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Cephalometric Characteristics of Korean Children with
Class III Malocclusion in the Deciduous Dentition

Hyung-Jun Choia; Ji-Yeon Kimb; Seung Eun Yooc; Jang-Hyuk Kwond; Kitae Parke

ABSTRACT
Objective: To compare the cephalometric characteristics of children with Class III malocclusion
to those of children with normal occlusion during the deciduous dentition phase.
Materials and Methods: Cephalometric measurements of 27 children (mean age: 5.03 years)
diagnosed with Class III malocclusion were compared with 32 children (mean age: 4.85 years)
diagnosed with normal occlusion in the following four categories: sagittal skeletal analysis, vertical
skeletal analysis, dentoalveolar analysis, and soft tissue analysis.
Results: Significant differences were seen in all categories except vertical skeletal analysis. Sag-
ittal skeletal measurements included ANB (Class III group: �0.91 � 1.60; normal group: 5.28 �
1.29), facial convexity (Class III group: 0.47 � 4.32; normal group: 13.65 � 3.44), Wits appraisal
(Class III group: �5.54 � 2.36; normal group: �0.84 � 1.91), and A to N-perpendicular (Class
III group: �2.94 � 3.05; normal group: 0.78 � 2.53). Dentoalveolar measurements included U1
to NA (Class III group: 11.98 � 5.25; normal group: 8.12 � 5.43), IMPA (Class III group: 81.34
� 7.40; normal group: 86.57 � 5.67), and interincisal angle (Class III group: 152.65 � 8.82;
normal group: 145.03 � 7.34). Soft tissue measurements included soft tissue convexity (Class III
group: 2.47 � 4.20; normal group: 12.71 � 3.95), nasofacial angle (Class III group: 22.68 � 4.22;
normal group: 26.24 � 3.84), and upper lip to esthetic plane (Class III group: �0.65 � 2.74;
normal group: 3.07 � 1.90).
Conclusions: There are significant differences between the craniofacial patterns of normal chil-
dren and those of children with Class III malocclusion that can be identified with cephalometric
analysis as early as the deciduous dentition phase. (Angle Orthod. 2010;80:86–90.)
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INTRODUCTION

Skeletal Class III malocclusion accompanied by an-
terior crossbite is clearly visible in the early stages of
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childhood. It is a major reason that Asian patients seek
orthodontic treatment, given its high prevalence in
Asian populations (12% in Asian vs 3%–5% in white
populations).1–5

The recommended time to treat Class III malocclu-
sion with orthodontics is during the deciduous or early
mixed dentition years,6–8 with better results reported
during the deciduous dentition years.9 Methods of
treatment include facemask, chin cup, and functional
jaw appliances, each with different effects on the max-
illa and mandible. The mode of treatment should be
selected based on proper diagnosis of the cause of
malocclusion, such as a retrusive maxilla, a protrusive
mandible, or both.

In this study, facial profile evaluation was combined
with cephalometric analysis for accurate diagnosis. Al-
though numerous studies have reported the use of
cephalometric analysis in the diagnosis of Class III
malocclusion, most were done of children with mixed
dentition, with very few studies examining children with
deciduous dentition.10–14

Therefore, the purpose of this study was to compare
the cephalometric characteristics of Korean children
with Class III malocclusion to those of Korean children
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Figure 1. Cephalometric landmarks. N indicates nasion; S, sella; Co,
condylion; Ar, articulare; Go, gonion; Po, porion; Me, menton; Gn,
gnathion; Pog, pogonion; A, A point; B, B point; Or, orbitale; U1,
incisal edge of upper central incisor; L1, incisal edge of lower central
incisor; G, soft tissue glabella; N�, soft tissue nasion; NT, nasal tip;
Col, collumella; Sn, subnasale; Ls, labiale superius; Li, labiale infer-
ius; Pog�, soft tissue pogonion; Me�, soft tissue menton.

with normal occlusion during the deciduous dentition
phase.

MATERIALS AND METHODS

Class III Group

The Class III group consisted of cephalometric rec-
ords of 27 patients with Class III malocclusion between
the ages of 4.5 and 5.5 years (mean age: 5.03 years)
who visited the Department of Pediatric Dentistry at
Samsung Medical Center from January 2000 to De-
cember 2005. Inclusion criteria were: (1) anterior
crossbite, (2) concave facial profile, (3) mesial step
molar relationship, and (4) Class III deciduous canine
relationship.

