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Abstract

Purpose: To evaluate the difference of the condylar height of the 
temporomandibular joint between shifted and non-shifted sides of the mandible 
in skeletal Class I orthodontic patients with facial asymmetry. 

Methods: Twenty Japanese female patients with facial asymmetry 
with skeletal Class I malocclusion were examined. Pretreatment panoramic 
radiographs and cephalograms were used to measure condylar ratio and 
mandibular morphology, respectively.

Results: Condylar ratio was significantly smaller on the deviation side of 
the chin than on the non-deviation side. On the deviation side, there was no 
significant difference in condylar ratio between subjects with Idiopathic Condylar 
Resorption (ICR) and without ICR. 

Conclusions: Condylar height was significantly longer on the non-deviation 
side of the chin than on the deviation side in skeletal Class I orthodontic 
patients with facial asymmetry. Facial asymmetry of skeletal Class I patients 
may be attributable to hemimandibular elongation on the non-shifted side of the 
mandible rather than ICR on the shifted side. 

Keywords: Facial asymmetry; Temporomandibular joint; Hemimandibular 
elongation; Idiopathic condylar resorption; Osseous changes of the condyle; 
Backward rotation of the mandibular ramus 

Abbreviations 
TMJ: Temporomandibular Joint; H.H.: Hemimandibular 

Hyperplasia; H.E.: Hemimandibular Elongation; AICR: Adolescent 
Internal Condylar Resorption; ICR: Idiopathic Condylar Resorption; 
MRI: Magnetic Resonance Imaging; CH: Condylar Height; RH: 
Ramus Height 

Introduction 
Facial asymmetry denotes a dissimilarity or disproportionality 

between the right and left sides of the face, usually meant as an 
undesirable lack of balance. The asymmetry can be due to the 
underlying facial skeleton or to the soft tissue drape [1]. As a common 
clinical manifestation, abnormal skeletal development inducing 
facial asymmetry may be followed by chin deviation, mid-line shift, 
unilateral crossbite, and maxillary cant [2]. In facial asymmetry, 
asymmetry of the upper face is seen in only 5 %, whereas deviation of 
the chin is most obviously found [3,4]. 

Asymmetric growth and/or resorption of the condyle of the 
temporomandibular joint (TMJ) have been proposed for etiologic 
factor of acquired facial asymmetry [2,5,6], although the causes for 
facial asymmetry include congenital anomalies, trauma, and disease. 
Obwegeser [5] reported there are three clearly definable forms 
of condylar hyperactivity: Hemimandibular Hyperplasia (H.H.), 
Hemimandibular Elongation (H.E.), and hybrid form of H.H. and 
H.E. In H.H., the mandible on the affected side becomes larger in 
volume in all its sections without shifting the chin to the contralateral 
side. The occlusion is somewhat rotated, but there is no crossbite. In 
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H.E., elongation of the mandible on the affected side is found with 
shifting the chin to the contralateral side, with typical crossbite, but 
without an increase in volume of the affected side. Mandibular growth 
consists of a periosteal growth of cortical bone and an endochondral 
growth of the condyle. Active mandibular growth occurs in an 
endochondral growth of the condyle [7]. Bilateral mandibular 
hyperplasia and/or mandibular elongation can lead to mandibular 
prognathism (skeletal Class III malocclusion in anteroposterior 
skeletal pattern groups). H.E. is therefore seen in skeletal Class III 
and Class I orthodontic patients. 

On the other hand, some studies [8-11] reported that unilateral 
osseous changes of the condyle are related to facial asymmetry with 
shifting the chin to the affected side. Wolford et al. [12] postulated 
that the articular disc becomes displaced anteriorly, and the condyle 
then is surrounded by the hyperplastic synovial tissue that continues 
to release chemical substrates [13,14] which penetrate the condylar 
head, causing osseous changes of the condyle in adolescent internal 
condylar resorption (AICR, formerly called idiopathic condylar 
resorption (ICR)). A few studies [13,15,16] reported the characteristics 
of maxillofacial morphology, backward (clockwise) rotation of 
the mandible, in skeletal Class II (retruded mandible) orthodontic 
patients with bilateral osseous changes of the TMJ condyle. Unilateral 
osseous changes of the condyle due to ICR therefore seem to be seen 
in skeletal Class II and Class I patients. 

