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ABSTRACT
Objective: The objective of the following study is to investigate the mandibular vertical asymmetry in a group of
patients with early unilateral mandibular first molar extractions. Materials and Methods: Mandibular asymmetry index
measurements (condylar, ramal and condylar-plus-ramal) were performed on the panoramic radiographs of a study group
including 51 patients (mean age: 18.60 ± 1.11 years) and a control group of 51 patients (mean age: 18.53 ± 1.29 years).
Group I included patients with a unilateral mandibular first molar extracted before the age of 12 years. Group II included
patients with no extractions and had excellent Class I relationships, no missing teeth and slight or moderate anterior crowding.
A paired t-test was used to determine possible statistically significant differences between the sides for the measurements.
Student’s t-test was used for the comparison of asymmetry index values between the groups and genders. Results: No
group showed statistically significant sex-or side-specific differences for posterior vertical height measurements. Condylar
asymmetry index and ramal asymmetry index measurements were not statistically different between the groups, while
condylar-plus-ramal asymmetry index (CRAI) measurements were statistically different between the groups (P = 0.019).
Conclusions: A slight difference for CRAI value was found in patients with early unilateral mandibular first molar extractions.
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INTRODUCTION
Improvement in the beauty and harmony of facial
appearance has been intended since the beginning
of orthodontics practice. [1] Stedman Medical
Dictionary [2] defines symmetry as equality or
correspondence in the form of parts distributed
around a venter or an axis, at the two extremes or
poles, or on the two opposite sides of the body. Facial
complex consists of numerous constituent parts and

harmony among these parts determines the overall
symmetry.
Clinically, symmetry means balance, while significant
asymmetry means imbalance.[3] Teeth play a vital role
in this symmetry. Andrews[4] stressed the importance
of the first molars in a balanced and normal occlusion.
More than 50% of children over the age of 11 years
have the experience of caries in the first molars.[5]
Unfortunately, the first molars are the most common
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early extracted teeth due to dental caries.[6] Early
extraction of these teeth could negatively affect the
balance of all occlusion.[7]
Lundstrom [8] classified the possible causes of
asymmetries of the face and dental arch as genetic,
environmental, or a combination. The environmental
factors include tooth caries, early tooth loss and
trauma.[9] Early extraction of permanent first molars
might also cause problems, such as tipping of adjacent
teeth toward the extraction site, extrusion of the
corresponding opposite teeth, asymmetric chewing
habits and periodontal problems from alveolar
bone atrophy in the extraction cavity. [7,10,11] The
asymmetrical function and imbalanced occlusion
may cause asymmetric development in the right and
left sides of the mandible. In addition, asymmetries
between both sides of the mandible may be due to an
adaptive response of the mandible, which may cause
modeling of the condyle.[12]
Asymmetry of the craniofacial skeleton is most readily
diagnosed from the frontal rather than from the other
view. A method to determine asymmetries between
the mandibular condyles and the rami was introduced
by Habets et al.[13] This method compares the vertical
heights of the mandibular right and left condyles
and rami and uses those observations to determine
condylar asymmetry in unilateral[14,15] and bilateral[15,16]
cross bite, Class II[17] and Class III[18] malocclusions,
different skeletal patterns,[19] cleft lip and palate[20] and
temporomandibular-disorder patients.[13]
Furthermore, some of the authors investigated the
morphologic asymmetries of the mandible in patients
with no missing teeth using various methods.[21-25]
Cağlaroğlu et al.[26] investigated the effects of early loss
of maxillary and mandibular first molars on skeletal
asymmetry using postero-anterior radiographs. In
a recent paper by Halicioglu et al.[27] investigate the
mandibular vertical asymmetry in a group of adult
patients who had early bilateral mandibular first
molar extractions. They reported that asymmetry
index measurements were not statistically different
between the groups and the lengths of the condylar,
ramal and condylar plus ramal height were less in the
study group than in a well-matched control group of
without extraction.
Although studies about condylar asymmetry have
increased in the past years, until date no study has
been carried out to compare the effects of unilateral
early loss of a mandibular first molar on condylar
asymmetry. Therefore, this study was aimed at
European Journal of Dentistry, Vol 8 / Issue 2 / Apr-Jun 2014

investigating the effects of early loss of a mandibular
first molar on condylar and ramal heights and
determining whether patients with early loss of a
mandibular first molar had asymmetrical condyles,
by using the method described by Habets et al.[13]