Normal Occlusion Group

The normal occlusion group consisted of cephalo-
metric records of 32 patients with normal occlusion
(mean age: 4.85 years) who visited the Department of
Pediatric Dentistry at Samsung Medical Center during
the same period as above. Inclusion criteria were: (1)
normal overbite and overjet, (2) straight to slightly con-
vex profile, (3) neutro-occlusion or flush terminal plane
molar relationship, and (4) Class I deciduous canine
relationship.

In order to evaluate the profile of the samples, fron-
tal and lateral facial photographs were judged by two
residents as concave or straight. The samples with the
same judgment were finally selected for the corre-
sponding group. Exclusion criteria were: (1) proximal
dental caries, (2) missing teeth, (3) a history of signif-
icant medical illness, and (4) previous orthodontic or
prosthodontic treatment.

Test Methods

Lateral cephalometric radiographs were taken in the
natural head position with posterior teeth in maximum
intercuspation. Lateral cephalograms were traced onto
acetate papers by the same investigator; the papers
were then scanned. The landmarks (Figure 1) were
digitized using V-Ceph 5.0 (Osstem Implant Co Ltd,
Seoul, Korea). For error measurements, 20 randomly
selected patients were retraced and digitized in 2
weeks, and intraclass correlation coefficient was cal-
culated. The intraclass correlation coefficient
(0.78�0.97) showed that the data measured by the
same investigator were highly reliable. Craniofacial
structural relationships were divided into four catego-
ries for analysis of the angular and linear measure-
ments in each (Table 1).

The means and standard deviations for the Class III
and normal occlusion groups were calculated using
SAS version 9.13 (SAS Institute Inc, Cary, NC). Stu-

dent’s t-tests or Wilcoxon two-sample tests were per-
formed to assess differences between the test (Class
III) group and the control (normal occlusion) group.
Results were considered as significant at the signifi-
cance level of .05. This study was reviewed and ap-
proved by the Institutional Review Board of Samsung
Medical Center.

RESULTS

Sagittal Skeletal Analysis

The relative sagittal position of the maxilla and man-
dible (ANB difference, facial convexity, Wits appraisal)
showed highly significant differences between test and
control groups (P � .0001). The anteroposterior posi-
tion of the maxilla relative to the cranial base (SNA, A
point to N-perpendicular) was also highly significantly
different between groups (P � .0001). Mandibular
length (condylion-constructed gnathion) was signifi-
cantly greater in the test group, but there was no dif-
ference in maxillary length between groups. See Ta-
ble 2.
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Table 1. Categories of Angular and Linear Measurements in the Analysis of Craniofacial Structural Relationships

Skeletal

Sagittal Vertical Dentoalveolar Analysis Soft Tissue Analysis

SNA FMA U1 to SN Soft tissue convexity (N�-Sn-Pog�)

SNB SN-MP (mandibular plane) U1 to NA (angular and linear)
Nasofacial angle (angle between G-Pog

and N-NT line)

ANB SN-FH L1 to NB (angular and linear) Nasolabial angle (col-sn-ls)

Wits appraisal Saddle angle (N-S-Ar) IMPA
Upper lip to E-plane (distance between

upper lip and NT-Pog�)

A to N-perpendicular Articular angle (N-Ar-Go) Interincisal angle
Lower lip to E-plane (distance between

lower lip and NT-Pog�)

Facial convexity (N-A-Pog) Gonial angle (Ar-Go-Me) G-Sn/Sn-Me�

Maxillary length (Gn-Co)
Sum (saddle � gonial � artic-

ular)

Mandibular body (Me-Go)/
anterior cranial base (S-N)

Posterior facial height (S-Go)/
anterior facial height (N-Me)

Ramus height (Go-Ar)

Table 2. Sagittal Skeletal Analysis of Normal and Class III Children

Measure Name

Normal Children

Mean SD

Class III Children

Mean SD P-Value

SNA 83.00 2.75 78.33 3.34 �.0001
SNB 77.72 2.76 79.24 2.74 .0386
ANB 5.28 1.29 �0.91 1.60 �.0001
Wits �0.84 1.91 �5.54 2.36 �.0001
A to N-perpendicular 0.78 2.53 �2.94 3.05 �.0001
Facial convexity 13.65 3.44 0.47 4.32 �.0001
Maxillary length 78.04 4.00 76.59 3.22 .1358
Pogonion to N-perpendicular �9.92 4.80 �6.15 5.43 .0052*
Mandibular body/anterior cranial base 0.93 0.04 0.98 0.06 .0001*
Mandibular length 96.26 4.02 101.16 3.69 �.0001

* Test method is Wilcoxon two-sample test, otherwise t-test.

