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Abstract 

Background: The aim of this study was to compare the trabecular bone microstructure 

of the mandibular condyle in edentulous, unilateral edentulous (Kennedy Class II), and 

fully dentate patients.  

Materials and methods: The study used the cone-beam computed tomography (CBCT) 

images of 17 fully dentate (34 condyles), 16 edentulous (32 condyles), and 17 unilateral 

edentulous patients (34 condyles) aged 19 to 80 years. The trabecular bone 

microstructure of the mandibular condyle was evaluated on eight consecutive cross-

sectional images of these patients. In the microstructure analysis, structural model index 

(SMI), ellipsoid factor (EF), bone volume fraction (BV/TV), trabecular thickness 

(Tb.Th) and trabecular seperation (Tb.Sp) were measured. 

Results: There was no significant difference between the mean SMI, BV/TV, EF and 

Tb.Th microstructure values of each group (p = 0.243, p = 0.095, p = 0.962, p = 0.095, 

respectively). However, there was significant difference in terms of mean Tb.Sp 



between the groups (p =0.021). The trabecular structure in all three groups was more 

rod-shaped. No correlation was found between age factor and microstructure values. 

Conclusions: Considering the in vivo microstructure analysis of CBCT images, it can 

be said that teeth loss does not have a significant effect on the microstructure parameters 

excluding Tb.sp of mandible condyles and does not affect mandibular condyle 

trabecular endurance.  

Key words: mandibular condyle, cone beam computed tomography, quantitative 

evaluation, bone tissue 

 

Introduction 

 The facial profile, as well as environmental and genetic factors, may affect the 

masticatory system of individuals and subsequently affect bone morphology in the 

mandible [1, 2]. The temporomandibular joint (TMJ) may be exposed to degenerative 

changes when there are changes in masticatory functions or when force is applied 

powerful enough to disrupt the joint structure [3]. Furthermore, sudden changes in 

masticatory functions may deteriorate the ongoing delicate balance between dental 

occlusion, masticatory muscles and TMJ structure, and the deteriorated balance may 

concentrate on a different system [4, 5]. Loss of occlusal support deteriorating the 

balance in the masticatory system may be one of the factors that accelerate TMJ 

deterioration. Premature contacts have been found to be present in patients with TMJ 

disorder and this abnormal relationship has been observed to be more frequent in these 

patients than people with normal joints. This imbalance can lead to degenerative 

changes due to increased stress on the masticatory muscles and excessive pressure on 

the joint surface [6]. In the literature, techniques such as electromyography and 

kinesiography have been used to analyze the relationship between dental malocclusion 

and TMJ disorder. However, no significant correlation has been found between dental 

malocclusion and TMJ disorder with the above-mentioned techniques [7]. 

 Edentation, teeth movements, and parafunctional habits such as bruxism are 

effective in the formation of occlusal force. Parameters such as dentition status, occlusal 

force, internal structure and morphology of TMJ are known to be correlated with each 



other. Considering the correlation between these parameters, it is possible that the 

trabecular structures of the mandibular condyle of the edentulous and fully dentate 

patients are of different types [8]. In other words, properties such as density, thickness, 

and seperation of the trabecular structure may change due to the above-mentioned 

external factors [9]. For instance, it has been reported that the density and bone volume 

fraction (BV/TV) of mandibular condyle trabeculae are lower in edentulous patients 

than in fully dentate patients [10]. Similarly, in a different study [11], patients with high 

bone densities were found to have a plate-like trabecular structure whereas patients with 

low bone densities had a rod-like trabecular structure considering the relationship 

between mandibular condyle trabecular structure and density of related bone of the fully 

dentate patients. 

 Different imaging techniques such as plain radiographs, computed tomography 

(CT), magnetic resonance imaging (MRI) and cone-beam CT (CBCT) have been used 

to examine the TMJ [5-7]. A three-dimensional image of the mandibular condyle can be 

obtained, analysis of surrounding tissues and morphological changes in bones can be 

examined, and the cavity and dynamic functioning of the TMJ can be analyzed using 

CT, MRI and CBCT techniques. There is an increasing demand for CBCT devices 

because it has voxel dimensions of up to 0.075 mm, has exact measurement capability, 

and required low dose and cost compared to multi-slice CT (MSCT) devices [12-14]. 

Although Hounsfield unit values could not be determined exactly with CBCT, bone 

microstructure values were measured using CBCT in some studies [15, 16]. 

Microstructure evaluation values close to micro CT devices, which are accepted as the 

gold standard for the evaluation of bone microstructure, have been reported to be 

obtained with CBCT with the help of images taken at low voxel dimensions [16]. 

