Adult Orthod Orthognath Surg 1998;13:227-240)

Analysis of craniofacial morphology is
essential in orthodontic evaluation and
clinical treatments. There is limited infor-
mation in the English-language orthodon-
tic literature concerning the morphology
of untreated individuals with Class |l
malocclusions, presumably because of
the relatively low prevalence of this mal-
occlusion in European-American popula-
tions. However, the prevalence of Class
Il malocclusions has been observed pre-

viously to be higher in Asian popula-

tions: for example, as high as 19% in

Hong Kong Cantonese children.” Simi-
larly, Tang? reported that some 15% of
male Hong Kong Chinese males exhib-
ited Class Hl malocclusions, while 20%
of Hong Kong Chinese adults had such
malocclusions.® In an earlier study, John-
son et al* discovered that 23% of Chi-
nese children had Angle Class Ill maloc-
clusions. Later, Woon et al® reported a
higher prevalence of Class Ili malocclu-
sions among Chinese and Malay high
school children compared to their Indian
counterparts, suggesting that an edge-to-
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edge incisor relationship might be the
norm for those two ethnic groups. These
findings were supported by Lew et al®
who found that Chinese schoolchildren
have a higher incidence of Class Ill mal-
occlusions compared with Caucasians.

Although the prevalence of Angle
Class lll molar relationship among the
Japanese has not been studied in detail,
estimates of the frequencies of anterior
crossbite and edge-to-edge incisal rela-
tionships in Japanese range from 2.3% to
13.0% and 2.7% to 7.4%, respectively.”?
If the frequency of occurrence of these
two manifestations of Class Il malocclu-
sions are combined, a substantial percent-
age of the Japanese population have
characteristics of Class Il malocclusion.
Therefore, it appears that Class Il maloc-
clusions are prevalent to a greater degree
in Asian populations than in European-
American populations, and this informa-
tion stresses the need to establish well-
balanced facial norms for Asian patients.
Assessment of occlusal disharmonies and
indicators of relative facial atfractiveness
could provide clinicians with guidelines
for the establishment of treatment priori-
ties in children of Asian origin.'®

In an early study, Kameda'' noted that
mandibular protrusion and bimaxillary
protrusion accounted for about 50% of
orthodontic patients in Japan and that
improvements in the Begg technique
were required to treat such Japanese
malocclusions. However, the role of
craniofacial components in the etiology
of the Asian Class Il profile has not been
fully investigated. Miyajima et al™ have
made some progress in this regard; in a
comprehensive cross-sectional study of
1,376 Japanese females, they reported
maxillary retrusion with respect to the
cranial base allied with a protrusive
mandible. Earlier, Chan'® had suggested
that a significantly shorter sella-nasion
length accounts for the high incidence of
Class 1l malocclusion in the Cantonese;
and in a study of skeletal types of Chi-
nese Class Il malocclusions, Zeng™ de-
scribed six different groups. In the man-
agement of such patients, Ritucci and
Nanda'® found that chin-cup therapy
causes a closing of the cranial angle na-

sion-sella-basion (N-S-Ba) inhibits poste-
rior growth of basion and imposes a ver-
tical growth tendency on nasion and
sella. Therefore, a putative role for the
cranial base in the emergence of Asian
Class Ill malocclusions can be advo-
cated. Support for such a notion has
been established in experimental animal
studies,'" as well as in studies on
human subjects. 22

For the midfacial components of Class
Il malocclusions, Lew and Foong® ana-
lyzed the maxillary skeletal base using
angular (S-N-point A/S-N-point B) as
well as linear (points A and B to the na-
sion perpendicular) criteria. They re-
ported normal anteroposterior maxillary
position in Chinese adults. In contrast,
Murata et al** suggested that skeletal
Class lll malocclusions in Japanese fe-
males are a combination of a retrusive
maxilla and a larger, prognathic
mandible. In this respect, Oda et al?**
found that application of chin-cup therapy
restrained growth in overall mandibular
length, mandibular body length, and
ramus height in Japanese girls with Class
Il malocclusions. Similarly, Ritueci and
Nanda'* found that chin-cup therapy sig-
nificantly inhibited anterior and posterior
vertical maxillary growth, and growth of
upper anterior face height, in Japanese
girls. More recently, Shanker et al?® found
that correction of Class IIl malocclusions
in Chinese children treated with maxillary
protraction therapy was due to skeletal
maxillary advancement. But such
changes often are not maintainable 4
Therefore, the contribution of the midfa-
cial complex in the development of Class
ll malocclusions appears to be critical 22

The morphologic differences for Ko-
rean children with Class Il malocclusion
have not been considered extensively in
the orthodontic literature. Recently, Yang?
discovered that some 49% of orthodontic
patients in Korea sought treatment for
Class Il malocclusions, but there are very
few studies of Korean craniofacial mor-
phology, although Chung et al*® have un-
dertaken a preliminary study of skull
foramina in Koreans. Therefore, the over-
all aim of the present study is to compare
Korean and European-American children
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with Class Il malocclusions, providing
reliminary data on ethnically diverse
Class ! subjects. The specific purpose is
1o test the null hypothesis that craniofacial
morphology does not differ in subjects of
diverse ethnic origin who exhibit similar
Class Il malocclusions. In the event that
the null hypothesis is rejected, develop-
mental mechanisms responsible for mor-
phologic heterogeneity may be formu-
lated and differences in therapeutic
requirements more clearly delineated.

Method and materials

After obtaining appropriate consent,
73 pretreatment \ateral cephalographs of
European-American subjects, 5 to 11
years of age, with a Class Il malocclu-
sion were retrieved.’’ An additional 69
cephalographs of untreated Korean sub-
jects with a similar Class Il malocclusion
were obtained from a Korean orthodon-
fic practice. The total sample included an
approximately equal number of age-
matched boys and girls with a negative
history of airway problems and no obvi-
ous vertical skeletal problems.

It was presumed that all radiographs
were faken from subjects exhibiting left-

right symmetry and that the central x-ray
passed along the transmeatal axis while
the teeth were in occlusion. The magnifi-
cation of each film was standardized to
8%. The chronologic age was assumed
to match the developmental age in this
study as carpal ages were unavailable.
Each lateral cephalograph was traced
on frosted acetate film (0.03 inches
thick) and checked by one investigator
(GDS). Digitization of landmark coordi-
nates from cephalographs taped to a
light box of uniform brightness was
achieved using appropriafe software
and a digitizing tablet {(Numonics).

