Journal of Cranio-Maxillo-Facial Surgery 44 (2016) 70—74

Contents lists available at ScienceDirect

Journal of Cranio-Maxillo-Facial Surgery

journal homepage: www.jcmfs.com

Comparison of planar bone scintigraphy and single photon emission
computed tomography for diagnosis of active condylar hyperplasia

@ CrossMark

Diego Fernando Lopez B., Claudia Marcela Corral S.”

2 Universidad del Valle, Cali, Colombia

ARTICLE INFO ABSTRACT

Article history:

Paper received 5 May 2015
Accepted 26 October 2015
Available online 31 October 2015

Purpose: The aim of this study was to compare the reliability and correlations with age and gender of
two nuclear medicine tests used for diagnosis of active condylar hyperplasia, namely, planar bone
scintigraphy versus single photon emission computed tomography (SPECT).
Material and method: This was a descriptive observational study carried out in 61 patients (38 women
and 23 men) clinically diagnosed as having facial asymmetry and suspected unilateral condylar hyper-
plasia. The patients had both planar bone scintigraphy and SPECT diagnostic imaging as well as reference
data of the percentage of >Tc™ MDP (methylenediphosphonate) uptake in the condyle, clivus, and fourth
lumbar vertebra (L4), respectively, for SPECT and planar scintigraphy calculations. Radioactive counts
were measured per region of interest and the respective ratios were calculated. The age range of the
patients was 13—50 years (mean + standard deviation = 21.16 + 8.75). The two groups were compared by
a nonparametric (Mann—Whitney U test. Uptake percentage and delta values had normal distribution
and consequently were compared by a Student ¢t test.
Results: A total of 61 anterior planar images and 61 SPECT images were compared. Eight patients pre-
sented high uptake in planar bone scintigraphy images (13.11%), while 32 patients (52.46%) had high
uptake with SPECT. The prevalence of condylar hyperactivity was higher in women than in men both for
right condyle (ratio 4:3) and for left condyle (10:1) and the prevalence was significantly higher for the
right condyle.
Conclusion: The study indicates that SPECT is more sensitive to identify condylar hyperactivity as
compared to planar bone scintigraphy in patients with clinical presumptive diagnostic of condylar
hyperplasia.

© 2015 European Association for Cranio-Maxillo-Facial Surgery. Published by Elsevier Ltd. All rights

reserved.
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1. Introduction

Condylar hyperplasia (CH) is a pathologic condition character-
ized by excessive growth of one condyle (rarely bilateral) that may
cause asymmetric facial deformities and malocclusion. Although, it
is self-limiting, it may be active when normal growth is completed.
The progressive excessive growth of one condyle may compromise
the neck, mandibular ramus, and body, and it causes symptoms of
pain and articular dysfunction (Nitzan et al., 2008; Elbaz et al., 2014).
It is most frequently found as active condition in 11- to 25-year-old
patients, and then it may be present in passive form as clinical
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sequelae (Nitzan et al., 2008; Eslami et al., 2003). A higher preva-
lence in women than in men has been reported by Raijmakers et al.
(2012). Its etiology has been related to genetic factors, trauma, tu-
mors, or hormonal conditions (Obwegeser et al., 1986; Anaya, 2002).

The diagnostic clinical impression of CH is made from a com-
bination of facial, intraoral, radiographic, or tomographic findings,
but bone scintigraphy is the current gold standard to assess bone
hyperactivity in condyles suspected to be associated with excessive
cellular activity. The diagnostic is confirmed only by histopatholo-
gy, when the patient is subject to surgical intervention.

According to age, esthetic compromise, severity of the maloc-
clusion, and level of articular dysfunction, this pathology demands
a thorough diagnostic workup using extraoral photography, study
casts both static and articulated, panoramic and postero-anterior X-
ray films, tomography with three-dimensional reconstruction,
bone scans by planar gammagraphy and/or single-photon emission
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tomography (SPECT), and histopathology (Lopez and Corral, 2015;
Villanueva et al., 2011).

The early diagnostic of CH is important, as the treatment op-
portunity may reduce further structural damage; treatment pro-
tocols are different according to the patient's age, severity of the
resulting asymmetry, and the active or passive status of the
pathology (Munoz et al., 1999; Motamedi, 1996).

