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INTRODUCTION AND AIM OF THE STUDY
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Introduction

In unilateral condylar hyperactivity (UCH), one of the mandibular condyles 

continues to grow beyond the normal age limit for mandibular growth; 

alternatively, renewed growth of the condyle may appear some time after the 

normal growth has apparently stopped or the condyle may show excessive 

growth during the normal growth period. 2

UCH is a pathological condition that presents a challenge to both orthodontists 

and oral and maxillofacial surgeons because of the occasional progressive 

behaviour of the anomaly and the consequent severe dentofacial deformity. 13 

The mandibular asymmetry and/or malocclusion are often treated by means 

of orthognatic surgery. However, the mandibular asymmetry will show a 

relapse if the condylar growth persists after the treatment. Resecting the 

upper part of the condylar head, which includes the mandibular growth center, 

can prevent this relapse.  

The etiology of this growth anomaly is unknown 3,10,11; there are cases of 

bilateral involvement, but such cases are exceptionally rare. 4 Several theories 

have been postulated to explain the etiology of this condition. Infl ammation, 

trauma, neoplasm, genetic factors, and endocrine imbalance are reported to 

be the possible causes or contributing factors in the etiology of UCH. 5

Indeed, one of the suggested causes is an infl ammation around the head of the 

condyle, such as that caused by middle ear infections. The infl ammation can 

be a mild, chronic infection, resulting in a condition analogous to proliferative 

osteomyelitis, which stimulates the growth of the condyle or the adjacent 

tissue. 1

In the majority of case reports, trauma was considered to be too trivial 

to induce hyperplastic proliferation of the condylar growth center. 12 Gray 

reported a series of 20 patients; only three patients had a history of trauma, 

which could be related to the development of facial abnormalities. 3

Neoplasia is another possible etiologic factor. In particular the presence 
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of osteoma or chondroma has been reported in some of the patients with 

mandibular asymmetry. In the literature, three cases of osteochondroma 

have been reported, and the relevant literature has been reviewed. 7 The 

authors reported that the clinical features and histological presentation of 

osteochondroma were distinctly different from those of condylar hyperactivity. 

In the histological analysis of the condyles with an osteochondroma, discrete 

osteocartilagenous exostosis were identifi ed without cartilage islands in the 

underlying trabeculae. This fi nding is in contrast to the results of histological 

analysis of the samples from patients with UCH; the UCH samples showed a 

large number of cartilage islands. Oberg identifi ed blood-vessel penetration in 

the cartilage, which may indicate increased vascularization or persistently high 

blood supply. These phenomena may lead to increased activity and growth. 

Oberg stated that it would be interesting to examine the vascular anatomy 

of the condylar region, which might not provide a clue to the ultimate cause 

of the disorder, but might at least reveal an intermediate mechanism in the 

development of the disorder. 8 However, these fi ndings can also be interpreted 

inversely, i.e., the increased activity may have led to high vascularity. 5

Clinical classifi cation

The facial deformities can be divided into two clinical groups. In the fi rst group, 

the vertical growth is accentuated by a marked lengthening of the condylar 

neck, the vertical dimension of the ramus, and a simultaneous enlargement 

of the corpus. In the early stages, these effects manifest as an open bite in 

the molar-premolar area along with a bowing effect of the lower border of 

the mandible on the affected side. There is no deviation of the chin, which 

is confi rmed by determining the central relationship of the central teeth. 

However, these patients show symphyseal asymmetry. 

In the second group, the most prominent feature is the displacement of the 

chin. The occlusion is disrupted and a cross-bite is evident. 
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The growth disturbance appears to be more evenly distributed over the entire 

affected hemi-mandible. 6 The existence of these two basic classical types 

was confi rmed by Obwegeser. 9

Additionally, he stated that the existence of mixed forms with varying degrees 

of combinations is inevitable. In the classifi cation proposed by Obwegeser, the 

fi rst group was categorized as hemi-mandibular hyperplasia (H.H.) (–Fig. 1-); 

the second group was characterized as a hemi-mandibular elongation (H.E.) 

(-Fig. 2-). In the hybrid form, both anomalies can develop simultaneously in 

the mandibles of the same patient (–Fig. 3-).

Hemi-mandibular hyperplasia

In addition to the clinical characteristics of the fi rst group, which was 

described by Jonck and classifi ed as H.H. by Obwegeser, the latter showed 

that in the cases with pronounced features, the noticeable increase in the 

height of the affected side results in a rotated appearance of the face. The 

unilateral asymmetric increase in the height of the face, although not well 

marked, gives rise to a sloping canted lip-line. Moreover, due to dento-

alveolar remodelling, the teeth on the affected side may remain in occlusion 

on a lower level than the teeth on the normal side, which results in a canted 

occlusal plane. The anterior teeth are often tipped towards the affected side. 

In radiographic fi ndings, the essential increase in the height of the horizontal 

ramus is expressed by the caudal displacement of the mandibular border and 

by the increased distance between the dental roots and the mandibular canal. 

The mandibular canal is displaced downwards to the lower border of the 

mandible. The enlarged condyle is usually irregularly deformed: the condylar 

neck is thickened, elongated, and occasionally kinked. 9
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Figure 1. Hemimandibular hyperplasia (H.H.) due to UCH on the left side. Notice the vertical 
growth with an open bite in the molar-premolar area with a bowing effect of the lower border 
of the mandible on the affected side. 

Hemi-mandibular elongation

In addition to the characteristics of the second group as decribed by Jonck, 

Obwegeser stressed that H.E. is primarily manifested as a horizontal deformity. 

The facial distortion is very noticeable when the face is viewed from below. 

In dentulous cases, the axial alignment of the teeth in the strikingly slender 

horizontal ramus usually does not show any essential tilting. 
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Figure 2. Hemimandibular elongation (H.E.) due to UCH on the left side. The deviation of the 
chin is the most outstanding feature. The occlusion is disrupted and a cross-bite is evident, 
despite previous orthodontic treatment. 

Hybrid forms

In these cases, H.H. and H.E. concomitantly exist on the same side. Owing 

to the additive characteristics of the two individual forms, this deformity is 

expected to be more grotesque than the unilateral pure forms of the two 

groups. The affected side of the face shows a surplus in height and is elongated 

in the region of the horizontal ramus. Consequently, the patient shows a 

slanting lip-line and a tilted occlusal plane. In the radiographic analysis, the 

conventional X-ray radiographs show the skeletal morphologies of both forms 

of anomalies. 9
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Figure 3. Mixed (hybrid) form of H.H. and H.E due to UCH on the left side. Notice the open bite 
on the left, partial cross-bite on the right, a midline and chin deviation, and a bowing effect on 
the lower border on the left.

Management

It appears that the management of UCH requires variable approaches. In the 

treatment for a progressive UCH, some surgeons perform a condylectomy 

(–Fig. 4-), which is followed by orthognatic treatment (–Fig. 5-) to correct 

the existing facial asymmetry. Other surgeons proceed with a corrective 

osteotomy and inform the patient of possible relapse, which can necessitate 

a second operation. 
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Figure 4. High partial condylectomy. The upper 5-6 mm of the condyle are resected in order to       
arrest the condylar growth.

Figure 5. Various possibilities of surgical correction of facial asymmetry.

The third possibility is to adopt a “wait and see” policy and perform orthognatic 

surgery after ensuring the cessation of the excessive growth.

In order to identify the proper treatment approach for this condition, it is 

extremely important to determine the exact nature of the growth activity 

of the condyle. This is the primary objective of the studies published in this 

thesis.
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Aim of the study

The search for the optimal method for diagnosing UCH follows an important 

question: when to perform a condylectomy. Unnecessary disruption of the 

temporomandibular joint (TMJ) by performing a condylectomy is avoided by 

all surgeons. Bone scintigraphy is a diagnostic tool that has been frequently 

used for diagnosing UCH in patients. It is a well-known method for visualizing 

increased bone metabolism in a condyle. However, different methods, including 

both planar and SPECT bone scanning techniques and different quantitative 

analytical approaches have been described in the literature. Apparently, there 

is no consensus on the diagnostic procedure, including the bone scintigraphy 

procedure for patients with mandibular asymmetry and possible UCH. 

Therefore, the aim is to analyze different diagnostic techniques (chapters 2, 3, 

4 and 5) and to explore the possibilities of using positron emission tomography 

(PET) as a method for diagnosing the progression of UCH (chapter 6). In the 

PET-pilot study, the aim is to examine the blood fl ow in the condylar regions 

of UCH patients and controls on the basis of the theories postulated by Oberg 

and Hudson. 5,8 Finally, to assess the morbidity of this surgical procedure, the 

post-operative function of the TMJ and masticatory muscles is investigated in 

patients undergoing a condylectomy (chapter 8). 

In Chapter 2, quantitative analysis and visual interpretation of planar bone 

scintigrams in UCH patients and normal control subjects are compared. 

In Chapter 3, the diagnostic accuracy of SPECT and planar bone scintigraphy 

has been assessed in a group of patients with and without UCH.

In Chapter 4, the different analytical methods of SPECT scans are compared 

in order to identify the optimal method for distinguishing UCH patients from 

patients with inactive condyles. 
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In Chapter 5, a review of the literature has been performed, describing 

the use of the bone scan in the diagnosis of patients with a possible UCH. 

Through this review, the aim is to summarize and compare the diagnostic 

accuracy of both planar and SPECT bone scans. 

In Chapter 6, a pilot study has been conducted to assess bone growth and 

blood fl ow in the condylar region of UCH patients by use of PET. The results 

will be compared with those of a control group of normal volunteers.

In Chapter 7, a histopathological analysis has been performed of condyles 

that were resected because of unilateral condylar hyperactivity; the results 

of the bone scan are compared with the results of the histopathological 

analysis.

In Chapter 8, the function of the temporomandibular joint is evaluated in 

the patients that underwent high partial condylectomy for the treatment of 

UCH. These results are compared with those of a control group of normal 

individuals.
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Abstract

Objective. This study compares quantitative analysis of planar bone 

scintigrams with visual interpretation in patients having unilateral condylar 

hyperplasia (UCH) and normal control subjects. The possibility of using a 

bony structure in a region near the condyle as an objective measurement of 

bone activity is assessed.

Study design. Planar bone scintigrams from 20 subjects suspected of having 

active UCH were analyzed both qualitatively and quantitatively. Bone activity 

was assessed in both condyles as well as in reference sites in the cervical 

spine and the skull. Percentile activities for both condylar regions and ratios 

using condylar activity versus reference regions were assessed.

Results. All UCH patients had unilateral increased activity on qualitative 

(visual) interpretation of the bone scan. The mean percentile activities of the 

affected and unaffected condyles in the UCH group were signifi cantly different 

at 55.3% and 44.7%, respectively (P < .001). No signifi cant difference was 

found in the control group, with the ratios between left and right condyle being 

49.5% and 50.5%, respectively (P = .46). In the ratios between the region 

of interest (ROI) in the condyles versus the ROIs selected for the cervical 

spine and the skull, a signifi cant difference was noticed in the UCH group; 

however, there was a considerable overlap between condylar and reference 

ROI ratios. Symmetrical uptake of diphosphonate reliably excluded continued 

asymmetrical growth of the condyles.
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Conclusions. Quantitative analysis of planar scintigrams in unilateral 

condylar hyperplasia patients was not found to be superior to qualitative 

(visual) interpretation of the scans. Because of a considerable overlap in 

condylar/reference ROI ratios, quantifi ed ratios did not seem to be clinically 

helpful in the differentiation of a hyperplastic condyle from a normal condyle. 

In the case of unilateral increased condylar uptake of diphosphonate, clinical 

assessment is mandatory. 
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Figure 1. Right UCH resulting in deviation of the chin to the left.

Introduction

Condylar hyperplasia is the most common postnatal growth abnormality of 

the temporomandibular joint. 1 This growth abnormality is usually unilateral 

and generally observed in patients between 10 and 30 years of age with no 

reported sex or race predilection. 2 The enlargement of the condyle results 

in a unilateral elongation of the face with the deviation of the chin to the 

contralateral side (-Fig. 1-). The resulting mandibular asymmetry is often 

responsible for malocclusion and functional problems.

The etiology of condylar hyperplasia is controversial and not well understood. 

Suggested theories include neoplasia, trauma, infection, or abnormal 

loading. 1 Active unilateral condylar hyperplasia (UCH) is surgically treated 

by performing a high condylectomy. 
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The purpose of this surgical intervention is to arrest the excessive and 

disproportionate growth of the mandible by removing a principal mandibular 

growth site. 3 The mandibular asymmetry resulting from an inactive UCH, 

including the treated active UCH, can be treated by various methods 

ranging from mandibular osteotomy to ostectomy. 4  Therefore, an adequate 

assessment of disease activity is of utmost importance.

In our hospital, both plain radiography and bone scintigraphy are used for the 

standard evaluation of patients suspected of having UCH. Previous studies 

have shown the clinical signifi cance of bone scintigraphy in such patients 

since this method identifi es patients with persistent unilateral condylar 

activity. 2,4-7 The radiation exposure as a result of the use of bone scintigraphy 

can be justifi ed because the removal of the growth center is based on the 

outcome of the scans.

Bone scanning is a tracer method based on the injection of phosphates 

labeled with a radionuclide. Diphosphonate is metabolized by bone cells and 

is incorporated into areas where new bone is being formed or resorbed. 2 In 

UCH, a bone scan is useful to determine the side that has an active, abnormal 

condylar growth center (-Fig. 2-). 6 Hence, the addition of bone scintigraphy 

to the diagnostic evaluation of patients suspected of having UCH is useful 

since bone scintigraphy identifi es patients with an active condylar growth 

center who should undergo a high condylectomy.

Cisneros reported a modifi ed lateral scan technique to view the mandibular 

condyles. Scintigraphic activity of the condyles was recorded as a ratio in 

relation to activity measured in the fourth lumbar vertebra (L4). 7,8 L4 was 

chosen as the reference because it can be localized reliably and shows a 

symmetric diphosphonate uptake. However, this requires additional images 

of the lumbar spine resulting in increased gamma camera time. 
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Figure 2. Higher phosphate uptake in the right condyle; suggestive of active UCH on the right 
side.

Therefore, it could be time effi cient to compare the condylar activity on 

a bone scan with reference bone in the same anatomical region, e.g. the 

cervical spine. The objective of this retrospective study was to compare the 

qualitative (visual) interpretation of condylar bone scintigraphy activity with 

quantitative methods such as percentile differences in condylar activity, and 

to determine the ratio of condylar activity to cervical spine and skull activity 

in subjects having UCH.

Methods

Subject selection

In the period 1988 to 2002, 59 patients were referred to the VU University 

Medical Center because of mandibular asymmetry and signs of UCH. 

A clinical and radiological long-term follow-up revealed that condylar 
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hyperplasia was active in 25 cases, resulting in progressive mandibular 

asymmetry. Radiological assessment included plain radiographs as well as 

bone scintigraphy. Five subjects were excluded from the study because of 

insuffi cient data. The remaining 20 subjects had a hyperplastic condyle on 

the left side in 8 cases and on the right side in 12 cases. The study group 

(group A) consisted of 12 women and 8 men, with a mean age of 21.5 years. 

The control group (group B) consisted of 12 subjects (9 women and 3 men, 

mean age of 30.0 years) who had undergone bone scintigraphy of the head 

for reasons unrelated to UCH such as suspicion of metastasis, fi brodysplasia, 

osteomyelitis, nasopharyngeal pathology, or bone dysplasia.

Bone scintigraphy

Bone scintigraphy consisted of standard lateral imaging of the head in 

all subjects. Images were obtained two to four hours after intravenous 

administration of 600 MBq 99mTechnetium-HDP. Images had been made 

either with a Genesys dual head gamma camera (ADAC, Milpitas, CA) or 

an ECAM dual head gamma camera (Siemens, Chicago, IL). For the ADAC 

camera, Pegasys software (ADAC Laboratories, USA) was used for the region 

of interest (ROI) analysis, while for the Siemens camera the standard Esoft 

software (Siemens Medical Solutions, USA) was used.

A nuclear medicine physician visually interpreted all bone scintigrams. The 

potential visual differences in the condylar activity in the left and right condyle 

regions were assessed to check if the right or left condylar region showed the 

highest activity or if symmetric activity was observed. 

Quantitative analysis of bone scintigraphy

The ROI analysis measures the average number of counts in a group of 

contiguous pixels in an image. In this study, we used the standard left and 

right lateral bone scintigrams of all UCH and control subjects for quantitative 

ROI analysis. 
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A ROI was drawn around the condylar region on the left and right sides. 

Furthermore, a standard ROI was drawn on the same lateral bone scintigram 

in the following standard locations: the cervical spine, the caudal part of the 

cervical spine, and an area on the top of the skull (-Fig. 3-). The average 

counts per pixel (counts/pixel) of all regions for each subject on both the left 

and right sides were extracted.

The relative activity of each condylar region can be calculated using the 

counts/pixel of the ROI of the left and right condyles. 

The counts in the left and right condylar regions were expressed as a percentage 

of the total counts in both condyles. This percentage was calculated using the 

following equation: counts/pixel in a condylar region/(counts/pixel in the left 

ROI + counts/pixel in the right ROI) x 100.

Furthermore, we calculated the ratio of the counts/pixel in the left and right 

condyle to the counts/pixel in the left or right cervical and skull ROI.

Figure 3. Region of Interest (ROI): skull, condyle, and cervical spine.
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Statistics

Values were represented as mean ± standard deviation (SD) for both the UCH 

and the control patients. Data of UCH and control patients were compared 

using the Student t test. A probability (P) value of less than .05 was considered 

to be signifi cant.

Results

The qualitative (visual) interpretation of the bone scintigrams of the subjects 

suspected of having UCH revealed eight subjects with a higher activity in 

the left condylar region and twelve subjects with a higher activity in the 

right condylar region. These results were consistent with the clinical fi ndings. 

Quantitative analysis was performed via the assessment of the difference in 

percentile activity and this gave the same outcome as the qualitative visual 

interpretation.

In the subjects having UCH, the mean percentage of the affected condyle was 

55.4% (SD ± 4.1), while the unaffected condyle showed a lower percentage, 

i.e., 44.6% (SD ± 4.1). Thus, the difference between the activities of the 

affected and unaffected condyles in the subjects having UCH was signifi cant 

(P < .001). There was no signifi cant difference between the two condylar 

regions in the control group: mean percentages for the left and right condyles 

were 49.5% (SD ± 1.9) and 50.5% (SD ± 1.9), respectively (P = .46) 

(-Fig. 4-). In Table 1, the ratio between the ROI of the condyles versus those 

for the cervical spine (CS), the lower part of the cervical spine (CS caudal), 

and the skull are demonstrated. In contrast to the control group, all three 

ratios were signifi cantly higher for the affected condyles when compared to 

the contralateral condyles. However, there was a considerable overlap in the 

ratios of the condyle/reference area count as shown in Figure 5.
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Figure 4. Mean percentile activity in the ROI of the condyle in hyperplasia patients and 
controls (±SD).

UCH group Affected (SD) Contralateral (SD) t test

Cond/CS total 1.3(0.4) 1.1(0.3) P < .002

Cond/skull 2.0(0.4) 1.7(0.3) P < .002

Cond/CS caudal 1.2(0.4) 1.1(0.3) P < .05

Control group Left(SD) Right(SD) t test

Cond/CS total 1.1(0.17) 1.2(0.2) P = .17

Cond/skull 1.4(0.4) 1.5(0.4) P = .22

Cond/CS caudal 1.1(0.3) 1.1(0.3) P = .60

                              UCH= Unilateral condylar hyperplasia; Cond= condyle; CS= cervical spine

Table 1. Condyle/reference ratios: signifi cantly higher in the affected condyle.
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Figure 5. Condyle/reference ROI ratios: considerable overlap.
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Discussion

Bone scintigraphy is an accepted method for visualizing hyperactivity in a 

condyle. This study on planar scintigraphy confi rmed a signifi cantly higher 

diphosphonate uptake in affected condyles. Determining the difference in the 

percentile activities in the ROIs of both condyles was the best quantitative 

method of analysis. The ratios of condylar activity to the cervical spine or 

skull activity did not help improve the  differentiation of UCH patients from 

controls, because of considerable variation in these ratios. Therefore, there is 

no added benefi t from calculating these ratios for the clinical work-up of UCH 

patients. However, the percentile difference in the condylar activity could 

provide additional information when compared to the qualitative (visual) 

interpretation alone. In some patients, visual asymmetry is observed along 

with a large difference in condylar scintigraphic activity. In such patients, a 

direct resection of the condyle might be benefi cial. However, some patients 

with a visual asymmetry show a relatively small difference in condylar 

activity. 