Nine homologous cranial base land-
marks, seven homologous landmarks of
the midfacial complex, and eight homol-
ogous mandibular landmarks were iden-

tified and digitized (Fig 1):

1. A—Subspinale {point of maximum
concavity inferior to the anterior
nasal spine on maxillary alveolus)

5 ANS—Anterior nasal spine (ante-
rior-most poinf on anterior nasa
spine)

3 Ar—Articulare (intersection of the
condyle and the posterior cranial
base)




230  Singh etal

4. B—Supramentale (point B, the deep-
est point on mandibular alveolus)

5. Ba—Basion (lowest point on the an-
terior border of foramen magnum)

6. Bo—Bolton point (highest point be-
hind the occipital condyle)

7. Co—Condylion (superior-most point
on mandibular condyle)

8. Fnm—Frontonasomaxillary suture

9. Gl—Glabella {anterior-most point on
the frontal bone in the horizontal
plane)

10. Gn—Gnathion (most anteroinferior
point on mandibular symphysis)

11. Go—Gonion [midpoint at angle of
mandible)

12. Ild—Infradentale {most anterosupe-
rior point on mandibular alveolus)

13. M—Menton (inferior-most point on
mandibular symphysis)

14. MPP—Midpalatal point {the point
midway between the outlines of the
nasal and oral palatal surfaces)

15. N—Nasion {most anterior point on
frontonasal suture)

16. P—Pogonion (most anterior point on
mandibular symphysis)

17. Pc—Posterior clinoid process (most
superior point)

18. PNS—Posterior nasal spine {most pos-
terior point on posterior nasal spine}

19. Pr—Prosthion (anteroinferior point of
maxillary incisor alveolus)

20. PTS—{Most superior point on outline
of pterygomaxillary fissure)

21. Pt—(Most inferior point on outline of
pterygomaxillary fissure)

22. Ro—Rhinion (most inferior point on
tip of nasal bone)

23. S—Sella (center of sella turcica)

24. Se—Sphenoidale (intersection of the
greater wings of the sphenoid and
the anterior cranial base)

25. Ts—Tubercullum sellae (most anterior
point of sella turcica)

These landmarks permitted the forma-
tion of configurations encompassing the
three craniofacial regions to be studied,
ie, the cranial base, the midface, and
the mandible. The rationale of selection
was that preference was given to land-
marks that encompass developmental
sites and were located in the midsagittal

Table 1 Linear distances and angular
measurements calculated from the homol-
ogous landmarks digitized from lateral
cephalographs

Linear distances Angular measurements

Cranial
N-S N-Se-S
N-Se N-Pc-Bo
Se-S N-S-Ba
N-Pc N-S-Ar
Pc-Bo GI-N-Ro
S-Ba
S-Ar
GI-N
N-Ro
Midfacial
PTS-Ro PTS-Ro-ANS
Ro-ANS PNS-MPP-ANS
PNS-ANS PNS-ANS-A
PNS-MPP PNS-ANS-Pr
MPP-ANS ANS-A-Pr
PNS-Pr ANS-PNS-Pr
ANS-Pr
ANS-A
A-Pr
Mandibular
Co-CGn Co-Gn-B
Go-Gn Co-Go-Gn
GoM Ar-Go-M
Co-Go Id-Gn-Go
Ar-Go Id-M-Go
Gn-B
1d-Gn
Id-M

plane where possible.®2* All films were
digitized twice, and any landmarks that
showed a discrepancy of greater than
1% on duplicate digitization were
deemed to be identified unreliably and
were excluded from the final analyses.
From the digitized landmarks, 26 linear
distances {(mm) and 16 craniofacial angles
(degrees) between coordinates were cal-
culated (Table 1). For statistical analysis,
the mean parameter of each Korean and
European-American Class Ill group was
compared using paired f tests. In each in-
stance, the null hypothesis was that the
Korean and European-American Class Il
means were not significantly different.
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sures (mean mm + SD)

Table 2  Summary of mean craniofacial distance mea-

European-

Korean American Significance
Cranial lengths
N-S 65.82+177 69.68+184 P<0.010
N-Se 3784+ 1.86 43.44+1.23 P <0.001
Se-S 28.18 +0.85 2631 +0.65 P < 0.001
N-Pc 7018 £+ 1.56 7371 +1.82 P<0.010
Pc-Bo 53.86+3.39 48.47 +298  P<0.001
S-Ba 4424 +224 4391178 NS
S-Ar 31.07+1.73 30.69 + 1.51 NS
GIN 17.82 + 1.46 13.38 +1.43 P < 0.001
N-Ro 2436 £1.82  21.34 +1.41 P<0.010
Midfacial lengths
PTS-Ro 46.83 £0.70  49.63 £ 0.62 P < 0.001
Ro-ANS 2486 +0.10 2471 £0.21 NS
PNS-ANS  3993+079 4171 £0.64  P<0.001
PNS-MPP  21.76 £+ 0.60 19.84 + 0.92 P<0.010
MPP-ANS  18.27 +0.92  20.32+1.54 P<0.010
ANS-A 511 +£0.59 5.61 £0.26 NS
ANS-Pr 12.87 +1.82 12.14£1.37  P<0.050
PNS-Pr 41.04+060 41.32+0.55 NS
A-Pr 8.39 + 1.28 789094 P<0.050
Mandibular lengths
CoGn 113.42 £+0.53 10665+ 0.42 P<0.001
GoGn 75.61 £0.70 75.89 +0.76 NS
Go-M 71.52+ 076 71.69 + 0.84 NS
Co-Go 53.86 £ 0.54 53.98 +0.84 NS
Ar-Go 44.68 £ 0.62 4274 £0.79 P<0.001
Gn-B 16.22 + 0.08 19.19£0.08 P<0.001
Id-Gn 28.31 £ 0.93 27.44 + 0.85 NS
|d-M 31.24 £ 0.97 29.52+079 P<0.010

17 of 26 (65%) parameters are statistically significant.
See text for definitions.