 To the best of our knowledge, there is no study in the literature that compares 

the mandibular condyle trabecular structure parameters of edentulous, unilateral 

edentulous, and fully dentate patients. The aim of this study was to compare the bone 

volume fraction (BV/TV), structural model index (SMI), ellipsoid factor (EF), 

trabecular thickness (Tb.Th) and trabecular seperation (Tb.Sp) parameters of the groups 

and to determine the effect of loss of occlusion on the trabecular bone structure of the 

mandibular condyle. 



Material and Methods 

 A total of 50 patients (25 female and 25 male) aged 19-80 years were classified 

according to their edentation status. Of these patients, 17 were fully dentate with 34 

condyles (mean age 40.7), 16 were edentulous with 32 condyles (mean age 52.3), and 

17 were unilateral edentulous with 34 condyles (mean age 56.9). Trabecular bone 

microstructures of mandible condyle were analyzed on their cross-sectional images. 

Patients with systemic diseases that can affect the bone metabolism and microstructure, 

deformity, fracture, or tumoral lesion in the mandibular condyle region and those 

having cross-sectional images with poor quality were excluded from the study. KaVo 

3D eXam (Biberach, Germany) tomography device was used to obtain the images. 

Scanning parameters were selected as follows: 20.27 mA, 14.7 seconds, 120 kVp, 16 × 

6 cm FOV, and 0.2 mm isotropic voxel. The gonion of the patients was fixed with a 

plastic holder to prevent movement artifact during screening. This study was conducted 

following the receipt of approval from University Ethical Committee (Approval no: Van 

YYU-2018/04/04-05). 

 CBCT scanning data was converted to Digital Imaging and Communications in 

Medicine (DICOM) format. Cross-sectional images of the patients' mandibular condyle 

region were imported into ImageJ software (U.S. National Institutes of Health, 

Bethesda, Maryland, USA). Eight consecutive sections without intersection gaps 

between each other were stacked into ImageJ software. In microstructure analysis, 2 

mm apical of the cortical bone at the head of the condyle and trabecular bone area 

within 2 mm of the cortical bone of the condyle in the each axial sectional image were 

included while selecting the region of interest (ROI). The ROI region was duplicated to 

be measured and then the images were converted to binary image form to make them 

suitable for microstructure evaluation (Figure 1). Then, SMI, BV/TV, EF, Tb.Th and 

Tb.Sp values were measured by BoneJ plugin in the software. Measurements were 

made by an oral and maxillofacial radiologist who have been analyzing CBCT images 

for three years and performing microstructure analysis with related software for two 

years. 

 Statistical analysis of the data obtained was performed using SPSS version 20.0 

software (IBM SPSS Statistics 20.0; IBM Co., Armonk, NY, USA). The relationship 



between loss of occlusion and SMI, BV/TV, EF, Tb.Th and Tb.Sp values was analyzed 

by one-way ANOVA test. Mann-Whitney U test was used to compare the trabecular 

microstructure parameters of condyles belonging to edentulous and dentate sides in 

unilateral edentulous patients. Intra-class correlation coefficient (ICC) was calculated to 

measure intra-rater reliability. Randomly selected trabecular bone microstructures of 34 

condyle heads were analyzed by an observer twice in one-month intervals.  

 

Results 

 Descriptive statistics of the parameters are presented in Table 1. Mean SMI 

value was found to be 2.80 in the fully dentate group, 2.99 in the edentulous group, and 

2.69 in the unilateral edentulous group. In other words, the trabecular microstructure of 

the condyle was more rod-shaped in each group. The highest BV/TV value was 

measured in the fully dentate group whereas the highest EF and Tb.Th values were in 

the fully dentate group and unilateral edentulous group, respectively, and the highest 

Tb.Sp value was in the edentulous group. In the microstructure analysis of mandibular 

condyle of each group, no statistically significant difference was observed between the 

groups in terms of mean SMI, BV/TV, EF, and Tb.Th values (p = 0.243, p = 0.095, p = 

0.962, p = 0.095, respectively). However, there was significant difference in terms of 

mean Tb.Sp between the groups; the mean Tb.Sp of edentulous group was significantly 

higher than the mean of fully dentate group’s (p = 0.021) (Table 2). When the 

correlation between age and microstructure values were examined, no correlation was 

observed between age and SMI (r = -0.062, p = 0.540), BV/TV (r = 0.037, p = 0.715), 

Tb.Th (r = -0.014, p = 0.889), Tb.Sp (r = 0.008, p = 0.935) and EF (r = -0.038, p = 

0.707) values. In the comparison of SMI, BV/TV, EF, Tb.Th and Tb.Sp parameters of 

two sides in the unilateral edentulous group, there was no significant difference between 

two sides in terms of relevant parameters (p = 0.708, p = 0.518, p = 0.760, p = 0.454, p 

= 0.160, respectively). Good intra-rater reliability was observed in repeated 

measurements of SMI (ICC = 0.706), BV/TV (ICC = 0.774), EF (ICC = 0.747) and 

Tb.Sp (ICC = 0.859) in terms of intra-rater reliability values, whereas excellent intra-

rater reliability was observed in Tb.Th (ICC = 0.986). 



