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Biological predictors of mandibular
asymmetries in children with mixed dentition
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Stjepan Spalj*
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Objectives: The was to

asymmetry

objective

investigate
in children with  mixed dentition and other

the severity of skeletal mandibular

factors associated ' with asymmetry.

Method: The study was cross sectional, with stratified sampling according to malocclusion type consisting
of 205 subjects with mixed dentition (median 10, interquartile range 9-11 ‘years). There were 59 subjects
presenting Class II/1, 77 Class 1I/2, and 69 Class lll. The mandibular asymmetry -has been estimated
from orthopantomograms using the Habets’ method and the dental maturation by Demirjian’s method.
The sagittal skeletal relationship and facial growth pattern were. assessed from lateral cephalograms.
Results: Asymmetries in general, were not rare and were more presentin the.condylar height rather than in the height
of the ramus. The highest severity of condylar asymmetry was in Class /2 subjects (median of asymmetry index
7.3; 64% subjects exhibiting moderate and severe asymmetry), while the Class lll subjects exhibited the highest
severity of both ramus and total height asymmetry (2.1; 13% and 2.0;15%, respectively). Multiple logistic regression 20
unveiled male gender as the only predictor of moderate or significant-overall asymmetry. Dental age, the difference
between dental and chronological age, and facial growth pattern were not significant predictors of asymmetries.
Discussion: Overall, asymmetries in mixed dentition cannot be considered rare; however, no strong relationships
between asymmetry and observed biological factors were found.

Keywords: Mandibular asymmetry, condylar asymmetry, asymmetry index, panoramic radiography, angle class

Introduction
Facial symmetry can be defined by the position of points
on both sides of the face in.comparison to the medio-sag-
ittal plane. Although a lot of faces may appear well
balanced and symmetrical on clinical observation, radio-
graphic analyses indicate the presence of asymmetry as a
common characteristic of all faces.!* It is debatable when
to declare asymmetry “normal” or “abnormal.”>¢ Some
research suggested that, in the case of minor asymmetries,
the right side of the face is usually wider in comparison to
the left side, and the chin is moved to the left.® Also, asym-
metry often involves the lower third of the face, which can
be explained by a longer period of mandibular growth.”
Mandibular asymmetry plays an important role in deter-
mining facial appearance and functioning of the mastica-
tory system. It is caused by many factors: developmental,
pathological, functional, and traumatic.'®* Some impor-
tant morphological and functional causes of mandibular
asymmetries include a constricted airway due to enlarged
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tonsils, adenoids, or allergies with impaired breathing; a
constricted maxilla, forced bite, mandibular shifts to one
side and unilateral crossbite, muscular activity, parafunc-
tional habits like thumb and pacifier sucking, reverse
swallowing, and oral breathing.® 12

Early diagnosis of asymmetry is important to identify
the causes of asymmetry for better treatment options and
prevention of its consequences."'*!* Orthopantomograms
(OPG), posterior—anterior cephalograms, and computer-
ized tomography (CT) scans are methods of choice for
diagnosing asymmetries. Although, a less sophisticated
method, detection of asymmetries on OPG is still widely
used and has advantages over CT, primarily in reduced
ionizing radiation.'s '8

Several techniques for measuring the asymmetry on
OPG have been developed.'*?* Asymmetries are more
likely to appear in patients with Class II and III maloc-
clusions, although they may be present in individuals
with normal occlusion.’ Furthermore, mandibular asym-
metry could represent a risk factor for temporomandibular
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disorders.!*? Interceptive treatment, such as the elimina-
tion of the airway problems and parafunctions, grinding
of primary teeth, and maxillary transversal expansion in
lateral crossbite cases and functional mandibular shift,
can be beneficial in the primary dentition, creating opti-
mal conditions for normal occlusal development, skeletal
growth, and improved facial symmetry.*2°

The aim of this study was to investigate the severity of
skeletal mandibular asymmetry in children with mixed
dentition and to explore the association with biological
factors: sagittal skeletal relation, gender, chronological
age, dental maturity, difference between chronological
and dental age, type of dentition, and rotational pattern
of facial growth. The hypothesis of this study is that asym-
metries are more pronounced in Class III boys, and the
least in Class I1/1 girls and that asymmetries increase with
increasing chronological and dental age, accelerated den-
tal maturation, and the tendency of the horizontal growth
pattern. The authors assumed that the sagittal skeletal rela-
tion and the accelerated dental maturation are the most
significant predictors of mandibular asymmetry.