In view of the intrinsic deficiencies of
cephalometry, the sample was also sub-
jected to geometric morphometric proce-
dures to determine whether mean cranio-
facial configurations differed between the
two ethnic groups. An average thirteen-
noded geometry for the cranial base of
each ethnic group was determined with
a generalized orthogonal Procrustes
analysis?’ implemented on an Amiga
3000. Similarly, average seven- and
eight-noded geometries for the midface
and mandibular complex respectively,
were determined. Therefore, all cranio-
facial configurations were scaled to an
equivalent size and registered with re-

spect to one another. Each craniofacial
mean geometry was compared statisti-
cally to the other ethnic group average
using analysis of variance (ANOVA). In
each instance, the null hypothesis was
that the mean Korean and European-
American configurations were not signifi-
cantly different. The total sample also
was divided into seven age-matched
groups and subjected to ANOVA. Residu-
als and corresponding F values were
computed, tabulated, and compared. Full
details of this method are available.”

To meet the concerns regarding the ro-
bustness of Procrustes analysis, and the
likelihood of inequality of the variance-
covariance matrices of the samples, the
mean craniofacial configurations were
also compared using Euclidean Distance
Matrix Analysis (EDMA). The EDMA has
been successfully employed in several
biologic and clinical studies.*** Using a
newer EDMA procedure,” the assumption
of equality of variance-covariance matri-
ces is avoided. Therefore, distances be-
tween each of the homologous landmarks
in the three craniofacial regions were cal-
culated and EDMA matrices were formed
for the Korean and European-American
Class Il configurations. The correspond-
ing linear distances were compared as ra-
tios, and the statistical significance of
form difference was tested by the non-
parametric bootstrap method.**¥

Results
Cranial base

Linear measures. The total anterior cra-
nial base length (N-S) was longer in the
European-American children compared to
the Korean children (P < 0.01) (Table 2).
The major contribution to this difference in
length arose from the longer anterior
cranial base length subcomponent N-Se
(P < 0.001) because the anterior cranial
base sublength Se-S was actually shorter
in the European-Americans (P < 0.001).
The anterior cranial base length N-Pc,
however, remained longer in the Euro-
pean-Americans (P < 0.001). In contrast,
while the posterior cranial base length Pc-
Bo was shorter in the European-Americans
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Table 3  Summary of mean craniofacial angular measurements
(mean degrees + SD)
European-

Korean American Significance
Cranial angles
N-Se-S 173.07 £ 1.55 174.61 + 1.30 NS
N-Pc-Bo 133.79 + 1.88 128.44 + 2.85 P<0.010
N-S-Ba 127.53 +2.27 126.62 £ 2.23 NS
N-S-Ar 123.11 £2.42 120.44 + 1.71 P < 0.050
GI-N-Ro 152.46 + 3.00 138.39 + 1.91 P <0.001
Midfacial angles
PTS-Ro-ANS 75.23 +1.91 7331 £1.54 NS
PNS-MPP-ANS 172.07 + 3.11 177.43 £ 1.27 P<0.010
PNS-ANS-A 63.38 £ 3.92 49.07 £ 5.59 P < 0.001
PNS-ANS-Pr 84.54 + 3.85 79.69 + 4.00 P<0.010
ANS-PNS-Pr 18.18 + 2.51 1676 + 1.79 P<0.050
ANS-A-Pr 143.90 + 8.93 127.78 £ 10.10 P <0.001
Mandibular angles
Co-Go-Gn 122.05 £ 1.65 123.85 £ 1.28 P<0.010
Ar-Go-M 130.43 £2.17 133.15 £ 1.67 P<0.010
Co-Gn-B 5410 + 3.54 51.64 £ 3.39 P < 0.001
|d-Gn-Go 80.04 + 1.59 77.38 £ 1.91 P < 0.001
|d-M-Go 86.22 + 1.38 84.46 + 2.05 P<0.010

13 of 16 (81%) parameters were statistically significant.
See text for definitions.

(P < 0.001), other parameters of posterior
cranial base length (eg, SBa and S-Ar)
were not statistically different. For the cra-
nial vault, however, both the superior and
inferior frontonasal heights, GIN and N-
Ro, were longer in Korean children (P <
0.001 and P < 0.01, respectively).
Angular measures. While the anterior
cranial base angulation marginally failed
to reach statistical difference when the
two samples were compared (Table 3},
the posterior cranial base angulation N-
S-Ar was more acute in the European-
American children (P < 0.05). Similarly,
the posterior cranial base angulation N-
Pc-Bo was more acute in the European-
Americans (P < 0.01). For the cranial
vault, however, the frontonasal angula-
tion GI-N-Ro was flatter in the Korean
children and more acute in their Euro-
pean-American counterparts (P < 0.001).
Procrustes analysis. When the mean
cranial base configurations were com-
pared (Fig 2), the European-American
cranial base was found to be signifi-

Fig 2 Procrustes analysis of the cranial base of Korean and Euro-
pean-American children with Class Ill malocclusions. Despite the
size of the 95% confidence ellipsoids at glabella and rhinion, statisti-
cal significance was maintained.
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Table 4 Procrustes analysis of mean cranial base, midface, and mandibular configu-
rations of European-American and Korean Class I subjects

Age ly)

9 10 11 Total

Cranial base

Residual 0.0041 00028 00055 00031 00048 0.0041 0.0039 0.0027

F value 3.97 3.31 6.71 4.83

7.33 4.54 2.56 7.89

P< 0.001 0.001 O:OO1 O..OO] 0.001 0.001 0.001 0.005
Midface

Residual 0.0030 0.0001 0.0021 0.0006 0.0024 0.0013 0.0011 0.0011
F value 2.51 1.07 2.38 0.93 3.37 1.19 0.67 3.12
P< 0.001 0.01 0.001 0.05 0.05 0.01 NS 0.01
Mandible

Residual 0.0005 0.0003 0.0006 0.0002 0.0004 0.0005 0.0007 0.0002
F value 1.1 0.88 2.57 093 1.65 1.75 1.85 471
P< 0.01 0.05 0.001 0.05 0.001 0.01 0.001 0.001

cantly different from the Korean equiva-
lent (P < 0.005). Indeed, when the sam-
ple was divided into seven age groups (5
to 11 years), stafistical significance was
maintained for all age groups (Table 4).