Discussion 

 The results of our study have shown that there was no significant difference 

between the groups in terms of condyle microstructures excluding Tb.Sp. Magnetic 

resonance imaging is the gold standard for demonstrating cartilage structures in TMJ, 

position of the joint disc, and pathologies such as effusion. However, it is inadequate in 

the analysis of changes in condyle trabecula due to its relatively low resolution [17]. 

Methods such as micro CT, histomorphometric measurements and high-resolution 

peripheral quantitative CT have been used to evaluate the trabecular structure of the 

condyle. However, sacrificed dead animal tissues are generally used for these methods 

[18, 19]. 

In a study by Parsa et al. [16],  mandibular images of 20 dry edentulous patients 

were obtained through CT, micro CT, and CBCT and a strong correlation was observed 

between CBCT and CT (r = 0.89) and between CBCT and micro CT (r = 0.82) when the 

trabecular microstructure correlations were examined. Therefore, we preferred to use 

CBCT to obtain images in vivo, it has relatively lower radiation dose, is cost-effective, 

and has lower acquisition time. 

 In orthodontic patients with various malocclusion, malocclusion has been shown 

to increase the prevalence of TMJ disorder. For instance, more than 60% of the MRI 

images of the patients with anterior open bite showed pathological changes in the bone 

[20]. In patients with malocclusion, canine guidance and posterior occlusion are not 

ideal. It has been reported that condyles can make unusual deviations to compensate for 

these imbalances and these unusual movements may cause damage to the joint 

structures [21]. Furthermore, in a study including about 300 patients, the proportion of 

open bite patients with and without TMJ disorder complaints was reported to be the 

same with the abovementioned ratio (about 6%) and malocclusion was reported to be 

not associated with TMJ disorder [22]. Similarly, Sousa et al. reported in their study of 

100 patients that there was no significant difference in joint disorder between patients 

with and without an anterior open bite, posterior crossbite and more than five posterior 

teeth lost [23]. Furthermore, in unilateral edentulous cases, the masticatory muscles on 

both the dentulous and edentulous sides must work harmonically and there is a decrease 

in the force load on the muscles on both sides. This explains why the resorption process 



on both sides continues in parallel with each other [24]. Similarly, the condyle 

trabecular structures on both sides of our patients in the unilateral edentulous group 

were similarly affected by teeth loss and no significant difference was observed in terms 

of the microstructure parameters. 

 Structural model index refers to the average shape of the trabecular structure of 

the bone. An SMI of 0 is referred to as plate-shaped trabeculae, SMI of 3 is referred to 

as rod-shaped trabeculae, and SMI of 4 is referred to as sphere-shaped trabeculae [25]. 

Doube [26] reported that there were concave curvatures to a large extent in the real 

bone, it was not possible to accurately measure this bone trabecular structure with SMI, 

and using EF, instead of SMI, in the analysis of trabecular structure can provide more 

accurate results. They have further reported that EF gets values between -1 and +1. It 

gets -1 when discus-shaped ellipsoids are the majority, it gets 0 when there are discus- 

and javelin-shaped ellipsoids, and it gets +1 when javelin-shaped ellipsoids are the 

majority. Although there was no significant difference between the three groups in 

terms of SMI in the present study, the highest mean SMI value was found to be 3 in the 

edentulous patient group and the lowest mean SMI value was 2.70 in the unilateral 

edentulous patient group, meaning that the trabecular structure in all three groups was 

more rod-shaped.  When the mean values in all three groups were analyzed according to 

the EF, the trabecular structure was found to be more javelin-shaped. In other words, we 

can state that SMI and EF parameters reflect trabecular structure similarly. 

