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Abstract. In unilateral condylar hyperplasia, for surgical intervention to be effective,
the status of condylar bone growth has to be assessed correctly. Previously this
assessment relied on serial clinical observations. This study aimed to evaluate the
MDP-SPECT method of assessing condylar growth in unilateral condylar hyperplasia.
Twenty-six MDP-SPECT of the mandible had been performed; 21 were diagnosed as
condylar hyperplasia and five as non-mandibular disease. Three isotope parameters:
isotope counts, pixel counts and counts per pixel were summed for each condyle per
subject. The percentage difference in isotope uptake of the three parameters between
the two condyles was calculated as the ratio of the combined counts of the two sides.
These differences significantly correlated with each other (Pearson r = 0.78–0.98) and
with the clinical status of bone growth (Spearman rho = 0.72–0.86). There was a
significant difference for the count per pixel between the ‘growing’ condyle
(transaxial, T: 15.05 � 7.14, coronal, C: 12.29 � 7.88), the ‘no further growth’
condyle (T: 5.22 � 4.08, C: 5.67 � 3.88) and the ‘normal’ condyle (T: 0.82 � 0.76, C:
1.34 � 0.66). This method was able to separate ‘active growth’ from ‘growth
cessation’ of the condyle by a single MDP-SPECT of the mandible. However, further
studies are needed to confirm this finding.
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Mandibular condylar hyperplasia is a com- plasia is characterized by a three-dimen- unaffected side, and the horizontal rami of

plex deformity of the condyle and the
mandible that leads to facial asymmetry.
Based on clinical, radiographic and histo-
logical findings, OBWEGESER & MAKEK

12

described two types: hemimandibular
hyperplasia (HH) and hemimandibular
elongation (HE). Hemimandibular hyper-
sional enlargement of one side of the
mandible terminating exactly at the sym-
physis of the affected side. It usually pre-
sents in childhood. Histologically, a very
broad layer of fibrocartilage covers the
condyle homogeneously. HE is a horizontal
displacement of the mandible towards the
both sides lie on the same level. Unlike HH,
it usually occurs in the older patient and the
pathological hyperactive growth occurs in
the center of the condyle.

The therapeutic principle is primarily
surgical with or without orthodontics, and
depends on the age of the patient, degree
s. Published by Elsevier Ltd. All rights reserved.
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Percentage difference of isotope uptake ð%DÞ

¼ uptake in the affected side � uptake in the unaffected side½ �
total uptake of the affected and the unaffected sides

�100
of severity and the status of condylar
growth11,12. A corrective osteotomy per-
formed after cessation of bone growth is
likely to be stable; otherwise there is a
potential for the deformity to recur. In
cases of persistent growth associated with
progressive facial asymmetry, interceptive
surgery to remove the hyperplastic con-
dyle by high condylectomy may help to
limit the deformity1,7,8,17. Therefore, con-
dylar growth assessment is crucial for the
timing of surgery.

Using clinical modalities to determine
the cessation of mandibular growth is not
accurate and needs at least two measure-
ments 6–12 months apart, which may
cause unnecessary delay, particularly in
children in whom sub-total condylectomy
is indicated. Planar scintigraphy with
99 m Tc-MDP (technetium methylene
diphosphonate) has been used to assess
growth activity of the condyle4,6,10,13,17,
but lacked anatomical precision. MDP-
SPECT (single photon emission computer
tomography) has the capability of 3D
reconstruction and subsequent thin sec-
tioning; however, there are at present no
discriminating features of MDP-SPECT
for assessing condylar growth except
for the report of HODDER et al. which
relied on surgical outcome as the gold
standard3,8,14.