Vertical Skeletal Analysis

There was no significant difference in the vertical
skeletal relationships (SN to MP angle, gonial angle,
PFH/AFH ratio) between the two groups. In the test
group, however, the saddle angle and ramus height
were significantly greater, while the articular angle was
significantly smaller than that of the control group. See
Table 3.

Dentoalveolar Analysis

Two measures of the inclination of mandibular inci-
sors (IMPA and L1 to NB) showed significant retrocli-
nation in the Class III group. One measure of the in-
clination of maxillary incisors (U1 to NA) showed sig-
nificant proclination in the Class III group. The inter-
incisal angle was significantly greater in the Class III
group. See Table 4.

Soft Tissue Analysis

Soft tissue convexity (G-Sn-Pog�) was significantly
greater in the normal occlusion group. While the lower

lip position (lower lip to E-plane) was similar, there was
a significant difference in the upper lip position (upper
lip to E-plane) between the two groups. See Table 5.

DISCUSSION

Patients with anterior crossbites are usually sus-
pected to have skeletal Class III malocclusion, which
can be subdivided into true Class III malocclusion of
skeletal origin and pseudo-Class III of dental origin. In
this study, cephalometric analysis of children with
Class III malocclusion and those with normal occlusion
in the same age group was performed to identify de-
fining characteristics of Class III malocclusion in the
deciduous dentition. To exclude children with pseudo-
Class III malocclusion of dental origin, only patients
with concave profiles were included. Traditionally,
guiding the mandible forward to anterior edge-to-edge
bite was the key to judge pseudo-Class III malocclu-
sion. However, in reality, most patients with anterior
crossbite in deciduous dentition can guide their man-
dible forward to anterior edge-to-edge bite. Therefore,
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Table 3. Vertical Skeletal Analysis of Normal and Class III Children

Measure
Name

Normal Children

Mean SD

Class III Children

Mean SD P-Value

FMA 29.42 3.50 27.22 4.58 .0417
SN-MP 37.28 4.52 35.70 3.89 .1606
SN to FH 7.86 2.29 8.48 2.40 .3166
Saddle angle 120.01 3.75 123.10 4.39 .0050
Articular angle 150.20 5.70 145.42 6.66 .0042*
Gonial angle 127.09 4.21 127.19 5.12 .9320
Sum 397.29 4.51 395.72 3.89 .1614
PFH/AFH 62.47 3.57 63.01 3.07 .5358
Ramus height 38.41 2.87 40.06 2.58 .0257

* Test method is Wilcoxon two-sample test, otherwise t-test.

Table 5. Soft Tissue Analysis of Normal and Class III Children

Measure Name

Normal Children

Mean SD

Class III Children

Mean SD P-Value

G-Sn-Pog� angle 12.71 3.95 2.47 4.20 �.0001*
Nasofacial angle 26.24 3.84 22.68 4.22 .0013
Nasolabial angle 103.92 10.39 97.32 12.66 .0318
Upper lip to

E-plane 3.07 1.90 �0.65 2.74 �.0001
Lower lip to

E-plane 1.54 1.81 1.99 2.17 .3929
G-Sn/Sn-Me� 0.88 0.06 0.92 0.06 .0169

* Test method is Wilcoxon two-sample test, otherwise t-test.

Table 4. Dentoalveolar Analysis of Normal and Class III Children

Measure
Name

Normal Children

Mean SD

Class III Children

Mean SD P-Value

U1 to SN 91.08 5.85 90.31 4.29 .5744
U1 to NA (angular) 8.12 5.43 11.98 5.25 .0077
U1 to NA (linear) 1.24 0.94 1.29 1.02 .9515*
L1 to NB (angular) 21.57 4.58 16.29 6.48 .0006
L1 to NB (linear) 3.30 1.28 2.33 1.34 .0064
IMPA 86.57 5.67 81.34 7.40 .0032
Interincisal angle 145.03 7.34 152.65 8.82 .0006

* Test method is Wilcoxon two-sample test, otherwise t-test.

the method of mandibular forward guidance was not
used for this study.

