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ABSTRACT

Objectives: To 1) explore the planar scintigraphic
findings in asymmetry patients caused by unilateral
condylar hyperplasia (UCH) or asymmetric mandi-
bular hyperplasia (AMH); 2) develop a local agecon-
dylar activity reference norm; and 3) check the accu-
racy of the new norm and compare with other ana-
lytical methods. Material and Method: Chinese pa-
tients with mandibular asymmetry and scintigraphic
findings available were recruited. Clinical, radiogra-
phic records and scintigraphic condylar activity ratio
(CAR) were studied. Regression analysis was per-
formed to quantify the relationship between age and
CAR to develop a new norm. The sensitivity of condy-
lar activity assessment using a) traditional norm; b)

new norm; and c) percentile difference was compared.

In patients with serial data available, longitudinal
analysis of the scintigraphic changes were checked.
Result: 109 patients were eligible for the study. Sig-
nificant difference in CAR was noted between UCH
and AMH patients. Linear relationship was observed
between age and CAR. A new norm of the age-CAR
was established, which showed improved sensitivity in
condylar activity prediction in UCH and AMH when
compared with traditional norm. Relative to percen-
tile difference, the sensitivity of new norm was lower
in AMH but not in UCH patients. Serial analysis re-
vealed gradual decline in CAR with minimal change
in percentile difference. Conclusion and Clinical Rele-
vance: There is difference in scintigraphic condylar
activity between UCH and AMH patients. A norm of
age-CAR relationship was established, which showed
improved sensitivity in condylar activity prediction in
UCH patients. Further study is required to confirm
the role of scintigraphy in AMH.
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1. INTRODUCTION

Mandibular asymmetry is one of the most common
dentofacial deformities among patients seeking treatment
[1-3]. The clinical presentation involves deviation of the
chin point, canting of the occlusion or the mandibular
angle. It is usually the consequence of uneven growth of
individual mandibular halves, caused by differential con-
dylar activity. Among all the causes, unilateral condylar
hyperplasia (UCH) is regarded as the most common [4,5].
A wide diversity of clinical presentation of UCH has
been observed, which can be classified under 3 catego-
ries: 1) hemimandibular hyperplasia (HH); 2) hemiman-
dibular elongation (HE); and 3) hybrid form which is a
combination of HH and HE [6]. In addition, patients with
mandibular prognathism and asymmetry is believed to be
affected by uneven hyperactivity in the growth centers in
both mandibular condyles, can be regarded as bilateral
hemimandibular elongation or hyperplasia [7], or simply
termed as asymmetric man- dibular hyperplasia (AMH).

Patients with mandibular asymmetry usually report the
commencement during the onset of puberty, and further
aggravation for a period of time after the cessation of
growth. Precise estimation of condylar activity plays an
important role in surgical planning, as the treatment can
be ranged from 1) condylectomy of the affected condyle
in active asymmetry; to 2) orthognathic surgery in in-
active asymmetry. The assessment can be performed
either indirectly from serial comparison of clinical or
radiographic records, or directly using skeletal scinti-
graphy (radionuclide bone scan). Serial assessment using
study casts or radiographs appears to be the golden stand-
ard, but is time-consuming [8].

Bone scans using technetium 99-methylene bispho-
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sphonate has shown to be effective in direct assessment
of the condylar activity [9-11]. Condylar hyperactivity as
revealed by rising scintigraphic signal intensity can be
associated with growth, neoplastic change, active inflam-
mation and remodeling. The scanning technique includes
2-dimensional planar and 3-dimensional SPECT images.
Quantitative analysis is generally preferred nowadays
since the first study in 1984, as it allows objective com-
parison of the activity between the normal and abnormal
condyles with higher accuracy [12]. Currently there are 2
methods for the quantitation: 1) indirect assessment us-
ing condylar activity ratio (CAR) and 2) direct compa-
rison of both condyles using condylar activity percentage
(CA%). CAR is a ratio of the skeletal activity of the con-
dyle, as revealed by the measured isotope counts/pixel in
bone scan, with that of a skeletal reference point with
which no further growth activity is assumed. Examples
of the skeletal reference include the 4th lumbar verte-
brate and clivus. On the other hand, CA% is calculated
using the following equation: [counts/pixel in the condyle/
(sum of counts/pixel in both left and right condyles) x
100%].