Further study is required to determine whether such patients can be treated 

using a more conservative treatment strategy. Quantitative analysis did 

not appear to be superior to the qualitative visual interpretation. Errors 

can occur while drawing the ROI, and superimposition of the contralateral 

condylar activity can infl uence the pixel count. A symmetrical diphosphonate 

uptake reliably excludes the continued asymmetrical growth of the condyles. 

An increased radionuclide uptake by the hyperplastic condyle can be an 

indication of continued abnormal growth; however, it can also be the result 

of infection, infl ammatory conditions, healing after traumatic injuries, and 

neoplastic lesions. These combined clinical and scintigraphic fi ndings lead 

to the diagnosis of active or inactive UCH. Therefore, clinical assessment is 

mandatory.
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Abstract

Objective. A comparison is made of single photon emission computed 

tomography (SPECT) and planar bone scintigraphy in the diagnosis of patients 

with suspected unilateral condylar hyperactivity (UCH).

Study design. The subjects comprised 56 patients with suspected UCH who 

underwent SPECT and regular planar bone scans. Accuracy of SPECT and 

planar scintigraphy were compared using left-right condylar activity.

Results. Of the 56 patients, 29 were diagnosed with active UCH and 27 

without UCH. The mean relative activity of the hyperactive condylar region in 

the planar scans was 53.5% (SD ± 2.3%), which was signifi cantly higher in 

the SPECT scan with a mean value of 60.5% (SD ± 5.4%), P < .005 

(t = 8.951). Receiver operating curves (ROC) were clearly in favor of SPECT 

over the planar bone scan. The area under the curve (AUC) of the planar 

ROC was 0.87 ± 0.049 while that of the SPECT ROC was 0.97 ± 0.024. The 

optimal cut-off value for planar scanning was 52%, yielding a sensitivity of 

67% and a specifi city of 85%. For SPECT scanning, the optimal cut-off was 

56%, resulting in a sensitivity of 93% and a specifi city of 96%.

Conclusions. It can be concluded that in patients with a clinically suspected 

active UCH, SPECT scanning is the preferred diagnostic tool rather than planar 

bone scanning. However, treatment planning should be done in combination 

with clinical assessment of progressive mandibular asymmetry as well as 

taking into account the patients history.
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Introduction

Unilateral condylar hyperactivity (UCH) is one of the causes of mandibular 

asymmetry. UCH is characterized by excessive growth activity in one condyle 

as compared with the contralateral condyle. 1,2 The resulting asymmetry can 

progress slowly over several years or rapidly within a few weeks or months 

and may become apparent in early childhood by the age of six to seven years 

or at any time during the later growth period. However, UCH may also start 

in adults after general bone growth has ceased. 3 UCH is the most common 

postnatal growth abnormality of the temporomandibular joint 4 with an equal 

sex distribution 5-9 and an unknown etiology. 2,10-14

The mandibular asymmetry can be treated by orthognathic surgery. Knowledge 

of progression of the condition and ongoing growth due to an actively growing 

condyle is of the utmost importance. Treatment of patients with an actively 

growing condyle differs from that of patients with an asymmetric mandible 

without an active growth center. Patients with an active UCH are fi rst surgically 

treated by performing a high condylectomy in order to remove the active 

growth center before the actual (mandibular) asymmetry is corrected.

It is possible to determine increased bone growth in a condyle by means of a 

bone scan, thereby offering a selection method for patients in need of a high 

condylar resection. In 1982, Cisneros et al. studied facial bone growth with 

help of bone-seeking radiopharmaceuticals. 15,16

Increased uptake of 99mTechnetium-labeled diphosphonates is associated 

with increased growth. 1,6,17 In recent literature, several bone-scanning 

methods for the evaluation of patients with asymmetrical mandibles have 

been described. Methods vary from simple planar bone scanning to more 

sophisticated methods such as single-photon emission computed tomography 
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(SPECT). 1,9,18-20 Furthermore, several analytical methods have been described 

in the literature, varying from qualitative evaluation to several quantitative 

methods. 8,16,20,21 In a prospective study, Pogrel et al. demonstrated a signifi cant 

correlation between planar and SPECT results, whereas the SPECT technique 

had a better reproducibility as compared to the planar bone scan 

technique. 19 In the study, condylar bone activity was compared to activity 

in a reference bone such as the fourth lumbar vertebra or the clivus. This 

analytical technique requires additional imaging of the lumbar spine and 

the collection of normal uptake standards (for example, normal condylar to 

lumbar uptake ratios). In a study by Hodder et al., the left and right condylar 

bone activity was expressed as a relative percentage. 9 A higher sensitivity of 

the SPECT technique was observed in 17 patients when compared to planar 

bone scanning. However, to our knowledge, the superiority of the SPECT 

technique in the evaluation of patients with suspected UCH has not been 

confi rmed in a different study population.

The objective of this study was to compare the results of the planar and 

SPECT scans with the clinical outcome in a relatively large group of patients 

presenting with mandibular asymmetry. We performed a quantitative analysis 

of both the planar and SPECT bone scans from all subjects.

Patients and methods

Patient selection

In the period between 1988 and 2007, 56 patients who presented with a 

mandibular asymmetry in the VU Medical Center were suspected of having an 

ongoing UCH. The patient histories were obtained and the facial asymmetry was 

clinically assessed. Plaster models were made and plain radiographs obtained 

(panoramic radiographs and lateral and posteroanterior cephalograms) 

(-Fig. 1-). 
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Figure 1. Panoramic radiograph, lateral and posteroanterior cephalogram: an example of a 
mandibular asymmetry type hemimandibular hyperplasia.

Bone scintigraphy of the condyles, a standard part of the diagnostic work-up 

and treatment planning of patients with suspected progressive mandibular 

asymmetry, was performed in all the patients after their informed consent 

(-Fig. 2-). The mean age at presentation was 21.3 years (range, 11.5-43.2 

years), and the patients were treated within six years of initial presentation 

(range, 0.2-5.7 years). In these patients, persistent activity of a unilateral 

condylar growth center was determined by means of historical, clinical, and 

scintigraphic assessments. There was no predilection for either the right or 

left side affection.
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Figure 2. Standard planar imaging: anterior, posterior, and lateral images. A slightly higher 
uptake in the right condyle can be noticed. 

Bone scintigraphy

Bone scintigraphy comprised standard planar imaging, including anterior, 

posterior, and lateral images. SPECT images were also acquired. Bone scans 

were made two to four hours after intravenous administration of 600 MBq 

Technetium-99m-hydroxy diphosphonate (HDP). Images were obtained using 

a Genesys Dual Head gamma camera with a Low Energy High Resolution 

(LEHR) collimator, a planar matrix size of 256 x 256, and a SPECT matrix size 

of 64 x 64 (ADAC, Milpitas, CA) or an ECAM dual head gamma camera with a 

LEHR collimator, a planar matrix size of 256 x 256, and a SPECT matrix size 

of 128 x 128 (Siemens, Chicago, IL). For the ADAC camera, the standard 

Pegasus software (ADAC Laboratories, Milpitas, CA) was used for region of 

interest (ROI) analysis, and for the Siemens camera, Esoft software was used 

(Siemens Medical Solutions, Malvern, PA). The mean number of pixels was 70 

in the planar scan and 35 in the SPECT scan.
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Figure 3. Axial slides of the condylar region with the SPECT scanning technique. The upper 
row represents regular imaging. In the lower row, ROIs are drawn around the condyles.

Quantitative analysis of planar and SPECT scans

In all 56 patients, both qualitative (visual) assessment and quantitative 

measurements were performed on the planar and SPECT scans by an 

experienced nuclear medicine physician. In the qualitative assessment, the 

scans were visually assessed to see if the right or left condylar region had a 

higher activity or if symmetric activity was observed.

ROI analysis, a quantitative measurement technique, measures the average 

number of counts per pixel in a group of contiguous pixels in an image 

(-Fig. 3-). 22

A ROI was drawn around the condylar regions on the left or right side. 

To ensure comparable sizes of the left and right-sided ROI, the ROI was 

copied to the contralateral condylar region. The counts in the left and right 

condylar regions are expressed as a percentage of the total condylar counts. 

This percentage was calculated using the following equation: counts/pixel in 

the condylar region/(counts/pixel in the left ROI + counts/pixel in the right 

ROI) x 100%.
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A scan was considered asymmetric (hyperactive condyle) if the difference in 

activity between the right and left condyles was greater than 10%. Thus, a 

condyle was considered hyperactive when it had a relative activity of 55% or 

more (cut-off value).

The results of the quantitative and standard visual assessment analysis of the 

planar and SPECT scans were correlated with the clinical diagnosis. Patients 

with an ongoing asymmetrical growth or those undergoing high condylar 

resection were considered to have active UCH. Patients without asymmetrical 

growth and/or planned for orthognathic surgery without condylectomy were 

considered to have inactive UCH. In this study we used the clinical analysis, 

including the progression of mandibular asymmetry, as the gold standard.

Statistics

For analysis of patients with suspected active UCH, individuals who have 

had a quantitative analysis of both the planar and SPECT scans (dependent 

samples) were included in the study. 

The matched sample design was used to test the difference between the 

two population means. This design was chosen because both the planar and 

SPECT scans were performed under similar conditions (with the same times 

and patients). The primary reason is that since the same patients are used 

for both tests, the variation between patients is eliminated.

A paired t test was used to determine the level of signifi cance between the 

planar and SPECT scans. The null hypothesis states that using a planar scan, 

activity can be diagnosed with equal or greater accuracy than a SPECT scan. 

Furthermore, we used a receiver operating characteristic curve (ROC curve) 

for the comparison of the diagnostic performance between the planar and 

SPECT scans. In ROC curves, the true positive rate is plotted against the 

false positive rate for different possible cut-off points of the planar and SPECT 

scans. ROC analysis is a tool for selecting the optimal diagnostic method.
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Results

Visual and quantitative analysis of both the planar and SPECT scans were 

available in 56 patients (29 with and 27 without hyperactivity). In 22 of 

the 29 cases with active UCH, an asymmetric uptake was observed on the 

quantifi ed SPECT scans and not on the planar scans. The female-to-male 

ratio was 1.4:1 in patients where the unilateral condylar hyperactivity had 

ceased and 1.6:1 in patients who underwent a condylectomy because of 

progressive asymmetry.

The mean relative activity of the suspected hyperactive condylar region in 

patients with UCH was 60.5% (SD ± 5.4%) with SPECT and was signifi cantly 

higher (t test, t = 8.951, P < .005) as compared to the activity of 53.5% 

(SD ± 2.3%) in the planar bone scan. The P value was less than α = 0.005 

(99.5% confi dence level); thus, the null hypothesis was rejected. Therefore, 

we can state that SPECT scanning may be signifi cantly better as a diagnostic 

tool than the planar scan technique.

This was confi rmed by the ROC curve (-Fig. 4-) that demonstrates a SPECT 

curve closer to the left upper quadrant, indicating a better diagnostic 

performance of the SPECT as compared to the planar bone scan. The area 

under the curve (AUC) of the planar ROC was 0.87 ± 0.049 while the AUC for 

the ROC of the SPECT scan was 0.97 ± 0.024. The optimal cut-off value for 

planar scanning was 52%, yielding a sensitivity of 67% and a specifi city of 

85% (-Tab. 1-). For SPECT scanning, the optimal cut-off was 56%, resulting 

in a sensitivity of 93% and a specifi city of 96% (-Tab. 2-).

Differences between the two techniques are further illustrated in Fig. 5, A 

and B, where the area of overlap between both curves (distributions overlap) 

indicates where the test cannot distinguish normal from disease. This area is 

more apparent in the planar scan data, which confi rms that SPECT scans can 

better distinguish hyperactive and normal condyles.
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Figure 4. ROC curve: the closer the curve follows the left-hand border and then the top border 
of the ROC space, the more accurate the test.

During the follow-up period (after condylectomy or during the “wait and see” 

policy), there was no progression of the asymmetry observed in both the 

groups. The mean follow-up period was 9.0 months (range, 1.8 –16.2). There 

was a close correlation between the clinical assessment of the progression or 

stability of the mandibular asymmetry and the results of the scintiscans.

Planar Positive scan Negative scan total

UCH 20 9 29

Non UCH 4 23 27

total 24 32 56

Table 1. Optimal cut-off: 52%, resulting in a sensitivity of 67% and a specifi city of 85%.
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Figure 5. The area of overlap indicates where the test can not distinguish normal from 
disease. 
A. SPECT scan: minimal distributions overlap. B. Planar scan: signifi cant overlap area.

Spect Positive scan Negative scan total

UCH 27 2 29

Non UCH 1 26 27

total 28 28 56

Table 2. Optimal cut-off: 56%, resulting in a sensitivity of 93% and a specifi city of 96%.
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Discussion

The optimal treatment planning of a patient with condylar hyperactivity 

depends on the accurate assessment of the ongoing activity of the condylar 

growth center. An enlarged but inactive mandibular condyle is left intact, 

and corrective surgery is directed at the ramus or body of the mandible. 

Conversely, an actively growing condyle with an associated progressing 

deformity is usually treated with high partial condylectomy with or without 

additional surgery to correct any residual deformity. 8 Radionuclide bone 

scanning in patients with suspected UCH offers an independent method for 

identifi cation of an abnormal growth center. 6 In this study, the superiority 

of the diagnostic performance of the SPECT technique to that of the planar 

bonescanning technique is demonstrated. The main disadvantages of the 

SPECT scan are that it is more expensive than the planar scan and requires 

extra camera time. Nowadays, almost all standard gamma cameras are able 

to produce a planar scan as well as a SPECT scan.

Different analytical methods have been described for the evaluation of 

bone scans. Visual analysis is commonly used in daily practice but might be 

relatively subjective. On the other hand, quantitative analyses are relatively 

objective methods. When comparing two different imaging techniques, the 

use of comparable quantitative methods is preferred. Therefore, we used a 

similar quantitative method for the analysis of both the planar and SPECT 

scans by calculating the percentile differences between the right and left 

condylar regions. Alternatively, ratios of condylar activity versus a reference 

bony region can be calculated, for example, the clivus or the fourth lumbar 

vertebra. 19,21 In this study, we used percentile differences between the right 

and left condylar regions, and not the ratio of condylar activity versus a 

bony reference area, mainly because of the possible differences between the 

reference bone regions. 
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The use of different reference bone regions for SPECT and planar scans can 

induce additional noise, since bone activity may reveal a higher variation in 

the fourth lumbar vertebra as compared to the clivus region. Furthermore, 

in an earlier study we detected that reference bone regions provided no 

additional diagnostic value in planar bone scanning. 2 On analyzing the ROC 

curves in both the planar and SPECT scans, we identifi ed different cut-off 

values for both scanning techniques. Planar scintigraphy had an optimal cut-

off value of 52% for identifying a hyperactive condyle.

With this value, a high specifi city of 85% is reached; however, the sensitivity 

is relatively low at 67%. Nevertheless, 33% of the UCH patients are excluded 

due to the cut-off value of 52%. A lower cut-off value of 51% results in 

a sensitivity of 93% but lowers the specifi city to 66%. In contrast, the 

SPECT results are superior in both sensitivity and specifi city with values 

greater than 90%. The cut-off value of 56% for SPECT is in agreement with 

the earlier result of Hodder et al. who proposed a cut-off value of 55%. 9 

Interestingly, in a recent study, the normal values for SPECT scans were 

detected with maximum side-to-side difference of 6.2% in male patients and 

5.7% in female patients. 23 Applying these normal values in our ROC curves 

and using a consequent cut-off value of 53% results in a sensitivity of 97% 

and a specifi city of 70%. This 70% specifi city is clearly lower than the 93% 

specifi city obtained. Therefore, the earlier proposed cut-off value of 55% 

or 56% appears to be superior to the 53%, which can be derived from the 

study of Kajan et al. 9,23 Population differences or differences in the scanning 

technique can explain the different results obtained in our study as compared 

to the study of Kajan et al. 

In the present study, patients with a mandibular asymmetry were evaluated 

by means of the patient history, clinical assessment and bone scintigraphy. 

This was done to assess whether or not the asymmetry was caused by an 

ongoing activity of the condylar growth center. In all of the cases where 

clinical progression of the asymmetry was confi rmed with a positive SPECT 
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scan, a condylectomy of the affected side was performed. In patients with a 

marginally increased uptake in the affected condyle without clinical progression 

of the asymmetry, a “wait-and-see” policy was maintained.

From this study, it can be concluded that in patients with a clinically suspected 

active UCH, SPECT rather than planar bone scintigraphy is the scanning 

method of choice. The condyles can be better isolated without superimposition 

of the contralateral condyle; furthermore, the SPECT is also more sensitive 

than the planar scanning technique. Since bone scintigraphy is only a single 

measurement of bone activity at a specifi c time, and little is known regarding 

the variation of bone activity over longer time periods, treatment planning is 

advised to be done in combination with clinical assessment for a progressive 

mandibular asymmetry as well as the patient histories.
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Abstract 

This study aimed to compare different analytical methods and identify the

optimal analysis method to distinguish patients with unilateral condylar

hyperactivity (UCH) from those with inactive condyles. Single-photon emission 

computed tomography (SPECT) scans of patients with progressive and

nonprogressive mandibular asymmetry (each group, n = 26), were analyzed 

using the region of interest technique. Sensitivity, specifi city and receiver 

operating characteristic (ROC) curves were calculated for the different analytic 

methods. 

The ROC curve illustrates that UCH can be diagnosed signifi cantly better by

determining the percentile bone activity in both condyles. The area under 

the curve (AUC) of the percentile comparison between the affected and 

contralateral condyles was 0.93 ± 0.04, that for the condyle/clivus ratio 

was 0.75 ± 0.07 and for the condyle/cervical spine (CS) ratio 0.57 ± 

0.08. Sensitivity for the condyle/clivus ratio was 65% and specifi city 61%. 

Sensitivity for the condyle/CS ratio was 85% and specifi city 31%. For the 

percentile difference of the condyles, sensitivity and specifi city were 88%. 

For UCH patients, direct comparison of bone activity between the affected 

and contralateral condyle in SPECT scans is the analysis method of choice. 

Comparison of condylar bone activity to reference bone activity does not 

have additional value in the diagnosis of UCH.
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Introduction

Unilateral condylar hyperactivity (UCH) is characterized by an increased rate 

or duration of condylar growth resulting in facial asymmetry. 12 The etiology 

of UCH is not well understood. 5,7,15 Bone scintigraphy can be used for the 

assessment of condylar growth. 3,4 In patients with mandibular asymmetry 

who have an indication for orthodontic treatment or orthognatic surgery, it 

is important to ensure that no additional asymmetric condylar growth, and 

thus progressive facial asymmetry, can be expected. Bone scans are used as 

a diagnostic tool to assess or exclude progression of the deformity. 

The clinician may interpret bone scans by subjective evaluations or by 

quantitative measurements. Quantitative measurements are relatively 

objective and are performed by comparing the activity between the regions 

of interest (ROIs) in the left and right condyle or as a ratio to a reference area 

such as the clivus. 2,4,6 

The objective of this study was to compare different analytical methods of 

single-photon emission computed tomography (SPECT) bone scans of patients 

with UCH. The aim was to select an optimal method of analysis to distinguish 

UCH patients from patients with inactive condylar growth centers.

Patients and methods

Patient selection

The study included 52 patients with mandibular asymmetry who were 

suspected to have UCH. After clinical and radiological investigations 

(conventional imaging and bone scintigraphy), 26 patients were diagnosed 

with progressive asymmetry caused by an active condylar growth center. 

In 26 patients, there was no progression of the asymmetry. The active UCH 

patient group consisted of eleven females and fi fteen males, with a mean age 

of 21.9 years (range, 11.5–43.2 years). 