Materials and methods

The study was cross sectional with stratified sampling
according to malocclusion type, consisting of 205 sub-
jects with mixed dentition referred for orthodontics at the
University Dental Clinic for consultation (median age 10,
interquartile range 9—11 years). There were 57% girls,
28% in early mixed dentition, 59 subjects presenting Class
1I/1, 77 Class 1I/2, and 69 Class II1. The mandibular asym-
metry was estimated on OPG using the Habets* method.?
In brief, condylar height was measured as a distance
between the most cranial and the most lateral point of
the condyle on the ramus tangent, while ramus height pre-
sented distance between the mostlateral point of the con-
dyle and ramus on the ramus tangent. Asymmetry index
was calculated by the-following. formula: Asymmetry

3 GHT—. S C .
index = |MCHI-LEFT STRUCTURE \/ 1()(). The above-mentioned
RIGHT+LEFT STRUCTURE

heights were measured in-mm, while asymmetry index is
a ratio with a measure scale from 0 to 100%.

The severity of the asymmetry was classified as
insignificant (0-2.99% of asymmetry index, Al), slight
(3-4.99%), moderate (5-9.99%), and severe (>10%).”’

Dental maturation has been estimated from OPG using
the Demirjian’s method.?® The difference between dental
and chronological age was used as a measure of deceler-
ated, balanced or accelerated dental maturation. Lateral
cephalograms were used to assess skeletal sagittal rela-
tions as well as rotational pattern of facial growth, which
was estimated using Jarabak’s ratio of posterior and ante-
rior facial height (S-Go: N-Me).?

The study was approved by the local ethics committee.
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In the statistical analysis, normality of distribution 55
of data was checked by the Kolmogorov-Smirnov test
and homogeneity of variances by the Levene’s test.
The Kruskal-Wallis test and Mann-Whitney test with
Bonferroni correction for multiple comparisons were used
to compare the asymmetry, differences between dental and 60
chronological maturity, and rotational pattern of facial
growth between the sagittal classes groups. Effect size
was quantified by the formula » = z\N.** The frequen-
cies were compared using y? test, and the effect size was
quantified by Cramer’s V. 65

Spearman correlation was used to evaluate correlation
between variables of asymmetry, pattern of facial growth,
maturity, and gender.

Multiple logistic regression was used to estimate pre-
dictors of moderate or severe asymmetry. For that purpose, 70
the asymmetry index was dichotomized: 0 = insignificant
or slight asymmetry (<4.99%), and 1 = moderate or severe
asymmetry (=5%). All analyses-were performed using
commercial software SPSS-11.5 (SPSS Inc., Chicago,
USA).

Results

The distribution of subjects by class, difference between
dental and chronological age, growth pattern, and by
asymmetries is presented in Table 1. Genders were
equally allocated within the Angle class groups. Subjects 80
with Class II/1 had accelerated dental maturation, while
subjects with Class 11/2 and Class III had decelerated
dental maturation in relation to their chronological age

(p < 0.001). The difference between Class II/1 and II/2
accounts for 4.4% of variability, while between Class II/1 85
and III for 9% of variability (Table 1).

When observing the facial growth pattern, assessed by
Jarabak’s ratio, the interquartile ranges suggest subjects
with Class II/1 and III demonstrate a tendency for a verti-
cal growth pattern in comparison to those with Class II/2 90
(p = 0.014, Table 1). The difference in Jarabak’s ratios
between Class II/2 and Class II/1 as well as Class 11/2
and Class III accounts for 4.4% of variability (p = 0.014
and p = 0.012).