Usually, it is the orthodontist or the maxillofacial surgeon that
performs the clinical diagnostic and orders bone scintigraphy
studies to evaluate the active or inactive status of the disease.

SPECT imaging is obtained from radioactive counts emitted after
tissue absorption of the radioactive isotope technetium 99 meta-
stable, bonded to methylendiphosphonate (MDP) (**Tc™-MDP).
SPECT is commonly used to evaluate the metabolic activity in
several types of tissue, and it is considered to provide functional
and morphological information about the tissue (Saridin et al.,
2007 Saridin et al., 2011 Pogrel et al., 1995).

Gammagraphy is the production of two-dimensional images of
the distribution of radioactivity in tissues after the internal
administration of a radio-pharmaceutical agent, obtained by a
scintillation camera. Planar bone scintigraphy is a gammagraphic
scanning imaging modality that differs from SPECT, as the reference
to compare condylar uptake is often the fourth lumbar vertebra,
whereas in SPECT the reference is clivus uptake. Both techniques
are considered sensitive but poorly specific (Chan et al., 2000; Wen
et al., 2014; Saridin et al., 2008). Therefore, the results should be
interpreted in connection with clinical findings to achieve accurate
diagnosis and to plan the ideal treatment so as to avoid the
development of further severe facial asymmetries and malocclu-
sion and to provide a better prognosis (Sora and Carolina, 2005;
Wolford et al., 2014).

The objective of the present study was to compare two methods
of nuclear medicine imaging (planar bone gammagraphy vs SPECT)
performed in patients with facial asymmetry, and to explore cor-
relations with patient characteristics.

2. Material and methods
2.1. Patients and protocol

This study protocol (number 017-012) was approved by the
Ethics Committee of the Universidad del Valle (Cali, Colombia). The
study conformed to the principles of the Declaration of Helsinki,
and all patients signed informed consent forms before any
intervention.

The study included 61 patients, 10—50 years old, that had been
send to the nuclear medicine center (Gamanuclear, Cali, Colombia)
because they had a preliminary clinical diagnosis of facial asym-
metry and clinically suspected CH. All patients underwent planar
gammagraphy and SPECT scans. Patients with antecedents of
condylar tumor, mandibular trauma, previous condylar surgery,
arthritis, or autoimmune disease were excluded.

The gammagraphic scans were obtained with high-resolution,
low-energy collimators 3 h after the administration of a diag-
nostic dose of 9°Tc™ MDP (20 mCi) by intravenous injection. The
static lateral skull image was obtained with a matrix of 256 x 256,
and 700,000 counts per projection. The cranial tomographic images
were obtained using a matrix of 64 x 64, 360° of rotation at 15 s per
frame.

The processing of planar images was performed by inspection of
regions of interest (ROIs) drawn around each condyle and around
the L4 vertebra. For SPECT, a transaxial frame was obtained to
visualize condyles and clivus, structures of reference, along the
same axis. For additional view analysis of the tomographic images,
coronal and sagittal images were used.

All of the registered data were generated by the computer sys-
tem SEGAMI (Segami Corporation) and software MIRAGE, previ-
ously calibrated, without any direct operator generating data from
the images.

Quantitative results from both planar gammagraphy and SPECT
were gathered from left and right condyle in the preselected ROI
(Figs. 1 and 2), calculating the ratio of uptake by the following
formula:

condyle counts

Left counts + right counts x 100

Condyle % uptake =

A percentage of condylar uptake 55% or higher, generating dif-
ferences of 10% or more (Delta value) between condyles was
registered as indicative of active unilateral condylar hyperactivity
(AUCH).

The ratio or relative uptake was determined from the radioac-
tive counts per condyle and counts for clivus in the case of SPECT,
and for L4 in planar gammagraphy, taking into account the back-
ground radioactive counts (Fig. 3), using the following formula:

SPECT ratio = Counts per region — background counts
/Clivus counts — background counts

PLANAR ratio = Counts per region — background counts
/L4 counts — background counts

2.2. Statistical analysis

Demographic variables and results are expressed as mean and
standard deviation. The distribution of gammagraphic data was not
normal (Shapiro—Wilk test); therefore the two groups were
compared by a nonparametric test (Mann—Whitney U). Uptake
percentage and delta values had normal distribution and