4

Condylar hyperactivity was noticed on the left side in 14 cases, and on the 

right side in 12 cases. A high partial condylectomy was performed in 21 

cases. In fi ve patients, a “wait and see” policy was maintained. The group 

without a hyperactive condyle consisted of 15 females and 11 males, with a 

mean age of 22.4 years (range, 11.3–41.3 years).

Bone scintigraphy

Bone scintigraphy with SPECT was performed two to four hours after intravenous 

administration of 600 MBq technetium-99m hydroxyl diphosphonate (HDP). 

Images were obtained using an ECAM dual-head gamma camera with a LEHR 

collimator and a SPECT matrix size of 128 x 128 (Siemens, Chicago, USA). 

The mean number of pixels was 35. Standard Esoft software (Siemens Medical 

Solutions, USA) was used to analyze the ROI.

Quantitative analysis of the condylar and reference areas in SPECT 

scans

All available bone scans were digitally loaded and a ROI, which was of the 

same size in both condyles, was drawn around the condylar region on the 

left and right sides on the SPECT images by a single observer. Standard axial 

slices of the SPECT scans were used for quantitative ROI analysis. During ROI 

analysis, the average number of counts per pixel in a group of contiguous 

pixels in an image was determined. 14 The relative activity of each condylar 

region was determined from the counts/pixel of the ROI of the left and right 

condyles. The counts in the left and right condylar regions were expressed 

as a percentage of the total condylar counts. This percentage was calculated 

using the following equation: (counts/pixel in condylar region)/(counts/pixel 

in left ROI + counts/pixel in right ROI) x 100%. A ROI was also drawn around 

the clivus and experimentally around an area of the cervical spine (CS) and 

skull. The ratios between bone activity in the condyles and different reference 

areas were then calculated.
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Figure 1a. SPECT scan of a UCH patient. On the axial slides, a clearly higher uptake can be 
noticed on the left hand side (75% on the left, versus 25 % on the right hand side).  

Figure 1b. Image of a SPECT scan of a non UCH patient. A fairly symmetric uptake in the left 
and right condyle is noticed. The difference in activity is less than 10%.

A SPECT scan was considered asymmetrical if the difference in activity 

between the affected and contralateral condyles was greater than 10% 

(-Fig. 1-). 9,13

A hyperactive condyle was defi ned by the clinical signs of progression of 

the mandibular asymmetry in combination with a signifi cant asymmetrical 

scan. The patients diagnosed with UCH based on these criteria were treated 

conservatively (“wait and see” policy) if there was no clinical progression of 

the asymmetry or if the bone scans revealed symmetrical activity. Surgical 

treatment, a high partial condylectomy, was performed if the unilateral 

condylar growth was signifi cant. The results of the analyses were compared 

in patients exhibiting mandibular asymmetry with and without UCH.

Statistics

Using linear regression analysis, the correlation between the contralateral 

condyle (unaffected, inactive bone) and reference areas was determined. 

A t test was used to compare percentile differences in the activity between 
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the left and right condyles, the left and right condyle/clivus ratios and the 

left and right condyle/CS ratios. A P value of less than 0.05 was considered 

to be signifi cant.

The sensitivity and specifi city of methods were calculated. The receiver 

operating characteristic (ROC) curve provides a tool to select the optimal 

diagnostic method, so this curve was used to compare the different methods 

of analysis (e.g., comparisons with the contralateral condyle, clivus and CS). 

The closer the curve is to the left upper quadrant, the better is the diagnostic 

performance of the test. To generate the ROC curve, the true positive rate is 

plotted against the false positive rate for the different possible cut-off points 

of the semi-quantitative methods. The area under the curve (AUC), which 

represents the quantifi cation of the ROC curve, was also calculated.

Results

The result of the regression analysis revealed that comparison with the clivus 

correlated best (R2 = 0.91), followed by comparison with CS (R2 = 0.86) and 

the skull (R2 = 0.81). The mean value of the affected condyle/CS ratio in the 

52 patients was 1.05 ± 0.35. The mean condyle/clivus ratio was 1.22 ± 0.68 

and the mean condyle/skull ratio was 2.24 ± 1.45.

The calculated standard deviation was smallest for the comparison with the 

CS (SD = 0.35), followed by comparison with the clivus (SD = 0.68) and the 

skull (SD = 1.45). Based on the correlation analysis and standard deviations, 

the clivus and the CS were chosen as independent bone reference areas.

The ROC curve (-Fig. 2-) illustrates that UCH can be diagnosed signifi cantly 

better by determining the percentile bone activity in both condyles instead 

of calculating the condyle/clivus or condyle/CS ratio. The ideal diagnostic 

method is the calculation of the percentile difference between the affected 

and contralateral condyles since it offers the highest sensitivity and specifi city, 

followed by the method involving determination of the condyle/clivus ratio.
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Figure 2. Receiver Operating Characteristic Curve (ROC curve): True positives (TP) are plotted 
against (1-specifi citeit), for the different cut-off points of the SPECT scan.

The AUC of the percentile comparison between the affected and contralateral 

condyles was 0.94 ± 0.04, while that for the AUC for the condyle/clivus 

ratio was 0.75 ± 0.07 and that for the condyle/CS ratio was 0.57 ± 0.08. 

The optimal cut-off value for the condyle/clivus ratio was 1.0, yielding a 

sensitivity of 65% and a specifi city of 61% (-Tab. 1-). For the condyle/CS 

ratio, the optimal cut-off was 0.5, resulting in a sensitivity of 85% and a 

specifi city of 31% (-Tab. 2-). The optimal cut-off value for the comparison 

between the affected and contralateral condyles was 55%, and the sensitivity 

and specifi city were 88% (Tab. 3).
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Table 1. Optimal cut-off: 1.0, resulting in a sensitivity of 65% and a specifi city of 61%.

Table 2. Optimal cut-off: 0.5, resulting in a sensitivity of 85% and a specifi city of 31%.

Table 3. Optimal cut-off: 55%, resulting in a sensitivity of 88% and a specifi city of 88%.

Condyle/clivus ratio Positive scan Negative scan total

UCH 17 9 26

Non UCH 10 16 26

total 27 25 52

Condyle/clivus ratio Positive scan Negative scan total

UCH 22 4 26

Non UCH 18 8 26

total 40 12 52

Left/right ratio Positive scan Negative scan total

UCH 23 3 26

Non UCH 3 23 26

total 26 26 52

In the active UCH patient group, the mean activity percentage of the affected 

condyle was 60% (SD ± 5.0) as opposed to 40% (SD ± 5.0; P < 0.001) on 

the unaffected condylar side.

In the patient group without clinical progression of the mandibular asymmetry, 

the mean percentage of uptake on the hyperactive side was 51% (SD ± 3.3) 

and that on the contralateral side was 49% (SD ± 3.3; P < 0.05) (-Fig. 3-).

The ratios between the condyles and the clivus and cervical spine are 

illustrated in Figures 4 and 5. 
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Figure 3. The mean (±SD) percentile bone activity in the condylar region of UCH and non UCH 
patients is illustrated. No overlap can be noticed in UCH patients, in contrast to the non UCH 
group.

Figure 4. The ratios between the condyle and the clivus as a reference area are illustrated. 
There is a considerable overlap in both the UCH and non UCH group.

Figure 5. The ratios between the condyle and the CS as a reference area are illustrated. The 
overlap of the calculated ratios in the UCH group as well as the non UCH group is illustrated.
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In the UCH group, the condyle/clivus ratio was signifi cantly higher on the 

affected side (1.50 ± 0.85) than that on the contralateral side (0.94 ± 0.30, 

P < 0.005). Similarly, the condyle/CS ratio was signifi cantly higher on the 

affected side (0.77 ± 0.44) than that on the contralateral side (0.49 ± 0.19, P 

< 0.005). This is in contrast to the non UCH group that exhibited no signifi cant 

differences between the condyle/clivus and the condyle/CS ratios in both 

condylar regions (P = 0.26 and P = 0.30, respectively).

Discussion

Bone scanning in patients with suspected UCH offers an independent method 

for the identifi cation of an abnormal growth center. 1,2,9,10 In recent literature, 

several bone scanning methods, varying from simple planar bone scanning 

to more sophisticated methods such as SPECT, have been described for 

evaluating asymmetrical mandibles. 2,6,9–11 In the case of UCH, rather than 

planar bone scintigraphy, SPECT scanning appears to be a signifi cantly better 

diagnostic tool. 2,9,13 

Several methods for SPECT analysis are described in international literature. 

Ranking the difference in activity between the affected and unaffected sides 

is a commonly used method for evaluation. 9 

Pogrel was the fi rst to quantify condylar activity as a ratio to clivus uptake 

with SPECT. 11 The clivus of the skull base is one of the least metabolically 

active bones in the body, which ceases to grow when the spheno-occipital 

synchondrosis fuses. 

However, the clivus can not be used as a reliable reference region in growing 

patients. In this study, the affected condyle was compared with the CS 

that was used as a reference bone, which can be dependently used even in 

growing patients. The clivus was also analyzed. Normal condylar/clivus ratios 

are typically below 1.44. 2 
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In these UCH patients the authors obtained a mean condyle/clivus ratio of 

1.50, which is clearly above the normal range mentioned by Chan et al. 2 

The authors obtained fairly variable condyle/clivus ratios in the UCH patient 

group, ranging from 0.73 to 4.81. When a cut-off value of 1.44 was applied, 

a specifi city of 96% was obtained; 25 of the 26 patients without signs of a 

growing condyle had a condyle/clivus ratio of less than 1.44. Only 11 of the 26 

patients (42%) with a persistent growing condyle had a condyle/clivus ratio 

greater than 1.44. Using a lower cut-off value of 1.0 to differentiate between 

normal and abnormal condylar bone growth resulted in a fair improvement 

in sensitivity to 65%.

The diagnostic accuracy of the bone SPECT using a condyle/clivus ratio was to 

low in the authors’ patient group for the pre-operative evaluation of patients 

with an asymmetric mandibular growth pattern. The use of an alternative 

bone reference region, which was the CS in present study, did not improve 

the diagnostic performance. A high, natural variation of bone activity in the 

clivus region may explain the high variation among the condyle/clivus

ratios in the authors’ patient group. Chan et al. found a considerable variation 

in bone activity in the clivus region, which did not differ from the variation in 

bone activity in the lumbar spine. 2

Besides the natural variation of bone activity, observer variation during 

drawing and placement of the ROI for the clivus or cervical spine may 

introduce additional noise and variation of results. This variation limits the 

diagnostic performance of this specifi c analytical method. 

In the UCH patient group, the condyle/clivus percentile differences and the 

condyle/CS ratios were signifi cantly higher for the affected side compared 

with the contralateral condylar side (-Figs. 3–5-). There is no overlap of the 

percentile differences in the activity between the affected and contralateral 

condyles (-Fig. 3-), but the overlap in the condyle/clivus and condyle/CS 

ratios in the UCH patients is clearly illustrated. 
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In an earlier study, no additional diagnostic value of reference bone regions 

was found in planar bone scanning. 14

The patients with a mandibular asymmetry were evaluated based on their 

history, clinical assessment and bone scans, which is considered to be an 

important part of the standard workup for patients with suspected UCH. This 

evaluation was performed to assess whether the asymmetry was caused by 

ongoing activity of the condylar growth center. In all cases in which a positive 

SPECT scan was confi rmed with clinical progression of the asymmetry, a high, 

partial condylectomy of the affected side was performed. For the patients 

who exhibited marginal increase of HDP uptake in the affected condyle 

without clinical progression of the asymmetry, a “wait and see” policy was 

adopted. Optimal treatment planning for a patient with condylar hyperactivity 

depends on the accurate assessment of the ongoing activity of the condylar 

growth center. An enlarged but inactive mandibular condyle is left intact and 

corrective surgery is directed at the ramus or at the body of the mandible, 

mostly with orthognatic surgical procedures. Conversely, an actively growing 

condyle with an associated progressing deformity is usually treated by high, 

partial condylectomy with or without additional surgery to correct any residual 

deformity. 8

From this study, the authors conclude that in patients with clinical suspicion 

of active UCH, a comparison between the condylar hyperactivity and the 

contralateral condyle, rather than reference bone, in SPECT scans is the 

analysis method of choice. Comparison with the reference bone does not add 

value to the diagnosis of UCH.
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Abstract

Bone scan analyses combined with clinical assessment are used for the 

diagnosis of unilateral condylar hyperactivity (UCH). This review aimed to 

summarize and compare the diagnostic accuracy of planar and SPECT bone 

scans. Studies involving the diagnosis of patients with possible UCH by using 

bone scans, which were published between 1968 and 2008, were included 

in this review. Fifteen articles met the inclusion criteria of this review, of 

which only seven presented results in suffi cient detail to calculate index test 

characteristics. The pooled sensitivity of the planar bone scan (n = 130) was 

0.71 (95% confi dence interval: 0.57−0.82), which was signifi cantly lower 

(P = 0.04) than that of the bone SPECT technique (n = 88), which was 0.90 

(0.79−0.97). The pooled specifi city of the SPECT scan was 0.95 (0.82−0.99), 

which did not signifi cantly differ (P = 0.58) from that of the planar scan (0.92 

(0.83−0.97)). It is recommended that future studies include a diagnostic 

analysis of the reported data, including two-by-two contingency tables, so 

that the accuracy of the diagnostic test may be evaluated. A bone scan can 

best be performed by using the SPECT scanning technique, conducting a 

quantitative analysis by calculating the percentile differences between the 

left and right condylar region. 
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Introduction

Unilateral condylar hyperactivity (UCH) is a rare condition, resulting from a 

growth disorder of the temporomandibular joint. The patient group varies in 

age and consists of young adolescents as well as older, non-growing patients. 

UCH can produce facial asymmetry that is clinically characterized by varying 

degrees of gross mandibular overgrowth of the affected side, malocclusion with 

canting of the occlusal plane, unilateral open bite, cross-bite, and deviation 

of the chin away from the affected side. 16 Accurate assessment of the active 

condylar growth center is very important because corrective surgery of facial 

asymmetry is usually not performed if there is still a possibility of progression 

of the asymmetry due to UCH. 

UCH is diagnosed on the basis of anamnestic and clinical fi ndings and by 

evaluating conventional radiographs of the patient. Cisneros was the fi rst 

to use bone scintigraphy to  study patients with mandibular asymmetry. 3 

Radionuclide bone scanning is an instant method of comparing the differential 

activity between the normal and abnormal condyles, refl ecting the relative 

growth rates at the time of the investigation. 24 Two frequently used scanning 

techniques are planar bone scanning and single photon emission computed 

tomography (SPECT), both of which use the same basic technology. However, 

SPECT produces a tomographic bone scan image that may be more reliable 

than planar scanning. 11,20,27 The two scanning techniques can be analyzed in 

a qualitative (subjective) and quantitative (objective) manner. 

The objective of this study is to review relevant studies to estimate the 

diagnostic value of bone scans for the diagnosis of UCH. Furthermore, the use 

of different methods of quantifi cation, as well as the possible use of normal 

values in quantitative studies of patients with possible UCH is reviewed.
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Figure 1. Flowchart for the conducted search strategy.

Materials and methods

Search criteria and strategy

A comprehensive computer literature search of the PubMed database was 

conducted in November 2008. Planar and SPECT bone scintigraphy were 

the two diagnostic imaging techniques that were reviewed in this study. A 

sensitive search strategy was performed, using key words, which yielded in 

more than 1035 search results, all of which were checked for relevance using 

their titles and abstracts (-Fig.1-). The reference lists of the identifi ed studies 

and relevant reviews were manually searched to identify any additional 

studies that may be eligible; the studies selected from the reference lists 

were also included in the fi nal study selection. 
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The search was restricted to articles published in the English language, 

human-adult studies, and studies in peer-reviewed journals with an available 

abstract that were published between 1968 and 2008.

Study selection

The studies were considered eligible for the literature review if they met the 

following inclusion criteria: 1) clinical studies that evaluated the diagnostic 

performance of planar and SPECT bone scans in patients suspected with 

unilateral condylar hyperactivity and 2) a study population of at least 10 

patients. 12,22 

If more than one study by the same author was included in the review, the 

patient demographics were carefully assessed to rule out possible overlap. 

Studies with a possible overlap were excluded from the meta-analysis. All 

studies of which the eligibility was unclear were retrieved and the fi nal decision 

was made on the basis of the full-length article.

Data extraction

Relevant data (e.g., patient and study characteristics) were extracted from 

the included studies and scored in a standardized manner (-Tab.1-). Data 

of the diagnostic performance, quantifi cation methods, and the inclusion 

of a control group with normal values are demonstrated in Table 2.  The 

studies that evaluated a control group of patients without a medical history 

of temporomandibular (TMJ) disorders are presented in Table 3.

Statistics

The pooled values of sensitivity and specifi city and the corresponding 95% 

confi dence intervals were compared using z-test statistics. A P value less 

than 0.05 was considered signifi cant.
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Table 1. Characteristics of included studies.

Study
(First author)

Year of 
publ. Orgin Design Time period

Mean age/ 
range (yr) 

Tracer/
amount

Follow up/ 
range 

(months)

Cisneros3 1984 U.S. Retrospective 1981-1983 NR/ 3-23 99mTc-MDP/ NR NR

Hampf3 1985 Finland Retrospective 1975-1982 26.2/ 9-52 99mTc-DPD/ NR 6.2/(1-39)

Slootweg28 1986
The 

Netherlands Retrospective NR 24.5/14-59 NR -

Robinson24 1990 U.K. Retrospective NR NR/12-32 99mTc-MDP/
600MBq

NR

Henderson10 1990 U.K. Retrospective 1979-1987 NR/ 17-35 Tc-HMDP/ 
600MBq

≥30

Gray6 1990 U.K. Retrospective 1983-1988 25.8/ 15-55 99mTc-MDP/ NR -

Gray7 1994 U.K. Retrospective NR 21.5/ 15-55 99mTc-MDP/ 
550MBq

-

Pogrel20 1995 U.S. Prospective NR 30.8/ NR 99mTc-MDP/
0.2-0.3mCi/kg

36

Bohuslavizki1 1996 Germany Prospective NR NR/ 15-35 99mTc-MDP/
450-650MBq

36

Chan2 1999 Australia Retrospective 1993-1996 20.0/ 11-22 99mTc-MDP/
1000MBq

-

Hodder11 2000 U.K. Retrospective NR 20.0/ 13-34 99mTc-MDP/
500MBq

32.0/(12-60)

Pripatnanont21 2005 Thailand Prospective 1998-2003 12-46 99mTc-MDP/
20mCi

12.0

Saridin25 2007 The 
Netherlands

Retrospective 1988-2002 21.5 99mTc-HDP/ 
600MBq

-

Nitzan17 2008 Israel Retrospective 1980-2004 27.8/11-80 99mTc /NR -

Saridin26 2008 The 
Netherlands

Retrospective 1988-2007 21.3/ 
11.5-43.2

99mTc-HDP/
600MBq

9.0(1.8-16.2)

 
Number in superscript is the reference number. Publ.= publication, U.S.=United States, U.K.=United Kingdom, NR= not 

reported.
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Study Patients number 
(Male)

Bone scan True UCH 
pt.(male)

Planar/ 
SPECT

Visual
Assessment

Cisneros3 21(11) 21 < 10*1

(NR)
planar +

Hampf8 35(11) 23 14(8) planar +

Slootweg28 22(6) 12 NR NR -

Robinson24 10(2) 10 6(NR) planar -

Henderson10 14(7) 14 4(NR) planar +

Gray6 20(5) 20 20(NR) planar -

Gray7 12(8) 12 NR(NR) planar +

Pogrel20 20(2) 20 6(NR) planar/ 
SPECT

-

Bohuslavizki1 27(11) 27 4(NR) planar -

Chan2 23(10) 23 NR planar/
SPECT

+

Hodder11 18(4) 11*7 NR planar/
SPECT

-

Pripatnanont21 21(7) 21 NR SPECT -

Saridin25 20(8) 20 20 planar +

Nitzan17 61(15) 61 61 NR NR

Saridin26 56 56 29 (NR) planar/
SPECT

+
+

Table 2. Quantifi cation methods and diagnostic performance of the various studies.