Using CAR, a linear decrease in skeletal activity along
the age was observed in non-asymmetic patients, and a
norm of age-CAR was established to assess the condylar

activity in patients with mandibular asymmetry [8,12-14].

For the CA%, it was noted that the normal varia- tion
between right and left condyles in patients without any
asymmetry was less than 10% [15]. Subsequent studies
in UCH patients always used CA% with variation more
than 10% as reference of identification of active condyle
[16-18]. The role of CAR in assessment of condylar ac-
tivity in mandibular asymmetry were seldom discussed.

In Hong Kong, condylar activity was assessed in pa-
tients with UCH or AMH using planar bone scan from
1989 to 2007, and SPECT since 2007. Using both CAR
and CA% as assessment of condylar activity, it was sur-
prising that the use of age-CAR with reference norms
from previous study yielded poor accuracy. On the other
hand, in patients with initial active mandibular asymme-
try, it is not uncommon to observe a serial reduction of
CAR when the condylar activity ceased, while the chan-
ge in CA% was minimal. Whether the above observation
was due to the difference in race, type of asymmetry, or
potential confounding factors such as temporomandibu-
lar joint (TMJ) dysfunction or occlusal change induced
by orthodontic treatment was poorly understood.

Despite the relatively lower accuracy due to the lack
of precise anatomic location of the region of interest, pla-
nar bone scan showed a strong correlation with SPECT
[5,9]. With abundant planar bone scan data available, it
was appropriate to conduct a retrospective audit of the
scintigraphic findings in patients with mandibular asym-
metry caused by UCH/AMH. In particular, the age-CAR

Copyright © 2012 SciRes.

relationship in our Hong Kong Chinese sample, and the
sensitivity of analysis using age-CAR and CA% would
be evaluated. In addition, any association between scin-
tigraphy and patients’ 1) types of mandibular asymmetry,
and potential cofounding factors such as 2) TMJ dys-
function and 3) orthodontic treatment, would be assessed
as well. It was believed that the findings in this study
could be applicable to any future study on assessment of
mandibular asymmetry using SPECT.

2. PATIENTS AND METHOD

From 1989 to 2007, Chinese patients with facial asym-
metry attended to the clinic of Oral and Maxillofacial
Surgery, Prince Philip Dental Hospital would be assessed.
Patients’” records were retrieved for preliminary screen-
ing. Patients presented with asymmetry due to increased
condylar activity, and having skeletal scintigraphic find-
ings available, were recruited in this study. Patients with
1) asymmetry due to resorptive/pathological changes on
condyle; 2) syndromal deformity; and 3) patients with
incomplete treatment record to confirm the status and
stability of asymmetry, were excluded from this study.

Recruited patients’ clinical records were checked for:
1) skeletal diagnosis of asymmetry; 2) any relevant his-
tory of lumbar injuries or TMJ pain, and 3) any skeletal
relapse following surgical treatment.

For planar scintigraphy, patients were required to re-
ceive an intravenous dosage of 20 - 25 mCi Techne-
tium-99 m-methylene diphosphonate 2 - 4 hours before
taking static planar images using gamma camera. The
planar images included: 1) the anterior and lateral views
of mandibular condyles; and 2) posterior view of the 4th
lumbar spine (L4). Quantitative analysis was made on a
6 x 6 pixel regions of interest placed over both condyles
and the 4th lumbar vertebrate (L4). Average counts per
pixel for each mandibular condyle and L4 were mea-
sured, with background noise corrected. The activity of
condyle was expressed as condylar activity ratio (CAR),
which was the ratio of counts per pixel of the mandibular
condyle to that of L4.