Roi Total

1 946

2 93

Fig. 1. Regions of interest selected in coronal section for SPECT, and counts. In this
figure, O is the right condyle 1 is the left condyle, 2 is clivus, and 3 is the background
count.
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Fig. 2. Regions of interest in coronal section for PLANAR and right and left condyle
counts.
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Fig. 3. Average ratio for both condyles, per groups of age, and techniques.

consequently were compared by a Student t test. The percentage of
agreement in the diagnostic by the two techniques was expressed
by the kappa coefficient, which is considered acceptable if the
percentage of agreement is >75%. As kappa values were very low,
the corresponding z values was not calculated. The coefficient of
Stewart—Maxwell for condylar status (normal, increased, or
reduced) was not applicable because of the very low percentage of

Table 2
Ratio (average + standard deviation [SD]) of study groups, by age and technique<<?

Average ratio + SD for both condyles

Age group, y n Ratio (planar) Ratio (SPECT)
11-15 17 202+1 1.35 + 0.86
16—-20 21 197 +1 264 +4

>20 23 248 + 1.84 1.48 + 1.67

(13.11%) were condyle hyperactive cases according to planar bone
scintigraphy and 32 (52.46%) according to SPECT (Table 1).

The level of condylar uptake according to age was different for
SPECT as compared to planar results. The youngest patient with
high uptake by planar technique was 16 years old, whereas with
SPECT the youngest was 13 years old. The oldest patient with high
uptake by Planar technique was 23 years old, whereas with SPECT
the oldest patient was 45 years old.

The ratio or relative uptake per groups of age was different for
each technique, as shown in Table 2.

There was no linear correlation between ratio and age as some
authors have suggested (Nitzan et al., 2008; Villanueva et al., 2011;
Cisneros and Kaban, 1984). The same lack of correlation is conclu-
sive when the interquartile values are compared for hyper-uptake
and normal-uptake patients. For instance, the values for the me-
dian (Q2) obtained with SPECT in the high-uptake group were 1.22
for the 11- to 15-year-old group; 1.16 for the 16- to 20-year-old
group; and 1.04 for the >20-year-old group. For normal-uptake
patients, the corresponding values were 0.99/1.21/0.56. In both
examples, there was no linear correlation with age (Table 3).

In general, there was no agreement<<? between results of the
diagnostic techniques (p > 0.19) except for the delta value of the
difference between right and left condyles, which had an accept-
able kappa coefficient.

4. Discussion

It is broadly accepted that the diagnostic of CH should be based
on a thorough facial and intraoral clinical examination of the

Table 3
Interquartile values (Q) for hyper-uptake and normal-uptake subjects.

Technique and age group Hyper-uptake (n = 8) Normal-uptake

(n=53)
Q1 Q2 Q3 Q1 Q2 Q3

Planar
agreement. 11-15y — — — 115 1.8 2.72
16-20y 082 16 191 112 202 266
3. Results >20y 223 223 223 111 179 367
Hyper-uptake Normal-uptake
The sample of 61 patients included 38 women (62.3%) and 23 (n=32) (n=29)
men (37.7%). The range of age was 13—50 years, and the general SPECT
mean =+ standard deviation was 21.16 + 8.75 years (for women it 11-15y 095 122 136 094 099 188
was 22.02 + 9.39 years and for men 19.73 + 7.55 years). Although, 15*22(;) y (1)‘;: }'(])i ;;9 822 ééé égé
the 61 patients had a presumptive clinical diagnostic of CH, eight >0y . . . . . .
Table 1
Frequency of cases of high uptake (>55%) in right and left condyles (C), by gender and technique.
Women (n = 38) Men (n = 23) Total (n = 61)
Right C Left C Right C Left C
n (%) n (%) N (%) n (%) n (%)
Planar 3(7.89) 1(2.63) 2 (8.70) 2 (8.70) 8 (13.11)
SPECT 12 (31.58) 10 (26.32) 9(39.13) 1(4.35) 32 (52.46)
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patient, as well as on radiographic and/or tomographic images, as
indicated by others (Kubota et al., 1999; Bishara et al., 1994;
Grummons et al., 1987). However, it is also very important to
establish the active or passive stage of the hyperplasia, which is
possible by bone scintigraphy at the condylar level (Wen et al.,
2014; Cisneros et al., 1984; Olate et al., 2013). The methods of nu-
clear medicine allow the identification of bone growth centers in
the condylar region (Henderson et al., 1990; Fahey et al., 2010), and
their<<? VS ITS<<? clinical relevance has been discussed by
Hodder et al. (2000) and Olate et al. (2013). Early diagnosis of CH
may help to prevent the development of severe asymmetries and
deformations in the three space planes with its esthetic, functional,
and psychological sequelae.