 In a study by Giesen et al. [27] comparing the condyles of the fully dentate and 

edentulous patients, the edentulous patient group was found to have lower BV/TV 

values and their bone trabecula was seen to be not as stiff and strong as in fully dentate 

patients. This reduction in BV/TV was reported to be associated with the conversion of 

the trabecula to a more rod-like structure, but not associated with the reduction in 

Tb.Th. In their study, it was not known when edentulous patients lost their teeth or 

whether they were using dentures. Similarly, in the present study, it was not known how 

long the edentulous patients had no teeth or whether they were using dentures. No 

difference was observed between bone microstructure values due to teeth loss in our 

study. As the BV/TV, i.e. the strength of the bone structure decreased, the trabecula was 

observed to turn into a more rod-like structure. For instance, the mean BV/TV values of 



the fully dentate and edentulous group were 0.32 and 0.23, respectively, whereas the 

mean SMI values were 2.80 and 3, and Tb.Th values were 0.93 and 1.16, respectively. 

As can be seen, the bone trabecular volume in the edentulous group was lower, and its 

structure turned into a more rod-like pattern. However, the decrease in BV/TV was seen 

to be not parallel to the decrease in Tb.Th. Findings obtained in our study are 

compatible with the findings reported by Giesen et al. [27] in their study. 

 Ding et al. [28] analyzed the age-related changes in the tibial bone trabecular 

microstructure values of 40 patients aged 16-85. They reported that the trabecular 

structure became more rod-like with the increasing age, however, it was further reported 

that there was no significant change in Tb.Th in patients in the age group of 20-80 and 

no difference was observed in microstructural values due to the low time-dependent 

remodeling activity of the tibial bone. In the present study, the duration of teeth loss 

may not have been long enough to cause remodeling in the trabecular structure of the 

condyles of the edentulous patients and to affect microstructural values. 

 This study has some limitations. Firstly, it was not known how long the patients 

have been edentulous and whether they were using dentures. Secondly, we only used 

the images of patients participating from the Eastern Anatolia Region of Turkey and the 

results of our study are, therefore, shaped according to the characteristics of the ethnic 

structure in this region. In our study, CBCT images with a high resolution of 200 μm 

were used. Since the value range of Tb.Th and Tb.Sp dimensions vary between 0.46-

5.16 and 0.62-5.76 mm, it can be said that the voxel size used in our study is sufficient 

to evaluate the related structures. Furthermore, bone microstructure measurements were 

seen to be performed in vitro in most of the studies [8-11, 16, 25, 27, 28] in the 

literature whereas our study was carried out in vivo thanks to lower acquisition time and 

radiation dose provided by CBCT than micro CT. 

 

Conclusions 

 Although there was no significant difference between the fully dentate, 

edentulous, and unilateral edentulous patient groups in terms of the trabecular 

microstructure excluding Tb.Sp of condyle, the trabecular structure of the edentulous 



group was more rod-like and the mean Tb.Sp of edentulous group was significantly 

higher than the mean of fully dentate group’s. As the trabecular structures of the 

condyle turned into more rod-like structures, BV/TV value reflecting the strength of the 

trabecular bone was found to decrease. Moreover, no significant change was observed 

in trabecular bone microstructure parameters with increasing age. 
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Table 1. Descriptive statistics of bone trabeculae parameters 

Parameters N Min Max Mean ± SD 

SMI 100 0.80 4.73 2.83 ± 0.72 

BV/TV 100 0 0.96 0.29 ± 0.20 

EF 100 -0.51 0.72 0.4 ± 0.18 

Tb.Th 100 0.46 5.16 1.11 ± 0.61 

Tb.Sp 100 0.62 5.76 1.99 ± 1.15 

SMI, structure model index; BV/TV, bone volume fraction; EF, ellipsoid factor; Tb.Th, 

trabecular thickness; Tb.Sp, trabecular seperation; N, number; Min, minimum; Max, 

maximum; SD, standard deviation. 



 

 

Table 2. Comparison of trabecular microstructure parameters of edentulous, unilateral 

edentulous and fully dentate patients using One-Way ANOVA 

Group SMI BV/TV EF Tb.Th Tb.Sp 

 Mean ± SD 

Fully dentate 2.80 ± 0.67 0.32 ± 0.16 0.05 ± 0.17 0.93 ± 0.25 
1.56 ± 

1.14 

Edentulous 3 ± 0.70 0.23 ± 0.20 0.04 ± 0.16 1.16 ± 0.53 
2.31 ± 

1.05 

Unilateral 

Edentulous 
2.70 ± 0.79 0.31 ± 0.22 0.04 ± 0.20 1.24 ± 0.85 

2.11 ± 

1.16 

p value 0.243 0.095 0.962 0.095 0.021 

SMI, structure model index; BV/TV, bone volume fraction; EF, ellipsoid factor; Tb.Th, 

trabecular thickness; Tb.Sp, trabecular separation; SD, standard deviation. 

 

Figure 1. Selection of region of interest in axial sectional image (a), and conversion of 

sectional image into binary image format to make suitable for microstructure analysis 

(b). 

 