Study Year of 
publication

Origin Design Patients No. 
(Male)

Time period

Kaban13 1982 U.S. Prospective 34 (NR) NR

Pogrel19 1985 U.S. Prospective 30 (18) NR

Kajan14 2006 Iran Prospective 38 (19) NR

Table 3. Control studies.
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Quantitative
Assesment

Method of 
quantifi cation

Sens. Spec. Acc Control
group (N)

Normal value

+ L/R ratio
Ref. area L4

- - - - 0.04-0.05

- - 50% 100% 0.7 - visual

Semi- 
quantitive

- - - - NR

+ L/R ratio 100% 67% 0.8 +*2 (10) 88%-112% 
(<1.12)

- - 100% 100% 1.0 - NR

Semi- 
quantitive

- - - - NR

- - - - - - NR

+ Condyle/L4
Condyle/clivus

- - - - NR

+ L/R ratio 100% 100% 1.0 - <1.10

+ Condyle/L4
Condyle/clivus, 

semi-quantitative

- - - +*2 (16) <1.34*3

<1.44*4

-
+

visual
Δ% R/L

-
100%

-
50%

-
0.91

+*2 (11) visual
Δ% <10%

+ Δ% R/L 75% 100% 0.85 + (5) Δ% <10%

+ Δ% R/L 
Ref.area

- - - +*2 (12) Δ% <10%

NR NR - - - NR NR

+
+

Δ% R/L
Δ% R/L

67%*5

93%*6
85%*5

96%*6
0.77*5

0.95*6
- Δ% <10%

Δ% <10%

Number in superscript is the reference number. NR= not reported, R/L=Right/Left. Ref. area=reference area. Sens.=sensitivity, 
spec.=specifi city, acc.=accuracy. *1: 10 patients consisted of unilateral condylar hypo- and hyperplasia. *2: no history of 

temporomandibular disorder. *3: condyle-to-L4 ratios. *4: condyle-to-clivus ratio. *5: planar scan, *6: SPECT scan,
 *7: 11 quantifi ed scans.

Age/range (yrs) Planar/ SPECT Tracer/
amount

Visual
assessment

Quantit.
Assessm

Method
of quant.

Normal value

NR/ 
1.4-22.0

planar 99mTc-MDP/ 
22μCi/kg

- + Δ% R/L
Cond/L4

≤ 5%*2

1.05*3

< 45/ NR planar 99m Tc-PP*1/
NR

- + Δ% R/L < 10%

13-34 planar/ SPECT 99mTc-MDP/
25mCi

- + Δ% R/L*4 <6.2%*4

 
NR= not reported. Quant.= quantitative/ quantifi cation, assessm.= assessment. *1: polyphosphate. *2: Δ% R/L. *3: 

patients >20 years. *4: unclear whether it concerns interpretation of the planar or SPECT scan.
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Results

A total of 1036 studies were identifi ed by the abovementioned search strategy. 

The abstracts were checked for relevance, after which the full text articles of 

the eligible studies were read. The inclusion criteria were then applied to the 

articles, narrowing down the number of studies for use in further analyses to 

15. The search and inclusion criteria are presented in Figure 1. 

The reference lists of the 15 articles were manually searched, but no additional 

relevant articles were found. The characteristics of the included studies are 

presented in Tables 1, 2, and 3. The 15 articles were published between 1984 

and 2008. 

Studies of normal individuals. 

Three prospective studies that were conducted to determine the bone uptake 

values in the condyles of individuals without any TMJ disorders were 

identifi ed. 13,14,19 The planar bone scanning technique was used in two of the 

three studies 13,19, and both planar and SPECT scanning were used in the third 

study performed by Kajan et al. 14 

In one study, the condylar activity versus bone activity in the fourth lumbar 

vertebra (L4) was used as a quantifi cation method. 13  All these three studies 

used the percentile difference of the activity in the right condyle versus the 

left condyle for quantifi cation. In the two studies using planar bone scanning 
13,19, the normal percentual difference between the right and left condyle was 

less than 10%. Kajan also performed SPECT scans and found a percentual 

difference of <6.2% between the condyles. 14 It remains unclear whether this 

concerns quantifi cation of the planar or the SPECT scan (-Tab.3-). 

Bone scintigraphic studies of patients with facial asymmetry. 

When the 15 articles that were found to be eligible for further analysis were 

assessed, only three studies appeared to have been conducted 
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prospectively 1,20,21 whereas 12 were conducted retrospectively (-Tab.1-). The 

planar bone scanning technique was used in eight studies 1,3,6-8,10,24,25; the 

SPECT scanning technique in one study 21; and a combination of planar and 

SPECT bone scanning, in four studies. 2,11,20,27 In two studies 17,28, the scanning 

technique used was not specifi ed. 

The ratio of the left condylar region to the right condylar region was used as 

a method of quantifi cation in three studies 1,3,24, and the percentile difference 

between the affected and non-affected condyle was calculated in three other 

studies. 11,21,25,27 Further, Cisneros 3 and Saridin 25 used a bone reference area, 

being the fourth lumbar vertebrae (L4) and an area in the skull and cervical 

spine, respectively. The condyle/L4 and condyle/clivus ratios were the only 

quantifi cation methods used in the studies by Pogrel and Chan. 2,20 In fi ve 

studies, the patient groups were compared to a control group. 2,11,21,24,25 

A follow-up of approximately 6.2- 32 months, was performed in seven 

studies. 1,2,8,10,11,20,21,27 Seven studies 1,8,10,11,21,24,27 presented results in 

suffi cient detail (i.e., number of patients with presence/absence of UCH 

and the number of abnormal and normal bone scan results) to calculate 

the index test characteristics (i.e., sensitivity, specifi city, and accuracy). For 

most studies, the clinical diagnosis was used as the diagnostic gold standard. 

In some studies, the ultimate surgical strategy was used as an indicator of 

the presence/absence of UCH. In one study, a difference of 10% between 

the activity of the left and right condylar regions was used as the cut-off 

for dividing the bone scan results into normal or abnormal 21. The pooled 

sensitivity for the planar bone scan (total patients n = 130) was 0.71 (95% 

confi dence interval: 0.57-0.82) and the pooled sensitivity of the bone SPECT 

technique (total patients n = 88) was 0.90 (0.79-0.97) (–Figs. 2 and 3-). The 

pooled sensitivity of the latter was signifi cantly higher than that of the former 

(P = 0.04). The pooled specifi city of the SPECT scan was 0.95 (0.82-0.99), 

and was not signifi cantly different (P = 0.58) from that of the planar scan 

(0.92 (0.83-0.97)) (–Figs. 4 and 5-).



72

Figure 2. Graphic demonstrating the pooled sensitivity for the planar bone scan.

Figure 3. Graphic demonstrating the pooled sensitivity for the SPECT bone scan.



5
Figure 4. Graphic demonstrating the pooled specifi city for the planar bone scan.

Figure 5. Graphic demonstrating the pooled specifi city for the SPECT bone scan.
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Discussion

Bone scintigraphy is widely used in the evaluation of patients with facial 

asymmetry and suspected UCH. However, considerable variation in 

quantifi cation methods of condylar activity was found. Few studies have 

reported the accuracy of bone scans in the diagnosis of condylar hyperactivity. 

The pooled sensitivity of the SPECT technique was signifi cantly higher than 

that of the planar bone scan technique, but the specifi city of both techniques 

did not signifi cantly differ. 

Review of the literature investigating the use of bone-seeking 

radiopharmaceuticals in the diagnosis of UCH indicated that there is no 

uniform method for diagnosing a patient with UCH. No uniform method for 

quantifi cation of bone activity was used in any of the planar and SPECT scan-

based studies. Three studies used the ratio of activity in the right to left 

condylar region 1,3,24; four the percentile difference between the activity of 

the two condyles 11,21,25,27; and four the ratio of the condyle to a different 

bone reference area. 2,3,20,25 The aim of the present review was to perform 

a systematic review of the literature, and to evaluate the accuracy of bone 

scintigraphy. However, only seven studies 1,8,10,11,21,24,27 provided suffi cient 

detail to enable us to reconstruct diagnostic two-by-two tables. 5  Therefore, 

half of the studies identifi ed to be eligible could not be used for a meta-

analysis.

Another problem in evaluating of the accuracy of diagnostic imaging for UCH 

patients lies within the lack of a generally accepted gold standard. There 

is no consensus in the literature concerning the histopathology of UCH. 
4,9,23,29 Hence, histopathological analysis of the condyle can not confi rm or 

exclude condylar hyperactivity. Theoretically, a longer follow-up period might 

be reliable in evaluating the diagnostic accuracy of a test such as bone 

scintigraphy. On the other hand, it is not clinically acceptable to observe 

patients without treatment, since this might result in progression of facial or 
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mandibular asymmetry. 

In the included studies, the bone scans were analyzed with methods ranging 

from semi-quantitative (visual) assessment to calculation of percentile 

differences between condyles, left/right condylar ratios, and the use of bone 

reference areas. Among the quantifi cation methods studied in this review, 

no method can be identifi ed as superior to the other methods on the basis 

of currently available data. However, all SPECT studies eligible for the meta-

analysis used a quantifi cation method solely based on the activity in the 

right and left condylar region. Since these SPECT studies demonstrated the 

highest sensitivity among the studies that were included in this review, it is 

tempting to state that in present data, no evidence was found for the use of 

the alternative quantifi cation methods. Most alternative methods included the 

calculation of the ratio of the condylar activity to the bone activity in another 

bone region (e.g. clivus or vertebral bone). In earlier studies, no evidence for 

better diagnostic performance of such condylar/bone reference ratios, both 

in planar and SPECT bone scintigraphy, was found. 25,27 

Currently, the results of bone scans, in combination with signs of clinical 

growth, are used to diagnose an active UCH. The use of SPECT in preference to 

planar bone scanning for the diagnosis of UCH is an indicator of the evolution 

of diagnostic techniques. Four studies compared the diagnostic performance 

of the planar and SPECT techniques in the same patient group. 2,11,20,27 All these 

studies reported that SPECT demonstrated a better diagnostic performance 

as compared to the planar technique. 

Another new diagnostic technique is the use of positron emission tomography 

(PET) for the measurement of bone activity. PET allows true quantitative 

in vivo measurements of bone activity in the condylar region. Quantitative 

uptake of labeled fl uoride (18Fˉ) in bone, which is measured using PET, is 

directly correlated with the histomorphometric parameters of bone 

formation 18 and might improve the identifi cation of asymmetric condylar 

activity. 15,26
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A simple review was conducted so that most of the studies performed on 

bone scans and UCH could be assessed to identify any uniformity in the 

literature. The control studies performed by Kaban, Pogrel, and Kajan show 

that the difference in uptake values of the left and right condylar regions in 

the normal population does not exceed 10%. 13,14,19 This was also the case 

in the studies in which the percentile difference in patient groups without 

progressive facial asymmetry was assessed. 11,25,27 

Most studies used a maximum difference in bone activity of 10% as the cut-

off for differentiating between normal and abnormal condylar activity. The 

pooled sensitivity of the SPECT scan was signifi cantly different from that of 

the planar scan; this fi nding is consistent with the results of earlier studies, 

that reported that SPECT bone scanning is more reliable than planar 

scanning. 11,20,27 However, a pooled sensitivity of 0.90 in the SPECT scan still 

indicates the risk of performing corrective osteotomies in 10% of the patients 

with active UCH. In such cases, relapse of corrective surgery can be treated 

by condylectomy as a secondary procedure.

Increasing the sensitivity by using a lower cut-off value reduces this risk of a 

less optimal surgical treatment. This, however, will subsequently result in a 

lower specifi city. 

Analysis of the bone scans varied from semi-quantitative (visual) assessment 

to calculation of percentile differences between condyles, left and right 

condylar ratios, and the use of bone reference areas. 

On the basis of the present review on the use of bone scintigraphy in 

diagnosing UCH, it can be recommended that studies should be performed in 

a more uniform fashion, including standardization of the bone scan technique 

and quantifi cation methods.

Future studies should preferably include a diagnostic analysis of the reported 

data, including two-by-two contingency tables, in order to be able to evaluate 

the accuracy of the diagnostic test, in this case the bone scan. Therefore, it 

can be concluded that a bone scan can best be performed by using the SPECT 
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scanning technique, and assessed by conducting a quantitative analysis by 

calculating the percentile differences of the left and right condylar region. 
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Abstract

Purpose: The purpose of this study was to assess bone growth and blood 

fl ow in the condylar region in patients with unilateral condylar hyperactivity 

(UCH) by use of positron emission tomography (PET).

Patients and Methods: This prospective study included seven patients with 

UCH and a control group of six volunteers. In addition to normal clinical 

investigations, labeled fl uoride (18Fˉ) and oxygen 15-labeled water (H2
15O) 

PET scans were performed.

Results: In control subjects the net rate of fl uoride infl ux, representing bone 

metabolism, was similar for left and right condylar sides. Interestingly, this 

was not signifi cantly different from the affected condyles in UCH patients. 

Rather, the net rate of fl uoride infl ux on the contralateral side of UCH patients 

was reduced signifi cantly compared with the affected side (P = .02) and 

control subjects (P = .004). 

The mean blood fl ow on the left and right condylar sides in control subjects 

was not signifi cantly different. This was also the case for the hyperactive and 

contralateral condyles of UCH patients. Blood fl ow in the condylar region in 

UCH patients was similar to that in the control group.

Conclusions: There was no evidence of an abnormally high rate of bone 

growth in the affected condylar region in UCH patients. Instead, the rate of 

bone growth appeared to be reduced in the contralateral condylar region. 

These PET results are in contrast to the characteristic clinical picture of UCH 

patients and suggest the possibility of subgroups in patients with a mandibular 

asymmetry caused by UCH. Furthermore, no evidence of hypervascularization 

of the condylar region in UCH patients was found.
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Introduction

Unilateral condylar hyperactivity (UCH) is a unilateral condition of the 

condylar head of the mandible. Its etiology is unknown, but factors such 

as trauma, arthritis, and hormonal disturbances have been implicated in its 

initiation. 1,2 The condition equally affects both genders and results in facial 

asymmetry and occlusal disturbance. 3,4 Although most reported cases are 

documented histologically, in general, correlation of histologic aspects with 

age and clinical symptoms is lacking. 5-7 Before one considers a restoration of 

facial symmetry by surgical intervention, it is essential to know whether the 

condylar growth center is still active. In case of an active condylar growth 

center, further progression of asymmetry can be expected, and in most cases 

the growth center is eliminated by a high (partial) condylectomy. Alternatively, 

intervention may be postponed until pathologic growth has ceased. Activity 

of the growth center can be determined with several methods, ranging 

from evaluation of growth by serial documentation with plaster models and 

conventional radiographs to radionuclide bone scanning (planar and single 

photon emission computed tomography [SPECT] scans). 8,9 

Bone scintigraphy, however, only provides an assessment of relative (ie, 

left vs right) condylar activity. In contrast, positron emission tomography 

(PET) allows for quantitative in vivo measurements of biologic processes. 

Quantitative uptake of labeled fl uoride (18Fˉ) in bone, measured by use 

of PET, is directly correlated with histomorphometric parameters of bone 

formation. 10 Therefore fl uoride PET imaging of UCH patients might improve 

identifi cation of condylar hyperactivity.

As mentioned previously, the exact etiology of UCH is not known. In an 

experimental study, formation of new bone (osteogenesis) and angiogenesis

were found to be closely correlated. 11 Furthermore, neovascularization plays 

an important role in condylar growth. 12 At present, it is unclear whether 

condylar blood fl ow is abnormally increased in patients with UCH. 
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PET imaging with the tracer oxygen 15-labeled water (H2
15O) offers the 

possibility to quantify regional bone blood fl ow. 13 The aim of this study was 

to assess bone growth and bone blood fl ow in the condylar region of patients 

with suspected UCH by use of 18Fˉ and H2
15O with PET. The main hypothesis 

was that net 18Fˉ uptake was increased on the hyperactive condylar side of 

UCH patients.

Patients and Methods

Patient selection

We prospectively included seven UCH patients, fi ve female and two male 

patients, in the study. The mean age of all patients was 25.5 years (range, 

17.1- 43.2 years).

In four patients condylar hyperactivity was noted on the left side, and in three 

patients it was noted on the right. In addition to normal clinical investigations 

(patients’ history, clinical assessment, plain radiographs, plaster models, 

and planar and SPECT scans), 18Fˉ and H2
15O PET scans were performed. 

Because there is no gold standard for diagnosis of progressive condylar 

hyperactivity, the diagnosis was based on patients’ history (usually increasing 

facial deformity) and fi ndings on clinical examinations, with supportive 

radiologic and scintigraphic evidence. In accordance with the three forms of 

condylar hyperactivity 14, four patients were diagnosed with hemimandibular 

elongation (HE), one patient had hemimandibular hyperplasia (HH), and two 

patients had a hybrid form of HH and HE. All patients had been referred 

to the Department of Oral and Maxillofacial Surgery, VU University Medical 

Center, Amsterdam, The Netherlands, which serves as a referral center for 

complicated orthognathic problems, including facial asymmetry. A control 

group of six patients, three women and three men, with normal facial 

symmetry and without temporomandibular joint–related disease underwent 

the same PET scan protocol. 
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The mean age of the control group was 22.4 years (range, 20.3- 24.2 years). 

All patients and control subjects provided written consent after being fully 

informed about the purpose of the study and any potential risks. The study 

was approved by the Medical Ethics Committee of VU University Medical 

Center.

Data acquisition

Dynamic H2
15O and 18Fˉ PET scans were performed with an ECAT EXACT HR+ 

scanner (Siemens/ CTI, Knoxville, TN), which records 63 continuous planes 

in an axial fi eld of view of 15.7 cm. First, by use of rotating germanium-68 

sources, a 10-minute transmission scan of the condylar region was performed 

to correct the subsequent emission scans for tissue attenuation. A bolus 

injection (15 seconds, 10 mL/min) of 1,100 MBq H2
15O was administered in 

the antecubital vein via an automated injector (Medrad, Warrendale, PA), 

followed by a 10-minute dynamic emission scan (in 2-dimensional acquisition 

mode). The following scanning protocol was used: 12 x 5, 12 x 10, 6 x 20, 

and 10 x 30 seconds. During the H2
15O scan, arterial blood was withdrawn 

and monitored continuously from the distal radial artery at a rate of 5 mL/

min by use of an online blood sampler (Veenstra Instruments, Joure, The 

Netherlands). 

After a 10-minute period to allow for decay of oxygen-15 activity, a second 60-

minute 2-dimensional dynamic emission scan was started, after intravenous 

injection of 100 MBq 18Fˉ. The following scanning protocol was used: 6 x 5, 6 

x 10, 3 x 20, 5 x 30, 5 x 60, 8 x 150, and 6 x 300 seconds. During this scan, 

arterial blood was again withdrawn and monitored continuously at a rate of 5 

mL/min during the fi rst 10 minutes and at a rate of 2.5 mL/min thereafter. At 

10-minute intervals, continuous blood withdrawal was interrupted briefl y to 

collect manual samples. These manual samples, counted in a cross-calibrated 

well counter, were used to calibrate the online blood curve and to determine 

plasma–whole blood ratios.
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Figure 1. 18Fˉ PET image of a patient with UCH on right side, showing higher uptake in right 
condyle. Saridin et al. Unilateral Condylar Hyperactivity. J Oral Maxillofac Surg 2009.