Patients with acquired facial asymmetry seem to include a lot of 
skeletal Class III patients and a few skeletal Class I and Class II patients. 
In skeletal Class I patients, some patients with facial asymmetry 
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might be attributed to H.E., while others might be attributed to 
unilateral osseous changes of the condyle due to ICR. Scientific 
evidence that facial asymmetry is attributed to the difference of the 
TMJ condylar size between affected and contralateral sides is still 
lacking. The objective of the present retrospective study is to evaluate 
the difference of the TMJ condylar height between deviation and 
non-deviation sides of the mandible in skeletal Class I orthodontic 
patients with facial asymmetry. 

Materials and Methods 
Subjects 

The Ethics Committee of the institutions of the authors’ 
affiliations approved the protocols of this retrospective study (No. 
267). All subjects provided their informed consent for participation 
in the study. Criteria for including a subject diagnosed with facial 
asymmetry and skeletal Class I malocclusion in this retrospective 
study were: 1) Japanese female; 2) age ≥15 years at initial examination, 
3) undergoing orthognathic surgery; 4) chin deviation [17] >2.0 mm 
[4,10]; 5) ANB angle [18] of 1.00 to 5.00 [2]. Criteria for excluding 
a subject from the study were: 1) congenital anomalies; 2) history 
of rheumatoid arthrosis; 3) history of trauma; and 4) previous 
orthodontic treatment. Postero-anterior and lateral cephalograms 
obtained at initial examination (pretreatment) from all subjects were 
used to analyze skeletal morphology. To measure condylar ratio 
[19,20], panoramic radiographs taken at initial examinations of all 
subjects were used. Radiographs were obtained using an AZ 3000 
system (Asahi Roentgen, Kyoto, Japan), Cypher E system (Asahi 
Roentgen), or Veraviewepocs 2DE system (Morita, Tokyo, Japan). 
The head of the subject was exposed in an optimum position according 
to the operating instructions. If a subject showed osseous changes on 
the TMJ panoramic radiographs at the initial examinations, Magnetic 
Resonance Imaging (MRI) was obtained immediately after taking 
panoramic radiographs of the subject with a Philips 1.5-T INTERA 
Achieva Nova Dual R3.2 scanner (Philips Medical Systems, Best, the 
Netherlands) using a SENSE Flex-S Coil. Spin-echo proton density-
weighted (1500 ms time of repetition [TR], 30 ms time of echo [TE]) 
and T2-weighted (2528 ms TR, 90 ms TE) pulse sequences were 
performed in the sagittal plane using 3-mm slice thickness and a 
100-mm field of view (FOV). A T1-weighted (450 ms TR, 15 ms TE) 
pulse sequence was performed in the coronal plane using 3-mm slice 
thickness and a 100-mm FOV. 

Measurements and assessments 
Deviation of the chin was measured with the methods 

recommended by Sassouni [17]. Briefly, Lo point was defined as an 
intersection of the oblique orbital line with the lateral contour of the 
orbits on the postero-anterior cephalograms. The facial midline was 
defined as a perpendicular to the line connecting bilateral Lo through 
neck of the crista galli. Chin deviation from the facial midline was 
measured. The condylar ratio derived from Kjellberg et al. [19] was 
measured. The panoramic landmarks and measurements used in this 
study were shown in Figure 1. The condylar ratio, Condylar Height 
(CH) / Ramus Height (RH), was measured. The lateral cephalometric 
measurement used in this study was also shown in Figure 1. Ramus 
inclination angle formed by the intersection of the mandibular ramus 
tangent and the SN plane was measured. 

Two experienced readers who were blinded to the patients’ 

clinical information independently assessed osseous changes in 
the condyle using MRI for ICR diagnosis based on computed 
tomography findings [21,22] such as mandibular condyle erosion, 
osteophytes, subchondral cyst, generalized sclerosis, cortical sclerosis, 
and in addition, flattening [21]. The diagnosis of osseous changes was 
evaluated carefully, and some images without the clarity necessary 
for diagnosis (e.g., with disagreement on the diagnosis of osseous 
changes between two readers) were rejected. 

Statistical methods 
Ten subjects were randomly selected to assess the reproducibility 

of these panoramic and cephalometric measurements. All 
measurements were repeated at least 4 weeks after the first 
measurements. The combined error (Se) and coefficient of reliability 
were calculated according to Houston [23]. Se was estimated using 
the formula Se2=∑d2/2n, where d is the difference between the first 
and second measurements, and n is the sample size. The coefficient of 
reliability was estimated by the formula 1-Se2/St2, where St is the total 
variance of the measurement. For all measurements, the coefficient of 
reliability was above 95 % and was considered to be within acceptable 
limits. All variables of the condylar ratio and ramus inclination angle 
were normally distributed, so that paired t-test was used to compare 
condylar ratios between deviation and non-deviation sides of the 
chin. Student’s or Welch’s t-test was used to compare condylar ratios 
between the ICR and non-ICR subjects. Student’s t-test was also used 
to compare mandibular ramus inclination angle between the ICR 
and non-ICR subjects. Pearson’s correlation coefficient test was used 
to identify associations between deviation of the chin and condylar 
ratio. Statistical analyses were performed using the SPSS® version 23.0 
statistical package (SPSS, Chicago, IL). The level of significance was 
set at a probability level of 0.05. 