Asymmetries were more often present in condylar 95
height rather than in the height of ramus, but there was
no significant difference between malocclusion groups
(Figure 1, Table 1), genders, or types of dentition (early
vs. late mixed dentition). As can be seen in Figure 1, over-
all, only one third of children exhibited severe condylar 100
asymmetry. A higher severity of condylar asymmetry can
be noticed in Class I1/2 compared with Class III and Class
II/1 (Table 1). The moderate and severe asymmetry in
Class I1/2 was 64%, while in Class IIT and Class II/1 it was
53 and 56%, respectively (Figure 1). Observing the total 105
ramus height, less asymmetry was recorded in children
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Table 1. Subjects distribution by class, difference between dental and chronological age, growth pattern and by asymmetries. AQ7

Interquartile range

Variable Angle class Median 25 centile 75 centile n*

Difference between dental and chronological age 11 0.52 -0.3 1.3 <0.001
1172 -0.6° -1.5 0.8
Il -0.4° -1.0 0.7

Rotational pattern of facial growth (Jarabak’s ratio) 171 64.02 61.5 66.0 0.014
172 65.0° 62.9 68.1
Il 64.72 61.3 66.6

Index of condylar asymmetry 171 6.5 2.3 13.6 0.849
/2 7.3 3.5 10.4
Il 5.8 3.0 10.7

Index of ramus asymmetry 11/1 2.0 0.9 3.7 0.829
172 2.0 0.9 3.4
Il 2.1 0.9 3.9

Index of total ramus asymmetry 11/1 1.4 0.8 2.7 0.196
/2 1.7 0.8 2.6
Il 2.0 0.9 3.7

*Kruskal-Wallis test.
Note: Classes which do not share the same superscript letters are statistically significantly different.

20% 8% 2%
80% 74% — [}
70% 66% ] Sox
60% 55%
O insignificant
50% O slight
8%
36%
a0% 3% 30% 2% B moderate
0% 2% 6% 25 2523 % 7% - ® severe
20% 4 e “Han o 2% 3%
5% %
o [ - . k- | - =
0%
class 111 class 11/2 class Il class /1 class 11/2 class 1l class 111 class 11/2 class Il
malocclusion malocelusion malocclusion
condylar height asymmetry ramus height asymmetry total height asymmetry
Figure 1. Distribution of asymmetry intensity levels within the malocclusion groups.
100% 93% 94%
89% — boys
90% = ss_% [} v
20% o 7a% 70%
70%
0% 59% 6%
50% 1% a4
40% 3 " o
30% &
20% 2%
1% L 7% 6%
e N
o i M
6
100% 91% 88% 95_ Sﬁ 93_% 95_% girls
90% ) —
80% prve
70% 60%
60% 52%
50% as% O insignificant or slight
40% 31 @ moderate or severe
30%
20% h2%
9%
10% . 5% 3% 7% 5%
0% | = = [ =
class 111 class Il/2 class Il class II/1 class 1f2 class Il class I1/1 class 11/2 class I
malocclusion malocclusion malocclusion
condylar height asymmetry ramus height asymmetry total height asymmetry

Figure 2. Distribution of the asymmetry intensity between malocclusion types and gender.
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Table 2. Spearman correlations between measures of asymmetry and hypothetical biological predictors.

The index The intensity The index The intensity  The index of The inten-
of condylar of condylar of ramus of ramus total asym- sity of total
asymmetry asymmetry asymmetry asymmetry metry asymmetry

The index r 1 0.965 0.140 0.218 0.106 0.096

of condylar e} <0.001 0.045 0.002 0.130 0.169

asymmetry

The intensity r 0.965 1 0.161 0.231 0.125 0.114

of condylar p <0.001 0.021 0.001 0.075 0.104

asymmetry

The index of r 0.14 0.161 1 0.841 0.749 0.628

ramus asym- e} 0.045 0.021 <0.001 <0.001 <0.001

metry

The intensity r 0.218 0.231 0.841 1 0.691 0.702

of ramus P 0.002 0.001 <0.001 <0.001 <0.001

asymmetry

The index of r 0.106 0.125 0.749 0.691 1 0.745

total asym- o 0.130 0.075 <0.001 <0.001 <0.001

metry

The intensity r 0.096 0.114 0.628 0.702 0.745 1

of total asym- P 0.169 0.104 <0.001 <0.001 <0.001

metry

Chronological r 0.004 0.014 —-0.008 0.032 -0.014 0.008

age ) 0.956 0.838 0.904 0.648 0.842 0.911

Dental age r —-0.033 -0.005 —-0.006 0.039 =0.042 <0.001
o 0.635 0.938 0.927 0.682 0.553 0.999