Data analysis

Dynamic scan data were corrected for decay, scatter, randoms, and 

(measured) photon attenuation and reconstructed as 128 x 128 matrices 

via fi ltered back projection (FBP) with a Hanning fi lter (cut-off, 0.5 cycles/

pixel). To enhance anatomic orientation and facilitate correct positioning of 

the regions of interest (ROIs), the last 10 frames (20-60 min post-injection) 

of the 18Fˉscan were summed and reconstructed by use of ordered subset 

expectation maximization with 2 iterations and 16 subsets (128 x 128 matrix), 

followed by postsmoothing of the reconstructed image by use of a 5-mm full 

width–at–half maximum Gaussian fi lter to obtain the same resolution as for 

the FBP images. ROIs of 1 x 1 cm were drawn around the condylar area in 

four axial planes. These ROIs were then grouped to form one single volume 

of interest, which was also mirrored and positioned onto the contralateral 

condyle (-Fig 1-). Finally, both volumes of interest were projected on all 

FBP-reconstructed dynamic frames of both 18Fˉ and H2
15O scans to generate 

tissue time-activity curves. H2
15O tissue time-activity curves were fi tted to 

a single-tissue compartment model by use of standard nonlinear regression 

techniques. 15 Time-activity curves were fi tted both with and without an 

arterial blood volume (Va) component. 
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Delay and dispersion of the online input function were individually fi xed to 

the values obtained from a similar fi t of the total count rate of the scanner, a 

curve with the best possible statistics. 16

Similarly, 18Fˉ time-activity curves were fi tted to a 2-tissue compartment 

model, including an extravascular compartment and bone mineral, and with 

four rate constants (K1, k2, k3, and k4) describing exchange of fl uoride 

between compartments. 17 The parameter Ki, representing net rate of transfer 

of fl uoride from plasma to bone mineral, was calculated with the following 

equation: Ki = K1 • k3/(k2 + k3). Again, by use of standard statistical 

criteria, the presence of an arterial blood volume (Va) and existence of the 

fourth kinetic parameter (k4) were evaluated. 18,19  Absolute values of blood 

fl ow and bone metabolism (Ki) values were compared by use of Wilcoxon and 

Mann-Whitney tests. A P value less than .05 was considered to be signifi cant. 

Results are expressed as mean ± SD. Standard linear regression was used for 

determining whether there was correlation between Ki and blood fl ow.

Results

In 96% of all calculations, a 3-parameter model was preferred over a 4-

parameter model for the description of fl uoride kinetics, according to standard 

criteria. 18,19 Therefore, k4 was not used for analysis of fl uoride kinetics.

For the analysis of blood fl ow, the arterial blood volume (Va) was not included 

in the model, by use of the same criteria as mentioned before.

Patients

The net rate of fl uoride infl ux (Ki), representing bone metabolism, within 

the affected condyle was signifi cantly higher than that in the contralateral 

condyle (0.018 ± 0.004 mL • min-1 • mL-1 vs 0.012 ± 0.004 mL • min-1 • mL-1, 

respectively; P = .018). 

Mean blood fl ow in the affected hyperactive condyle was similar to that on 
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the contralateral side (0.100 ± 0.012 mL • min-1 • mL-1 vs 0.090 ± 0.022 mL 

• min-1 • mL-1, respectively; P = .24).

Control subjects

In control subjects Ki values on the left and right condylar sides were not 

signifi cantly different from each other (P = .92), with mean values of 0.021 

± 0.007 and 0.022 ± 0.004 mL • min-1 • mL-1, respectively. The mean blood 

fl ow values on the left and right condylar sides were 0.128 ± 0.529 and 0.119 

± 0.026 mL • min-1 • mL-1, respectively, which were not signifi cantly different 

from each other (P = .92).

Patients versus control subjects

In UCH patients, bone metabolism on the affected side was not signifi cantly 

higher than that in the control group (P = .317). In contrast, Ki on the

contralateral side in UCH patients was signifi cantly lower than that in the 

control group (P = .004), as shown in Figure 2. 

As shown in Figure 3, blood fl ow on both the affected and contralateral sides 

in UCH patients was not signifi cantly different from that in the control group 

(P = .152 and P = .063, respectively), although there was a trend for a lower 

blood fl ow for the contralateral side. The mean age was not signifi cantly 

different in the patient group when compared with the control group 

(P = .4). Linear regression analysis across patients and normal control 

subjects showed no correlation between bone metabolism and bone blood 

fl ow, with R2 = 0.007.
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Figure 3. Blood fl ow (BF) in the condylar region of patients and controls. Differences between 
patients and controls were not signifi cant, although there was a trend towards lower values in 
UCH patients, in particular at the contralateral side.

Figure 2. Bone metabolism (Ki) in the condylar region of patients and controls. Ki in the affected 
condyle of UCH patients was signifi cantly higher than that in the contralateral condyle. In addition, 
compared with controls, Ki was signifi cantly lower in the contralateral condyle of UCH patients.
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Discussion

Although 18Fˉ uptake in the hyperactive condylar region of patients with 

suspected UCH was signifi cantly higher than that on the contralateral side, 

there was no evidence of increased condylar bone growth. 

In fact, net fl uoride uptake on the suspected side was equal to that in normal 

control subjects, whereas in the contralateral condyle it was signifi cantly 

lower than in control subjects. These fi ndings suggest that in UCH patients, 

the affected condyle continues to grow at a normal rate, together with a 

cessation of growth in the contralateral condylar region. In addition, these 

differences were independent of regional blood fl ow, because no correlation 

between net fl uoride uptake and bone blood fl ow was observed. In fact, bone 

blood fl ow was normal on both condylar sides in UCH patients, although there 

was a trend for reduced perfusion, especially on the contralateral side.

These results do not support the hypothesis of hyperactivity of the condylar 

region in patients with asymmetric mandibular growth and suspected UCH.

Actually, mean levels of fl uoride uptake suggest early cessation of contralateral 

bone growth or a local bone growth defect in these patients. No uniform 

characteristic histologic criteria have been reported in suspected hyperactive 

condyles of UCH patients. This lack of characteristic histologic fi ndings is in 

agreement with our observation of a normal bone metabolic rate.

Because this study was conducted in a relatively small group of patients, 

the results can not be generalized to the whole population of UCH patients. 

They

fi rst need to be confi rmed in further studies in larger patient groups. It should 

be noted that the fi nding of a distinctively lower rate of bone growth in the 

contralateral condyle of UCH patients is in contrast to current thinking. In 

general, disproportional growth on the affected side is considered to be the 

major cause of mandibular asymmetry, not relative growth cessation on the 

contralateral side with normal growth on the hyperactive side. 
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In contrast to the 18Fˉ PET results, all UCH patients included showed clinical 

evidence of persistent activity on the affected condylar side. This included 

various types of (mandibular) asymmetries such as HE (four patients), HH (one 

patient), or a combination of both (hybrid form) (two patients). Obwegeser 

made a clear distinction in these three classical variations of condylar growth 

hyperactivity and stated that HE is the most common variation. 14

On the basis of our PET fi ndings, it can be hypothesized that the population of 

patients with asymmetric mandibular growth consists of several subgroups.

One subgroup of patients (some of the younger patients) may have a normal 

bone growth rate on the suspected UCH side but a relatively low bone growth 

rate on the contralateral side. The cause of early cessation of bone growth is 

unknown, but factors such as an early local trauma might play a role. 

A second subgroup of patients may have (abnormal) continuation of bone 

growth (at a “normal” rate) on the UCH side, together with normal cessation 

of growth on the contralateral side. This growth pattern might be more 

specifi c in older patients. Finally, there might be a third subgroup of UCH 

patients with an abnormally high rate of bone growth on the UCH side and 

normal growth on the contralateral side, resulting in abnormal hyperactive 

bone growth in the condylar region, but in this study there was no evidence 

for the existence of this subgroup.

Earlier studies showed a direct correlation with histomorphometric indices of 

bone formation, such as the mineral apposition rate, and the  infl ux. 10,20 

An alternative explanation for our results is an abnormal endochondral 

ossifi cation of the condylar regions in patients with asymmetric facial growth 

and suspected UCH. Obviously, further studies of bone growth in UCH patients 

are necessary. A combination of bone histomorphometry measurements,

including the mineral apposition rate, and 18Fˉ PET measurements might 

improve our insight into the pathophysiology of asymmetric mandibular 

growth. 

PET provides reliable quantifi cation of physiologic processes, such as 
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metabolism and fl ow. 13,21,22 In addition, PET produces tomographic images 

with better spatial resolution than standard nuclear medicine techniques 

such as SPECT, resulting in improved anatomic precision. 23 In the fi eld of 

maxillofacial surgery, assessment of bone grafts by use of 18Fˉ and PET was 

fi rst investigated by Berding et al. 24 In this study the incorporation of both 

pedicle and onlay bone grafts was investigated. Fluoride infl ux in grafts was 

considerably higher compared with the net fl uoride infl ux in the condylar 

region measured in our patient group.

In our study, in UCH patients 18Fˉ uptake showed no correlation with bone 

blood fl ow, which suggests that there is no relation between bone formation 

and bone blood fl ow in the condylar region. 

This result is in contrast to the fi nding of an experimental study that showed 

a close correlation between formation of new bone and angiogenesis. 12,25 

In addition, other studies also have mentioned hypervascularization as a 

probable cause of UCH. 7,26,27 Moreover, in patients undergoing hip surgery, 

there appeared to be a signifi cant relation between fl uoride uptake and local 

bone blood fl ow. 13 Therefore increased blood fl ow in the suspected hyperactive 

condylar region could have been expected. However, in our study no evidence 

of hypervascularization of the affected condylar region was found. Therefore 

hypervascularization might be excluded as a major cause of asymmetric bone 

growth in patients with suspected UCH, because blood fl ow in the suspected 

condylar region was the same as that in normal control subjects.

Interestingly, blood fl ow in the contralateral condylar region of UCH patients 

was lower than that in normal control subjects, although this difference did 

not reach signifi cance (P = .06) in this small series of subjects. It is possible 

that blood fl ow in the contralateral condylar region is decreased in some UCH 

patients. Further studies are needed to assess whether there are subgroups 

of patients with altered blood fl ow. Despite the somewhat unexpected fi ndings 

with respect to bone metabolism, it seems that PET can still be used as a 

diagnostic tool for UCH, based on the observed differences in 18Fˉ uptake. 
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Quantifi cation of the rate of infl ux of 18Fˉ by use of PET offers the possibility to 

assess asymmetric bone growth and can be used to differentiate a hyperactive 

condyle from a normal or “burned out” condyle. More importantly, PET may 

be useful in identifying possible subgroups of patients and especially in 

pathophysiologic studies investigating hypotheses regarding the cause(s) of 

asymmetric mandibular growth. Clearly, further studies are needed to assess 

the value of PET for investigating UCH.
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Abstract

Purpose: To perform a histopathological analysis of condyles that were 

resected because of unilateral condylar hyperactivity (UCH), and to compare 

the results of the bone scan with the histopathological analysis. 

Patients and Methods: Forty-seven resected condyles  were 

histopathologically examined. In 29 cases, a single photon emission computed 

tomography (SPECT) bone scan was made. For all condylar specimens, a 

standardized histological scoring system was used for assessment of the 

number of cartilage islands and the thickness of the cartilage layer. SPECT 

scans were analyzed by calculating the difference in bone activity between 

the hyperactive and contralateral condyles.

Results: The number of cartilage islands was highly variable, ranging from 

almost absent in 37% of the patients to abundant in 35% of the patients. 

Furthermore, the relative thickness of the cartilage layer exhibited considerable 

variation, ranging from less than a quarter of the total thickness of the 

condylar articular layer in 22% of the patients, to half of the total thickness 

in 35%. We found no signifi cant relationship between the number of cartilage 

islands and bone activity using SPECT (P = 0.11), or between the

relative thickness of the cartilage layer and bone activity using SPECT (P = 

0.82).
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Conclusions: Unilateral condylar bone growth can occur without large 

numbers of cartilage islands and without abundant cartilage formation. Bone 

activity measured by bone scintigraphy was not related to the histological 

results. Histopathological examination of resected condyles in UCH can 

not, therefore, be used as a gold standard. Nevertheless, histopathological 

examination should always be performed to rule out other diseases.
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Introduction

Unilateral condylar hyperactivity (UCH) usually occurs in the second or 

third decade of life, near or shortly after completion of the growth period. 

Normally, the active formation of cartilage gradually comes to a stop around 

the age of twenty years. Simultaneously, the replacement of cartilage by 

bone ceases. The bone then forms a continuous plate interposed between the 

cartilage and the bone marrow spaces. 1 In condylar hyperactivity, there is 

active enchondral bone formation, while a continuous bony plate beneath the 

articular surface, which is normally seen in adults, is lacking. 2 

Unilateral condylar hyperactivity is more common than the bilateral form 

and is characterized mainly by occlusal disturbances and facial asymmetry. 

The cause of the abnormal condylar growth activity is unknown; however, 

arthritis, infection, and trauma have been suggested as possible causes. 

Macroscopically, the greatest protrusion of the mandibular condyle is localized 

in the upper posterior part of the condyle. In young, healthy individuals, the 

condylar growth center is also localized in this part of the condyle. 1,3 Hovell 

stated that the histology of a resected condyle in UCH is that of a normal, 

actively growing condyle. 4 However, others have proposed typical histological 

features of hyperactive condyles, including a hypertrophic cartilage layer and 

the presence of cartilage islands. 5

The aim of this study was to perform a histopathological analysis of the condyles 

that were resected because of UCH, and to compare the results with those 

reported in the literature. In addition, the results of bone scintigraphy were 

compared with the histopathological analysis. Since single photon emission 

computed tomography (SPECT) bone scanning is superior to planar bone 

scanning 6-8, only patients who underwent a SPECT scan were analyzed. 
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Patients and methods

Patients

Between 1994 and 2007, 50 patients underwent a high partial condylectomy 

because of UCH. Forty-seven resected condyles were available for 

histopathological examination. Three condyles were accidentally lost and 

therefore could not be analyzed. The patient group consisted of 29 females 

and 18 males, with a mean age at presentation of 21.6 years. The distribution 

of the affected condyles was 26 on the left-hand side and 21 on the right. 

Condyles were submitted fi xed in 4% formaldehyde. 

Histopathological examination

The specimens were sliced in a sagittal direction using a water-cooled saw, 

decalcifi ed, and then examined microscopically. For an assessment of the 

presence of cartilage islands, the histological slides were examined through 

a 12.5× ocular lens, with a 2.5× objective. For examination of the relative 

thickness of the cartilage layer a 10× objective was used. From each condyle, 

as an average, fi ve sections were available. The most representative and 

intact section was used for further examination. 

In previous publications, no standard histological pattern is mentioned for 

patients with UCH. In present study, a standardized scoring system was used 

for assessment of the number of cartilage islands in all condylar specimens. 

Two examiners performed a subjective measurement of the number of 

cartilage islands, being then semi-quantitatively grouped into the following 

three categories: 1, no or very few islands; 2, moderate number of islands; 

and 3, an abundant number of islands (-Fig. 1a,b,c-).

The thickness of the cartilage layer was also scored using a standardized 

scoring system, whereby the cartilage layer thickness was scored in relation 

to the thickness of the total articular layer. 
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Figure 1a. Almost no cartilage 
islands are observed in the bone  of a 
UCH patient (H.E.- stain; orig. magn. 
×50).

Figure 1b. Histopathological  slide 
of a UCH patient with a moderate 
number of cartilage  islands (pale 
areas in the underlying bone). (H.E.- 
stain; orig. magn. ×50).

Despite the lack of a regularly defi ned border, the results could be divided 

into the following four groups: cartilage layer less than 25%, 25%, 33%, and 

50% of the total articular layer (-Fig. 2a,b,c,d-). Since there is no uniform 

thickness of the fi brous and cartilage layer, the boundary between these 

layers was delineated by marking the cartilage layer, which could quite easily 

be identifi ed.

In one specimen, the amount of cartilage islands could not be reliably scored, 

and in another specimen the relative thickness of the cartilage layer could 

not be scored. 
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Figure 1c. Specimen of a UCH 
patient in which an abundant number 
of cartilage islands in the bone can 
be observed (H.E. -stain; orig. magn. 
×50). 

Figure 2a. Histopathological  
specimen of a UCH patient: no 
cartilage layer is observed (H.E.- 
stain; orig. magn. ×100).

Figure 2b. Articular layer of a UCH 
patient. The thickness of the cartilage 
layer is 25%  of the total articular layer 
(H.E.- stain; orig. magn. ×100).
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Figure 2d. The thickness of the 
cartilage layer in this UCH patient is 
50% of the total articular layer (H.E.- 
stain; orig. magn. ×100).

SPECT analysis

In 29 cases, a single photon emission computed tomography (SPECT) scan 

was available for analysis. 

Statistical analysis

The Kruskal-Wallis test was used to compare the relative activity of the 

condylar region in the bone scan and the male/female distribution for the 

different subgroups of patients, divided by the cartilage layer thickness, or 

Figure 2c. The thickness of the 
cartilage layer in this UCH patient 
is 33%  of the total articular layer 
(H.E.- stain; orig. magn. ×100).
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the number of cartilage islands. We used a t test to test potential differences 

in the age of patients with a low number of cartilage islands vs patients with 

a moderate to abundant number of cartilage islands. We also compared the 

mean age of the group of patients with a relative cartilage layer thickness of 

less than 25% with that of a relative thickness of more than 25%. Finally, the 

Pearson Correlation Test was used to determine the correlation between the 

number of cartilage islands and the relative thickness of the cartilage layer. A 

P value of <0.05 was considered to be signifi cant. Data are presented as  the 

mean values, ± standard deviations (SD).

Results

Histopathological evaluation

The characteristics of the histopathological evaluation of the resected 

condyles of 47 UCH patients for the different subgroups are presented in 

Tables 1 and 2. The patients (n = 10) with the thinnest cartilage layer (less 

than 25% of the total articular layer) had a mean age of 28.0 ± 8.2 and were 

signifi cantly older compared to the patient group (n = 36) with a relative 

cartilage thickness of more than 25%, who had a mean age of 19.9 ± 6.4 (t 

test, P = 0.002) (-Fig. 3-). 

Number of 
cartilage islands

Number of 
patients

Mean age 
(years)

Gender Left/right

1. low 17 24.2 10♀, 7♂ 10 left, 7 right

2. moderate 13 21.5 9♀, 4♂ 7 left, 6 right

3. abundant 16 18.8 10♀, 6♂ 9 left, 7 right

exclusion 1

Table 1. Number of cartilage islands: (1) very few  islands, (2) moderate number of islands, 
and (3) abundant number of  islands.
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Figure 3. Patients  with a relative cartilage layer thickness of more than 25% (group 2; n = 36) 
are signifi cantly younger than patients  with a relative cartilage layer thickness of less than 25% 
(n = 10).

Relative 
thickness of 

cartilage layer

Number of 
patients

Mean age 
(years)

Gender Left/right

1.< 25% 10 28.0 6♀, 4♂ 7 left, 3 right

2. 25% 6 16.6 4♀, 2♂ 3 left, 3 right

3. 33% 14 22.1 8♀, 6♂ 6 left, 8 right

Table 2.  Thickness of the cartilage layer in relation to the total thickness of the 
articular layer: (1) < 25%, (2) 25%, (3) 33%, and (4) 50%.

Patients with a low number of cartilage islands (n = 17) had a mean age of 

24.2 ± 8.8 years against 20.0 ± 6.3 years for the patients (n = 29) with a 

moderate to abundant number of cartilage islands. This difference, however, 

was not signifi cant (t test, P = 0.071). When comparing the group with low 

(n= 17) and abundant (n= 16) number of cartilage islands, there was also no 

signifi cant difference in age (24.2 ± 8.8 years versus 18.8 ± 6.8 years, t test, 

P = 0.059). Hence, the group with an abundant number of cartilage islands 
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only tended to be associated with a lower age. 

Finally, the correlation between the cartilage layer thickness and the number 

of cartilage islands was examined for the 45 condyles that could be scored 

reliably for both the cartilage layer and the number of cartilage islands. 

There was a moderate positive correlation between the relative thickness of 

the cartilage layer and the number of cartilage islands (Pearson Correlation 

Coeffi cient: r = 0.389, P = 0.008).  

Correlation between SPECT analysis and histopathological 

characteristics

The 29 cases in which a SPECT scan was available for analysis consisted of 

18 females and 11 males, with a mean age at presentation of 21.7 years. 

The distribution of affected condyles was 16 on the left hand-side and 13 on 

the right. The mean uptake percentage of the hyperactive condylar side was 

59.5%, and that on the contralateral side was 40.5%. 

The mean activity percentages in the hyperactive condyles were 59.3% ± 

4.3%, 57.7% ± 3.3%, 60.9%  ± 6.5%, and 59.3% ± 7.3% in the patient 

groups with relative cartilage layer thicknesses of less than 25% (n = 8), 

25% (n = 4), 33% (n = 8), and 50% (n = 9), respectively. However, no 

signifi cant differences were found between these four groups (Kruskal-Wallis 

test, P = 0.82) (- Fig. 4-).

In 14 patients with no or very few cartilage islands, the bone activity on 

the hyperactive condylar side was 57.9% ± 6.0%. In nine patients with a 

moderate number of islands, the mean bone activity was 59.3%  ± 2.4%. 

