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Introduction 
Dual energy X-ray absorptiometry (DEXA) is 

the gold standard for measuring bone mineral 

density (BMD). This method is fast and  

non-invasive, does not require anesthesia or 

preparation, and is available in most medical 

centers around the world. It uses two X-ray 

beams with different energy levels; whereby, 

the degree of attenuation of the X-ray beam by 

the scanned bone is measured [1,2]. The  
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 Abstract  

Background and Aim: Temporomandibular joint osteoarthritis 

(TMJOA) appears to be more common in osteoporotic patients.  
Fractal analysis is a mathematical method that can be used to assess 
trabecular bone. The aim of this study was to assess the correlation 
of bone mineral density (BMD) and fractal dimension (FD) of the 
condyles in women with TMJOA using cone-beam computed  
tomography (CBCT).   
Materials and Methods: In this cross-sectional study, the FD and 

lacunarity of the condylar head were assessed on CBCT images of 39 
women (20 healthy women with no signs/symptoms of TMJOA, and 
19 TMJOA patients). The BMD and the T-score of the hip and lumbar 
vertebrae were determined using dual energy X-ray absorptiometry. 
Data were analyzed by t-test, chi-square test, and Pearson’s  
correlation coefficient. 

Results: TMJOA patients and healthy controls did not differ  

significantly in terms of the mean age (P=0.63), BMD and T-score 
(P>0.05), or FD and lacunarity (P>0.05). A significant correlation 
was observed, however, between lacunarity in the two condyles 
(r=0.47, P=0.003) and BMD of the lumbar vertebrae and the hip 
(r=0.40, P=0.01).   
Conclusion: The mean BMD of total spine and hip did not differ  

significantly in the two groups of healthy controls and TMJOA  
patients. The FD and lacunarity also showed no significant difference 
between the groups. FD based on CBCT images of the TMJ is not a 
reliable indicator for categorization of skeletal status.   
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routine methods for assessment of BMD such 

as DEXA are costly and have some difficulties. 

Therefore, researchers are looking for new 

techniques to assess the morphology of  

trabecular bone [3,4].  

Fractal analysis is a non-invasive method 

for quantification of the changes in trabecular 

structure of cancellous bone [5,6].  

Measurement of fractal dimension (FD) can 

reveal the complexity of trabecular bone and 

its structure and may be used to detect  

osteoporotic patients. According to Geraets et 

al, [6] FD is similar to DEXA and quantitative 

computed tomography (CT) in effectiveness.  

Quantitative CT is a BMD measure-

ment technique that calibrates the CT  

scanner by using solid phantoms made from  

calcium hydroxyapatite that represent  

various BMDs, and are placed in a pad beneath 

the patient [6].  

The difference between the fractal analysis 

of patients and healthy individuals has been 

controversial in the literature. For instance, 

Hua et al. [7] reported that FD increased in  

pathologies that cause osteoporosis-like effects 

on trabecular bone. Temporomandibular joint 

osteoarthritis (TMJOA) is a chronic  

degenerative joint disease that causes  

destructive changes in the fossa and on the  

articular surface of the mandibular condyle. 

Therefore, the density of the condyle could be 

useful in assessing BMD, which can be affected 

in TMJOA.  

Kayipmaz et al. [8] examined the trabecular 

structure of the subcortical area of the  

mandibular condyle and found a low FD in all 

patients with osteophyte formation,  

generalized and local sclerosis, subchondral 

cysts, and erosion in early and advanced stages 

of TMJOA. They concluded that a FD analysis 

can be used as an auxiliary method for early 

detection of TMJOA [8]. 

TMJOA is the leading cause of temporoman-

dibular disorders (TMDs). It has the highest 

prevalence in women and the elderly, and is 

characterized by varying degrees of  

inflammation and resorption of the articular 

cartilage and bone [9]. Considering the  

importance of early detection of skeletal 

changes in TMJOA for prevention of  

irreversible and extensive bone destruction, 

fractal analysis may be useful for assessment of 

bone trabecular changes in TMJ in early stages 

of the disease [10]. Therefore, this study aimed 

to investigate the correlation between BMD 

and FD of the mandibular condyle in TMJOA 

women using cone-beam computed  

tomography (CBCT). 

 

Materials and Methods  
This cross-sectional study was conducted on 

19 patients aged 20 to 40 years without  

systemic disease and normal menstrual status, 

who were classified in group III of research 

diagnostic criteria for temporomandibular  

disorders. The study was approved by the  

Ethics Committee of Mashhad University of 

Medical Sciences (IR.MUMS.REC.1392.209). 