A baseline condylar scintigraphy was routinely pre-
scribed when patients came for initial consultation of
their mandibular asymmetry. When the status of asym-
metry was either active or uncertain, patients would be
put under regular monitoring of the condylar activity, as
they were usually unwilling to receive condylectomy
performed via extra-oral approach. Surgical treatment
would be performed when there was no sign of further
progression of the asymmetry, except hemimandibular
hyperplasia. The serial condylar activity assessment usu-
ally involved clinical examination, dental casts and ce-
phalometric analysis. Inactive asymmetry was defined as
no shift in lower dental midline and chin point from pre-
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vious clinical record of 1 year or longer, or no obvious
radiographic change from serial tracing. The CAR taken
within 1-month of the clinical/radiographic record show-
ing non-growing status was then defined as the final con-
dyle activity ratio (CART).

The patients’ gender, type of asymmetry, CARf of
both the affected and normal condyles, and the corres-
ponding age during scintigraphy were recorded. Any his-
tory of TMJ clicking or pain, or any concurrent ortho-
dontic treatment happened within one month of having
bone scan, were recorded too. Panoramic radiographs
would also be checked to rule out any resorptive/patho-
logical disease. This assessment was performed by supe-
rimposition of the hand tracings on left and right sides of
mandibular ramus and condyle as previously described
by Pruzansky [19]. Any obvious difference between the
left and right condylar head and process, in terms of
height, width, and morphology will also be recorded.
When patients had more than one bone scan available,
individual CAR would be recorded for assessment of
serial changes. For checking planar scintigraphy’s sensi-
tivity, the assessment parameters would be tested: 1) age-

CAR ratio established from previous studies (Kaban et al.

1995); and 2) CA% of left and right condyle (Pogrel,
1985).

Statistical Analysis

The CARf and the corresponding ages were chosen for
analysis. Unpaired t-test was chosen to test the associa-
tion between CARf and 1) gender; 2) age-group; 3)
different type of mandibular asymmetry; and 4) effect of
TMJ pain or concurrent orthodontic treatment. In ad-
dition, the mean and standard deviation (SD) of CARf on
both the affected and normal condyles were calculated in
each individual age, to allow further investigation of the
correlation between condylar activity and age. Compari-
son of the sensitivity using different parameters was
performed using Fisher’s exact test. All the analysis was
performed using Microsoft Excel 2008 and 2011 for Mac

(Microsoft, USA) and Instat3 (Graphpad Software, USA).

Statistical significance for the analysis will be set at the
level of p < 0.05.

3. RESULTS

From 1989 to 2007, 293 Chinese patients had planar
skeletal scintigraphy performed. Among them, 109 pa-
tients were eligible for the analysis. The age ranged from
the 14 - 47 (mean = 24.41, SD = 7.24). The male to
female ratio was 47:62, with no significant difference
(p-value > 0.5) in CARf between the male and female
groups. The mean CAR on the affected and normal
condyle was 0.95 and 0.86. The CA% on the affected
and normal condyle was 53 and 47. From the clinical and

Copyright © 2012 SciRes.

radiographic records, there was no 1) history of lumbar
injury or deformity or 2) sign of skeletal relapse within 2
years after surgery. There were 23 patients showing sign
and symptoms of TMJ disorder, and 20 patients having
orthodontic treatment during the time of bone scan. Age
and gender matched comparison did not reveal any
significant difference in CAR or CA% (p-value > 0.5).