The first aim of the current study was to
test whether MDP-SPECT can be used to
determine the status of condylar growth in
unilateral condylar hyperplasia. The sec-
ond aim was to evaluate the accuracy of
three isotope uptake parameters (isotope
count, pixel count and count per pixel) of
the condyle by using the contralateral side
as the reference point and comparing each
measurement to the clinical progress. It is
hypothesized that the differences in
SPECT isotope uptake between the abnor-
mal and normal condyle can be a predic-
tive indicator of growing condyles.
Patients and methods

Study design and sample

This study was a prospective clinical trial
of patients presenting with unilateral con-
dylar hyperplasia from 1998 to 2003. The
study was approved by the Ethics Com-
mittee of the Faculty of Dentistry, Prince
of Songkla University. The inclusion cri-
teria were patients aged 12–45 years with
either HH or HE and no orthodontic treat-
ment, available for follow up and clinical
examination every 6 months for at least 1
year, and consenting to undergo MDP-
SPECT examination. Exclusion criteria
were patients with recent history of trauma
to the temporomandibular joint (TMJ),
TMJ disease or history of tooth extraction
in the past 6 months.

Patients who had undergone an MDP
bone scan for reasons not related to man-
dibular disease, and had clinically normal
mandibles and TMJs, were asked to have
an additional mandibular SPECT and were
categorized as normal condyle patients.

Diagnosis

All non-syndromic patients with mandib-
ular asymmetry presenting during the
study period were reviewed by an oral
and maxillofacial surgeon, who was not
involved in the study, to confirm the diag-
nosis of either HH or HE, according to the
criteria of OBWEGESER & MAKEK

12, for
inclusion in the study.
Clinical examination

The clinical examination was performed
on presentation as a baseline and then
every 6 months as follows: Serial standard
photographs (six) of the face to monitor
the progression of facial asymmetry, serial
dental casts to follow the change of dental
midline, dental occlusion and open bite,
orthopanthomogram and serial lateral and
postero-anterior cephalograms using the
same X-ray machine and by a standar-
dized technique.
SPECT of the mandible

All patients had MDP-SPECT performed.
99m Tc-MDP (20 mCi) was given intra-
venously and the patient was scanned 3 h
later with a Toshiba GCA-901A/AG. The
rotation was 3608 with a 30 s stop at 68 per
view obtaining 30,000–50,000 counts at
each stop. The matrix size was 128 � 128
and a low energy, high resolution (LEHR)
parallel collimator was used. The peak
energy was set at 140 keV with a 20%
window width.

The image was pre-processed using a
Butterworth filter with a cut-off frequency
of 8 and 0.20, and back projected using a
‘ramp’ and Chang’s attenuation. The
reconstructed images in the transaxial
(T) and coronal views (C) were then sliced
with a thickness of 1 pixel. From selected
slices, an ROI (region of interest) was
drawn around the structures considered
to be the condyle by one investigator.
The isotope and pixel counts for each
ROI were determined and then summed
to obtain the total isotope count (ic), total
pixel count (pc) and total count per pixel
(cpp) for each condyle.

The difference in isotope uptake (for
each of the three parameters: total isotope
count, total pixel count, total count per
pixel) between the affected condyle and
the contralateral (unaffected) condyle was
expressed as a percentage of the combined
counts of the two sides according to the
following formula:
To validate the method of measurement,
correlation between each parameter and
the clinical result, and correlation between
isotope uptake from the transaxial view
and the coronal view, were calculated.

Five randomly selected cases were re-
outlined for ROI and the above counts
were measured twice by the same inves-
tigator to test intra-examiner reliability.
Clinical assessments

For each subject, serial dental casts taken
at intervals of 6 months were evaluated by
three oral and maxillofacial surgeons,
experienced in dentofacial deformity,
who were neither involved in the project
nor aware of the result of the bone scan.
They independently scored ‘change’ (+1)
or ‘no change’ (0) by examining dental
occlusion, tooth and midline shift15. The
final score was determined based on agree-
ment of at least two surgeons.