Results 
After removing 55 skeletal Class III patients and 4 skeletal Class 

Figure 1: Landmarks and measurements. a: for panoramic radiographs. 1, 
most upper point of the condylar head; 2, deepest point between the coronoid 
process and the condylar process; 3, a point intersecting the perpendicular 
projection of point 1 and the ramus tangent; 4, perpendicular projection of 
point 2 on the ramus tangent; 5, intersection between the ramus tangent 
and the inferior mandibular line. 6, condylar height (the distance between 
points 3 and 4); 7, ramus height (the distance between points 4 and 5). b: for 
cephalograms. Ramus inclination angle was formed by the intersection of the 
ramus tangent and the SN plane. N, nasion; S, sella turcica. 
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II patients with facial asymmetry satisfying inclusion criteria from 
1) to 4) and all exclusion criteria, 20 subjects were evaluated. Mean 
ages at initial examination for the 20 subjects were 24.9 ± 7.2 (range: 
15-39) years. Table 1 shows characteristics of this subjects with facial 
asymmetry with skeletal Class I malocclusion. Deviation of the chin 
was more frequent at left side than at right side. The number of facial 
asymmetry subjects with ICR (ICR group) and without ICR (non-
ICR group) was 7 and 13, respectively. In all 7 unilateral ICR patients, 
ICR was observed on the deviation side of the chin. 

Figure 2 shows comparison of the condylar ratio between 
deviation and non-deviation sides of the chin in all subjects with 
facial asymmetry. The mean value for condylar ratio on the deviation 
side was statistically significantly smaller than that on the non-
deviation side (P < 0.001). Figure 3 shows correlation between the 
condylar ratio at deviation side subtracted from that at non-deviation 
side and the degree of deviation of the chin in all subjects. There was 
no significant correlation between the subtracted condylar ratio and 
the deviation of the chin (R = 0.162, R2 = 0.026). 

Figure 4 shows comparison of the condylar ratio between the ICR 
and non-ICR groups. On the deviation side of the chin, there was no 
significant difference in the mean value for condylar ratio between 

the ICR and non-ICR groups. On the non-deviation side of the chin, 
there was also no significant difference in the condylar ratio between 
the groups. 

Figure 5 shows comparison of the ramus inclination angle, which 
represents mandibular ramus backward (clockwise) rotation, between 
the ICR and non-ICR groups. There was no significant difference in 
the ramus inclination between the ICR and non-ICR groups. 

Discussion 
In the present retrospective study, the number of patients 

satisfying inclusion criteria (Japanese female; age ≥15 years at initial 
examination; undergoing orthognathic surgery; chin deviation >2.0 
mm) was 79. After removing 55 (70 %) skeletal Class III patients and 
only 4 (5 %) skeletal Class II patients, the number of skeletal Class I 
subjects was 20 (25 %). The results suggest that there are few patients 
with facial asymmetry with skeletal Class II malocclusion in Japanese 
population. 

Although the use of panoramic radiography has limitation 
such as image distortion, projection artifacts, and differences in the 
liner measurements according to type of panoramic machine, some 
quantitative methods [19,20] have been used to measure not the 

Figure 2: Comparison of the condylar ratio between deviation and non-
deviation sides of the chin in all subjects with facial asymmetry. Non-dev.: 
Non-deviation. ***P < 0.001. 

Figure 3: Correlation between the condylar ratio at deviation side subtracted 
from that at non-deviation side and the degree of deviation of the chin in all 
subjects. R = 0.162; R2 = 0.026; P > 0.05. 

Figure 4: Comparison of the condylar ratio between the ICR and non-ICR 
groups. a: on the deviation side; b: on the non-deviation side. ICR: idiopathic 
condylar resorption. 

Figure 5: Comparison of mandibular ramus inclination angle between the 
ICR and non-ICR groups. ICR: idiopathic condylar resorption. 
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vertical dimension but the ratio. In the present study, we therefore 
statistically analyzed only condylar ratio. 