3.1. Different Forms of Asymmetry

There were 75 patients showing UCH and 34 patients
presenting AMH. Among the UCH patients, 9 were dia-
gnosed with HE, 6 with HH, and the remaining 60 show-
ing hybrid form. For the 6 patients with HH, there was an
obvious increase in both CAR (mean = 1.33, SD = 0.54)
and CA% (mean = 61%) on the affected condyles as they
are still active. Intragroup analysis on patients with stable
asymmetry revealed significant difference between the
affected side and normal side in UCH group only (Table
1). There was significant difference in CA% between the
hyperactive and normal condyle in UCH group (p-value <
0.01), but not in AMH group (p-value > 0.05). The mean
percentile difference in UCH group was 6% whereas the
mean difference in UCH group was 2% only.

The association between different forms of asymmetry
and the radiographic findings using superimposition of
hand tracing from panoramic radiographs were investi-
gated (Table 2). In UCH group, most of the patients
(81.12%) demonstrated an obvious difference in con-
dylar height. In AMH group, majority (58.82%) actually
showed no obvious difference between the hyperactive
and contralateral condyles. Further analysis using Fisher’s
exact test revealed the number of patients in bilateral
group with no obvious difference in radiographic fea-
tures was significantly higher than that of unilateral
group (p-value < 0.001).

3.2. Correlation of Stable Condylar Activity
Ratios and Age

This correlation analysis involved 1) hyperactive con-
dyles in UCH group and AMH group, and 2) normal
condyles in the UCH group only. The mean values of
CAR were calculated in individual age and displayed as
a scatter plot (Figure 1(a)). A linear relationship was
noted between the age and the mean values of CAR of
both hyperactive (R = 0.71) and normal (R = 0.72)
condyles. For the SD of CAR in individual age, a linear
relationship was observed in the normal condyle group
(R = 0.62) but not in the hyperactive group (R < 0.1).
Hence it is feasible to combine the mean CAR of normal
condyle and 1 SD to establish an upper range of CAR.
The 3 linear relationships between the CAR and ages
were shown in Figure 1(b).

It is noteworthy that the mean final CAR of the
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Table 1. CAR of unilateral condylar hyperactivity and bilateral asymmetry condylar hyperactivity groups.

Unilateral condylar hyperplasia

Asymmetric mandibular hyperplasia

Hyperactive side Normal Side Hyperactive side Contralateral side
Mean condylar activity ratio *
(standard deviation) 0.95 (0.23) 0.84 (0.20) 1.00 (0.22) 0.95 (0.22)
0,
Mean CA% (standard 0.53 (0.039) 0.47 (0.039) 0.51 (0.041) 0.49 (0.041)

deviation)

Significant intra-group

difference? (p-value) Yes (p<0.01)

No (p = 0.069)

Table 2. Difference between UCH and AMH patients in terms of radiographic presentation.

Difference between the hyperactive and

p-value using Fisher’s

contralateral/normal condyle UCH (n =69) AMH (n = 34) exact test

Minimal/no difference (%) 5.80 58.82 <0.0001

Difference involving condylar height (%) 81.12 32.35 <0.0001
Difference involving the width of condylar head (%) 17.39 8.82 0.3744
Difference involving condylar morphology (%) 5.80 8.82 0.6818
Difference involving angulation of condylar process (%) 10.14 2.94 0.2657

hyperactive condyle was in the range between the mean
and upper range of the CAR of normal condyle. The
range of norm values from this study was listed in Table
3 in which a linear drop of around 0.02 - 0.03 CAR
(approximate 2% - 3% of baseline CAR) per year was
observed.

3.3. Sensitivity in Assessment of Condylar
Hyperactivity

The sensitivity of condylar activity in patients with in-
active asymmetry was evaluated based on the final CAR.

Three assessment parameters would be tested: 1) the
age-CAR ratio established from previous study (Kaban et
al. 1995); 2) the new age-CAR ratio developed in this
retrospective study; and 3) difference in condylar activity
percentage (CA%) with variation less than 10% as nor-
mal (Pogrel, 1985).

