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ABSTRACT

Objective: To investigate the cephalometric characteristics of Turkish children with Class III malocclusion and compare them with
to those of children with clinically normal occlusion during the mixed dentition phase.
Materials and Method: Lateral cephalometric radiographs of 80 children with Class III malocclusion (mean age, 10.23 years)
and 80 subjects with normal occlusion (mean age, 10.79 years) were examined for the study. Mean values of 13 linear and 21
angular cephalometric parameters were measured and compared.
Results: Sagittal skeletal measurements included SNB (Class III, 81.82 6 4.26; control group, 74.5 6 3.86; p,.001), ANB
(Class III,�2.35 6 2.02; control group, 2.4 6 1.17; p,.0001), Pg to Nasion vertical (Class III,�5.70 6 2.68; control group,�9.60
6 3.21; p,.05), Wits appraisal (Class III,�5 6 4.57; control group,�0.8 6 2.44; p,.05), Co-A (Class III, 79.38 6 2.19; control
group, 83.94 6 2.64; p,.01) and Co-Gn (Class III, 105.7 6 2.04; control group, 102.4 6 1.15; p,.05). Vertical skeletal analysis
included Gonial angle (Class III, 132.6 6 7.15; control group, 122.1 6 6.6; p,.01), and S-Ar length (Class III, 28.31 6 0.9;
control group, 30.2 6 1.4; p,.05). Dentoalveolar measurements included U1 to SN (Class III, 107.96 6 8.13; control group, 98.4
6 8.19; p,.05). Soft tissue measurements included soft tissue convexity (Class III, 173.4 6 3.68; control group, 165.9 6 3.25;
p,.01).
Conclusion: The findings of the study indicated that effective mandibular length was larger in Class III groups and effective
maxillary length was smaller in Class III groups. (Turkish J Orthod 2013;26:85–91)
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INTRODUCTION

Class III malocclusions are complex and difficult

orthodontic problems to diagnose and treat. The

prevalence of Class III malocclusion varies among

different races and populations. A relatively high

prevalence of Class III malocclusion has been

observed in some Mediterranean and Middle East-

ern populations;1–3 however, the frequency of Class

III malocclusion in these populations is less than in

Asians of the Far East.4–6 The prevalence has been

reported as 13.0% in Japanese,4 14.5% in Chinese,5

19% in Korean,6 9.4% in Saudi Arabian,1 and 3% in

white populations.1

Determination of the anteroposterior jaw relation-

ship is important for diagnosis during the pubertal

growth because the anteroposterior relationship

between the upper and lower arches can worsen

during puberty.7,8 It is now well known that this

malocclusion not only has a dental component but is

also related to an underlying skeletal problem.

Studies indicate that 63% to 73% of Class III

malocclusions are skeletal types.9–11 According to

Guyer et al.,12 25% of a sample of patients with

Class III malocclusion had pure maxillary skeletal

retrusion, whereas fewer than 20% of the patients

had pure mandibular prognathism. They found a

combination of maxillary skeletal retrusion and
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mandibular skeletal protrusion in approximately 22%

of their patients with Class III malocclusion.12

Many studies describe the craniofacial features of

Class III malocclusion in different ethnic groups in

the literature.13–15 The aim of this study was to

identify the skeletal characteristics of craniofacial

structures in a sample of Turkish children with Class

III malocclusion in the mixed dentition phase.

MATERIALS AND METHODS

The study group included 80 patients with skeletal

Class III malocclusion (boys, 34; girls, 46; mean age,

10.23 years) and 80 patients with skeletal Class 1

malocclusion (boys, 32; girls, 48; mean age, 10.79

years) who were chosen from 2825 patients visited

the Department of Orthodontics at Kirkkale Dental

Faculty from 2004 to 2011. An independent t test

was performed to determine the mean age for the

Class III and Class III groups (p.0.05). Sixty-six

boys (mean age, 10.64 years) and 94 girls (mean

age, 10.34 years) were included in this study. All

subjects and their families were living in Turkey

(nonimmigrants), and the subjects had no prior

histories of trauma, maxillofacial syndromes/anom-

alies, orthodontic treatment, or facial surgery.