Traced cephalograms were digitized
using a software package (Dentofacial
Planner PlusTM version 2.02 Patch, Tor-
onto, Canada) to 0.18 and 0.1 mm. Dis-
tances and angles between landmarks
were measured by one investigator and
rated blindly by the other according to
the research protocol. The lateral and
PA views were evaluated separately. To
enhance measurement reliability in the
lateral cephalogram, both codylion (Co)
and articulare (Ar) were used to measure
mandibular length to gnathion (Gn) Co-
Gn, Ar-Gn. Ramus height was measured
from condylion to anatomic gonion (Go)
Co-Go and from articulare to anatomic
gonion (Ar-Go). Distance between sella
(S) and gonion (S-Go), sella and gnathion
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Fig. 1. (A) Bony landmark on lateral cephalogram and (B) bony landmark on PA cephalogram.

Table 1. Demographic data and clinical status of condylar growth

Characteristics Normal Hemimandibular
hyperplasia (HH)

Hemimandibular
elongation (HE)
(S-Gn) and SNB were recorded9,16

(Fig. 1A).
From the PA cephalogram, the follow-

ing distances were measured to monitor
the changes. Distance from crista galli to
upper central incisor was used as the
reference for reproducibility. Distance
from maxillare to superior orbital plane
(Max-SO) was used for evaluation of
maxillary position in the vertical plane
and canting of the maxilla. To localize
the angle of the mandible in the vertical
plane, the distance from antigonion to
superior orbital plane (Ag-SO) was used,
and, in the horizontal plane, Ag to facial
midline (Ag-FM) was used. Chin devia-
tion was detected by the distance from
menton (Me) to FM in the transverse
plane9,16 (Fig. 1B).

Normal variation (score = 0) was
accepted if changes of less than 1 mm
and 18 were seen in 	3 parameters in
the lateral cephalogram. The difference
in magnification in the serial PA cephalo-
gram was linearly corrected using the ratio
of the normal halves at the two different
time periods as the correction factor.
Changes in PA cephalogram were consid-
ered insignificant if 
3 parameters
showed variation, and if the midline shift
was less than 0.5 mm.
Age (year) 19–56 12–26 14–46

Sex
Male 2 4 3
Female 3 2 12

Clinical status
No further growth 5 2 7
Growing (follow up time, year) – 4 (1–2.5) 8 (1–4)

Total number 5 6 15
Interpretation

The scores from the dental casts, and
lateral and PA cephalograms (each hav-
ing a value of 0 or 1) were summed for
each subject. The final clinical status of
condylar growth for that subject was
defined by a total score of three items
as follows:

Score 0�1 ¼ no further growth

Score 2�3 ¼ growing condyle
Data analysis

Intercooled Stata 7.0 for Windows was
used to analyze data. To test intra-exam-
iner reliability, the kappa statistic was
used for the reliability of the ROI outline
and Pearson correlation for the reliability
of isotope uptake on the two occasions. To
detect the correlation among the three
parameters and the correlation of each
parameter with clinical assessment, the
Pearson correlation and Spearman Rho
were used, respectively. To detect the
differences among the three clinical
groups (normal, no further growth, grow-
ing), the Kruskal–Wallis test and Mann–
Whitney U test were used to compare the
percentage differences of three isotope
uptake parameters (%Dic, %Dpc, %Dcpp).
An alpha level of 0.05 was accepted as
statistically significant.
Results

Clinical data

Twenty-nine patients were entered into the
study: five aged 19–56 years participated
as the normal condyle group, seven were
classified as hemimandibular hyperplasia
(HH) and 17 as hemimandibular elonga-
tion (HE). One patient from the HH group
and two from the HE group were lost to
follow up and were excluded from the
study. Condylar growth, using clinical
criteria, was considered ‘growing’ in four
HH and eight HE and ‘no further growth’
in two HH and seven HE (Table 1).
SPECT data

Intra-examiner reliability

The repeat measurement of five randomly
selected cases showed good intra-exami-
ner reliability in identification of the
ROI: kappa statistic of ROI was 0.74 for
the combined transaxial and coronal view
(0.6–0.8 = substantial agreement), 0.70
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Table 2. Percentage difference of various isotopic activity of the condyle grouped according to the clinical status, diagnosis and SPECT views

SPECT percent difference
of isotopic count (%Dic)

SPECT percent difference
of pixel count (%Dpc)

SPECT percent difference
of count per pixel (%Dcpp)