The difference r -0.028 0.009 —-0.006 0.051 -0.05 -0.013

between P 0.687 0.897 0.929 0.465 0.478 0.848

dental and

chronological

age

Type of denti- r 0.004 -0.003 -0.027 —0.025 0.016 0.038

tion (1 = early. 0 0.954 0.961 0.701 0.717 0.816 0.587

2 = late mixed

dentition)

Gender r —-0.006 0.004 0.006 -0.002 —-0.049 —-0.065

(1 =male. D 0.929 0.951 0.929 0.972 0.485 0.353

2 = female)

Pattern of r 0.149 0.150 —-0.006 -0.016 -0.026 -0.133

facial growth P 0.083 0.032 0.928 0.822 0.718 0.057

(Jarabak’s

ratio)

Note: r = correlation coefficient, p = level of statistical significance.

with Class I1/2 (6%), than in-those-with Class III (15%;
Figure 1).

When the combination of gender and class were taken
into consideration, and when severity was dichotomized
into two categories, significant differences in severity
were only present for the asymmetry of the total ramus
height where boys of Class III more often had moderate or
severe asymmetry compared to the boys of other classes
with a small effect size (= 0.311, p = 0.014, Figure 2).

The difference between genders was significant for the
asymmetry in the condylar height in Class II/1, where
girls more often had moderate or severe asymmetry
compared to boys (69 vs. 41%, p = 0.038, r = 0.281).
Boys of Class III were more likely to have moderate or
severe ramus asymmetry than girls of the same class (26
vs. 5%, p = 0.023, » = —0.307), and moderate or severe
asymmetries of the total ramus height were present more
often in male subjects (30 vs. 5%, p =0.011, r =—0.345).

CRANIOH® : The Journal of Craniomandibular & Sleep Practice 2015
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Gender accounts for a small part of the variability in the
asymmetry, 8—12%.

Condylar asymmetry did not correlate with the ramus
or the total asymmetry, while ramus asymmetry corre-
lated with total asymmetry (Table 2). The correlation
was stronger for the ordinal severity scale (r = 0.702,
p <0.001) than for the continuous index scale (»=0.557,
p<0.001).

Correlation between asymmetry and assessed biolog-
ical predictors such as dental age, chronological age, the
differences between dental and chronological age, type
of dentition, gender, and the pattern of facial growth was
not proven (Table 2).

Multiple logistic regression models, used to estimate
predictors of moderate or severe asymmetry, showed that
by controlling for other biological predictors, only the
male gender was a predictor of moderate or significant

NO. X
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Table 3. Multiple logistic regressions for estimation of biological predictors of moderate or severe asymmetry.

Asymmetry Predictor B SE Sig. OR 95% ClI
Condyle asymmetry* Dental age -0.063 0.085 0.463 0.939 0.795 1.110
The difference between dental and chronological age  0.074  0.118 0.533 1.076 0.854 1.356
Class Il (ref) 0.725
Class II/1 0.164 0.382 0.667 1.179 0.558 2.490
Class Il/2 0.279 0.35 0.426 1.322 0.665 2.625
Gender M 0.318 0.3 0.289 1.374 0.763 2.475
Jarabak’s ratio 0.083 0.038 0.029 1.087 1.008 1.171
Constant -4.730 2.525 0.061 0.009
Ramus asymmetry** Dental age 0.0568 0.122 0.633 1.06 0.834 1.347
The difference between dental and chronological age  0.083  0.175 0.635 1.086 0.772 1.530
Class Il (ref) 0.685
Class /1 -0.483 0.589 0.412 0.617 0.194 1.957
Class Il/2 -0.041 0.525 0.937 0.959 0.343 2.686
Gender M -0.832 0.455 0.068 0.435 0.178 1.062
Jarabak’s ratio -0.054 0.058 0.348 0.947 0.846 1.061
Constant 1442 3.793 0.704 4.228
Total asymmetry™* Dental age 0.058 0.138 0.672 1.060 0.809 1.390
The difference between dental and chronological age  0.041 0.191  0.829 1.042 0.717 1.516
Class Il (ref) 0.124
Class I1/1 -1.419 0.732 0.052 0.242 0.058 1.015
Class Il/2 -0.711 0.612 0.245 0.491 0.148 1.630
Gender M -1.412 0.561. 0.012 0.244 0.081 0.731
Jarabak’s ratio -0.187  0.07 .0.051 0.872 0.759 1.001
Constant 7.061 4.613~ 0.126 -~ 1166.13