According to many studies and the systematic review by
Raijmakers et al. (2012), CH is significantly more prevalent in
women than in men, and this tendency is so clear that this author
suggests that female gender should be considered a risk factor for
UCH.<<? BEGIN The whole sample in this study included more
women than men, indicating that in the Colombian population,
there are also more cases detected in women, although it could be
that women more frequently attend clinics seeking esthetic facial
treatments. In any case, SPECT detected 22 positive cases of CH in
women and 10 in men.

The highest prevalence of UCH and other temporomandibular
joint (TM]) disorders is associated with hormonal differences,
particularly those related to estrogens that participate as bone
growth regulators. Estrogen receptors are present in articular
cartilage and in growth plates, and there is experimental evidence
of local synthesis of estrogens in the TM], as reported by Talwer
et al. (2006), Abubaker et al. (1993).

This study provides further evidence that the SPECT technique is
more sensitive than planar scanning for detecting abnormal
condylar uptake (52.46% cases vs 13.11%, p < 0.0001). This result is
coincident with all of the previous studies that compare the two
techniques; for instance, Wen et al. (2014) reported 95% sensitivity
and 62.1% specificity for the SPECT technique. A previous meta-
analysis published by Saridin et al. (2011) calculated a sensitivity
of 0.90 for SPECT and 0.71 for planar bone scans and a specificity of
0.95 for SPECT and 0.92 for planar scans. Although, the difference in
sensitivity is statistically significant, the specificity is not signifi-
cantly different between the two techniques. In the present study, it
was not possible to calculate specificity, as the subjects were not
surgically treated and, as a result, we had no histopathology. A false-
positive result, with either SPECT or planar scan, may be produced by
any increase in bone metabolism or vascularization in the condylar
area due to infection, inflammatory disease, trauma, neoplasia, or
hyperplasia (Pogrel et al., 1995). Specificity is the ability of the
technique to distinguish actual negative cases (sound growth) from
real pathologic conditions. In general, it is expected that there will be
a lower specificity when the sensitivity is higher. The prevalence of
UCH in the group studied calculated from SPECT data is significantly
higher than that calculated by planar results because of the differ-
ence in sensitivity of the techniques. However, in general it is well
known that radioisotope techniques are highly sensitive but that
their specificity is limited, and therefore the results must be inter-
preted taking into account the whole clinical context.

Another aspect of discussion in the literature has been the cor-
relation of scintigraphic data for the percentage of uptake or ratio
with age. A study by Cisneros and Kaban (1984) indicated a perfect
correlation with age, but in a very small number of cases per age
group and using techniques now outdated. In the present study, we
expected, using different statistical approaches, to detect this cor-
relation with age, but the results indicate that such a correlation
was not significant, either in subjects with normal uptake or in
those with high uptake in any condyle.

Correlation between the results of one technique and the other
in the present study (r = 0.439, p < 0.01) is higher than the value
reported by Pogrel et al. (1995), who found a significant correlation
between the two techniques (p = 0.039) as well.

No studies were found in the literature that inform the reader
about changes in sensitivity and specificity related to different
cut-off values (that is, the so called relative operation<<?
RECEIVER OPERATING?<<? characteristics of SPECT). In this study,
the usual cut-off point of 55% was taken as indicative of CH, as has
been reported in the literature by Hodder et al. (2000). This cut-off
could be more specific and better related to clinical findings and
symptoms.

5. Conclusions

The present study indicates that SPECT is a bone scintigraphy
technique more sensitive to identify hyperactive condylar tissue, as
compared to planar gammagraphy. Using any of the techniques, an
uptake value greater than 55% is suggestive of condylar hyperpla-
sia; however, the diagnosis should be confirmed by a thorough
clinical evaluation.

A higher prevalence of high condylar uptake of the radioisotope
in women than in men was also confirmed. The right condyle was
more often involved than in the left condyle.

No correlation between the ratio of uptake and age was
confirmed for either of the two techniques compared.

Disclosure of funding

The authors did not receive any financial assistance from any
organization, including National Institutes of Health (NIH);
Welcome Trust; Howard Hughes Medical Institute or any other.