Clinical status Diagnosis Transaxial view Coronal view Transaxial view Coronal view Transaxial view Coronal view

No asymmetry (5) Normal 5.12 � 2.45 4.43 � 2.49 4.75 � 1.91 3.88 � 2.37 0.82 � 0.76 1.34 � 0.66

No further growth (9) 2 HH 13.20 � 14.27 12.79 � 10.25 8.16 � 10.93 7.23 � 9.27 5.22 � 4.08* 5.67 � 3.88*

7 HE

Growing (12) 8 HE 46.52 � 16.83** 37.67 � 18.55** 34.71 � 15.52** 27.84 � 14.37** 15.05 � 7.14** 12.29 � 7.88**

4 HH

Clinical status: as evaluated from dental cast and cephalograms. Difference: the percentage difference of isotope uptake between the condyles
divided by the total uptake of the two condyles.

* Significantly different from the normal patient at P < 0.05.
** Significantly different from the patient with no further growth and normal patient at P < 0.05.
for the transaxial views and 0.78 for cor-
onal views. Correlations between isotope
uptake on these occasions ranged from
0.967 to 0.995 (Pearson correlation) for
pixel count, isotope count and count per
pixel.
Quantitative measurements of isotope
uptake

The percentage difference in isotope
uptake between the two condyles for all
three parameters: the isotope count, pixel
count and count per pixel, correlated with
the clinical assessment as demonstrated by
the Spearman rho (%Dic T, P = 0.85; C,
P = 0.72; %Dpc T, P = 0.81; C, P = 0.77;
and %Dcpp T, P = 0.86; C, P = 0.72).
These percentage differences also corre-
lated well with each other (Pearson
r = 0.78–0.98). The percentage difference
measured from the transaxial views cor-
related well with that of the coronal views
particularly for the measurement of count
per pixel (count per pixel, r = 0.93, isotope
count, r = 0.87 and pixel count, r = 0.78).

The data from the SPECT-mandible is
shown in Table 2. The table groups the
subjects according to the status of the
mandibular growth (as assessed clinically:
Fig. 2. Percentage difference of count per pixel
subject (transaxial view). HE: hemimandibular
normal, no further growth, growing), and
shows the isotope measurements for both
the transaxial and coronal projections. It
presents the percentage difference in iso-
tope count, pixel count and count per pixel
between the two condyles as a ratio of the
combined counts of both sides (%D).

The percentage difference in isotope
count (%Dic) and pixel count (%Dpc) of
the growing condyle group was signifi-
cantly greater than the ‘normal’ group and
the ‘no further growth’ group both in the
transaxial and the coronal views. There
was no significant difference between the
normal group and no further growth group.
For the percentage difference in count per
pixel (%Dcpp), there was a significant
difference between the three clinical status
groups in both the transaxial and the cor-
onal views.

The percentage differences in count per
pixel of the condyle (as measured from the
transaxial view of each subject) are illu-
strated in Fig. 2. Those with a clinical
status of growing condyles tended to
show larger differences between the left
and right condyles while the right–left
differences among the normal patients
were clustered together and averaged
close to 0%.
(%Dcpp) between the two condyles for each
elogation, HH: hemimandibular hyperplasia.
Discussion

This report is a preliminary evaluation of
the role of MDP-SPECT in delineating
cessation of bone growth in unilateral con-
dylar hyperplasia. An MDP planar scan was
first reported nearly 20 years ago when
KABAN et al.10 examined differences
between the left and right jaws in normal
patients as a function of age. Subsequently,
other investigators reported studies on nor-
mal and various abnormalities of the man-
dibular joints. The two condyles were
evaluated using two lateral views necessi-
tating normalizing the isotope deposit to a
common vertebrae4,10, or else using the
unaffected condyle as the reference anat-
omy1,5,7,13,17. Studies from planar bone
scans have some limitations due to super-
imposition of the condyles with the petrous
bone and mastoid process in the antero-
posterior view, and overlapping with one
another in the lateral view. SPECT is super-
ior to planar scan because it can isolate the
two condyles fairly accurately. Earlier stu-
dies on SPECT concentrated mainly on
comparison with measurements from pla-
nar bone scans, and the clivus at the base of
skull was used in SPECT instead of the
lumbar vertebra as the reference point2,14.