Patients with Class III malocclusion were selected

according to following criteria: (1) Class III relation-

ship of the first molars, determined by clinical

evaluation of each patient in centric relation to rule

out functional Class III malocclusion; (2) crossbite of

anterior teeth (more than 1 mm); (3) soft tissue facial

convexity (.176); and (4) no cleft palate or other

craniofacial anomaly (ANB,0). The group with

clinically normal occlusion showed the following:

(1) excellent Class I molar relationships or less than

half a cusp deviation, (2) normal overbite and

overjet, and (3) straight to slightly convex profile.

The lateral cephalometric radiographs were derived

from the files of patients diagnosed as having

skeletal Class III malocclusion and Class I maloc-

clusion at the Orthodontic Department of Kirikkale

University.

Lateral cephalometric radiographs were taken

according to the following criteria: (1) natural head

position with teeth in centric occlusion, (2) lips in the

rest position, and (3) use of the same cephalostat

system (PM 2002 EC Proline, Helsinki, Finland).

Thirteen linear and 21 angular cephalometric pa-

rameters (Figs. 1 through 5) were measured on

standardized lateral cephalometric radiographs by

Figure 1. Landmarks for sagittal cephalometric mea-

surements. (1) SNA: the anteroposterior position of the
maxilla relative to the anterior cranial base, (2) SNB: the
anteroposterior position of the mandible relative to the
anterior cranial base, (3) ANB: obtained by subtracting SNB
from SNA, (4) Wits appraisal: distance between A point and B
point on the occlusal plane, (5) A point to Nasion vertical (A-
NV): distance between the A point and N vertical to Frankfurt
Horizontal line, (6) Pogonion to Nasion vertical (Pg-NV):
distance between the Pogonion and N vertical, (7) Sella-
Nasion (SN): distance from Sella to Nasion, (8) Mandibular
length: distance from Gonion to Menton, (9) Co-A: effective
length of maxilla, (10) Co-Gn: effective length of mandibula.

Figure 2. Landmarks for vertical cephalometric mea-

surements. (1) FMA: the angle between the Frankfort
horizontal (orbitale – porion) and mandibular plane, (2) SN
plane-Mandibular plane angle (SN-GoGn): the inclination of
the mandible to the anterior cranial base, (3) OP-SN: the
inclination of the occlusal plane to the SN plane, (4) PP-SN:
the angle of maxillary plane (ANS-PNS) inclination in relation
to the anterior cranial base, (5) PP-MP: the angle of the
maxillary plane (ANS-PNS) inclination in relation to the
mandibular plane (GoGn).
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the same researcher (A.C.). To test the reliability of

the measurements, 45 randomly selected cephalo-

grams were retraced 2 weeks later by the same

orthodontist; all measurements were remeasured,

and the reliabilities of the parameters were exam-

ined with analysis of variance index of reliability. The

calculated reliabilities ranged from 87% to 99% and

were statistically significant (p,.001). There were no

significant differences between the mean values of

each parameter. This study was designed as a

retrospective study, so an ethical approval was not

needed.

All statistical analyses were performed with SPSS

16.0 software for Windows (SPSS, Chicago, IL,

USA). After determining the distribution of the data

and homogeneity of variance, an independent

sample t test was used to assess the differences

between the Class III group and the control group.

Arithmetic means and standard deviations were

calculated for each measurement. Statistical signif-

icance was indicated by a p value ,.05.

RESULTS

Among the sagittal measurements, SNB, ANB, Pg

to Nasion vertical, Wits appraisal, Co-A, and Co-Gn

were significantly different between the Class III and

control groups (p,0.001; p,0.0001; p,0.05;

p,0.05; p,0.01, and p,0.05, respectively) (Table

1). Even though subjects with Class III malocclusion

had significantly smaller values for SNA, there was

no statistically significant difference between the

Class III and the control groups. The other sagittal

parameters—A point to Nasion vertical, SN, and

mandibular length—were not significantly different

between the two groups.