In six patients with an abundant number of islands, the mean bone activity 

on the hyperactive condylar side was 63.6% ± 7.4%. Although these data 

suggest a trend towards higher bone activity levels in the patients with a 

higher number of cartilage islands, no signifi cant differences were found 

between the three groups of patients with increasing number of cartilage 

islands (Kruskal-Wallis test, P = 0.11) (- Fig. 5-). 
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Figure 5. Mean bone activity percentage on the UCH side for group 1 (n= 14) with very few 
cartilage  islands, group 2 (n = 9) with a moderate number of  islands, and group 3 (n = 6) with 
an abundant number of cartilage islands detected microscopically.

Figure 4. Mean bone activity percentages on the UCH side for patient groups 1 (n = 8), 2 (n = 
4), 3 (n = 8), and 4 (n = 9)  with  relative  cartilage layer thicknesses  of less than 25%, 25%, 
33%,  and 50%, respectively.
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In the three groups of patients with different numbers of cartilage islands, no 

differences were found with regard to gender (P = 0.818). This was also the 

case when the patients were divided according to the relative thickness of the 

cartilage layer (P = 0.686). 

Discussion

The histology of the mandibular condyle has been described in various 

ways. For instance, Richards et al. identifi ed fi ve discrete layers; namely the 

articular, proliferative, intermediate, and cartilage layers, and the cortical 

bone zone. 9 Others have identifi ed a fi brous covering, a reserve cell zone, 

and a layer of secondary cartilage. 10 In yet another publication, a different 

histological pattern was mentioned, consisting of articular, proliferative, 

fi brocartilagenous, and calcifi ed cartilage layers, and a subchondral bone 

zone. 11 Four histologic layers have been mentioned in another paper: a fi brous 

layer (outermost), a precartilaginous layer, a layer of hyaline cartilage, and 

marrow tissue (innermost). 12 Hanson et al. described the fi brous articular 

layer, the proliferating layer, the transitional layer and the hypertrophic 

cartilage layer. 13 In many of the presently studied condyles, the distinction 

between the various layers, particularly with regard to the intermediate zone 

and the proliferative zone, was diffi cult to assess. For practical reasons, in 

the present study, the articular layer was divided into only two layers: (1) the 

fi brous layer, and (2) the cartilage layer.

The increased number of cartilage islands may refl ect the (hyper)activity of 

the condylar growth center. This may result in rapid bone formation without 

the timely resorption of the pre-existing cartilage. Apparently, there seems to 

be no clinical signifi cance with regard to the number of cartilage islands.

On microscopic analysis, considerable variation was observed in the number 

of cartilage islands and in the relative cartilage layer thickness in the condyles 

of UCH patients. 
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In this study, the cartilage layer thickness was defi ned relative to the entire 

thickness of the articular layer. There was no correlation between gender and 

the thickness of the cartilage layer, or with regard to the amount of cartilage 

islands. However, younger patients had a thicker cartilage layer compared 

with older patients and tended to have higher numbers of cartilage islands.

There was a positive correlation between the thickness of the cartilage layer 

and the number of cartilage islands. Patients with a thicker cartilage layer 

tended to have a greater number of cartilage islands; hence, both histological 

phenomena might be associated with the excess bone formation in some of the 

UCH patients, especially in the young ones. However, in view of the relatively 

low correlation coeffi cient, it is assumed that other variables have an infl uence 

on the variation in cartilage layer thickness observed in patients with UCH.  In 

the literature, the cartilage layer appears to be the only uniform characteristic 

associated with hyperactive condyles. Eslami compared hyperactive condyles 

with normal condyles and demonstrated an apparently signifi cant increase in 

cartilage thickness in UCH patients. 14 These results are, however, in contrast 

with those obtained by Hanson et al, who found no differences between the 

condyles of normal individuals and UCH patients. 13 In the present study, no 

signifi cant relationship was found between the thickness of the cartilage layer 

and the relative activity measured by bone scans. Differences in scoring the 

activity of the condylar region in bone scans may have contributed to the 

discrepancy between our results and those of the aforementioned study. We 

used a quantitative measurement of the bone activity using a SPECT bone 

study, whereas Hanson et al. used a visual score of planar images. 

Clearly, measurements of bone activity using bone scintigraphy are of 

importance in the identifi cation of UCH patients with ongoing bone 

growth. 6,15-18 SPECT bone studies are more accurate in the diagnostic work 

up of UCH patients. 6,8 The exact value of the bone scan regarding the 

monitoring of bone formation is, however, unclear. The tracers used for bone 
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scintigraphy are 99m Tc-labeled diphosphonates, which accumulate in bone 

as a consequence of their absorption onto the surface of, and subsequent 

incorporation into, hydroxylapatite. 19-21 However, bone scintigraphy may 

not be an optimal method for assessing true bone activity. For example, 

attenuation correction does not feature in standard bone scintigraphy, and the 

spatial resolution is limited. Furthermore, the percentual difference between 

the affected condyle and the contralateral side is a common means by which 

to express the bone activity in UCH patients. 

Percentual differences are, nevertheless, not a true quantifi cation of bone 

activity, and are subject to potential variations in bone activity in the 

contralateral condyle. Hence, the lack of correlation between our histological 

analysis and the bone activity determined by bone scanning might be 

a consequence of the imperfection of the bone scanning technique. More 

precise bone activity measurements are possible with 18Fˉ Fluoride PET. 22,23 

18Fˉ Fluoride PET measurement in combination with histological analysis of 

condylar specimens may provide a greater insight into the bone activity of 

patients with asymmetric condylar growth. 

Slootweg et al. performed a clinico-pathological analysis of 22 cases of 

UCH and concluded that there are four histo-pathologically different types 

of condylar hyperactivity. 23 In type I, the condyles are characterized by a 

broad proliferation zone, gradually merging with an underlying thick layer 

of hyaline cartilage, with resorption and replacement at its undersurface by 

bone containing numerous cartilage islands. Type II exhibits proliferation 

zones. An intact fi brous layer rests directly on the fi brocartilage, which in 

turn rests on a continuous subchondral bony plate.  Cartilage islands are 

less frequent than in type I. In type III, the regular arrangement of various 

tissue layers is greatly distorted, with large, irregularly shaped masses of 

hyaline cartilage extending into the cancellous bone or on the superfi cial 

fi brous articular layer. 
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Type IV is characterized by a condylar surface that is composed of a continuous 

subchondral bone plate covered by a cell-poor fi brocartilagenous layer without 

any indication of a proliferation layer of hyaline cartilage. In the present study, 

23 condyles were additionally scored using this classifi cation; however, it still 

appeared that there were no uniform histological characteristics for UCH. 

Theoretically, the basic mechanism underlying the development of condylar 

hyperactivity mainly involves the inactive cartilage remnants in the articular 

surface, which could be stimulated to become active once more. 12 The 

severity of condylar hyperactivity is considered to be directly related to the 

frequency and penetration depth of the cartilage islands. 5 However, Eslami 

found no signifi cant differences between case and control groups with respect 

to these variables. 14 In the study performed by Slootweg, there appeared to 

be no correlation between the results of scintigraphy and the histological 

fi ndings. 23 In the present study, no signifi cant differences were found between 

the mean bone uptake on the UCH side and the relative thickness of the 

cartilage layer, or with the amount of cartilage islands. 

It thus emerges, that in the literature there is no consensus concerning the 

histopathology of condyles resected in patients with UCH. In the present 

study of a relatively large population, a remarkable variation in the histology 

of the patients was found. It is therefore tempting to speculate that this 

group of patients with asymmetric mandibular growth consisted of different 

subgroups, each with a different pathogenesis. For example, a group 

of patients with asymmetric growth and a high condylar bone activity on 

the bone scan was identifi ed; however, these patients had a low number 

of cartilage islands and a thin cartilage layer relative to the total articular 

layer. Apparently, asymmetric condylar bone growth can occur without large 

numbers of cartilage islands and without abundant cartilage formation. This 

might be consistent with our fi nding in a recent quantitative 18Fˉ Fluoride 

PET study, where we observed normal bone activity in the condylar region 

of UCH patients. One of the limitations of the present study is the lack of 
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controls for direct comparison with UCH patients. However, the condyles of 

young cadavers are relatively diffi cult to obtain.

In conclusion, in the present study, no typical histological patterns were 

found in patients with UCH. Both the number of cartilage islands and the 

relative cartilage thickness varied considerably. Furthermore, bone activity 

measured by bone scintigraphy was not related to the histological results. 

Consequently, asymmetric bone growth in UCH patients may not have a 

common pathophysiological pathway.

Hence, histopathological examination of resected condyles in UCH can not be 

used as a gold standard. Nevertheless, histopathological examination should 

always be performed to rule out other diseases.
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Abstract

Purpose. The purpose of this study was to assess temporomandibular function 

after condylectomy because of unilateral condylar hyperactivity (UCH) by 

means of standardized diagnostic criteria. The results were compared with 

those obtained in a control group.

Patients and Methods. Thirty-three patients with UCH who underwent 

condylectomy and 31 controls matched for age and gender fi lled out a history 

questionnaire and underwent a clinical examination as part of the research 

diagnostic criteria for temporomandibular disorders (RDC/TMD). Data analysis 

was performed using Fisher’s exact test for 2-by-2 tables. 

Results. Patients and controls did not differ signifi cantly regarding myofacial 

pain (P = 0.131), disk displacement (P = 0.516) and depression (P = 0.34). 

The groups differed signifi cantly concerning arthralgia, osteoarthritis and 

osteoarthrosis (P = 0.003), and pain with low disability (P = 0.022). 

Conclusions. Patients with UCH who underwent condylectomy because 

of progressive mandibular asymmetry developed more joint-related 

temporomandibular problems as well as more post-operative pain when 

compared to age- and gender- matched controls. However, these problems 

did not lead to more severe disabilities in daily life. 
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Introduction

Unilateral condylar hyperactivity (UCH) is a pathologic condition that is caused 

by a hyperactivity of the growth center of one of the mandibular condyles. In 

UCH, one condyle grows at an excessive rate compared with the other and 

may continue to grow beyond the age at which growth normally 

ceases. 1,2 Such a condition frequently results in a signifi cant mandibular or 

even facial asymmetry. Early recognition of an actively growing condyle is 

very important, because compensation of the unilateral growth by means 

of tooth extractions, splinting and orthodontic therapy, or even corrective 

osteotomies are not indicated in cases of progressive UCH. Unfortunately, 

there is no gold standard when it comes to diagnosing condylar hyperactivity. 

Histopathological analysis of a condyle does not confi rm or exclude condylar 

hyperactivity, because, currently, there is no consensus in the literature 

concerning UCH histopathology. 3-6 However, with current diagnostic methods 

like bone scintigraphy, preferably quantitative analysis of the single photon 

emission computed tomography (SPECT) scan, in combination with a specifi c 

history of progressive asymmetry and clinical assessment, ongoing unilateral 

condylar hyperactivity can be reliably diagnosed. 7-10 New diagnostic methods 

for the measurement of bone activity, such as positron emission tomography 

(PET), continue to evolve and may improve identifi cation of patients with 

UCH. 11,12

If there are no clinical or bone scintigraphic signs of a progressive mandibular 

asymmetry caused by an actively growing condyle or in cases of borderline 

activity, a “wait and see” policy can be maintained by means of follow-

up with a repeat bone scan after a year. The therapeutic approach of a 

hyperactive condyle consists of a high partial condylectomy to effectively 

arrest mandibular growth, along with functional or aesthetic treatment. 13,14 

In a high condylectomy, at least 5 mm of the cranial part of the condylar 
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head, which contains the condylar growth zone, is removed. 

Resection of a rapidly growing condyle prevents the mandibular or facial 

asymmetry from worsening. 15,16 The remaining asymmetry can be handled 

by surgical or orthodontic treatment. After a condylectomy, the function of 

the temporomandibular joint and masticatory muscles may be altered and 

may differ from that seen in the normal population. 

The aim of this study is to assess the temporomandibular function after a 

condylectomy because of UCH by means of standardized criteria, and then 

compare the results to those obtained in a control group.

Patients and methods

Patient selection

Out of the 46 patients over the age of 18 who underwent a high condylectomy 

in the period of 1994-2007 due to progressive UCH, 33 patients were located 

and agreed to participate in the present study. Because of the lack of a 

generally accepted gold standard, UCH was considered to be active if the 

mandibular asymmetry appeared to be clinically progressive, in combination 

with a positive bone scan. 

Thirty-one controls who were age- and gender- matched to the patient cohort 

entered the same research protocol. The only inclusion criterion for the 

controls was being over 18 years of age.      

All patients and controls fi lled out a history questionnaire and underwent a 

clinical examination, which was performed by one non-involved researcher 

who was well trained in performing clinical evaluations according to the 

research diagnostic criteria for temporomandibular disorders (RDC/TMD). All 

patients and control subjects provided informed consent prior to participating. 

The study was approved by the Medical Ethics Committee of the VU University 

Medical Center (2008/25).  
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Methods

The technique used for high partial condylectomy is a standard pre-auricular 

procedure. Patients are administered general anesthesia with a single dose 

of 1000 mg fl ucloxacillin as prophylactic antibiotic. Care is taken to incise the 

capsule caudal to the attachment of the articular disk. This way the upper 

joint compartment is not opened during the surgery. Careful assessment of 

the medial pole of the condyle is mandatory in order to be certain of taking 

out the complete cartilage covered area of the condyle. Early functioning 

with training elastics is encouraged; however, a soft diet is advised for four 

weeks. It is thought that leaving the upper joint compartment intact may be 

the reason for the minimally compromised post-surgical temporomandibular 

joint (TMJ) function.

The RDC/TMD were used for examination of the TMJ and masticatory muscles. 

These diagnostic criteria are offered to allow standardization and replication 

of research into the most common forms of muscle- and joint-related 

temporomandibular dysfunction (TMD). The dual axis approach taken allows 

physical diagnosis, placed on one axis, to be coordinated with assessment of 

psychological distress and psychosocial dysfunction associated with chronic 

TMD pain and orofacial disability, placed on a second axis. 17 Earlier research 

resulted in a linguistically valid and culturally equivalent translation of the 

RDC/TMD into Dutch. 18 

Clinical diagnoses (axis I) are classifi ed as belonging to one or more of the 

following groups: Group I, myofacial pain (with or without limited opening); 

Group II, disk displacement (with or without reduction; and, in the latter 

case, with or without limited mouth opening) on the left and/or right side; 

and/or Group III; arthralgia, osteoarthritis, or osteoarthrosis on the left and/

or right side (–Fig. 1-). 
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Figure 1. clinical diagnosis; Axis 1: describes muscle diagnosis, disc displacements and arthalgia 
arthritis or arthrosis.
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Figure 2. Graded Chronic Pain Severity (GCP): describes the pain intensity and disability.

On axis II, global severity of the pain condition can be assessed and classifi ed 

in terms of  pain intensity, pain-related disability, depression and non-specifi c 

physical symptoms. 17 Axis II contains the graded chronic pain severity (GCP) 

scale, which describes the experienced pain intensity and disability. The GCP 

can be graded as follows: Grade 0, no TMD pain in the prior 6 months; Grade 

I, low disability- low intensity pain; Grade II, low disability- high intensity 

pain; Grade III, high disability- moderately limiting; Grade IV, high disability-

severely limiting (–Fig.2-). 

Axis II also includes measures of depression and non-specifi c physical 

symptoms. For this, the Dutch translation of the Symptom Checklist 90 

(SCL-90) is used, since this provides both a depression scale and a scale 

measuring the severity of non-specifi c physical symptoms (somatization). 

The latter assesses distress related to bodily symptoms. The scores of these 

two items were dichotomized, using thresholds set at the 80th percentile of 

the depression and somatization scores obtained in the Dutch 

population. 19,20 Scores above the threshold were coded 1 and scores below 

the threshold were coded 0 (–Fig 3-).
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Figure 3. Symptom Checklist 90 ( SCL-90) scale mesuring depression and the severity of non 
specifi c physical symptoms.

 

The results of the history questionnaire and clinical examination form were 

analyzed by means of diagnostic algorithms that are part of the RDC/TMD. 

Data analysis was performed using Fisher’s exact test (FET) for 2-by-2 tables. 

Differences between patients and controls were also analyzed by means of 

FET. A P value less than 0.05 was considered to be statistically signifi cant. 

The 95% confi dence interval for fractions was also calculated.

Results

The patient group consisted of 18 women and 15 men, with a mean age (± SD) 

of 26.7 (± 7.6) years (range, 19- 48 years).  Condylectomy was performed 

on the right side in 16 patients, on the left side  in 16 patients, and on both 

sides in one patient. The mean time elapsed between the operation and the 

investigation for present study was 4.3 years (range, 0.6- 13.3 years). 

The control group consisted of 18 women and 13 men, with a mean age 

(± SD) of 26.2 (± 6.3) years (range, 19- 47 years).
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The following results are summarized in Table 1. Investigating the clinical 

diagnosis (Axis I), three patients had a Group Ia diagnosis (myofacial pain), 

whereas none had a Group Ib diagnosis (myofacial pain with limited opening). 

One patient had a Group IIb diagnosis (disk displacement without reduction, 

with limited opening). On scoring Group III, two patients experienced 

symptoms of arthralgia (Group IIIa), one had osteoarthritis (Group IIIb) and 

fi ve had osteoarthrosis (Group IIIc), all on the side that was operated on. 

Further analysis demonstrated that three of these patients had more than 

one clinical diagnosis. One patient, for example, had Group I, IIb and IIIb 

diagnoses, whereas two patients had Group I and Group IIIa diagnoses. After 

pooling the patients with Group I, II and III diagnoses (n= 8), a fraction of 

24.2% appeared to have a clinical diagnosis (Axis I), with a 95% confi dence 

interval of 14.2% to 38.2%. 

None of the participants of the control group could be diagnosed as 

Group I, II, or III. Comparing patients and controls, FET showed that Group I 

(P = 0.131) and Group II (P = 0.516) did not differ signifi cantly, whereas 

Group III (P = 0.003) did. 

Investigating the GCP scale, 22 out of 33 patients who previously underwent 

a condylectomy because of UCH were scored as Grade 0 (no TMD pain in 

the prior 6 months), whereas six patients scored as Grade I (low disability- 

low intensity pain) and two patients scored as Grade II (low disability- high 

intensity pain) (-Tab. 1-). No patients were graded as Grade III or IV 

(high disability- moderately limiting or high disability-severely limiting pain). 

Three patients marked the facial pain items but did not fi ll in the other 

related items in the questionnaire. These patients were excluded from further 

analysis. 

In further analysis, Grade I and Grade II subjects were pooled, which resulted 

in eight out of 30 patients having low disability and low to high intensity pain 

(26.7%; the 95% confi dence interval was 15.7% to 41.5%).
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AXIS I Patients (n=33) Controls (n=31) FET

Myofacial pain without limited 
opening

3 0 P = 0.131

Disk displacement without 
reduction with limited opening

0 0 P = 0.516

Arthralgia
Osteoarthritis
Osteoarthrosis

1 
2          8 
5 

0 P = 0.003

AXIS II

Low-high intensity pain, low 
disability*

8 3 P = 0.022

Depression 8 4 P = 0.34

Non-specifi c physical symptoms 1 1 P = 1.000

Table 1. Clinical diagnosis (Axis I) divided into Group I, II, and III. A signifi cant difference can 
be noticed between patients and controls in Group III. 
Axis II contains the Graded Chronic Pain Severity (GCP) scale and Symptom Checklist 90 (SLC- 
90). The latter provides a depression scale and somatization subscale (non-specifi c physical 
symptoms). Notice the signifi cant difference between patients and controls in the GCP scale.
*After pooling Grade I and II. Exclusion: n=3.

Three individuals in the control group had a positive GCP score. 

Comparing patients and controls, FET showed that both groups differed 

signifi cantly (P = 0.022). 