Most reports2,4,10,14,17 quantified isotope
content by using the count per pixel when
other structures such as the lumbar vertebra
or the clivus were used as the reference
point; the isotope count was used when the
contralateral condyle was the reference
point. Since isotope count and pixel count
reflect basically the same quantity in
nuclear medicine, our study used both para-
meters together with count per pixel and
found the correlation more than 70%
among them, suggesting similar usefulness
in growth evaluation. Isotope count seems
to be the most logical parameter since
paired anatomical structures were com-
pared; thus the count per pixel may not
be necessary. However, the percentage dif-
ference in both isotope count (%Dic) and
count per pixel (%Dcpp) correlated well
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with the clinical status, and better than the
pixel count (%Dpc). When detecting the
differences among the three clinical status
groups by using percentage difference,
count per pixel (%Dcpp) showed the best
discrimination. Although the percentage
differences of the three parameters corre-
lated with each other, the cut-off point for
discrimination still varied for each para-
meter. Previous studies1,4,8,10,14,17 used dif-
ferences between condylar uptake in
normal jaws as a cut-off point to determine
if condylar growth in the asymmetric con-
dyle had ceased. This may underestimate
the growth status in unilateral hyperplasia
because, even when bone growth has
ceased, the abnormal site may be enlarged
and hence give a larger unequal isotope
uptake.

One study by HODDER et al.8 used SPECT
to evaluate bone growth status in mandib-
ular condylar hyperplasia by comparing the
two condyles. They utilized 10% difference
in isotope count of the condyles (%Dic) as a
demarcation value for intervention and an
indication of active condylar hyperplasia. A
relative percentage of isotope uptake by the
two condyles and a distribution of 55 versus
45 as the normal limit were used. In their
study, 3 out of 11 patients had differences
greater than 10% but two did not show a
clinical progression of asymmetry within
the year of follow up. Hence, the clinical
validity of the 10% criterion needs further
investigation.

In our study, the percentage differences
of the three isotope parameters (%Dic,
%Dpc, %Dcpp) were discriminatory
enough to distinguish the uptake of the
‘growing condyle’ from the ‘no further
growth’ condyle and the ‘normal’ condyle.
The no further growth condyle had a wider
range of isotope uptake from nearly normal
tonearly growing, meaning that theaffected
condyle may stop growing but may be
bigger in size, or may be slow growing so
that it cannot be detected by clinical exam-
ination. The difference between the normal
groupand thenofurther growthgroupcould
be detected by the %Dcpp, but not by the
%Dic and the %Dpc.

What the current study has attempted to
do is to separate ‘active growth’ from
‘growth cessation’ based on clinical assess-
ment and using only one SPECT. The result
suggests that condylar isotope deposits for
each pair of condyles differing by less than
10%, using any of the three isotope uptake
parameters, can be regarded as within nor-
mal limits and may support the diagnosis of
mandibular condylar hyperplasia where
bone growth has ceased. The normal con-
dyles showed a small difference between
the two sides varying from 0 to 5% depend-
ing on the parameters used. A greater than
10% difference in the count per pixel, and
20–30% in the isotope count and pixel
count, suggested that the bone was still
growing and corrective surgery should be
delayed or interceptive surgery offered if
the condition was severe, particularly when
a high difference was detected.

The number of patients in this study is
small, and a large collection of patients
should give more specific data. Either the
isotope count or the count per pixel can be
used as the quantitative measurement, but
count per pixel gives a better correlation
with clinical assessment than does isotope
count. In summary, it can be concluded
that a single measurement of mandibular
MDP-SPECT using the percentage differ-
ence in the isotope uptake of the two
condyles was accurate enough to separate
‘active growth’ from ‘growth cessation’ of
the condyle; however, a longer follow-up
period and a larger group of patients are
needed to confirm this finding.
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