EDMA. When the mean cranial base
configurations were compared, the Euro-
pean-American cranial base was found to
be significantly different from the Korean
counterpart (P < 0.01). This difference
arises parfly because of change in shape
and partly because of size. Table 5a
shows that marked changes were most no-
table for the posterior cranial base at Bo-
Ba (0.66) and for anterior cranial base at
Fnm-Se (1.17). The results of the form ma-
irix showed very good concordance with
the cranial distance measures.

Midface

linear measures. The midface length
PTS-Ro was found to be longer in the
European-American children (P < 0.001),
but there was no difference in midface
height Ro-ANS between the two groups

of children (see Table 2). The palatal
length PNS-ANS, however, was found fo
be shorter in the Korean children (P <
0.001). This finding depended on the
palatal sublength MPP-ANS being longer
in the European-Americans (P < 0.01) be-
cause the palatal sublength PNS-MPP
was found to be shorter in European-
American children (P < 0.01). While
there were no differences in the alveolar
length PNS-Pr, the alveolar height ANS-Pr
was found to be longer in the Korean
children (P < 0.05). Similarly, the sub-
spinale height A-Pr was shorter in the Eu-
ropean-American children (P < 0.05).
Angular measures. The results are sum-
marized in Table 3. The palatal angle
PNIS-MPP-ANS was more acute in the Ko-
rean children (P < 0.01), but the sub-
spinale angle PNS-ANS-A was more ob-
tuse [P < 0.001). Similarly, the alveolar
angle PNS-ANS-Pr was more obtuse in the
Koreans (P < 0.01). These findings were
reflected in the anterior alveolar angle
ANS-PNS-Pr being more acute in the
European-Americans (P < 0.05). Not sur-

T
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Table 50 EDMA analysis with European-Americans as the numerator and Koreans as the denominator

Form matrix for numerator sample

PTS  0.000

Pt 0.107  0.000

Ro 0.412  0.407 0.000

N 0.426 0.383 0.145 0.000

Gl 0.504 0450 0.222 0.091 0.000

Fnrm  0.370  0.331 0.132 0.057 0.145 0.000

Se  0.233 0.135 0.363 0294 0.343 0.254 0.000

Ts 0.263 0.165 0.520 0.453 0494 0.414 0.160 0.000

S 0.246 0.156 0532 0.473 0518 0431 0.179 0034 0.000

Pc 0290 0.200 0.567 0.500 0.540 0.461 0.207 0.048 0.044 0.000

"Bo 0358 0367 0765 0750 0.813 0699 0474 0356 0.322 0328 0.000
Ba  0.286 0309 0697 0691 0759 0638 0427 0.330 0295 0311 0079 0.000
Ar 0219  0.223 0621 0.606 0671 0.554 0.337 0243 0.208 0.230 0.145 0.091

Form matrix for denominator sample

PTS  0.000

Pt 0.131  0.000

Ro  0.387 0.369 0.000

N 0.438 0369 0.165 0.000

Gl 0543 0456 0279 0.121 0.000

Fnm 0.383 0.317 0.145 0.055 0.170 0.000

Se 0275 0.155 0322 0.257 0.319 0.216 0.000

Ts 0283 0.163 0.481 0425 0475 0.384 0.168 0.000

S 0.274 0.162 0.497 0.448 0.502 0.406 0.191 0.030 0.000

Pc 0.315 0206 0.535 0.478 0.524 0.438 0.222 0.054 0.044 0.000
Bo 0396 0410 0770 0778 0.854 0727 0.535 0.397 0367 0.366 0.000

Ba 0.277 0306 0.656 0.675 0759 0.623 0.444 0.329 0.301 0.313 0.119 0.000

Ar 0224 0.222 0584 0.590 0.670 0.539 0.353 0239 0211 0.227 0.188 0.092

Form difference matrix (sorted)

Bo-Ba 0.658 N-GI 0.753 Bo-Ar

Ro-Gl 0.796 PTS-Pt 0.820 PTS-Se

Gl-Fnm 0.850 P+Se 0.873 Ts-Pc

Ro-N 0.876 S-Bo 0.878 Se-Bo

Pt-Bo 0.895 Pc-Bo 0.897 Ts-Bo

PTS-S 0.900 PTS-Bo 0.905 Ro-Fnm

PTS-Pc 0.921 PTS-GI 0.929 PTS-Ts

Se-S 0.935 Se-Pc 0.936 Se-Ts

Gl-Bo 0.953 Se-Ar 0.954 Fnm-Bo

PtS 0.963 Se-Ba 0.963 PTS-Fnm

N-Bo 0.965 PTS-N 0.971 Pt-Pc

PTS-Ar 0.981 S-Ba 0.982 Ba-Ar

PGl 0.986 S-Ar 0.989 RoBo

Pc-Ba 0.995 Gl-Ba 0.999 Gl-Ar

Ts-Ba 1.001 Pt-Ar 1.004 Pt-Ts

Pt-Ba 1.010 Pc-Ar 1.011 S-Pc

Ts-Ar 1.017 N-Ba 1.024 Fnm-Ba

N-Ar 1.027 Fnm-Ar 1.029 N-Fnm

Gl-Pc 1.031 PTS-Ba 1.032 GI-S )
PN 1.038 GlTs 1.040 Pt-Fnm 1.046
N-Pc 1.047 Fnm-Pc 1.053 N-S 1.055
Ro-Pc 1.060 Ro-Ba 1.061 Frnm-S 1.061
Ro-Ar 1.063 PTSRo 1.065 N-Ts 1.067
Ro-S 1.071 Gl-Se 1.075 Fnm-Ts 1.076
Ro-Ts 1.081 Pt-Ro 1.102 Ro-Se 1.125
N-Se 1.145 Ts-S 1.165 Fnm-Se 1.173