In all subjects with facial asymmetry with skeletal Class I 
malocclusion, condylar ratio on the deviation side of the chin was 
statistically significantly smaller than that on the non-deviation side 
(Figure 2). The difference of the mandibular ramus size between 
deviation and non-deviation sides of the mandible was reported 
previously [6,9,11], but the present study first shows the difference 
of the condylar height between deviation and non-deviation sides 
of the mandible. In the present study, although condylar ratio was 
statistically significantly smaller on the deviation side than on the 
non-deviation side, there was no significant correlation between the 
subtracted condylar ratio and the deviation of the chin in all subjects 
with facial asymmetry (Figure 3). The no significant correlation 
between condylar height difference and chin deviation was similar to 
that reported previously [2]. 

The 20 subjects with facial asymmetry with skeletal Class I 
malocclusion included 7 (35 %) of unilateral (deviation side) ICR 
and 13 (65 %) of non-ICR patients (Table 1). On the deviation side 
of the chin, there was no significant difference in the condylar ratio 
between subjects with facial asymmetry with unilateral ICR and non-
ICR (Figure 4). The novel finding of condylar height in the present 
study suggests that facial asymmetry of Skeletal Class I patients may 
be attributed to H. E. on the non-deviation side of the chin rather 
than osseous changes of the condyle on the deviation side of the 
chin. Stoustrup et al. [11] reported that the difference of condylar 
height between affected and contralateral sides of unilateral TMJ 
arthritis patients was significantly larger than that of a hypothetical 
symmetrical group. The inconsistent results of the condylar height on 
the affected side may be due to the difference of age of subjects. Mean 
ages at initial examination for subjects of Stoustrup et al. were 7.5 
(range: 3-13) years, whereas the ages were 24.5 (range: 15-39) years 
in the present study. 

In our previous study [16], the results suggested that skeletal 
Class II patients (retruded mandible) with “bilateral” ICR have 
shorter condylar height attributable to osseous changes of the TMJ 
condyle and that the shorter condylar height may affect subsequent 
further backward rotation of the ramus. The present study therefore 
evaluated relationship between unilateral ICR and backward rotation 
of the ramus. 

Mandibular ramus of subjects with facial asymmetry with 
unilateral ICR on the deviation side of the chin did not incline 
significantly backward than that without ICR (Figure 5). The results 
were not similar to those of our previous study of bilateral ICR. The 
muscles attached to the mandibular ramus might retract the ramus 
upward [24] and forward [25]. The digastric and mylohyoid muscles 
of patients with short mandibular ramus height could retract the 
mandibular body backward and downward [24,26,27]. In patients 
with facial asymmetry, the muscular force on the deviation side of 
the chin could produce compressive deflection of the condyle, and 
compressive resorption of the condyle may result [13]. These findings 
and reports suggest that comparatively short condyle (and ramus) of 
patients with facial asymmetry with skeletal Class I malocclusion may 
affect subsequent osseous changes of the condyle on the deviation 
side of the chin (unilateral ICR), while osseous changes may affect 

subsequent further backward rotation of the ramus in patients with 
bilateral ICR. 

From the clinical viewpoint, orthognathic surgeons and 
orthodontists should pay attention to treatment plan for orthognathic 
surgery such as two-jaw surgery (Le Fort I osteotomy and bilateral 
sagittal splitting ramus osteotomy) on the mandibular deviation 
side of patients with facial asymmetry with ICR. If surgeons and 
orthodontists plan to elongate deviation side of distal segment of 
the mandible of the patient downward, the digastric and mylohyoid 
muscles on the deviation side produce a backward and downward 
directed force on the distal segment of the mandible [27]. In 
consequence, the force on the distal segment may cause the proximal 
segment on the deviation side of the mandible to be pushed upward, 
and the superior-anterior surface of the condyle may be compressed 
into the glenoid fossa, and subsequent idiopathic (or progressive) 
condylar resorption may occur [27,28,29]. The present study therefore 
supports the recommendation that deviation side of distal segment of 
the mandible should not be elongated downward by two-jaw surgery 
for surgical orthodontic treatment of patients with facial asymmetry 
with ICR. 

Conclusion 
In patients with facial asymmetry with skeletal Class I 

malocclusion, TMJ condylar height on the non-deviation side of the 
mandible was significantly longer than that on the deviation side. 
On the deviation side in patients with facial asymmetry, there was 
no significant difference in the condylar height between with and 
without ICR. 

The findings suggest that facial asymmetry of skeletal Class I 
patients may be attributed to H.E. on the non-deviation side of the 
mandible rather than ICR on the deviation side. 
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