The findings (Table 4) revealed lowest sensitivity of
condylar activity assessment if the age-CAR ratio estab-
lished from previous reported data (Kaban et al. 1995).
Using the new age-CAR ratio, the sensitivity was signi-
ficantly improved (p-value < 0.0001). Nevertheless, the
sensitivity on affected condyle using new age-CAR ratio
was significantly lower than that of normal condyle (p-
value = 0.034) and that using CA% (p-value = 0.0499).

Further analysis was made by sub-dividing the sample
into UCH and AMH groups. Improvement in sensitivity
on affected condyle using new age-CAR ratio was noted
in UCH group, which revealed no significant difference
(p-value = 0.46) compared to that using CA%. However,
a drop of sensitivity on affected condyle using the new
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age-CAR ratio was further noted noted in bilateral group,
which was significantly lower than the sensitivity using
CA% (p-value = 0.034). To remove the bias due to un-
balanced sample size, an age and gender matched com-
parison was made between the unilateral and bilateral
asymmetric groups. It seems that sensitivity in affected
condyle using age-CAR ratio was almost identical to that
using CA% in UCH group (p-value = 1.00). The use of
age-CAR ratio in prediction of condylar activity appear-
ed to be sensitive in 1) hyperactive condyle in patients
with unilateral condylar hyperactivity only; and 2) normal/
contralateral condyle in both unilateral and bilateral con-
dylar hyperactivity. On the other hand, use of CA% was
sensitive in predicting of condylar activity in both uni-
lateral and bilateral condylar hyperactivity.

3.4. Serial Change of Scintigraphy

There were 38 patients having serial planar bone scan
data available (18 with 2 serial scans, 20 with 3 or more
serial scans). From the 18 patients (9-unilateral group,
9-bilateral group) with 2 serial scintigraphy data, both
clinical and radiographic assessment did not show any
obvious serial change in mandibular asymmetry and
hence the condyle could be considered as inactive in all
cases. On the other hand, in the 20 patients with 3 or
more scintigraphy data, serial clinical and radiographic
comparison could only reveal initial active asymmetry in
9 patients only, and the remaining 11 patients did not
show any sign of further progression of asymmetry dur-
ing serial analysis.

All patients with initial active asymmetry showed
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Figure 1. The change of condylar activity along the age shown; (a) scattering plot of the mean CAR at individual age;
and (b) estimated linear change based on the regression analysis of the mean, standard deviation (SD) of CAR and age;
(a) Scattering plot of the mean CAR at individual age showing a linear decline in condylar activity in both hyperac-
tive and normal condyle; (b) The estimated change of CAR along the age in 1) normal condyle; 2) affected (hyperac-
tive) condyle; and 3) upper range of the normal condyle (mean CAR + 1 standard deviation (SD)).

Table 3. Predicted variation of condylar activity ratio using
mean and mean +1 SD of CAR of the normal condyle in the
unilateral condylar hyperactivity group.

Age range Condylar activity ratio
15-20 1.11-1.23
20--25 0.99-1.10
25-30 0.88-0.98

reduction in CAR when it became inactive. In patients
with inactive asymmetry, serial reduction of CAR was
noted in 75% and 30.77% of patients in UCH and AMH
groups respectively (Table 5). The mean serial change of
CAR was 0.18 per year, with no significant difference
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between active and inactive groups, or between UCH and
AMH groups (p-value ranged from 0.53 - 0.96). The
serial change in CA% was significantly smaller than
CAR (p-value < 0.00001) with high variation in both
active and inactive groups.

The accuracy of using the new age-CAR ratio and the
CA% (with >10% difference as active condyle) in serial
assessment of those patients with initial active asymme-
try was also checked (Table 6). Although longitudinal
reduction of CAR is noted, it was not uncommon that in
some cases the CAR was still higher than the predicted
value from the new age-CAR ratio. On the other hand,
the use of CA% with percentile difference <10% as
normal, did not show any additional advantage in serial
assessment of patient with active asymmetry. In AMH
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Table 4. Comparison of sensitivity in assessment of condy- lar
hyperactivity using CA% with the difference <10% being nor-
mal (Pogrel 1985) and age-CAR ratio developed from this
study.