Probability that forms are the same: P < 0.010.
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o

tble 5b  EDMA analysis of the midface using the European-American
ample as the numerator and the Korean sample as the denominator,
mploying 100 bootstraps

form mattrix for numerator sample
f

PTS

v 0.000
A 0.130 0.000
ANS 0.201 0.093 0.000
PP 0.611 0495 0411 0.000
INS 0.886 0.791 0.809 0.825 0.000
ns 0.686 0.636 0.693 0.888 0.363 0.000
o 0.357 0.284 0.338 0596 0.533 0.356 0.000
form matrix for denominator sample
i 0.000
A 0.140 0.000
ANS 0.216 0.086 0.000
MPP 0.635 0.504 0.420 0.000
NS 0.905 0.803 0796 0.792 0.000
s 0.693 0.641 0675 0.867 0.377 0.000
0.350 0.275 0.309 0.588 0.560 0.368 0.000
iform difference matrix (sorted)
i 0.929 APTS 0.992
HANS 0.931 MPP-Ro 1.015
iINSRo 0.952 ANSPNS  1.016
. MPP 0.963 PrRo 1.021
INSPTS 0.964 MPP-PTS 1.024
SR 0.967 ANS-PTS 1.027
INSMPP - 0.978 MPP-PNS 1.042
NS 0.979 ARo 1.033
AMPP 0.982 A-ANS 1.076
- IAPNS 0.985 ANSRo 1.093
1MPTS 0.990

hobability that forms are the same: P < 0.05.

prisingly, therefore, the upper alveolar an-
gulation ANS-A-Pr was found to be more
acute in European-American children com-
pared fo their Korean counterparts (P <
0.001).

Procrustes analysis. When the mean
midface configurations were compared
(Fig 3), the European-American midface
was found to be significantly different

Fig 3 Procrustes analysis of the midface of Ko-
rean and European-American children with Class
I malocclusions. Note the 95% confidence ellip-
soids at pterygomaxitlare, rhinion, and midpalatal
point.

from the Korean equivalent {P < 0.005).
Indeed, when the sample was divided
into seven age groups (5 to 11 years),
statistical significance was maintained
for almost all age groups (see Table 4).

EDMA. When the mean midface con-
figurations were compared, the Euro-
pean-American midface was found to be
significantly different from the Korean
counterpart (P < 0.05). This difference
arises partly because of change in
shape and partly because of change in
size. Table 5b shows that marked
changes were most notable for the maxil-
lary alveolus at Pr-A (0.93) and for the
nasopalatal complex (Ro-ANS, 1.09).
The results of the form matrix showed
concordance with the midfacial distance
measures.

Mandible

Linear measures. While the mandibu-
lar length Co-Gn was found to be longer
in the Korean children {P < 0.001), there
were no differences in the corpus lengths
Go-Gn or Go-M (see Table 2}. The ramus
length Ar-Go, however, was shorter in
the European-American children (P <
0.001). In contrast, the supramentale
length Gn-B was greater in the European-
American children (P < 0.001), but the
symphyseal height ld-M compensated for
this, being faller in their Korean counter-
parts (P < 0.0T).
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Table 5¢ EDMA analysis of the mandible with the European-American
Y p
Co sample as the numerator and the Korean sample as the denominator,
Ar Id employing 100 bootstraps
B Form matrix for numerator sample
M 0.000
P Gn  0.037 0.000
Go " Gn P 0.071 0.043 0.000
B 0.155 0.140 0.100 0.000
|d 0.215 0.200 0.159 0.061 0.000
Co 0.819 0.840 0.827 0.761 0.741 0.000
Fig 4 Procrustes analysis of the mandible of Ar 0771 0794 0.785 0.728 0.716 0.093 0.000
Korean and European-American children with Go 0.523 0.554 0.558 0.534 0.546 0.394 0.312 0.000
Class Il malocclusions. Note the small 95% confi-
dence ellipsoids at the landmarks employed.
Form matrix for denominator sample
M 0.000
Angular measures. While the man-  Gn 0.039 0.000
dibular angle Co-Gn-B was more acute in g 8?Zé 8?‘]% 8828 0.000
the European-American children (P < : ' : :
0.001), th dibul les Co.GoG Id 0.228 0.207 0.167 0.089 0.000
A Ge ’;‘A"“ ! ”C;r °”g e b°' oM Co 0810 0828 0816 0767 0.738 0.000
and Ar-Go-M were tound to be more 5, 0772 0792 0784 0741 0.720 0.076 0.000
acvte in the Koreans (P < 0.01 and P < G, 0522 0552 0558 0542 0560 0393 0326 0000
0.01, respectively). In contrast, the mental
angle Id-Gn-Go was more acute in the Eu- i )
. Form difference matrix [sorted)
ropean-Americans (P < 0.001), as was
the symphyseal angle I-MGo (P < 0.01).  5id ~ 0-686
© symphyseal angle ld-Vi-oo S MId S 0.945 BCo  0.992 IdCo  1.005
These results are summorlzed in Table 3. MGn 0954 IdAr  0.994 MCo 1011
Procrustes analysis. When the mean  pyqg 0.957 MAr  0.998 PCo  1.013
mandibular configurations were com-  ArGo 0.958 PGo  1.001 GnCo 1.014
pared (Fig 4), the European-American ~ MP  0.962 P-Ar 1.001 GnP  1.030
mandible was found to be significantly ~ Gnid  0.969 CoGo 1.002 M-B 1.105
different from the Korean equivalent [P < 1dGo  0.976 GnAr 1.002 GnB 1.184
0.001). Indeed, when the sample was ~ B-Ar 0.983 MGo  1.002 CoAr 1.217
B-Go 0.985 GnGo 1.004 P-B 1.267

divided into seven age groups (5 to 11
years), statistical significance was main-
tained for all age groups (see Table 4).

EDMA. The European-American
mandible was found to be significantly
different from the Korean counterpart (P
< 0.01). This difference arises because
of change in shape and size. Table 5¢
shows that marked changes were most
notable for the mandibular alveolus at B-
Id (0.69) and for the symphyseal region
at P-B (1.27). The results of the form ma-
trix showed good concordance with the
mandibular distance measures.

In summary, 17 of 26 linear distances
(65%) and 13 of 16 angular measures
(81%) were statistically different. In addi-
tion, almost all Procrustes superimposi-
tions demonstrated statistical difference,
and this was largely corroborated by
EDMA. Therefore, significant changes are
discernible when craniofacial features of

Probability that forms are the same: P < 0.01.

prepubertal Korean children with Class Il
malocclusions are compared with their
European-American counterparts.