Since the participants were between 20 to 40 

years and had no systemic disease, symptoms 

of osteoporosis, or bone pain, they declined 

DEXA test. This was the main reason for the 

small sample size in this study. 

1. The American Academy of Orofacial Pain 

uses capsulitis and synovitis as criteria for TMJ 

pain [11]. The patients were selected using 

non-probability sampling based on clinical 

evaluation by a prosthodontist. The patients 

had signs of osteoarthritis in both joints. In  

addition, 20 healthy women with no clinical or 

radiographic signs/symptoms of TMDs who 

referred for other dental problems were also 

included as healthy controls. All participants 

took part in the study after signing informed 

consent forms.  

CBCT images of the TMJ of both sides were 

obtained using Planmeca ProMax 3D CBCT 

scanner (Planmeca, Helsinki, Finland) with  

8-bit grayscales and a voxel size of 0.16 mm at 

the Department of Oral and Maxillofacial  

Radiology, Faculty of Dentistry of Mashhad 

University of Medical Sciences. The images 
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were taken with the mouth and teeth closed in 

maximum intercuspation. 

The coronal, sagittal, and axial sections 

were reconstructed from the 3D images of the 

TMJ.  

The sagittal, coronal and axial lines were 

drawn at the center of the condyles and a  

section with the largest extent (in millimeters) 

in the axial plane was selected, and the  

cross-sectional slice thickness was adjusted. In 

the coronal and sagittal planes, three images 

including the anterior border of the condyle, 

the central sagittal slice, and the posterior  

border of the condyle were obtained, and the 

central coronal section was saved (Figs. 1-3).  

Calculation of FD: 

The simplest and most widely used method 

for calculating the FD, i.e. box counting, was 

applied. This technique employs Image J 1.47v 

software developed by the United States  

National Institute of Health for medical  

imaging (can be downloaded from 

http://imagej.nih.gov/ij) [10]. In the first 

phase, the region of interest had to be  

determined in order to calculate the FD. To 

standardize all images, a circle was drawn to 

have the highest diameter without affecting the 

cortical bone margins of the condylar head.  

After the images were duplicated, image  

processing was performed using Analyze > 

Tools > Fractal Box Count according to the 

method described by White and Rudolph [11]. 

The sigma factor was determined to be 5, 

and in the box counting menu, the size of the 

grids was determined to be 2, 3, 4, 6, 8, 12, 16, 

32, and 64. In the resulting diagram, D repre-

sents the FD [11].  

Calculation of lacunarity: 

After installing the FracLac plugin of Image  

J software, lacunarity was calculated. The  

binary images obtained during FD calculation 

were used for this purpose. The FD and  

lacunarity of each condyle were calculated as 

the mean of FDs and lacunarities in the three  

aforementioned planes. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Image reconstruction in sagittal plane using 

Romexis software 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Image reconstruction in coronal plane using 

Romexis software 

 

 

 

 

 

 

 

 

 

 

  Fig. 3. Image reconstruction in axial plane using Romexis  

  software 

 

Bone densitometry (DEXA): 

The BMD of each patient was measured at 

two sites, namely the left femoral neck and the 

L2-L4 vertebrae using an Osteocore (France) 

with a maximum voltage of 86 kVp and 1 mA 

current at 1 µg/scan/h. All phases of the  

selection of X-ray settings were carried out  

by the software according to age, gender, and 

http://imagej.nih.gov/ij
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body mass index of patients. At each BMD  

assessment site, the T-score and Z-score were 

determined by the software. The T-score is the 

standard deviation of patient’s BMD from the 

mean value of a healthy 30-year-old individual 

of the same sex and race. According to the  

T-score of each site, patients were classified as 

normal (T-score≥−1), osteopenic (−2.5<T-score 

< −1), and osteoporotic (T-score ≤ −2.5) [12].  

Statistical analysis: 

The data were analyzed in PASW Statistics 

for Windows, version 18.0 (SPSS Inc., Chicago, 

IL, USA) using t-test, Chi-square test, and  

Pearson’s correlation coefficient. The  

Kolmogorov-Smirnov test was used to evaluate 

the distribution of age, BMD, FD, and  

lacunarity. BMD comparison between the two 

groups of controls and osteoarthritis patients 

was conducted using independent t-test, and  

evaluation of the independence of qualitative 

variables (skeletal status of the spine and hip, 

and TMJ osteoarthritis status) was conducted 

using the Chi-square test. The Pearson’s  

correlation coefficient was used to assess the 

correlations between FD and lacunarity of the 

two condyles and total hip and spine BMDs. 