No significant difference was observed between

the groups for the vertical skeletal relationships

except the Gonial angle (p,0.01) and S-Ar

(p,0.05). Nevertheless, the ANS-Me length was

longer in the Class III group than the control (Class I)

group (Table 2). For the dentoalveolar relationships,

only the maxillary incisor to SN plane (U1-SN) angle

showed a statistically significantly difference be-

tween the groups (p,0.05) (Table 3). No significant

Figure 4. Landmarks for dentoalveolar cephalometric
measurements. (1) Maxillary incisor to SN plane (U1-SN):
the angle between the long axis of the maxillary incisor to the
SN plane, (2) Maxillary incisor to NA angle (U1-NA): the
angle between the long axis of the maxillary incisor to the NA
plane, (3) Maxillary incisor to NA plane (U1-NA): distance
between the tip of the upper incisor and a line from Nasion to
point A, (4) Maxillary incisor to palatal plane (U1-PP): the
angle between the long axis of the maxillary incisor to the
palatal plane, (5) Mandibular incisor to MP (L1-MP): the angle
between the long axis of the mandibular incisor to the
mandibular plane, (6) Mandibular incisor to NB angle (L1-
NB): the angle between the long axis of the mandibular
incisor to the NB plane, (7) Mandibular incisor to NB (L1-NB):
distance between the tip of the mandibular incisor and a line
from Nasion to point B, (8) Maxillary incisor to mandibular
incisor (U1-L1): the angle between the long axis of the
maxillary incisor to the long axis of the mandibular incisor.

Figure 3. Landmarks for vertical cephalometric mea-
surements. (6) Saddle angle (N-S-Ar): the angle between
the anterior and posterior cranial base, (7) Articular angle (S-
Ar-Go): the angle formed at the point of intersection of the S-
Ar plane and the Ar-Go plane, (8) Gonial angle (Ar-Go-Me):
the angle between the posterior border of the ramus (Ar-Go)
and the mandibular plane (Go-Gn), (9) Jarabak ratio: ratio of
total posterior (SGo;9/NMe;10) to total anterior face height,
(10) S-Ar: distance from point sella to point articulare, (11)
ANS-Me: distance from the anterior nasal spine to menton.
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difference was observed between the groups re-

garding the soft tissue landmarks except for the soft

tissue facial convexity (p,0.01) (Table 4).

DISCUSSION

Determination of the skeletal and soft tissue

norms of the Class III malocclusion have been

studied in various populations.4,13–20 However, most

of the studies were performed in children with

deciduous or permanent dentition; very few studies

have examined children at the mixed dentition

stage.12,21 On the other hand, there are several

studies related to the treatment outcomes of patients

with Class III malocclusion.22–27

In this study, cephalometric comparison of children

with Class III malocclusion and children with normal

occlusion who were in the same age group was

performed.Theaimofour studywas to identifydefining

characteristics of Turkish children with Class III

malocclusion in the mixed dentition phase.

Sagittal skeletal analysis presented highly signif-

icant differences between the groups in SNB, ANB,

Pg-NV, Wits, Co-A, and Co-Gn measurements. All

angular and linear measurements showing the

sagittal position of the lower jaw had larger mean

values except Co-A and ANB. These results

indicated that effective mandibular length was larger

in Class III groups and effective maxillary length was

smaller in Class III groups.

To determine skeletal features of patients with

Class III malocclusion, conjunctive use of the ANB

angle and Wits appraisal was recommended.28,29 A

significant decrease of ANB and Wits appraisal

between the Class III and Class I groups was also

supported by the present study. According to a study

performed in mixed dentition, the ANB angle was

more suitable in determining Class III malocclusion

than Wits appraisal.30 In this study, Pg-NV was

found to be significantly higher in all subjects with

skeletal Class III malocclusion compared with

subjects in the control group. Previous studies, done

in the deciduous dentition phase, have reported that

the angular and linear measurements of maxilla

indicate that the Class III group had retrognathic

maxillae and significantly larger mandibles than the

Class I group.14,31,32 In contrast, the results of our

study revealed that there is no statistically significant

Table 1. Sagittal skeletal analysis of Class III and control groups

Measure Name

Class III Group Control Group

p ValueMean SD Mean SD

SNA 75.17 4.23 77.56 3.94 0.07414
SNB 81.82 4.26 74.5 3.86 0.00080***
ANB –2.35 2.02 2.4 1.17 0.00008****
WITS –5 4.57 –0.8 2.44 0.01954*
A-NV –5.1 2.42 –3.5 2.99 0.20528
Pg-NV –5.7 2.68 –9.6 3.21 0.04823*
SN 67 2 69.9 2.42 0.13015
Mandibular length 71.6 1.5 70.5 3.12 0.52322
Co-A 79.38 2.19 83.94 2.64 0.00287**
Co-Gn 105.7 2.04 102.4 1.15 0.03748*

* p , 0.05; ** p , 0.01; *** p , 0.001; **** p , 0.0001.