According to a study by Tollaro et al,10 patients with
Class III malocclusion exhibit unique craniofacial char-
acteristics from the early ages of deciduous dentition.15

In accordance with this, our study discovered statisti-
cally significant differences in many cephalometric
measurements between normal and Class III children
with deciduous dentition.

Sagittal skeletal analysis showed highly significant
differences between groups in all measurements ex-
cept maxillary length and SNB angle. In most decid-
uous dentition patients with anterior crossbites, func-
tional deviation of the mandible is common during cen-
tric occlusion. This deviation can result in significant
error in measurements dictated by mandibular posi-
tion, such as ANB difference, Wits, facial convexity,
and pogonion to N-perpendicular. For this reason, our
study instead compared measurements that are in-
dependent of mandibular position, such as mandibular
length, SNA, A point to N-perpendicular, and mandib-
ular body to anterior cranial base ratio.

Results showed that the difference in maxillary size
was insignificant between the two groups. However, A
point to N-perpendicular and mandibular body to an-
terior cranial base ratio showed that the Class III group
had retrognathic maxillas and significantly larger man-
dibles compared to those of the normal group. Similar

differences were also reported in studies by Tollaro et
al10 and Chang et al.14 In another study by Mouakeh
et al3 on adults with Class III malocclusion, approxi-
mately 45.3% showed protrusive mandibles, 33%
showed a retrusive maxilla, and 9.5% showed a com-
bination of these two findings.3 In addition, Guyer et
al16 reported that 57% of patients with Class III mal-
occlusion showed retrusive maxillas. In a different
study on etiology, Sanborn16 hypothesized that Class
III malocclusion during the deciduous dentition years
is due to mandibular prognathism in 23% of cases and
to a retrusive maxilla in 26%. In this study, according
to cephalometric analysis, approximately 50% of pa-
tients had prognathic mandibles, 20% had retrognathic
maxillas, and 30% had a combination of prognathic
mandible and retrognathic maxilla. In contrast to pre-
vious studies, our data indicate that an oversized man-
dible is the cause of Class III malocclusion in almost
80% of the cases. This may be explained by our se-
lection of patients with potential skeletal Class III mal-
occlusion from all patients with anterior crossbites. In
addition, the racial difference of oriental origin in our
sample could have affected the results.

Vertical skeletal analysis revealed no statistically
significant differences between test and control groups
except for the saddle and articular angles. Although
the saddle angle is classically expected to be smaller
in patients with Class III malocclusion, this was not
true in our study. For this reason, we do not consider
the saddle angle a reliable criterion for the diagnosis
of Class III malocclusion in the deciduous dentition.
Additionally, although the articular angle was signifi-
cantly different between groups, this angle may be
misleading due to functional forward deviation of the
mandible in the Class III group.

Dentoalveolar analysis showed proclined upper in-
cisors and retroclined lower incisors in the Class III
group, showing that dental compensation can occur as
early as the deciduous dentition years. This finding
contradicts findings by Chang et al,14 who reported pa-
tients in which both upper and lower incisors were ret-
roclined. This discrepancy between reports may be
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due to the clear skeletal Class III pattern of patients
included in our study.

Rak17 reported decreased soft tissue facial convexity
in children with Class III malocclusion, but Kess18

claimed that this anomaly is not related to the skeletal
characteristics of malocclusion, but rather to age. In
our study, there was a significant increase in facial
concavity in the Class III group, in addition to a signif-
icantly smaller nasofacial angle. The nasolabial angle
was also smaller in the Class III group, but the differ-
ence was not highly significant (P � .0318). Lower lip
position was not different between groups, but the up-
per lip was significantly more retruded in the Class III
group. Clearly, this trait can be used to distinguish
Class III patients in a clinical facial examination.

This study showed that some of the cephalometric
values (A point to N-perpendicular, mandibular body
to anterior cranial base ratio, mandibular length, U1 to
NA angular, L1 to NB angular, interincisal angle) are
highly reliable for use to diagnose skeletal Class III
malocclusion in the deciduous dentition.

CONCLUSIONS

• The skeletal characteristics of Class III malocclusion
are revealed as early as the deciduous dentition
stage in Korean children.

• Cephalometric evaluation can be an effective tool in
the early diagnosis of skeletal Class III malocclusion
in the deciduous dentition.
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