The significance level was set at 0.05.  

 

Results 
A total of 39 women aged 20 to 40 years 

who did not have any systemic disease were  

included in this study. The mean age was 32.66 

± 6.20 years. A total of 20 healthy individuals 

with no signs/symptoms of TMJOA and a mean 

age of 32.20 ± 6.43 years, and 19 TMJOA  

patients with a mean age of 33.15 ± 6.08 who 

experienced pain on clinical examination and 

had skeletal changes in TMJ on radiographs 

were evaluated.  

Considering the normal age distribution in  

both groups, which was confirmed by the  

Kolmogorov-Smirnov test (P=0.80 for healthy 

controls and P=0.73 for TMJOA group),  

independent t-test was used to compare the 

groups in terms of the mean age. The results 

showed no significant difference (P=0.63).  

Table 1 presents the mean BMD of total spine 

and hip as well as their T-scores. According to 

independent t-test, the mean BMD of total 

spine (P=0.71) and hip (P=0.44) did not differ 

significantly in the two groups of controls and 

TMJOA patients.  

T-score is the main index for assessing 

BMD; independent t-test showed no significant  

difference in the mean T-scores of the hip and 

spine between healthy controls and TMJOA  

patients (P>0.05).  

In order to increase the accuracy of the  

assessments of FD and lacunarity, the mean 

values for the axial, coronal and sagittal planes 

of the condyle at each side were calculated. 

This was done for the purpose of  

standardization and to obtain more  

homogenous results.  

The results showed a significant difference 

in the mean FD of the right and left sides of the 

TMJ (P=0.003), and no significant difference in 

lacunarity of the right and left condyles 

(P=0.23).  

In view of the normal distribution of FD and 

lacunarity, independent t-test was used  

to compare the mean values of healthy controls 

and osteoarthritis patients. The results showed 

no significant difference between the two 

groups in any of the variables (P>0.05,  

Table 2).  

Considering the normal distribution of  

FD and lacunarity of the two condyles and  

the normal distribution of total hip and  

spine BMDs, the Pearson’s correlation  

coefficient was used to assess the correlations. 

The Pearson’s correlation coefficients showed 

significant correlation between the mean  

lacunarity of the right and left condyles 

(P=0.003 and r=0.47), and total hip and spine 

BMDs (P=0.01, r=0.40). 

A cross tabulation was done to assess the  

correlation between the two qualitative  

variables of spine BMD and TMJOA  

status. The results showed that the skeletal  

statuses of the spine and TMJ had no  

correlation, and were independent (Fisher’s 

exact test=0.54, P=0.84). The skeletal statuses  

of the hip and TMJ were also independent 

(Fisher’s exact test=1.52, P=0.65, Tables 3  

and 4). 
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Table 1. T-score and BMD measured at the hip and spine sites in healthy controls and TMJOA patients  

 

Osteoarthritis Status 

(Number) 

Mean± std. deviation 

Total Spine BMD 

(g/cm2) 

Total Hip BMD 

(g/cm2) 
Total Spine T-Score Total Hip T-Score 

Healthy controls (20) 1.02±0.12 0.90±0.13 -0.17±1.15 -0.63±1.12 

TMJOA (19) 1.04±0.16 0.86±0.16 -0.04±1.52 -0.83±1.27 

Total (39) 1.03±0.14 0.88±0.15 -0.10±1.33 -0.73±1.18 

p 0.71 0.44 0.76 0.60 

Table 2. Comparison of FD and lacunarity in the two groups of healthy controls and TMJOA patients using independent t-test 

 

 
Mean Difference 

± SE difference 
p-Values 

95% CI of the Difference 

Lower Upper 

Mean Right Condyle FD -0.01± 0.02 0.56 -0.05 0.03 

Mean Left Condyle FD 0.008±0.01 0.63 -0.02 0.04 

Mean Right Condyle Lacunarity 0.05±0.04 0.17 -0.02 0.14 

Mean Left Condyle Lacunarity 0.02±0.04 0.51 -0.05 0.11 

Table 3. Cross-tabulation of the spine and temporomandibular joint skeletal status 

 

Osteoarthritis Status 
Spine Skeletal Status 

Total 
Normal Osteopenia Osteoporosis 

Healthy 16(80.0%) 3(15.0%) 1 (5.0%) 20(100.0%) 