Discussion

Given the greater prevalence of Class
Il malocclusions in Asian populations
and the requirement to achieve well-
balanced facial norms for these patients,
analysis of the Korean craniofacial com-
plex is warranted. Assessment of oc-
clusal disharmonies and indicators of rel-
ative facial attractiveness could provide
clinicians with guidelines for the estab-




Int J Adult Orthod Orthognath Surg Vol. 13, No. 3, 1998 237

o E uropean-America
bs the denominator,

10.000
0.093  0.000

10.394  0.312 0.00

0.000
0.326

1.005
1.011
1.013
1.014
1.030 .
1.105
1.184
1.217
1.267

lishment of treatment priorities in children
of Asian origins."® In a preliminary study,
Park et al*® noted horizontal and vertical
craniofacial differences between Ameri-
can-Caucasian and Korean subjects.

The present study is based on a cross-
sectional sample of randomly selected Ko-
rean children exhibiting molar Class li
malocclusions compared with their Euro-
pean-American counterparts.’’ While ac-
knowledging that classification of Class Il
malocclusions may be based on incisor
relationships, molar occlusions, and
cephalometric parameters inter alia, the
aim of this study is to provide preliminary
data of Korean children with Class IIl mal-
occlusions as a foundation for further geo-
metric morphometric studies.?* More-
over, the phenotypic diversity of
craniofacial components noted in this
study may represent an additional factor
in the orthodontic management of Class
Il malocclusions and presumably arises
due to heterochrony during development.
Lozanoff,' Lozanoff et al,””** and Ma and
Lozanoff'” showed that crucial events dur-
ing murine anterior base morphogenesis
determine the midfacial profile and have
delineated developmental sites within the
cranial complex that may be responsible
for such morphologic outcomes. Similarly,
the cranial base plays a critical role in the
development of the retruded midfacial ap-
pearance associated in humans with
Class Il malocclusions. 2

In this study, Koreans with Class Il
malocclusions were found to have osten-
sibly smaller anterior cranial base dimen-
sions in comparison with their European-
American counterparts. This finding
parallels that of Chan,” who suggested
that a significantly shorter sella-nasion
length accounts for the high incidence of
Class Il malocclusions in the Cantonese.
In the present study, it appears that the
increased anterior cranial base length in
European-American children arises from
maintenance of growth activities at the
sphenoethmoidal synchondrosis. In con-
trast, further posteriorly, it is likely that
growth activities persist longer in prepu-
bertal Korean children, considering that
their posterior cranial base dimensions
are larger than their European-American

counterparts. Our study reflects the re-
port of Masaki,*® who noted a longer
posterior cranial base length but shorter
anterior cranial base in Japanese boys
and girls compared to Caucasians.
These findings lead us to hypothesize
that earlier closure of the spheno-occipi-
tal synchondrosis may occur in Euro-
pean-American children; but the timing
of puberty could complicate this appar-
ently simple deduction in the postpuber-
tal period. In European-Americans, the
cranial base appears to show less ortho-
cephalization, ie, deficient flattening in
the anteroposterior plane,*# and, allied
with earlier closure of the spheno-occipi-
tal synchondrosis, may be one factor
leading to morphologic heterogeneity of
the cranial base. Thus, differences in fa-
cial appearance may become apparent
when comparing European-Americans to
Koreans with Class IIl malocclusions.

For the midfacial complex, it was
found that the horizontal midfacial length
(PTS-Ro) was longer in the European-
Americans compared to their Korean
counterparts. This observation is not sur-
prising, given the flattened facial profile
commonly associated with some ethnic
groups of Southeast Asia. For example,
Murata et al** suggested that skeletal
Class Ill malocclusion in Japanese fe-
males is due to a retrusive maxilla in com-
bination with a larger, prognathic
mandible. One developmental site re-
sponsible for such midfacial heterogene-
ity may be the pterygomaxillary suture;
earlier closure in Korean child may her-
ald the foundation of a midface that is os-
tensibly deficient in the horizontal axis
when compared to the equivalent Euro-
pean-American child. That the anteropos-
terior midfacial length PTSRo is signifi-
cant is supported by the finding that
midfacial heights were similar in the Ko-
rean and European-American children
studied. In contrast, palatal lengths also
were longer in the European-Americans.
The relative palatal deficiency in Koreans
might arise from cessation of growth ac-
tivities at the premaxillary-maxillary su-
ture. Early synostosis in the growing Ko-
rean child is suggested by the finding that
the palatal sublength MPP-ANS is longer




238  Singh etal

in their European-American counterparts.
Not surprisingly, therefore, Shanker et al?
found that correction of Class Ill malocclu-
sions in Chinese children treated with
maxillary protraction therapy was due to
skeletal maxillary advancement. There-
fore, the Class IIl midfacially retrusive ap-
pearance of the Korean child may also
be dependent on midfacial form,? and
exacerbated, given the shorter anterior
cranial base noted above.

Evidence for developmental compensa-
fion, nevertheless, is also revealed by the
present study. It was found that the Ko-
rean children had taller maxillary alveolar
processes, and this additional growth
may represent an attempt by the maxil-
lary incisors to regain a positive overijet in
the developing dentition. Dental compen-
sation appears to be more marked in the
Korean child, and at first sight the reasons
for this are not evident. However, clues
are gleaned from a study of their compar-
ative palatal morphology. It appears that
the Korean palatal plane angle is more
acute, and this concept is reinforced by
the finding that an obtuse palatoalveolar
angle (PNS-ANS-A) is evident in Korean
children. Therefore, while the European-
American maxillary alveolus is less com-
pensatory, alveolar angulation is more
obtuse in the Koreans, and this angulation
may contribute to the flatter facial profile
associated with these children. Therefore,
it appears that European-American Class
Il malocclusions are more strongly influ-
enced by a cranial base that exhibits defi-
cient orthocephalization??? rather than
by midfacial morphology, whereas the
Korean appearance is influenced predom-
inantly by a shorter cranial base and mid-
face, but a higher degree of dental com-
pensation. Therefore, the good results
achieved with maxillary protraction in Ko-
rean children with Class 1ll malocclu-
sions*' may have been related to this den-
tal compensation tendency.