*Negelkerke pseudo R2 = 0.049; p = 0.271.
**Negelkerke pseudo R2 = 0.044; p = 0.581.
***Negelkerke pseudo R2 = 0.143; p = 0.035.

overall asymmetry (Table 3). Regression models for con-
dylar asymmetry and ramus height asymmetry were not
significant, that is, it did not detect significant predictors
(Table 3).

Discussion
The present study did not prove a strong relation between
asymmetry and explored biological predictors of dental
age, chronological age, the difference between dental and
chronological age, type of dentition, gender, and rotational
pattern of facial growth; however, a few tendencies were
observed. Asymmetries were more often present in con-
dylar than in the ramus height. Class I1/2 children had the
strongest condylar asymmetry, but it appears to be com-
pensated with ramus height, while condylar asymmetries
in Class III intensify with asymmetry of ramus height.
Asymmetry may, to some extent, be related to gender.
Girls with Class II/1 were more likely to have moderate or
severe asymmetry of the condylar height compared to the
boys, and moderate or severe ramus asymmetry and asym-
metry of the total ramus height in Class III were more
often found in male rather than in female subjects. When
controlling for all other predictors, male gender appears to
be the predictor of moderate or significant overall asym-
metry. These results could indicate that women have bet-
ter compensation mechanisms of condylar asymmetry by
modifying the ramus height. Another possibility is that
this compensation occurs earlier in females because of
earlier maturation of girls. Previous studies demonstrated

CRANIOH® : The Journal of Craniomandibular & Sleep Practice

a significant condylar asymmetry in Class II/1 when com-
pared to normal occlusion, Class II/2 and Class III; how-
ever, the relation to gender is still ambiguous.>*

The reason for higher severity of condylar asymmetry
recorded in Class 11/2 compared with Class I1I may be due
to condylar morphology. Class I1/2 usually has a tall and
narrow condyle, while the condyle in Class III is gener-
ally wide, short, and squat.’'-3* Because of the difference
in condylar height, the asymmetry of a high and narrow
condyle might be more noticeable. Another possibility is
that on a higher condyle, typical for Class I1/2, the asym-
metry could be more easily and more precisely measured
and recorded.

The pattern of facial growth could also be considered as
one of the factors of successful asymmetry compensation.
Comparing Class 1I/2 and Class III, it can be seen that
Class II/2 has a conspicuous horizontal growth pattern and
a higher ramus, while Class III has a tendency towards
a vertical growth pattern as an attempt to compensate
bite by posterior rotation of the mandible and a shorter
ramus.’*3* There is a probability that the higher length
of the ramus can easily compensate asymmetry coming
from the condyle. This certainly supports the fact that
Class I1/2 has a less conspicuous total ramus asymmetry
compared to Class III.

Numerous factors, such as gender, age, facial growth
pattern, functional and pathological alteration, dental
occlusion changes, and muscular activity, may reconfig-
ure and remodel temporomandibular joint surfaces and
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also influence the development of mandibular asymme-
try.313336 As condylar cartilage is an area with the strong-
est growth potential on the mandible, injuries during the
developmental stages can disrupt the mandibular growth
potential by displacing the mandible towards the injured

5 side and cause condylar asymmetry.’* However, recent
studies suggested that the condyle has a great capacity
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