MATERIALS AND METHODS
The sample consisted of a study group including
51 patients of which 23 were females and
28 males; (mean age: 18.60 ± 1.11 year) and a control
group comprised of 51 patients of which 24 were
females and 27 males; (mean age: 18.53 ± 1.29 years).
Group I included patients with a unilateral mandibular
first molar extracted before the age of 12 years. Group II
was the control group with no extractions and had
excellent Class I relationships, no missing teeth and
slight or moderate anterior crowding. These two
groups were randomly selected from the archives of the
patient data, in the archives of the Abant Izzet Baysal,
Karadeniz Technical, and Erciyes Universities. The
patients in the control group were not orthodontically
treated. Approval from the ethics committee was not
needed for the present retrospective study.
The additional criteria, also suggested and practiced
by Caglaroglu et al.,[26] for both the study and control
groups, were the following: (1) Post-pubertal
period; (2) skeletal Class I relationship determined
by ANB angle; (3) no developmental or acquired
craniofacial or neuromuscular deformities; (4) no
previous orthodontic treatment; (5) no signs or
symptoms of temporomandibular dysfunction; (6) no
lateral mandibular shift during closure as determined
by clinical examination; and (7) no carious lesions,
extensive restorations, or pathologic periodontal
status.
As panoramic radiographs (PRs) are routinely used
as a diagnosis procedure in our clinics, all the patients
had PR available for evaluation. All radiographs
were taken by experienced radiology technicians on
panoramic systems. The patients were positioned
with the lips in a rest position and the head oriented
to the Frankfort horizontal plane, as suggested by
Azevedo et al.[28]
All films were traced and measured by the same
author. On both the left and right sides, the most
lateral points of the condyle and ramus were marked
as X and Y, respectively. On each side, a line (ramus
tangent) was drawn passing through points X and Y
and termed as the A-line. Another line was drawn
from the most superior points of the condylar images
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perpendicular to the A-line and termed as the B-line.
The intersection of the A-and B-line was named
point Z. The distances between points X and Z were
measured and recorded as condylar height (CH).
Similarly, the distances between points X and Y
and that between points Z and Y were measured
and recorded as ramus height (RH) and CH + RH,
respectively [Figure 1]. The asymmetry indices of
the condyle, ramus and condylar-plus-ramus were
computed using the following formula developed
by Habets et al.[13] To measure the condylar, ramal
and condylar-plus-ramal asymmetry, the following
formula was used:
Asymmetry index =

Right − Left
×100
Right+Left

Statistical analysis
The normality test of Shapiro-Wilks and Levene’s
variance homogeneity test were performed and
all data were found normally distributed. Thus,
parametric tests were used for statistical analyses.
The paired t-test was used to determine possible
statistically significant differences between the sides
for condylar, ramal and condylar-plus-ramal height
measurements. Student’s t-test was used for the
comparison of asymmetry index values between the
groups and the genders.
At 3 weeks after the first measurements, 15 randomly
selected PRs were retraced and re-measured by the
same author in order to calculate the method error by
using Dahlberg’s formula.[29] The Dahlberg’s method
error values were within acceptable limits and the
difference between the 1st and 2nd measurements of
the 15 radiograms was insignificant. In addition,
the difference between the two readings was tested
for significance with paired t-test and no difference
was found (P > 0.05). All statistical analyses were

performed by means of the statistical package for
the social sciences (SPSS) software package for
Windows (version 13.0, SPSS, Chicago, Illionis).
P value was considered to be significant if <0.05.

RESULTS
The means and standard deviations of the chronological
ages in each group were shown in Table 1. Comparison
of the mean ages between the groups showed that
there were no statistically significant differences in
the distribution of the chronological ages between the
study and control groups (P > 0.05).
The descriptive mandibular asymmetry indices
for both male and female patients were calculated
separately in both groups to investigate the
relationship between the genders. The results of the
Student’s t-tests showed no statistically significant
differences between the mean values of the male and
female patients (P > 0.05) [Table 2]. Therefore, the
data for both sexes were pooled for further statistical
analyses.
Means, standard deviations and statistical results of
paired t-test comparing the measurements of the left
and right sides in the extraction and non-extraction
groups are tabulated in Table 3. There was no
Table 1: Means and standard deviations of the mean
ages in the study and control groups
Group

Gender

N

Mean age (year)

P1

P2

Control

Female
Male
Total
Female
Male
Total

24
27
51
23
28
51

18.37±1.24
18.67±1.33
18.53±1.29
18.50±1.11
18.75±1.12
18.60±1.11

0.424

0.758

Study

0.446

P1: Results of the student’s t test comparing the mean age between genders,
P2: Results of the Student’s t test comparing the mean age between study
and control groups