The Dutch translation of the Symptom Checklist 90 (SCL-90) was used to 

measure depression and non-specifi c physical symptoms on Axis II. Twenty-

fi ve patients who underwent condylectomy had a normal depression score, 

whereas eight patients had an elevated depression score. Thirty-two patients 

had a normal non-specifi c physical symptom score, whereas one patient had 

an elevated non-specifi c physical symptom score. 
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Four individuals in the control group appeared to have an elevated depression 

score; one individual from the control group had an elevated non-specifi c 

physical symptom score (-Tab. 1-). Comparing patients and controls, FET 

illustrated that the groups did not differ signifi cantly for depression 

(P = 0.34) or non-specifi c physical symptoms (P = 1.000). 

Discussion

On analyzing the results in present study, it appears that patients who 

underwent condylectomy because of progressive UCH did experience more 

TMJ pain than individuals who did not. Further assessment of these patients 

illustrated that disability due to this pain was low in all cases. The disability 

was tested on daily activities like work, school and housekeeping, as well as on 

social, family and recreational events. Out of all the patients that will undergo 

condylectomy, 15.7% to 41.5% may experience pain with low disability to 

some extent after the surgery. 

Patients and controls did not differ signifi cantly on the depression scale, which 

may suggest that any experienced depression was not directly related to the 

operative procedure. 

Clinical diagnoses (Group I and II) did not differ signifi cantly between the 

patient and control groups. On analyzing Group III diagnoses, it appears that 

the three patients with arthralgia and osteoarthrosis did not cause higher 

patient morbidity. Some attention should be drawn to the relatively higher 

number (fi ve) of osteoarthrosis patients. 

Concerning the experienced pain and the higher prevalence of osteoarthrosis 

in the patient group, it may be possible that this is not only caused by the 

surgical procedure but that the underlying pathology (of UCH) can also be 

a contributing factor. Patients with UCH may experience more pain and 

dysfunction before condylectomy is performed due to the fact that there is a 

relatively slow but progressive deformity of one mandibular condyle because 
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of unilateral hyperactivity of the condylar growth center. Unfortunately, in 

the present study as well as in the literature, no prevalence study has been 

performed of detailed TMJ and masticatory dysfunction in patients with 

UCH.  

High condylectomy was performed in several studies in the literature. Lippold 

described six patients who all had stable symmetrical mandibles with no 

disturbance of temporomandibular function after two years of follow-up. 21 

Miyamoto investigated regeneration of the mandibular condyle after unilateral 

condylectomy in fi ve canines in an experimental study, and demonstrated 

that the condylectomy results in some regeneration of the condylar head 

within 3 months when the disk was saved. 22 Bohuslaviski performed surgery 

on 18 patients with symmetric growth on both condyles with stable 

results. 15 In one patient, the growth zone was removed by means of 

condylectomy because of asymmetric growth. No relapse was seen during the 

3-year follow-up period. In six patients, symmetric or borderline asymmetric 

growth was demonstrated, and corrective osteotomy was performed. No 

patient suffered a relapse. Corrective osteotomy was performed in one 

patient despite persistent active growth; the patient experienced relapse 

within 6 months of surgery. In two patients with clearly elevated left/right 

ratios, bone scanning was repeated after 12 months; the follow-up results of 

these patients are not yet available. The study performed by Wolford included 

37 patients with condylar hyperactivity that were treated with conventional 

orthognatic surgery (group 1), and with high condylectomy and articular disk 

repositioning in conjunction with orthognatic surgery (group 2). 23

It appeared that only one patient in group 2 required a secondary surgery 

because of relapse, whereas all patients in group 1 relapsed and needed 

secondary intervention. Additionally, high condylectomy did not have a long-

term adverse impact on jaw function. 

The treatment of pronounced mandibular asymmetry may involve orthognatic 

surgery. 
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One factor that is of paramount importance before this surgery is carried 

out is knowledge of whether the condition is still progressing and whether 

growth is still occurring at the condylar site. 2 Assessment of disease activity 

is necessary, as correcting the deformity while leaving an active condylar 

growth focus may lead to a recurrence of the deformity whereas removal of 

an inactive condyle results in unnecessary disruption of the TMJ. 8,24 When 

unilateral condylar bone growth ceases spontaneously, surgical correction of 

the mandibular asymmetry yields stable results. When surgical correction is 

desired despite continuing bone growth, the active growth zone needs to be 

removed to prevent relapse. 

Theoretically, the decision-making concerning selecting the appropriate 

surgical technique seems simple. However, many surgeons hesitate when it 

comes to performing a condylectomy. A presumed high morbidity, concerning 

temporomandibular function in particular, may be the reason for this. The 

study performed by Lippold and the present study show that a condylectomy 

can be performed safely, with minor post-operative consequences for TMJ 

and masticatory function, in cases of progressive UCH. 21 Despite the higher 

amount of pain in operated patients when compared with controls, patients 

did not experience high disability due to pain in daily life. The fact that 

the patient group in the present study experienced minor post-operative 

consequences may be the result of the upper joint compartment being left 

intact during condylectomy. However, after evaluation of the literature, there 

seems to be a lack of studies in UCH patient groups that perform standardized 

and internationally accepted assessments of temporomandibular pain and 

dysfunction before and after condylectomy. To be able to evaluate TMJ and 

masticatory muscle function properly, it is recommended that future studies 

include these afore-mentioned assessments on the UCH patient group before 

and after condylectomy.

It is clear that for each individual patient with UCH, careful assessment of 

the appropriate surgical technique needs to be performed by taking the 



8

objective (bone scan and clinical growth), as well as the subjective (patients’ 

preferences) elements into consideration. The relatively low morbidity of 

condylectomy, as also illustrated in the present study, in cases of progressive 

UCH should be weighed against the progressive asymmetry that is bound to 

occur when the condyle is left intact. 

In conclusion, it appears that patients with UCH who underwent condylectomy 

because of progressive mandibular asymmetry developed more joint-related 

temporomandibular problems as well as higher post-operative pain when 

compared to age- and gender-matched individuals; however, these problems 

did not lead to more severe disabilities in daily life. 
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In the literature, different methods for diagnosing unilateral condylar 

hyperactivity (UCH) are reported. Clinical progression of a mandibular 

asymmetry can be monitored using the patients’ history, conventional 

radiographs, dental casts, splints, and meticulous follow-up. However, this 

approach is time-consuming in the diagnosis of a truly progressive asymmetry 

caused by condylar bone growth. 

Bone scintigraphy is another diagnostic tool and a well-known method for 

visualizing increased bone metabolism in a condyle. Bone scanning compares 

the activity between the normal and abnormal condyles, and refl ects the 

relative growth rates at the time of the investigation. Two frequently used 

scanning techniques are planar bone scanning and single photon emission 

computed tomography (SPECT), which are based on the same basic technology. 

SPECT, however, produces a tomographic bone scan image and may be more 

reliable than planar scanning. Both the planar and SPECT bone scans can be 

analyzed in qualitative (subjective) and quantitative (objective) manners. 

Initially, in the present thesis, planar scanning was investigated, and visual 

and quantitative analysis of planar bone scintigrams of UCH patients and a 

control group were compared. 

A quantitative analysis using the activity of both the condylar and separate 

bone reference areas in the diagnosis of UCH did not improve the differentiation 

of UCH patients from the controls. Since the quantitative analysis method did 

not appear to be superior to the visual interpretation, the latter is a good 

method of analyzing the planar scan. 

In a second study of 56 patients with suspected UCH, the diagnostic accuracy 

of planar and SPECT bone scans was compared. The diagnostic performance 

of the bone SPECT scan was superior to that of the planar scan. This 

outweighs some disadvantages of the SPECT scan, which are higher costs 

and requirement of extra camera time. Quantitative analysis of the SPECT 

scans is recommended since this method showed a relatively high diagnostic 

accuracy, as demonstrated in the present study. Furthermore, a SPECT scan 
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offers a relatively objective analysis of an individual bone scan, and it might 

facilitate a comparison of results of the various international studies. 

In the literature, several methods of quantitative analysis of SPECT studies 

are mentioned for use in patients with UCH. 8,17 In the present study, different 

analytical methods of the SPECT scan have been compared in order to identify 

the optimal analysis method for use in UCH patients. Similar to the planar scan, 

the use of alternative bone reference areas did not improve the diagnostic 

performance. Hence, for UCH patients, a direct comparison of bone activity 

between the affected and contralateral condyle using a percentile comparison 

in the SPECT scans is the method of choice.

For a review of the literature on the use of bone scintigraphy for patients 

with suspected UCH, relevant scientifi c reports were identifi ed using a 

comprehensive search strategy. The analyses of the bone scans in the included 

studies varied, ranging from a semi-quantitative (visual) assessment to the 

calculation of percentile differences between condyles, left/right condylar 

ratios, and the use of bone reference areas. Given the considerable variation 

in bone scanning techniques and analytical procedures, it is desirable to 

standardize bone scanning procedures and quantifi cation methods in future 

studies. Furthermore, only 7 of the 15 selected studies presented results in 

suffi cient detail (i.e., number of patients with presence/absence of UCH and 

numbers of normal and abnormal bone scan results) to calculate sensitivity, 

specifi city, and accuracy. 1,5,7,8,18,21,23 Future studies should include a diagnostic 

analysis of the reported data, including two-by-two contingency tables.

A meta-analysis of these seven studies showed a signifi cantly higher pooled 

sensitivity of 0.90 for the SPECT scan, compared with the pooled sensitivity 

of 0.71 for the planar bone scan. The available evidence on the diagnostic 

performance of bone scans of UCH patients indicates a higher diagnostic 

accuracy of the SPECT bone scan than that of the planar bone scan. 
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With a pooled sensitivity of 0.90 and a pooled specifi city of 0.95, the bone 

SPECT scan seems to be a useful diagnostic method for the evaluation of UCH 

patients. However, a pooled sensitivity of 0.90 in the SPECT scan results in 

a mean risk of 10% of progressive UCH in patients with normal SPECT scan 

results, the so-called false negative results. Hence, using bone SPECT as a 

single diagnostic method may result in performing corrective osteotomies 

in 10% of the patients with progressive UCH. In such cases, a relapse of 

corrective surgery will occur and is an unwanted complication. A condylectomy 

as a secondary procedure can be performed, but this still carries the risk 

of suboptimal orthognatic outcomes. Increasing the sensitivity by using a 

lower cut-off value reduces the risk of a less optimal surgical outcome. This, 

however, will subsequently result in a lower specifi city. 

While interpreting a bone scan, it is important to realize that an increased 

radionuclide uptake can have several reasons apart from continued abnormal 

growth. It can also be the result of infl ammatory conditions, sustained 

traumatic injuries, and neoplastic lesions. It is recommended that the results 

of a bone scan are interpreted in concordance with the clinical situation and 

the patients’ medical history. 

Another problem in evaluating the accuracy of diagnostic imaging for UCH 

patients is the lack of a gold standard. In other words, there is no consensus 

in the literature on the histopathology of UCH. 2,6,20,26 In a histological analysis 

of 47 resected condyles of UCH patients, no typical histological patterns 

were found. Both the number of cartilage islands in the resected condyles 

and the relative cartilage thickness varied considerably. Furthermore, bone 

activity measured by bone scintigraphy was not related to the histological 

results. Consequently, asymmetric bone growth in UCH patients may not 

have a common pathophysiological pathway. These results show that a 

histopathological analysis of the condyle can not confi rm nor exclude condylar 

hyperactivity and clinical progress and can not be used as an independent 

gold standard. Theoretically, a longer follow-up period might be a reliable 
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gold standard for the evaluation of the diagnostic accuracy of a test such as 

bone scintigraphy. On the other hand, it is not always clinically acceptable to 

observe patients without treatment, as this might result in the aggravation of 

facial and/or mandibular asymmetry. 

The lack of correlation between the histological analysis and the bone activity 

determined by bone scanning might be caused by imperfection of the bone 

scanning technique, for example, a bone scan performed without a correction 

for attenuation. Furthermore, the percentual difference between the affected 

condyle and the contralateral side is not a true quantifi cation of bone activity 

and is subject to potential variations in bone activity in the contralateral 

condyle.

More precise bone activity measurements are possible with 18Fˉ Fluoride 

positron emission tomography (PET), especially since the PET technique 

offers true quantifi cation of the tracer uptake in specifi c regions. 24,25 An 

18Fˉ Fluoride PET measurement in combination with a histological analysis 

of condylar specimens may provide a better insight in the bone activity of 

patients with asymmetric condylar growth.

PET for the measurement of bone activity has been tested as a new diagnostic 

technique for UCH. The results of the pilot study on PET and UCH, however, 

were rather confusing. The fi nding of a distinctively lower rate of bone growth 

in the contralateral condyle of UCH patients, compared with the bone uptake 

in normal volunteers, contradicts current thinking. In general, disproportional 

growth at the affected side is considered as the major cause of mandibular 

asymmetry, not the relative growth cessation at the contralateral side. 

On the basis of the present PET fi ndings, it can be hypothesized that the 

population of patients with asymmetric mandibular growth consists of several 

subgroups. One subgroup (some of the younger patients) may have a normal 

bone growth rate at the suspected UCH side, but a relatively low bone growth 

rate at the contralateral side. The cause of the early cessation of bone growth 

is unknown, but factors such as trauma during early life might play a role. 
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A second subgroup of patients may have (abnormal) continuation of bone 

growth (at a “normal” rate) at the UCH side, together with normal cessation 

of growth at the contralateral side. This growth pattern might be more specifi c 

in older patients. Finally, there might be a third subgroup of UCH patients 

with abnormally high bone growth at the UCH side and normal growth at 

the contralateral side, resulting in abnormal hyperactive bone growth in 

the condylar region. In the present study, there was no evidence for the 

existence of such a subgroup. In addition, no correlation between net fl uoride 

uptake and bone blood fl ow was observed. In fact, bone blood fl ow was 

normal at both condylar sides of UCH patients, although there was a trend for 

reduced perfusion, especially at the contralateral side. A combination of bone 

histomorphometric measurements, including the mineral apposition rate, and 

18Fˉ Fluoride PET measurements might improve the understanding of the 

pathophysiology of asymmetric mandibular growth.

Despite the somewhat unexpected fi ndings with respect to bone metabolism, 

it seems that PET can still be used as a diagnostic tool for UCH, based on the 

observed differences in 18Fˉ uptake. Quantifi cation of the rate of infl ux of 18Fˉ 

using PET offers the possibility of assessing asymmetric bone growth and can 

be used to differentiate a hyperactive condyle from a normal or “burned out” 

condyle. More important, PET may be useful in identifying possible subgroups 

of patients, especially in pathophysiological studies investigating hypotheses 

regarding the cause(s) of asymmetric mandibular growth. Clearly, further 

studies are needed to assess the value of PET for investigating UCH. 

Many possible causes of UCH are mentioned in the literature. Trauma, genetic 

factors, infection, and hypervascularity are the most often mentioned causes, 

but thus far, there has been no convincing evidence of a specifi c etiologic 

factor. 3,4,10,11,16 Obwegeser hypothesized that mandibular asymmetry may 

develop due to two different growth regulators within the cartilaginous 

section of the condyle. One is believed to be responsible for growth in length 
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(factor L) and the other for growth in mass (factor M). 14 An imbalance of 

these factors can produce hemi-mandibular elongation and hemi-mandibular 

hyperplasia, respectively.

Oberg stated that increased vascularization or persistently high blood supply 

could lead to increased activity and growth. 15 However, in the PET pilot study 

of this thesis, no evidence of hypervascularization could be found in the 

condylar region in UCH patients. 

If infl ammation of the condylar head exists, for instance due to untreated 

middle-ear infections, the prevalence of UCH would be higher in countries 

with a poor health care system. In the literature, there is no indication that 

this is the case. A local infl ammation may also induce an increased blood 

fl ow, which was not found in the PET study. On the other hand, it may be 

possible that excessive infl ammation around the condyle could result in a 

condylar hypoactivity rather than hyperactivity.

The signifi cance of trauma is diffi cult to evaluate, and it would be interesting 

to investigate this particular area. A previous fracture of the mandibular 

condylar process has been estimated to have occurred in up to 10% of all 

patients with severe mandibular defi ciencies or asymmetry problems. 19 Other 

studies associated with mandibular fractures in young people with subsequent 

mandibular deformities are non-conclusive. Similar to the case of infl ammation, 

condylar hypoplasia rather than hyperplasia following a traumatic incident can 

be expected. Mandibular fractures may induce a reduced blood fl ow to one of 

the condylar regions. If a particular predisposition of some individuals to react 

massively to a mild trauma exists, it would provide a new explanation for the 

relevance of genetic factors. 26 Genetic studies might be needed to identify a 

gene or a mutation that might shed some light on the etiologic factor of UCH. 

Additionally, the PET scan needs to be applied on a larger number of patients, 

to achieve reliable results on possible hyper- or hypovascularity, identifi cation 

of possible subgroups, possible relationships with histological results, and 

diagnostic possibilities in UCH patients.
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Condylar hyperactivity is almost always unilateral. 9 It may be possible that 

the bilateral cases represent normal hereditary mandibular prognatism and 

not true unilateral condylar hyperplasia. Some authors mentioned a possible 

relationship with acromegaly in UCH patients, because of deviations in the 

growth hormone level. 3,12,13,15 The result, however, differs distinctly from that 

of condylar hyperactivity not only in its bilateralism but also in the fact that, 

in acromegaly, new growth occurs at the same time in other parts of the 

mandible than just in the condylar region. Additionally, in acromegaly, the 

coronoid process grows as fast as the condyle, whereas it appears relatively 

short in UCH. 22

A high partial condylectomy is an effective method for stopping condylar 

hyperactivity. However, the morbidity of this surgical procedure is of concern. 

The study presented in this thesis shows that UCH patients that underwent a 

condylectomy because of progressive mandibular asymmetry, develop more 

joint related temporomandibular problems as well as higher post-operative 

pain when compared to age and gender matched individuals. However, these 

do not lead to higher disabilities in daily life. Furthermore, the scar of the pre-

auricular incision is hardly noticeable. 16 A routine open surgical procedure 

for the temporomandibular joint (TMJ) was used, but with preservation of 

the upper joint compartment. It is thought that this may be the reason for 

uncompromised post-surgical TMJ function.

 

The most striking clinical feature of UCH is the mandibular deformity. 

Obwegeser posted a classifi cation on the different forms of asymmetry due 

to UCH. It would be interesting to classify conventional radiographs of the 

patients with mandibular asymmetries and assessing whether the results are 

in accordance with Obwegeser’s classifi cation.

In the near future, 3-D reconstruction of cone-beam CT scans will play an 

important role in classifying patients with a mandibular asymmetry.
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The studies mentioned in the present thesis picture the long road of studying 

and analyzing different diagnostic aspects of UCH. Many aspects of this 

interesting condylar disorder remain to be assessed and investigated.
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CHAPTER 10
SUMMARY 
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In Chapter 2, visual and quantitative analysis of planar bone scintigrams of 

UCH patients and a control group was conducted, and the possibilities of using 

a bony structure in a region near the condyle for the objective measurement 

of bone activity were explored. 

Visual interpretation of the bone scan revealed that all UCH patients had a 

unilateral increased activity. The mean percentile activity of the affected and 

unaffected condyles in the UCH group was 55.3% and 44.7%, respectively. 

There was no signifi cant difference in the control group: the ratios between 

the left and right condyle being 49.5% and 50.5%, respectively. In the UCH 

group, a signifi cant difference was noticed in the ratios between the region of 

interest (ROI) of the condyles on the one hand and the cervical spine, the lower 

part of the cervical spine, and the skull on the other hand. However, there 

was a considerable overlap between the condyle and reference ROI ratios. 

Calculation of ratios in planar scans therefore, does not appear to be useful 

in differentiating a hyperplastic condyle from a normal condyle. Furthermore, 

it can be concluded that quantitative analysis of planar scintigrams in UCH 

patients are not superior to the visual interpretation of scans. 

In Chapter 3, single photon emission computed tomography (SPECT) and 

planar bone scintigraphy in the diagnosis of UCH patients were compared.

The mean relative activity of the hyperactive condylar region in the planar 

scans was 53.5%, which was signifi cantly higher in the SPECT scan with a 

mean value of 60.5%. Receiver operating curves (ROC) were clearly in favor 

of SPECT over the planar bone scan. The optimal cut-off value for planar 

scanning was 52%, yielding a sensitivity of 67% and a specifi city of 85%. 

For SPECT scanning, the optimal cut-off was 56%, resulting in a sensitivity of 

93% and a specifi city of 96%.