Assessment
parameter

Age-CAR ratio
(previous data)

Age-CAR ratio

0,
(from this study) CA%

Affected Normal Affected Normal (45% - 55%)
Whole group (n = 103)

Sensitivity o913 4467 6214 7670  75.73
(%)
p-value
(compared <0.0001 <0.0001 0.0499  1.000 N/A
with CA%)
Unilateral hyperactive group (n = 69)
Semsitivity o609 4638 6522 7971 72.46
(%)
p-value
(compared  <0.0001 <0.0001 0.4625 04250  N/A
with CA%)
Bilatera asymmetric group (n = 34)
Sensitivity 5509 4118 5588 7059  82.35
(%)
p-value
(compared  0.0002 00010 00344 03917  N/A
with CA%)

Table 5. Longitudinal change of scintigraphy findings in 38
patients with 2 or more bone scans performed.

UCH AMH

Active Inactive  Active Inactive

Type of change in CAR

1) Increase (continuous) 0 0 0 2
fe)dl Scctriza;]se followed by P 1 3 1
Dol a0 s
4) Serial reduction 3 12 1 4
5) Minimal change 0 0 0 3
Total 5 16 4 13
Serial change (CAR) 0.16 0.16 0.31 0.16
Serial change (CA%) 0.027 0.032 0.019 0.023

Table 6. Accuracy of using age-CAR ratio and CA% (with
>10% difference between L & R condyle as active) in serial
assessment of patient with initial active asymmetry (9 pa-
tients).

UCH AMH

CAR CA% CAR CA%

Sensitivity (%) 67 50 50 0.00

Specificity (%) 75 100 50 75
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patients with initial active asymmetry, all of them
showed normal CA% (with 10% percentile difference)
during the first scan. The serial change in majority of the
patients was still within normal CA% as well.

4. DISCUSSION

Despite using similar skeletal reference (4 th lumbar
vertebrate), the age-CAR relationships developed from
this study showed obvious difference with the previous
reported normal values based on 90 non-asymmetric sub-
jects in United States with age ranged from 0 - 30 years
[14]. The difference could be due to the ethnic factor,
which could result in difference in physical activity, die-
tary calcium intake and the bone mineral content of the
lumbar spine [20,21]. In addition, age-CAR normal va-
lues developed in this study were based on the normal
condyle of patients with unilateral condylar hyperactivity
rather than non-asymmetry patients. While there was
concern on the stress on the normal condyle due to the
hyperactive condyle, the condylar activity should not be
permanently disturbed as the shift was not a dramatic
process as reported from one animal studies showing
transient fluctuation of scintigraphic activity following
sudden change in occlusion [22]. On the other hand, the
predicted CAR value from 15 - 30 years from this study
was closer to another study in Australia [5], which was
based on 16 non-asymmetric subjects with age ranged
from 10 - 30 years (Table 7). Apart from this retro-
spective study, this age-CAR relationship was also tested
in our on-going prospective study of patients with man-
dibular asymmetry, with similar sensitivity being noted
[23].

While the use of CA% was well accepted as the
parameter in determination of the status of the condylar
activity [15,16,18,24], majority of the studies was based
on single bone scan data only. So far there was only one
clinical study of unilateral condylar hyperactivity pa-
tients showing serial SPECT analysis in 4 out of 18
patients [16], which revealed serial reduction of CA% in
all patients without any clear description of the final
status of the condylar activity. The findings from our stu-
dy supported the use of CA% in cross-sectional assess-

Table 7. Comparison of the predicted age-CAR values from
this study with other reported studies.