Acknowledgment

The authors thank Dr. Alberto Rafael Carmona, nuclear medicine
physician at Gamanuclear Center, for his assistance in selecting and
reporting patients in the gammagraphy centers, and Dr. Luis
Rogelio Hernandez for his kind assistance with the analysis of the
results.

References

Abubaker AO, Raslan WF, Sotereanos GC: Estrogen and progesterone receptors
in temporomandibular joint discs of symptomatic and asymptomatic
persons: a preliminary study. J Oral Maxillofac Surg 51(10): 1096—1100,
1993

Anaya JARC: Manejo Interdisciplinario de la Hiperplasia Condilar. Revista de Orto-
doncia Ortousta 22: 7—21, 2002

Bishara SE, Burkey PS, Kharouf JG: Dental and facial asymmetries: a review. Angle
Orthodont 64(2): 89—98, 1994

Chan WL, Carolan MG, Fernandes VB, Abbati DP: Planar versus SPECT imaging in
the assessment of condylar growth. Nucl Med Commun 21(3): 285-290,
2000

Cisneros GJ, Kaban LB: Computerized skeletal scintigraphy for assessment of
mandibular asymmetry. ] Oral Maxillofac Surg 42(8): 513—520, 1984

Elbaz J, Wiss A, Raoul G, Leroy X, Hossein-Foucher C, Ferri J: Condylar hyperplasia:
correlation between clinical, radiological, scintigraphic, and histologic features.
] Craniofac Surg 25(3): 1085—1090, 2014

Eslami B, Behnia H, Javadi H, Khiabani KS, Saffar AS: Histopathologic comparison of
normal and hyperplastic condyles. Oral Surg Oral Med Oral Pathol Oral Radiol
Endodont 96(6): 711-717, 2003

Fahey FH, Abramson ZR, Padwa BL, Zimmerman RE, Zurakowski D, Nissenbaum M,
et al: Use of (99m)Tc-MDP SPECT for assessment of mandibular growth:
development of normal values. Eur ] Nucl Med Mol Imaging 37(5): 1002—1010,
2010

Grummons DC, Kappeyne van de Coppello MA: A frontal asymmetry analysis. JCO
21(7): 448—465, 1987

Henderson M], Wastie ML, Bromige M, Selwyn P, Smith A: Technetium-99-m bone
scintigraphy and mandibular condylar hyperplasia. Clin Radiol 41(6): 411—414,
1990


http://refhub.elsevier.com/S1010-5182(15)00369-8/sref1
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref1
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref1
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref1
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref2
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref2
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref2
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref3
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref3
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref3
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref4
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref4
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref4
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref5
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref5
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref5
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref6
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref6
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref6
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref6
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref7
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref7
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref7
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref7
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref8
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref8
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref8
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref8
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref9
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref9
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref9
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref10
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref10
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref10

74 D.E Lépez B., CM. Corral S. / Journal of Cranio-Maxillo-Facial Surgery 44 (2016) 70—74

Hodder SC, Rees ]I, Oliver TB, Facey PE, Sugar AW: SPECT bone scintigraphy in the
diagnosis and management of mandibular condylar hyperplasia. Br ] Oral
Maxillofac Surg 38(2): 87—93, 2000

Kubota Y, Takenoshita Y, Takamori K, Kanamoto M, Shirasuna K: Levandoski
panographic analysis in the diagnosis of hyperplasia of the coronoid process. Br
] Oral Maxillofac Surg 37(5): 409—411, 1999

Lopez DF, Corral C: Hiperplasia condilar: caracteristicas, manifestaciones, diag-
nostico y tratamiento. Rev Fac Odontol Univ Antioq 26(2): 78—99, 2015

Motamedi MH: Treatment of condylar hyperplasia of the mandible using unilateral
ramus osteotomies. ] Oral Maxillofac Surg 54(10): 1161-1169, 1996

Munoz MF, Monje F, Goizueta C, Rodriguez-Campo F: Active condylar hyperplasia
treated by high condylectomy: report of case. ] Oral Maxillofac Surg 57(12):
1455-1459, 1999

Nitzan DW, Katsnelson A, Bermanis I, Brin I, Casap N: The clinical characteristics of
condylar hyperplasia: experience with 61 patients. ] Oral Maxillofac Surg 66(2):
312-318, 2008