Osteoarthritis 14(73.7%) 4(21.1%) 1(5.3%) 19(100.0%) 

Total 30(70.9%) 7(17.9%) 2(5.1%) 39(100.0%) 

Table 4.  Cross-tabulation of skeletal status of the hip and TMJ  

 

Osteoarthritis Status 
Hip Skeletal Status 

Total 
Normal Osteopenia Osteoporosis 

Healthy 13(65.0%) 6(30.0%) 1(5.0%) 20(100.0%) 

Osteoarthritis 9(47.4%) 9(47.4%) 1(5.3%) 19(100.0%) 

Total 22(56.4%) 15(38.5%) 2(5.1%) 39(100.0%) 
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Discussion 
Osteoporosis has a wide variety of  

complications, and its early detection can 

prevent many complications such as hip 

fracture. Therefore, it is important to find 

efficient screening tools for the entire  

population. Since the techniques available 

for this purpose are difficult to apply in the 

maxillofacial region, it is imperative to find 

a method for assessing skeletal status using 

conventional dental radiography [1,3]. 

This study aimed to assess BMD in  

women and its correlation with fractal  

analysis of the condyles using CBCT. There 

has been no similar study on the Iranian 

population, and no information on FD and 

lacunarity based on CBCT images of the 

mandibular condyle. Moreover, to the best 

of our knowledge, this study is the first to 

apply three planes, i.e. axial, coronal, and 

sagittal to calculate the mean FD and  

lacunarity of the condyle. The results 

showed that the BMD of the vertebrae and 

hip did not differ significantly in the two 

groups of patients with TMJOA and healthy 

controls. Similar to our study, Estrugo-

Devesa et al. [13] found no correlation  

between mandibular and femoral neck  

densitometry. Significant correlations were 

found, however, between densitometry  

results for the lumbar spine and mandible. 

On the other hand, Esfahanizadeh et al. [14] 

reported that osteoporosis and osteopenia 

of the maxilla and mandible may reflect a 

similar status in other bones. While we  

examined the condyles, they assessed the 

ramus and the body of mandible as well as 

the anterior part of the maxilla and  

mandible.  

Some studies showed that the BMD of  

patients with osteoarthritis of the knee, hip, 

and hand was significantly higher than that 

of controls [15,16]. The reason for the  

higher incidence of osteoarthritis in these 

joints is the initially high BMD in these  

individuals, which would cause greater 

pressure on the joints [16]. Haugen et al. 

[17] examined patients with osteoarthritis 

of the hand and discussed that higher BMD 

compared to controls was due to the higher 

number of patients on estrogen  

replacement therapy. They assessed the 

correlation between BMD and TMJOA. The 

discrepancies in the results can be  

explained by noting the fact that, unlike 

knees, hip and feet, the TMJ does not  

tolerate body weight, and thus, the baseline 

BMD does not play a role in the course of 

disease. In addition, the patients in our 

study were not under systemic estrogen  

replacement therapy as in the study by 

Haugen et al [17]. Therefore, the reasons 

suggested for higher BMD in patients with 

osteoarthritis of other joints played no role 

in our results.  

In our study, the results for fractal  

analysis and lacunarity of trabecular bone of 

the condylar head showed no significant  

difference between healthy controls and 

TMJOA patients. By increasing the loads  

exerted to the condylar cartilage, Kaul et al. 

[18] noted a significant increase in bone 

volume and trabecular thickness. The space 

between subchondral trabeculae also  

decreased. Chen et al. [19] reported  

significant changes in subchondral bone 9 

months after induction of osteoarthritis in 

rats. They showed that trabecular thickness 

significantly decreased in TMJOA, and the 

trabecular space significantly increased 

[18]. Such an inconsistency may be due to 

the fact that Chen et al. [19] examined the 

trabecular bone adhered to the cortex of the 

condylar head, while we examined the  

central part of the condylar head.  

The patients in the present study were 

between 20 to 40 years. No significant  

difference was observed in the mean age of 

TMJOA patients and healthy controls.  

However, Chen et al. [19] found that skeletal 
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changes occurred 6 months after the  

cartilage changes. Thus, a time lapse not  

only leads to osteoarthritis, but can also  

affect skeletal changes. According to  

Cevidanes et al, [20] resorptive changes and 

pain intensity and duration also increased. 