Table 2: Descriptive statistics and comparisons of
asymmetry indices in the study and control groups
according to gender
Group

Female
Variable

Control CAI
RAI
CRAI
Study
CAI
RAI
CRAI
Figure 1: Measuring method
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Male

Mean

SD

Variable

7.69
3.35
2.07
8.35
2.84
3.31

6.90
1.88
1.58
5.53
2.93
1.75

CAI
RAI
CRAI
CAI
RAI
CRAI

P

Mean

SD

7.57
2.70
2.68
9.08
2.58
3.11

8.11
2.19
1.48
7.97
2.49
2.09

0.486
0.583
0.654
0.176
0.879
0.184

CAI: Condylar asymmetry index, RAI: Ramal asymmetry index,
CRAI: Condylar-plus-ramal asymmetry index, SD: Standard deviation
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Table 3: Statistical side comparisons of the study and control groups
Variable
CH
RH
CH+RH

Study group (Mean and SD)
Extraction side

Non-extraction side

4.82±0.96
43.95±5.61
48.77±5.30

4.81±0.90
44.97±4.82
49.78±5.81

P
0.149
0.464
0.513

Control group (Mean and SD)
Right side

Left side

4.93±0.89
45.36±3.85
50.29±4.25

4.63±0.85
43.67±4.57
48.30±4.25

P
0.14045
0.37891
0.28298

CH: Condylar height, RH: Ramal height, CH+RH: Condylar-plus-ramal height, SD: Standard deviation, P: Results of paired t test

statistically significant difference observed between
the right and left sides in condylar, ramal and
condylar-plus-ramal height measurements between
the groups (P > 0.05).
In the extraction group, the condylar-plus-ramal
asymmetry index (CRAI) value was found to be
3.22 ± 1.28, whereas this value was 2.39 ± 1.54 for the
control group without extraction (P = 0.019). On the
other hand, no statistically significant difference was
found for the condylar asymmetry index (CAI) and
ramal asymmetry index (RAI) measurements between
the study and control groups (P > 0.05) [Table 4].

DISCUSSION
A study done by Kambylafkas et al. [30] reported
that PRs can be used to determine the condylar
asymmetry. We observed that PRs were often used
by investigators who performed mandibular[25,31]
and condylar[14-20,32] asymmetry studies. However,
computed tomography (CT) is the gold standard for
determination of condylar asymmetries,[33] although
radiation exposure could be an issue. CTs may be
obtained only in specific cases, whereas PRs may be
utilized for a routine dental examination. Therefore,
PRs were used to determine the condylar asymmetry,
together with other dental reasons because of
associated costs, ethical considerations and exposure
of patients to relatively low doses of radiation.
In addition, the PR images of the structures in both
vertical and horizontal directions could be magnified.[34]
In the vertical plane, magnification is dependent on
the projection factors alone. The distance between the
focal point of the X-ray tube and the film is always the
same.[35] Larheim and Svanaes[36] suggested that the
reproducibility of vertical measurements is acceptable,
provided that the patient’s head is positioned properly
in the equipment. In the present study, special
attention was given to the positioning of the patients
during exposure. Habets et al.[13,37] found that vertical
differences between the left and right sides were <6%
if positions were altered <10 mm from their original
centered position. In the present study, the differences
European Journal of Dentistry, Vol 8 / Issue 2 / Apr-Jun 2014

Table 4: Descriptive statistics and comparisons of
asymmetry index values between the study and
control groups
Asymmetry index

Group

n

Mean (%)

SD

P

CAI

Study
Control
Study
Control
Study
Control

51
51
51
51
51
51

8.65
7.63
2.73
3.01
3.22
2.39

6.58
7.49
2.73
2.06
1.88
1.54

0.474

RAI
CRAI

0.574
0.019

CAI: Condylar asymmetry index, RAI: Ramal asymmetry index, CRAI:
Condylar-plus-ramal asymmetry index, SD: Standard deviation, P: Results
of Student’s t test