It can be concluded that in patients with a clinical suspicion of active UCH, 

SPECT scanning is a signifi cantly better diagnostic tool than planar bone 

scanning. 
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In Chapter 4, different analytical methods were compared in order to 

identify the optimal analytical method to distinguish UCH patients from 

patients with inactive condyles. The SPECT scans of patients with progressive 

and non-progressive mandibular asymmetry were analyzed using the region 

of interest (ROI) technique. Sensitivity, specifi city and receiver operating 

characteristic (ROC) curves were calculated for the different analytic methods. 

For UCH patients, a direct comparison of bone activity between the affected 

and contralateral condyle in SPECT scans is the analysis method of choice. 

Comparison of condylar bone activity to reference bone activity in SPECT 

scans does not have additional value in the diagnosis of UCH. 

In Chapter 5, a review of the literature (1968-2008) was performed on the 

diagnostic accuracy of planar and SPECT bone scans. Fifteen articles met the 

inclusion criteria of this review. In only seven, the results were suffi cient in 

detail to calculate index test characteristics. The pooled sensitivity of the planar 

bone scan was signifi cantly lower than that of the bone SPECT technique. The 

pooled specifi city of the SPECT scan was not signifi cantly different from that 

of the planar scan. Therefore, it is recommended that future studies should 

include a diagnostic analysis of the reported data, including two-by-two 

contingency tables, allowing to evaluate the accuracy of the diagnostic test. 

A bone scan can best be performed by using the SPECT scanning technique, 

conducting a quantitative analysis by calculating the percentile differences 

between the left and right condylar region. 

In Chapter 6, bone growth and blood fl ow in the condylar region of UCH 

patients and controls were prospectively assessed, using positron emission 

tomography (PET). 

In controls, the net rate of fl uoride infl ux rate (Ki), representing bone 

metabolism, was similar for left and right condylar sides. Interestingly, this 

was not signifi cantly different from the affected condyles in UCH patients. 
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Rather, the Ki on the contralateral side of UCH patients was reduced signifi cantly 

compared to the affected side and controls.

The mean blood fl ow in the left and right condylar side in controls was not 

signifi cantly different. The same was true for the hyperactive and contralateral 

condyle of UCH patients. Blood fl ow in the condylar region of UCH patients 

was similar to that of the control group.

In conclusion, no evidence for abnormal high rates of bone growth in the 

affected condylar region of UCH patients was found. On the contrary, the 

rate of bone growth appeared to be reduced in the contralateral condylar 

region. These PET results are in contrast with the characteristic clinical 

picture of UCH patients and suggest the possibility of subgroups in patients 

with a mandibular asymmetry caused by UCH. Furthermore, no evidence of 

hypervascularization of the condylar region in UCH patients was found.

In Chapter 7, histopathological analysis of condyles that were resected 

because of progressive UCH was performed, and the results of the bone scan 

were compared with the histopathological analysis. 

The number of cartilage islands appeared to be highly variable, ranging 

from almost absent in 37% of the patients to abundant in 35% of the 

patients. Furthermore, the relative thickness of the cartilage layer exhibited 

considerable variation, ranging from less than a quarter of the total thickness 

of the condylar articular layer in 22% of the patients, to half of the total 

thickness in 35%. No signifi cant relationship was demonstrated between the 

number of cartilage islands and bone activity using SPECT, or between the 

relative thickness of the cartilage layer and bone activity using SPECT.

Unilateral condylar bone growth can occur without large numbers of cartilage 

islands and without abundant cartilage formation. Bone activity measured by 

bone scintigraphy was not related to the histological results. Histopathological 

examination of resected condyles in UCH can not, therefore, be used as a 

gold standard. 
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In Chapter 8, the temporomandibular function after a condylectomy 

because of unilateral condylar hyperactivity (UCH) was assessed by means 

of standardized criteria. The results were compared with those obtained in 

a control group.

It appeared that patients and controls did not differ signifi cantly concerning 

myofacial pain (P = 0.131), disk displacement (P = 0.516) and depression 

(P =0.34). There was a signifi cant difference between both groups concerning 

arthralgia, osteoarthritis and osteoarthrosis (P = 0.003) and pain with low 

disability (P = 0.022). 

UCH patients that underwent a condylectomy because of progressive 

mandibular asymmetry, developed more joint related temporomandibular 

problems as well as more post-operative pain when compared to age and 

gender matched individuals. However, these did not lead to higher disabilities 

in daily life. 





CHAPTER 11
DUTCH SUMMARY 
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Introductie

Unilaterale condylaire hyperactiviteit (UCH) is een term voor een ziektebeeld, 

dat gekenmerkt wordt door een asymmetrische ontwikkeling van de onderkaak 

(mandibula) en als gevolg daarvan, soms ook van de bovenkaak (maxilla). De 

asymmetrie is gebaseerd op een enkelzijdig toegenomen of heropgetreden 

groei van één van de kaakkopjes (condylus) op jeugdige of jong-volwassen 

leeftijd. UCH is de meest voorkomende postnatale groei abnormaliteit van het 

kaakgewricht, ook wel aangeduid als temporomandibulair gewricht (TMG), 

maar desondanks zeldzaam. Dit is de reden dat UCH meestal niet of laat 

herkend wordt door (tand)artsen. De (mandibulaire) asymmetrie kan zich 

geleidelijk, gedurende vele jaren, ontwikkelen, maar kan zich ook binnen 

enkele maanden openbaren. UCH komt meestal tussen het 10e en 30ste 

levensjaar voor, waarbij er geen verschil is tussen het optreden bij mannen 

en vrouwen. 

De groei toename in één van beide kaakkopjes ontwikkelt zich zonder bekende 

oorzaak, waarbij in de literatuur vaak een ongeval (trauma) genoemd wordt 

als mogelijk oorzakelijke factor. Ook kan de groei worden “getriggerd” 

door verhoogde doorbloeding, ontsteking of genetische oorzaken van nog 

onbekende aard. 

Diagnostiek

Voordat behandeling kan worden ingesteld, moet het onderliggende probleem 

helder zijn. De uiteindelijke behandeling is namelijk grotendeels afhankelijk 

van de gestelde diagnose. Met name moet worden vastgesteld of de condylus 

nog steeds actief is, of dat de groeiactiviteit is uitgeblust. 

Er bestaan verschillende technieken om progressie van UCH te diagnosticeren. 

Een van de manieren is klinische en radiologische follow-up van de patiënt, 

waarbij de eventuele progressie van de UCH wordt ingeschat aan de hand 
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van röntgenfoto’s, in combinatie met gebitsmodellen en het objectieve 

(lichtfoto’s) en subjectieve klinische beeld. Dit gaat echter gepaard met 

een lang tijdsbeloop, wat de asymmetrie van de mandibula niet ten goede 

komt. 

De botscan is een techniek voor directe identifi catie van een abnormaal 

groeicentrum. Deze verandering kan worden gezien voordat deze zichtbaar 

is op conventionele röntgenfoto’s.

Botscintigrafi e is gebaseerd op intraveneuze injectie van difosfonaten, met 

affi niteit voor actieve osteoblasten, gelabeld met een radionuclide. De mate 

van traceropname is een maat voor de lokale bot (osteoblasten) activiteit 

en deze is duidelijk verhoogd bij botaanmaak. Verhoogde traceropname kan 

echter ook voorkomen bij totaal andere ziektebeelden zoals een infectie, 

trauma, of een tumor. Het voordeel van botscintigrafi e ten opzichte van het 

meten van (klinische) progressie is dus dat de diagnose potentieel eerder 

kan worden gesteld.

In de literatuur zijn er verschillende botscan methoden beschreven voor de 

evaluatie van patiënten met een mandibulaire asymmetrie. De methoden 

variëren van de simpele planaire botscan tot uitgebreidere methoden zoals 

de ‘single photon emission tomography’ (SPECT). Het traceropname patroon 

kan op meerdere manieren worden bekeken. De meest eenvoudige wijze 

is de visuele beoordeling (kwalitatief) waarbij er wordt gekeken of er een 

verschil in opname bestaat tussen de linker en rechter condylus. Ook kan 

er over de intensiteit van de opname een kwalitatieve uitspraak worden 

gedaan.

Een tweede wijze van beoordeling betreft een semi-kwantitatieve beoordeling 

waarbij de botactiviteit in de rechter en linker condylus regio wordt gemeten. 

Dit vindt plaats door ter plaatse van de condylus een gebied af te bakenen 

(de ROI oftewel region of interest) en hier de activiteit te meten. 
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De (osteoblasten) activiteit kan dan in counts/min worden uitgedrukt, waarna 

er meestal een procentuele activiteitsverdeling gemaakt wordt tussen de 

linker en rechter condylus regio.  

In de literatuur wordt een botscan (SPECT) positief genoemd als er meer dan 

10% verschil is in de relatieve activiteitsverdeling van de linker en rechter 

condylus regio. In de literatuur wordt ook een andere manier van analyseren 

genoemd, die bestaat uit het berekenen van een ratio van de condylus 

activiteit ten opzichte van de botactiviteit in bijvoorbeeld de vierde lumbale 

wervel (L4) of de clivus. L4 als referentie heeft als nadeel dat een groot deel 

van het skelet gescand moet worden, terwijl de clivus niet betrouwbaar kan 

worden gebruikt bij kinderen in de groei. 

Therapie

Bij persisterende groeiactiviteit van de condylus kan een afwachtend 

beleid worden gevolgd, waarbij regelmatige controles naar condylaire 

activiteit dienen plaats te vinden. Ook kan het groeicentrum chirurgisch 

worden verwijderd door middel van een (hoge) partiële condylectomie. 

Het chirurgisch en/of orthodontisch herstel kan dus pas worden gestart 

indien condylaire hyperactiviteit, en dus progressie van de asymmetrie, is 

uitgesloten. Correctie van de asymmetrie kan geschieden door middel van 

een osteotomie van de onderkaak (met of zonder kin correctie) en in enkele 

gevallen ook van de bovenkaak. De occlusie en dus de kauwfunctie wordt vaak 

orthodontisch hersteld. De complexiteit van het behandelplan en de daarmee 

samenhangende chirurgie is afhankelijk van de mate van deformatie. 

In dit proefschrift wordt er  nader onderzoek gedaan naar de diagnostiek 

van UCH patiënten. Ook wordt er bekeken of er microscopisch bepaalde 

kenmerken te identifi ceren zijn die specifi ek zijn voor UCH. De functie van 

het kaakgewricht en de omgevende spieren wordt geëvalueerd. Hieronder 
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volgt een samenvatting van de verschillende onderzoeken die beschreven 

zijn in dit proefschrift. 

In Hoofdstuk 2 wordt een onderzoek beschreven waarin visuele en 

kwantitatieve analyse van reguliere (planaire) botscans bij UCH patiënten 

en een controlegroep plaatsvindt. Tevens wordt onderzocht wat de waarde 

is van alternatieve methodes van botactiviteit metingen. Hierbij wordt de 

activiteit in de kaakkop met die in het schedeldak of de cervicale wervelkolom 

vergeleken. Hiervoor wordt een ratio berekend van de activiteit in beide 

condyli ten opzichte van de activiteit in wervels of schedel. Bij de visuele 

analyse blijkt dat er bij alle UCH patiënten sprake is van een unilaterale 

verhoogde botactiviteit. De gemiddelde procentuele botactiviteit van de 

aangedane (hyperactieve) kaakkopjes is 55.3%; die van de contralaterale 

kaakkopjes 44.7%. Bij de controlegroep is de activiteit verdeling tussen de 

linker en de rechter kaakkop in evenwicht: respectievelijk 49.5% en 50.5% 

en is derhalve niet signifi cant verschillend. Bij de UCH patiënten blijken 

de ratio’s van zowel de aangedane condylus/halswervel als de aangedane 

condylus/schedel signifi cant hoger dan de ratio’s van de contralaterale 

condylus ten opzichte van wervels of schedel. Er is echter sprake van een 

substantiële overlap tussen de berekende ratio’s van de aangedane en 

contralaterale kaakkopjes. Bij de planaire botscan blijkt het berekenen van 

de ratio voor differentiatie tussen een hyperactieve en een normale condylus 

geen meerwaarde te hebben. Geconcludeerd kan worden, dat kwantitatieve 

analyse van planaire botscans bij UCH patiënten niet beter is dan visuele 

analyse. 

In Hoofdstuk 3, is een onderzoek beschreven naar de diagnostische waarde 

van SPECT ten opzichte van planaire botscans bij UCH patiënten. Bij de SPECT 

scans blijkt de gemiddelde relatieve activiteit van de hyperactieve kaakkoppen 

60.5% en bij de planaire scans 53.5%. Dit verschil is signifi cant. 
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Op basis van de ‘receiver operating characteristic’ (ROC) curven blijkt dat er 

voor de SPECT scan sprake is van een beter discriminerend vermogen dan de 

planaire scan. 

Voor de planaire scan is de optimale grenswaarde tussen de normale kaakkop 

activiteit en verhoogde kaakkop activiteit 52%, met een sensitiviteit van 67% 

en een specifi citeit van 85%. 

Voor de SPECT scan is de optimale grenswaarde 56%, met een sensitiviteit 

van 93% en een specifi citeit van 96%. De SPECT scan blijkt bij patiënten met 

klinische verdenking op UCH een beter diagnosticum te zijn dan een planaire 

botscan. 

In Hoofdstuk 4, is onderzoek naar verschillende analyse methoden van SPECT 

scans beschreven. Het doel is om de meest optimale methode vast te stellen 

waarmee patiënten met  UCH kunnen worden onderscheiden van patiënten 

zonder hyperactiviteit van het kaakkopje.  Met de ROI techniek worden de 

SPECT scans van patiënten met en zonder een progressieve mandibulaire 

asymmetrie geanalyseerd. Voor de verschillende analyse methoden worden 

de sensitiviteit, de specifi citeit en de ROC curven berekend. Voor analyse 

van activiteit bij UCH patiënten blijkt vergelijking van de aangedane en 

contralaterale condylus bij SPECT scans superieur. Vergelijking van de 

condylaire botactiviteit met een referentiegebied heeft geen aanvullende 

waarde bij de diagnose van UCH.

In Hoofdstuk 5, is een literatuuronderzoek (1968-2008) opgenomen 

betreffende  de diagnostische accuratesse van planaire botscans en SPECT 

scans bij de vaststelling van UCH. Het doel is om de resultaten van verschillende 

studies te analyseren en indien mogelijk te bundelen met behulp van een 

meta-analyse. Vijftien artikelen voldeden aan de inclusie criteria, waarbij 

slechts zeven artikelen in voldoende detail zijn beschreven om de sensitiviteit 

en specifi citeit te kunnen herleiden.  De gepoolde sensitiviteit van de SPECT 
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scan (0.90) is signifi cant hoger dan die van de planaire scan (0.71). De 

gepoolde specifi citeit  is voor de beide testen niet signifi cant verschillend. 

Uit het onderzoek kan worden geconcludeerd dat de SPECT botscan techniek 

waarbij het relatieve verschil tussen de linker en rechter kaakkop wordt 

berekend meer UCH patiënten opspoort dan de reguliere statische botscan. 

In Hoofdstuk 6, is een onderzoek beschreven naar de botactiviteit 

en vascularisatie in de condylaire regio bij UCH patiënten en bij een 

controlegroep prospectief onderzocht met behulp van 18Fluoride-positron 

emissie tomografi e (18Fluoride-PET). 

Bij de controlegroep is het botmetabolisme (Ki) ter plaatse van de linker en 

rechter condylus gelijk. Bij UCH patiënten is het botmetabolisme signifi cant 

verschillend. Echter, het botmetabolisme ter plaatse van de aangedane 

condylus is niet signifi cant verschillend van de die van de controlegroep. 

Wel blijkt dat de Ki ter plaatse van de contralaterale zijde van UCH patiënten 

signifi cant lager is dan de Ki van de aangedane zijde en van de controlegroep.  

De gemiddelde doorbloeding in de regio van de beide kaakkoppen blijkt 

niet signifi cant verschillend te zijn ten opzichte van de individuen in de 

controlegroep. Ook voor de hyperactieve en contralaterale condylus in de 

patiëntengroep blijkt de gemiddelde doorbloeding niet signifi cant verschillend 

te zijn. Ook is de doorbloeding bij de patiënten en controlegroep gelijk. Deze 

studie laat zien dat de botactiviteit verlaagd lijkt te zijn in de contralaterale 

en normaal is in de aangedane condyli van UCH patiënten. De 18Fluoride-

PET resultaten lijken in strijd met het karakteristieke klinische beeld bij UCH 

patiënten, waarbij een verhoogd metabolisme aan de aangedane kaakkop 

verwacht wordt. Mogelijk bestaat de patientengroep met mandibulaire 

asymmetrie uit verschillende subgroepen met een uiteenlopende etiologie 

van de asymmetrie. Zo zou bij een deel van de patiënten asymmetrie 

kunnen ontstaan door een relatief achterblijvende groei van de contralaterale 

condylus. 
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Er blijkt geen sprake te zijn van hypervascularisatie in de regio van de 

aangedane kaakkoppen bij UCH patiënten. 

In Hoofdstuk 7, is een histopathologische analyse beschreven van de 

gereseceerde kaakkoppen bij patiënten met UCH. Bij de analyse is gekeken 

naar de hoeveelheid kraakbeeneilandjes in het preparaat, alsmede de 

(relatieve) dikte van de kraakbeenlaag. 

De resultaten van de botscans zijn vergeleken met het histopathologische 

onderzoek. Er blijkt een grote variatie te bestaan in het aantal 

kraakbeeneilandjes; deze zijn bijna afwezig bij 37% en rijkelijk aanwezig bij 

35% van de patiënten. Ook de relatieve dikte van de kraakbeenlaag varieert 

van minder dan een kwart van de totale dikte van de articulaire laag bij 22% 

van de patiënten tot de helft van de totale dikte bij 35% van de patiënten. 

Jonge patiënten hebben in vergelijking met oudere patiënten een dikkere 

kraakbeenlaag en lijken over meer kraakbeeneilandjes te beschikken. 

Tussen de mate van botactiviteit gemeten bij de SPECT scans en het aantal 

kraakbeeneilandjes en de relatieve dikte van de kraakbeenlaag was er geen 

signifi cante relatie aan te tonen. Unilaterale condylaire hyperactiviteit kan 

dus voorkomen zonder aanwezigheid van substantiële aantallen ingesloten 

kraakbeeneilandjes of overvloedige kraakbeenformatie. De bij de botscans 

gemeten activiteit blijkt niet gerelateerd te zijn aan de histologische 

bevindingen. Gezien de variabiliteit van de histopathologische resultaten 

kan histopathologisch onderzoek niet worden beschouwd als een gouden 

standaard voor de diagnose condylaire hyperactiviteit.  

In Hoofdstuk 8, is een onderzoek beschreven betreffende de 

temporomandibulaire functie van 33 UCH patiënten na hoge, partiële 

condylectomie gemeten met behulp van gestandaardiseerde criteria. De 

resultaten werden vergeleken met die van een gestratifi ceerde controlegroep. 

Tussen de patiënten en controlegroep bleken er geen signifi cante verschillen 
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te bestaan in myofaciale pijn (P = 0.131), discus-verplaatsing (P = 0.516) 

en depressie (P = 0.34).  

Wat betreft arthralgie, osteoarthritis en osteoarthrosis (P = 0.003) en pijn 

met minimale beperkingen (P = 0.022) blijkt er wel een signifi cant verschil 

te bestaan. UCH patiënten die vanwege een progressieve mandibulaire 

asymmetrie een condylectomie ondergingen blijken meer kaakgewricht 

gerelateerde problemen en meer pijn te hebben vergeleken met gezonde 

individuen van hetzelfde geslacht en dezelfde leeftijd. Dit leidde echter niet 

tot meer beperkingen in het dagelijks leven. Er is echter geen onderzoek 

gedaan naar de pre-operatieve temporomandibulaire functie bij UCH 

patiënten. Rekening moet worden gehouden met het feit dat UCH patiënten 

reeds voor het uitvoeren van de condylectomie meer last kunnen hebben 

van kaakgewricht gerelateerde problemen of pijn, op basis van overbelasting 

of een veranderde anatomie van het kaakgewricht.
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