Study Sample Age range CAR range
Kaban et al 90 15-20 1.10-0.70
1995
(United States) >20 <0.70
Chan et al 2000
(Australia) 16 10-30 0.66 - 1.34
This study 103 15-30 0.72-1.23

(Hong Kong)
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ment only in UCH group. Nevertheless it was note-
worthy that persistent high CA% (>10%) was usually
noted in asymmetry patients with obvious difference
between affected and contralateral condyles. In longitu-
dinal follow-up of those patients with active asymmetry,
CA% did not offer any additional advantage relative to
CAR. Nevertheless, our sample was only consisted of 8
patients’ planar data with initially active asymmetry.
Further study using SPECT is required to redefine the
role of CAR and CA% in serial analysis of patients with
active mandibular asymmetry.

The validity of skeletal scintigraphy as assessment tool
had been widely reported in UCH patients, whereas in-
formation on AMH was scanty. This study revealed dif-
ference in the scintigraphic activity between UCH and
AMH, and confirmed hyperactivity in both condyles in
AMH with no significant difference in CA% between the
hyperactive and contralateral condyles. AMH patients
usually showed obvious mandibular prognathism apart
from asymmetry. Unlike UCH, 58% of AMH patients
did not revealed any obvious difference between the
mandibular condyles. Although there were numerous stu-
dies aimed to explore the relationship between bone scan
activity and mandibular condyles, a number of contro-
versies still existed. While earlier study using planar data
reported the positive relationship between bone scan ac-
tivity and the depth of hypertrophic cartilage island in
condylar head [25], recent studies based on SPECT data
failed to identify any histopathological relationship [26,
27]. In this study, it seems that obvious dimensional dif-
ference between the affected and normal condyles tended
to give rise a persistent high CA% in patients with UCH.

Skeletal scintigraphy was regarded as sensitive but not
specific. Apart from growth, an increase condylar acti-
vity as revealed by bone scan could also be associated
with inflammation, neoplasm, remodeling process [28],
which could be associated by TMJ dysfunction, trauma
or orthodontic treatment. Despite good correlation being
reported from other studies [29-31], the finding from our
study did not reveal any significant association between
TMJ dysfunction and skeletal scintigraphy. It could be
due to our sample consisted mainly of patients with
clicking which was only identified on clinical examina-
tion only. On the other hand, the samples from those
studies supporting the correlation were consisted of pa-
tients presenting with chief complaint including TMJ
pain or osteoarthritis. There were only 3 patients pre-
senting with complaint of pain. While age match compa-
rison did not revealed any

significant difference, all the 3 patients’ CAR value
was found beyond the norm value obtained from the new
age-CAR ratio from this study. Owing to the limited
sample size, further study is recommended to check whe-
ther that age-CAR ratio could also be considered as one
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of the assessment parameter in patients with TMJ dys-
function. Regarding the effect of orthodontic treatment,
this study did not show any significant association be-
tween fixed appliance therapy and scintigraphic activity.
In fact, the use of scintigraphy in assessment of ortho-
dontic treatment was mainly in the field of functional
appliance therapy [32,33]. As there was animal study
reporting the transient change of scintigraphy activity
caused by sudden change in occlusion [22], it seems that
the gradual shift in occlusion caused by the orthodontic
appliance would not induce any permanent change in
bone scan.

In conclusion, this retrospective study on 109 patients
with mandibular asymmetry showed the difference in
terms of planar scintigraphic activity and radiographic
feature between unilateral condylar hyperactivity and
bilateral asymmetric condylar hyperactivity. A linear re-
lationship between age and condylar activity ratio was
observed in both the affected and contralateral condyles,
which was different from the previous studies. Using the
new age-condylar activity ratio we could achieve better
sensitivity in prediction of condylar activity in patients
with initial active mandibular asymmetry when com-
pared with condylar activity percentage. Further SPECT
study based on age-condylar activity ratio in checking
the serial change of condylar activity was recommended.
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