between the sides were <6% in both groups and this
finding confirms that special attention was given in
the present study.
The present study is the first to investigate vertical
condylar and ramal asymmetry using the method of
Habets et al.,[13] in patients with unilateral early loss of
mandibular first molar. Sample size was investigated
by power analysis and samples and sex subgroups
were sufficient to detect differences. The previous
studies[13-15,32] found that no statistically significant
differences were present between the genders with
the same method. In agreement with those studies, we
found that the asymmetry indices were not affected
by gender. On the contrary, Sağlam[19] searched for
condylar asymmetry in various skeletal patterns and
declared that CRAI measurements were significantly
affected by sex.
In a recent paper, Wang et al.[38] indicated that there is
an association between asymmetry of occlusion and
condyles. Some authors[39,40] showed that a malocclusion
such as a Class II subdivision or a posterior crossbite
might cause real mandibular asymmetry in growing
patients due to the above-mentioned adaptive condylar
changes. O’Byrn et al. [41] evaluated mandibular
asymmetry in adults with unilateral crossbite. They
found that the mandible was rotated and thus, the
condyle on the crossbite side was positioned more
posteriorly, when compared with the contralateral
side. However, these authors found no mandibular
skeletal asymmetry. Similarly, Letzer and Kronman[42]
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also found no relationship between asymmetry and
malocclusion. In the present study, patients were
without skeletal malocclusion, such as Class II, Class III
and unilateral or bilateral crossbite to eliminate the
effects of those malocclusions on the condylar, ramal
and condylar-plus-ramal height and asymmetry indices.
According to Habets et al.,[37] a 3% index ratio can
result from a 1 cm change in head position while
the PR is being taken and thus, asymmetry index
values (CAI, RAI and CRAI) >3% should be considered
as mandibular posterior vertical asymmetry. Our
findings show that in patients with unilateral early
loss of mandibular first molar (CAI: 8.65 ± 6.58%)
and in those with no extracted or missing teeth (CAI:
7.63 ± 7.49%), the patients have very asymmetrical
mandibular condyles according to CAI values. The
CAI values were higher when compared with the
3% threshold value of Habets et al.[37] in both groups.
However, the comparison between study and control
groups was not statistically significant. In other words,
patients with early unilateral loss of mandibular first
molar were found to have asymmetric mandibles
according to the CAI measurements and those with no
missing teeth were also observed to have asymmetry.
Concordant with the present findings, Sağlam,[19]
Uysal et al.,[15] Kurt et al.[20] and Halicioglu et al.[27]
found CAI of 7.96 ± 6.73%, 7.57 ± 8.39%, 9.95 ± 10.42%
and 7.04 ± 6.79% in the control groups with Class I,
respectively. These high values indicating asymmetry
in both the groups can be attributed to shape, angular
and positional differences between the right and left
condyles without any related malocclusion.[43]
Cağlaroğlu et al.[26] showed that patients with early
loss of a first molar had both dental and skeletal
asymmetries, using postero-anterior cephalograms.
They found that skeletal asymmetries mainly occurred
in the lower anterior region. In the present study,
condylar, ramal and condylar-plus-ramal heights in all
the groups were similar on the right and left sides or
extraction and non-extraction sides and no statistically
significant side differences were found. Nevertheless,
the RAI and CRAI measurements used for evaluating
posterior vertical dimension of the mandible were
similar and close to this 3% threshold value in both
study and control groups.
In our study, the CRAI of patients with early unilateral
mandibular first molar extraction was found to be 3.22 ±
1.88%. This value was statistically higher than the CRAI
value for the control group (2.39 ± 1.54%) (P = 0.019).
This situation may be explained as follows: A first molar
extraction space is closed mainly by mesialization of
182

the posterior teeth and a small part of this space is
closed by distal movement of the premolars.[26] More
tipping occurs in the mandible than in the maxilla in the
neighboring teeth and premature contacts become more
distinct. The premature contacts may cause horizontal
mandibular displacements during the last closing phase
when the mandible occludes in maximum intercuspal
position.[11] Furthermore, Inui et al.[44] reported that
continuous displacement of the condyles in the glenoid
fossa during growth and development, caused by
occlusal problems, could induce asymmetric growth
of the mandible and condyles.
The weakness of the present study is that it was
performed on two dimensional films. Our results
might be compared with the studies that will be
performed on CT by three dimensional analyses.
Future studies should be done using cone beam
computed tomography (CBCT). The new generation
of these CBCT machines has a radiation dose lower
than PRs.

CONCLUSIONS
Based on the above study it can be concluded that
condylar index values were significantly higher when
compared with the 3% threshold value of Habets
et al.[37] in both the study and the control groups, but
comparisons between the groups were not statistically
significant. However, the CRAI value was found to be
slightly asymmetric in patients with early unilateral
loss of mandibular first molar (about 1%) that would
not be clinically important.
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