In the study of malocclusions, the
mandible often is an important compo-
nent. Murata et al** suggested that skele-
tal Class Ill malocclusion is due to a
larger, prognathic mandible in Japanese
females (who were found to have larger
Go-P and Ar-Go dimensions in linear

analysis). Not surprisingly, therefore, we
also found that mandibular morphology
makes a significant contribution to the
Korean and European-American Class il
profiles. In the Koreans, mandibular pa-
rameters were larger, and these in-
creased dimensions may exacerbate the
Class Il profile when the comorphology
of the cranial base and midface are
taken into consideration. Similarly, in the
analysis of the Class Il deciduous denti-
tion in Chinese children, Chang et al*
found mandibular length significantly
greater and the mandible positioned fur-
ther forward. Such relative mandibular
hyperplasia presumably emanates from
a proliferative condylar cartilage that
may be directive in its nature.

Other evidence, however, refutes such
simplistic explanations. The present study
found the European-American ramus to be
shorter than that of Korean children, while
there were no significant differences in
corpus lengths. But the Korean children
were characterized by more acute man-
dibular angles; smaller mandibular angles
presumably would contribute to the ex-
pression of mandibular prognathism.
Therefore, the shape of the mandible, pre-
sumably determined by genetic inheri-
fance and epigenetic remodeling, may be
one factor that predisposes to the prog-
nathic mandibular appearance. Given the
comorphology of the Korean cranial base
and midface, the degree of mandibular
prognathism is relatively greater com-
pared to European-American counter-
parts. Yet, other subcomponents also may
contribute to this facial appearance.

There is some evidence in support of
the notion that European-American chil-
dren have a better-developed mental
symphyseal region compared to their Ko-
rean counterparts. This symphyseal dif-
ference is indicated by the finding that
angle Co-Gn-B was more acute in the Eu-
ropean-Americans and supported further
by the finding that the symphyseal an-
gles 1d-Gn-Go and 1d-M-Go also were
more acute in the European-American
children. Such findings add quantitative
support to the observation that the Ko-
rean profile is similar to other Asian pop-
ulations that feature a more flattened fa-
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cial profile. Further evidence for this no-
tion stems from the findings of the fron-
tonasal parameters analyzed in this
study. The Korean children were typified
by obtuse frontonasal angles that appear
fo contribute to a distinctive facial pro-
file. Differences in frontal bone morphol-
ogy have been studied by Hoyte,* who
found that virtually all sagittal increase of
the anterior cranial base, except increas-
ing frontal bone thickness, is completed
by 7 years of age. Less postnatal deposi-
tion may occur in the Korean child and,
allied with differences in nasal morphol-
ogy that still require determination, may
yield the facial appearance typified by
Korean children.

In view of the above findings, ideal oc-
clusal relationships and well-balanced fo-
cial harmony may not be obtained when
orthodontic management protocols are
based on Western norms in the treatment
of Korean children with Class Ill malocclu-
sions. Indeed, Park et al** managed Ko-
rean mandibular prognathic patients with
a combination of surgical procedures in
collaboration with orthodontic treatment
to yield good postoperative results.

In summary, Class Il malocclusion ap-
pears to develop in Korean children be-
cause of smaller anterior cranial base
and midfacial dimensions, exacerbated
by a large and less favorable mandibu-
lar morphology. For the European-Ameri-
can child with Class Il malocclusion, the
craniofacial morphology is typified by
deficient orthocephalization of the cra-
nial base”?? and exacerbated by a
prominent mandible and symphyseal
morphology.” Such craniofacial hetero-
geneity in Class lll malocclusions has
been noted in other ethnic groups also,
and this preliminary study corroborates
well with other cephalometric studies.
Given the wide range of clinical presen-
tations of Class Il malocclusions, there-
fore, the application of similar treatment
modalities requires further validation. Fu-
ture work will employ more sophisticated
geometric morphometrics as well as mol-
ecular genetics to unravel the hetero-
geneic developmental mechanisms re-
sponsible for the phenotypic diversity of
Class lll malocclusions.

Acknowledgments

This study was supported by the Wellcome Trust
(United Kingdom) and the Medical Research Coun-
cil {Canada). The authors would like to thank Dr Y.
G. Choi for supplying the lateral cephalographs of
Korean children used in this study, and Dr T. Cole
for providing the EDMA routine.

References

1. Mak KL. An analysis of treated orthodontic pa-
tients in Hong Kong. Dent Mag 1969;86:
258-259.

2. Tang EL. The prevalence of malocclusion
amongst Hong Kong male dental students. Br
Orthod 1994,21:57-63.

3. Tang ELK. Occlusal features of Chinese adults
in Hong Kong. Aust Orthod J 1994;13:
159-163.

4. Johnson JS, Soetamat A, Winoto NS. A com-
parison of some features of the Indonesian oc-
clusion with those of two other ethnic groups.
BrJ Orthod 1978;5:183-188.

5. Woon KC, Thong YL, AbdulKadir R. Perma-
nent dentition occlusion in Chinese, Indian and
Malay groups in Malaysia. Aust Orthod J
1989,;11:45-48.

6. lew KK, Foong WC, Loh E. Malocclusion
prevalence in an ethnic Chinese population.
Aust Dent ] 1993:38:442-449.

7. Endo T. An epidemiological study of reversed
occlusion. Part |. Incidence of reversed occlu-
sion in children 6 to 14 years old [in Japan-
ese]. J Jpn Orthod Soc 1971,;30:73-77.

8. Susami R, Asai Y, Hirose K, Hosoi T, Hayashi
I, Takimoto T. The prevalence of malocclusion
in Japanese school children [in Japanese].
Jpn Orthod Soc 1972;31:319-324.

9. Kitai N, Takada K, Yasada Y, Adachi S,
Sakuda M. School health data base and its
application [in Japanese]. J Kin-To Qrthod Soc
1989,24:33-38.

10. Soh G, lew KK. Assessment of orthodontic
treatment needs by teenagers in an Asian com-
munity in Singapore. Comm Dent Health
1992,9:57-62.

11. Kameda A. The Begg technique in Japan. Am
J Orthod 1982:81:209-227.

12. Miyajima K, McNamara JA Jr, Sana M, Mu-
rata S. An estimation of craniofacial growth in
the untreated Class Ill female with anterior
crossbite. Am J Orthod Dentofac Orthop
1997;112:425-434.