Ganguly et al. [21] showed that older age 

caused functional defects at the cellular  

level through a complex process of  

accumulation of injury, so that the  

senescent cells increased and their  

resistance to oxidative stress decreased. 

Therefore, the time passed since the onset 

of osteoarthritis can serve as a confounding 

factor. It is also possible that patients in  

later stages of the disease experience  

skeletal changes at the center of condyles. 

To prevent the effect of this confounder,  

future studies should categorize  

osteoarthritis patients according to the  

severity of their condition, which would  

indicate the time lapse since the onset of 

disease.  

Considering the hormonal changes that 

occur in postmenopausal women,  

progesterone levels and development of  

osteoporosis may explain higher rate of TMJ 

problems in women. Therefore, only women 

with normal menstrual status were  

examined in the present study. Tonin et al. 

[22] concluded that the prevalence of TMJ 

problems was higher in women, probably 

due to female hormones that alter the pain 

threshold. 

In the present study, similar to studies by 

Moayyeri et al, [23] and Haugen et al, [17] 

the BMD of the lumbar vertebrae and hip 

was measured using DEXA. In the study by 

Moayyeri et al, [23] the BMD and T-score of 

the hip and lumbar vertebrae were  

correlated. Similarly, we observed a  

significant correlation between the BMD 

and T-score of the hip and lumbar  

vertebrae.  

However, Gaalaas et al. [24] reported 

that the BMD of more than half of the  

patients measured by DEXA did not  

correlate with the T-scores of their hip and 

lumbar vertebrae. Such an inconsistency 

could be due to physiological and  

pathological factors, as well as the function 

of DEXA. 

In the present study, the coronal, sagittal 

and axial sections were selected for fractal 

analysis and measuring the lacunarity of the 

middle part of the condyles, and the mean of 

the results of the three analyses was  

calculated. Similar to the present study,  

Gaalaas et al. [24] used the middle part of 

the condylar head for fractal analysis and 

similarly selected the region of interest so 

that the cortical bone was not included in 

the analysis. However, they only analyzed 

the data from the coronal sections. It  

appears that evaluating all three dimensions 

and calculating the mean would allow a 

more accurate estimate of the trabeculae.  

In the present study, a fractal analysis 

was carried out on CBCT images. CBCT has 

high dimensional accuracy and offers a  

spatial resolution of less than 1 mm. High 

diagnostic quality with a short scanning 

time (10-70 seconds) and a significantly 

lower radiation dose compared with CT are 

some of the advantages of CBCT. Moreover, 

CBCT enables the assessment of all three 

planes and visualizes bone details better by 

eliminating overlays compared with  

conventional radiography. Similar to the 

present study, Gaalaas et al. [24] and Ling et 

al. [2] used CBCT for fractal analysis of  

different parts of the maxilla and mandible.  

In a study by Yamada et al, [25] there 

was a correlation between the bone density 

of the lumbar spine (L1–L3) and that of 

mandibular condyle, both of which  

decreased in a similar way with age. Their 

data were obtained using quantitative CT. 

However, Alkhader et al. [26] used CBCT 

and recommended measuring the bone  

density of mandibular condyle instead of 

mental index when the mandible is not  
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visible on images for any reason [26].  

Although, unlike this study, the  

aforementioned two studies did not use 

DEXA, they supported the idea that the  

mineral density of mandibular condyle can 

be used to predict the risk of osteoporosis in 

patients.  

In contrast to our study, Gumussoy et al. 

[27] found a correlation between the  

severity of degenerative joint disorder of 

the TMJ on CBCT images and FD. They 

showed that the mean FD was higher in 

mild erosive osteoarthritic change in 

healthy controls, and that it was the lowest 

in severe erosive osteoarthritic change. The 

differences were statistically significant. 

Compared to our study, they used a larger 

sample size and different age range, and  

included both genders. Also, Kayipmaz et al. 

[8] reported a larger FD in healthy controls 

than in patients with TMJOA (1.23 versus 

1.18, P=0.003). Different age range  

(21-57 years) and ethnicity justify the  

inconsistency between their results and the 

present findings. Therefore, CBCT can serve 

as an accurate technique with sufficient 

sensitivity to detect skeletal changes.  

Further studies are required to demonstrate 

the CBCT’s capabilities as a screening tool 

for skeletal problems. 

 

Conclusion 

The mean BMD of total spine and hip did 

not differ significantly in the two groups of 

healthy controls and TMJOA patients. The FD 

and lacunarity showed no significant difference 

in the two groups either.   
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