Obwegeser HL, Makek MS: Hemimandibular hyperplasia—hemimandibular elon-
gation. ] Maxillofac Surg 14(4): 183—208, 1986

Olate S, Duque H, Rodriguez-Chessa ], Alister JP, Albergaria-Barbosa ], de Moraes M:
Mandible condylar hyperplasia: a review of diagnosis and treatment protocol.
Int ] Clin Exp Med 6(9): 727737, 2013

Pogrel MA, Kopf ], Dodson TB, Hattner R, Kaban LB: A comparison of single-photon
emission computed tomography and planar imaging for quantitative skeletal
scintigraphy of the mandibular condyle. Oral Surg Oral Med Oral Pathol Oral
Radiol Endodont 80(2): 226—231, 1995

Raijmakers PG, Karssemakers LH, Tuinzing DB: Female predominance and effect of
gender on unilateral condylar hyperplasia: a review and meta-analysis. ] Oral
Maxillofac Surg 70(1): e72—e76, 2012

Saridin CP, Raijmakers PG, Becking AG: Quantitative analysis of planar bone scin-
tigraphy in patients with unilateral condylar hyperplasia. Oral Surg Oral Med
Oral Pathol Oral Radiol Endod 104: 259—263, 2007

Saridin CP, Tuinzing DB, Becking AG: Comparison of planar bone scintigraphy and
single photon emission computed tomography in patients suspected of having
unilateral condylar hyperactivity. Oral Surg Oral Med Oral Pathol Oral Radiol
Endodont 106(3): 462—472, 2008

Saridin CP, Raijmakers PG, Tuinzing DB, Becking AG: Bone scintigraphy as a diag-
nostic method in unilateral hyperactivity of the mandibular condyles: a review
and meta-analysis of the literature. Int ] Oral Maxillofac Surg 40(1): 11-17, 2011

Sora B, Carolina P: Diagndstico de las asimetrias faciales y dentales. Rev Fac Odontol
Univ Antioq 16(1-2): 15—25, 2005

Talwar RM, Wong BS, Svoboda K, Harper RP: Effects of estrogen on chondrocyte
proliferation and collagen synthesis in skeletally mature articular cartilage.
J Oral Maxillofac Surg 64(4): 600—609, 2006

Villanueva-Alcojol L, Monje F, Gonzalez-Garcia R: Hyperplasia of the mandibular
condyle: clinical, histopathologic, and treatment considerations in a series of 36
patients. ] Oral Maxillofac Surg 69(2): 447—455, 2011

Wen B, Shen Y, Wang CY: Clinical value of 99Tcm-MDP SPECT bone scintigraphy in
the diagnosis of unilateral condylar hyperplasia. Sci World ] 2014, 2014 256256

Wolford LM, Movahed R, Perez DE: A classification system for conditions causing
condylar hyperplasia. ] Oral Maxillofac Surg 72(3): 567—595, 2014


http://refhub.elsevier.com/S1010-5182(15)00369-8/sref11
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref11
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref11
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref11
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref12
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref12
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref12
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref12
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref13
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref13
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref13
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref13
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref13
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref14
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref14
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref14
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref15
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref15
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref15
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref15
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref16
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref16
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref16
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref16
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref17
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref17
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref17
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref17
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref18
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref18
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref18
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref18
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref19
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref19
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref19
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref19
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref19
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref20
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref20
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref20
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref20
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref21
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref21
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref21
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref21
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref22
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref22
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref22
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref22
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref22
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref23
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref23
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref23
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref23
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref24
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref24
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref24
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref24
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref24
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref25
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref25
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref25
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref25
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref26
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref26
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref26
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref26
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref27
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref27
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref28
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref28
http://refhub.elsevier.com/S1010-5182(15)00369-8/sref28

	Comparison of planar bone scintigraphy and single photon emission computed tomography for diagnosis of active condylar hype ...
	1. Introduction
	2. Material and methods
	2.1. Patients and protocol
	2.2. Statistical analysis

	3. Results
	4. Discussion
	5. Conclusions
	Disclosure of funding
	Acknowledgment
	References