13. Chan GKH. Class Ill malocclusion in Chinese
(Cantonese): Etiology and treatment. Am ) Or-
thod 1974,65:152-157.

14. Zeng XL. A study of skeletal types of Class IIl
malocclusion. Chung Hua Kuo Chiang Hsueh
Tsa Chih 1993;28:170-173.

15. Ritucci R, Nanda R. The effect of chin cup ther-
apy on the growth and development of the
cranial base and midface. Am J Orthod Dento-
fac Orthop 1986;90:475-483.

16. Lozanoff S. Midfacial retrusion in adult Brach-
yrrhine mice. Acta Anat 1993;147:125-132.

17. lozanoff S, Jureczek S, Feng T. Association be-
tween cellular growth activity and morphologi-
cal sirain in the anterior cranial base of young
mice [abstract]. Clin Anat 1993;6:373.




240

Singh et al

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Lozanoff S, Jureczek S, Feng T, Padwal R. An-
terior cranial base morphology in mice with
midfacial retrusion. Cleft Palate Craniofac |
1994;31:1-12.

. Ma W, lozanoff S. Morphological deficiency in

the prenatal anterior cranial base of midfacially
retrognathic mice. ] Anat 1996,188:547-555.
Singh GD, McNamara JA Jr, Lozanoff S. Finite
element analysis of the cranial base in subjects
with Class Il malocclusion. Br J Orthod 1997;
24:103-112.

Singh GD, McNamara JA Jr, Lozanoff S. Mor-
phometry of the cranial base in subjects with
Class Il malocclusions. ] Dent Res 1997:76:
694-703.

Singh GD, McNamara JA Jr, Lozanoff S. Thin-

‘plate spline analysis of the cranial base in sub-

jects with Class lll malocclusion. Eur J Orthod
1997;19:341-353.

Lew KK, Foong WC. Horizontal skeletal typing
in an ethnic Chinese population with true Class
Il malocclusions. Br J Orthod 1993;20:19-23.

Murata S, Iwata R, Hayakawa S, Fuwa Y, Gito
S, Suzuki N. Longterm results of skeletal pro-
file changes occurring from chin cup therapy
of Japanese female skeletal Class Il cases.
Aichi Gakuin Daigaku Shigakki Shi 1990;28:
573-579.

Oda H, Ueda A, Miyagawa Y, Hongou H,
Kuroki K, Suzuki M, Suzuki Y. Individual growth
study of the effects of chin cup force to the
mandible. Nippon Kyosei Shika gakkai Zasshi
1989;48:355-361.

Shanker S, Ngan P, Wade D, Beck M, Yiu C,
Hagg U, Weis H. Cephalometric A point
changes during and after maxillary protraction
and expansion. Am J Orthod Dentofac Orthop
1996;110:423-430.

Sugawara J, Asano T, Endo N, Mitani H. Long-
term effects of chin cup therapy on skeletal pro-
file in mandibular prognathism. Am J Orthod
Dentofac Orthop 1990,98:127-133.

Dibbets JM. Morphological associations be-
tween the Angle classes. Eur J Orthod 1996;
18:111-118. -

Yang WS. The study on the orthodontic patients
who visited department of orthodontics, Seoul
National University Hospital. Taehan Chikkwa
Uisa Hyophoe Chi 1990;28:811-821.

Chung MS, Kim HJ, Kang HS, Chung IH. Loca-
tion relationship of the supraorbital notch or
foramen and infraorbital and mental foramina
in Koreans. Acta Anat 1995;154:162-166.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Guyer EC, Ellis E, McNamara JA Jr, Behrents
RG. Components of Class Ill malocclusion in ju-
veniles and adolescents. Angle Orthod 1986;
56:7-30.

Varjanne |, Koski K. Cranial base, sagittal jaw
relationship and occlusion. Proc Finn Dent Soc
1982;78:179-183.

Bhatia SN, Leighton BC. A Manual of Facial
Growth: A Computer Analysis of Longitudinal
Cephalometric Growth Data. Oxford: Oxford
University Press, 1994.

Lele S, Richtsmeier JT. Euclidean distance matrix
analysis: A coordinatefree approach to com-
paring biological shapes using landmark data.
Am J Phys Anthropol 1991,86:415-428.
Ayoub AF, Stirrups DR, Moos KF. Assessment of
chin surgery by a coordinate-free method. Int }
Oral Maxillofac Surg 1994;23:6-10.

Ayoub AF, Stirrups DR, Moos KF. Stability of
sagittal split advancement ostectomy: Single-
versus doublejjaw surgery. Int J Adult Orthod
Orthognath Surg 1995;3:181-192.

Lele S, Cole TM. A new test for shape differ-
ences when variancecovariance matrices are
unequal. ] Human Evol 1996;31:193-212.
Park SJ, Choi YC, Hans MG, et al. Counter-
part analysis of Korean and Caucasian Class
IIl malocclusions [abstract 913]. J Dent Res
1997,76:128.

Singh GD, McNamara JA Jr, Lozanoff S.
Spline analysis of the mandible in subjects
with Class Il malocclusion. Arch Oral Biol
1997,42:345-353.

Masaki F. The longitudinal study of morpholog-
ical differences in the cranial base and facial
structure between Japanese and American
white. J Jon Orthod 1980,39:436-456.

Baik HS. Clinical results of the maxillary pro-
traction in Korean children. Am J Orthod
Dentofac Orthop 1995;108:583-592.

Chang HP, Kinoshita Z, Kawamoto T. Cranio-
facial pattern of Class Il deciduous dentition.
Angle Orthod 1992;62:139-144.

Hoyte DAN. A critical analysis of the growth
in length of the cranial base. In: Bergsma D
{ed). Morphogenesis and Malformations of the
Face and Brain. Birth Defects Original Article
Series Il. New York: Alan R Liss, 1975:
255-282.

Park CG, Yoo JW, Park IC. Surgical treatment
of mandibular prognathism in collaboration
with orthodontic treatment in Korea. Aesthetic
Plast Surg 1994;18:407-412.

Donal
Forme

and
Ohio S
Colleg
Colum
Currer
Wauke

Peter

AssocC
Che

Depar
Ma>

Miche
Forme