Figure 5. Landmarks for soft tissue cephalometric
measurements. (1) Nasolabial angle (NLA): the angle
formed by the intersection of the Columella tangent and the
upper lip (UL), (2) Soft tissue facial convexity (SFC): the
angle between the G’-Sn line and the Sn-Pog’ line, (3) Upper
lip to E plane: distance between the upper lip and a line from
the tip of the nose to the end of the chin, (4) Lower lip to E
plane: distance between the lower lip and a line from the tip of
the nose to the end of the chin.
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difference in sagittal measurements of the maxilla

between the groups.

No significant difference was observed between

the two groups in the vertical skeletal analysis except

for the Gonial angle and S-Ar length. An increase of

this angle may indicate a future increase in total

mandibular length in patients with Class III malocclu-

sion. The Gonial angle is frequently larger in patients

with Class III malocclusion.33–36 However, Moua-

keh13 found no statistically significant difference

between Class III and Class I groups in terms of

Gonial angle, though S-Ar length was smaller in

patients with Class III malocclusion. Condyle can be

positioned upward in Class III groups.

Dentoalveolaranalysisof this study revealed that the

upper incisors were proclined in the Class III group.

This finding is similar to findings of several stud-

ies,12,20,36 Choi et al.14 explained this situation as a

dental compensation that can occur as early as the

deciduous dentition years. In contrast, some investi-

gators have reported that the upper incisors are

retroclined in Class III groups.13,32 In our study, we

found that the inclination of mandibular incisors was

clinically normal. This is in disagreement with some

authors who reported patients in which lower incisors

were retroclined in the Class III malocclusion with

permanent dentition.12,37,38 It is in agreement, howev-

er, with a study of Syrian children with Class III

malocclusion.13

Previous studies noted a significant decrease in

soft tissue facial convexity in Class III malocclusion

groups with primary dentition.14,39 This is in an

agreement with our study, which showed significant

differences between the groups. The upper lip to E

plane was also smaller in the Class III group, but the

difference was not statistically significant.

CONCLUSION

This study determined angular and linear skeletal,

dental, and soft tissue cephalometric characteristics of

a sampleofTurkish childrenwithClass IIImalocclusion

Table 2. Vertical skeletal analysis of Class III and control groups

Measure Name

Class III Group Control Group

p ValueMean SD Mean SD

FMA 29.20 3.91 25.20 4.68 0.05
SN-GoGn 33.90 4.28 34.40 4.64 0.81
OP-SN 18.20 2.25 20.80 3.94 0.15
PP-SN 8.70 4.00 9.70 4.21 0.59
PP-MP 23.40 5.09 21.60 5.21 0.54
N-S-Ar 126.20 5.45 122.60 5.48 0.27
S-Ar-Go 143.80 8.19 149.40 7.45 0.18
Ar-Go-Me 132.60 7.15 122.10 6.60 0.00312**
Sum of the posterior angles 402.60 11.85 394.20 12.24 0.17
Jarabak ratio 63.70 3.88 64.00 4.21 0.87
S-Ar 28.31 0.90 30.20 1.40 0.02735*
ANS-Me 61.24 2.47 60.20 1.95 0.06

* p , 0.05; ** p , 0.01.

Table 3. Dentoalveolar analysis of Class III and control groups

Measure Name

Class III Group Control Group

p ValueMean SD Mean SD

U1-SN 107.96 8.13 98.4 8.19 0.03332*
U1-NA angle 27.2 7.13 21.4 6.32 0.07033
U1-NA distance 5.1 1.72 4.8 2.44 0.75474
U1-PP 114.4 6.64 107.8 5.57 0.07722
L1-MP 89.1 7.31 91.5 7.47 0.47714
L1-NB angle 22.1 6.04 20.8 6.19 0.64059
L1-NB distance 3.7 1.82 3.5 1.43 0.78859
U1-L1 136.1 10.69 135.3 11.01 0.87094

* p , 0.05.
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in the mixed dentition. Lateral cephalometric radio-

graphs of 80 patients with Class III malocclusion were

analyzed and compared with those of 80 patients with

Class I normal occlusion. Class III groups had (1) a

significantly increased SNB, Pg-NV, and Co-Gn; (2) a

reduced ANB, Wits appraisal, Co-A, and S-Ar; (3) a

significantly larger Gonial angle; (4) more proclined

maxillary incisors; and (5) a notably increased soft

tissue facial concavity.
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