
Folia Morphol. 
Vol. 80, No. 3, pp. 650–656

DOI: 10.5603/FM.a2020.0104
Copyright © 2021 Via Medica

ISSN 0015–5659
eISSN 1644–3284

journals.viamedica.pl

O R I G I N A L    A R T I C L E

650

Address for correspondence: Dr. H.Y.A. Marghalani, Orthodontic Department, Faculty of Dentistry, King Abdulaziz University, P.O. Box 80209,  
Jeddah 21589, Saudi Arabia, e-mails: hymarghalani@kau.edu.sa

This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to down-
load articles and share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially.

Three-dimensional verification of volumetric 
measurements and relationships between  
the condyle and the rest of the mandible;  
a novel approach
H.Y.A. Marghalani1 , M.A. Barayan2, K.H. Zawawi1, A.R. Afify3, R.A. Alansari1, F.F. Alsulaimani1

1Orthodontic Department, Faculty of Dentistry, King Abdulaziz University, Jeddah, Saudi Arabia 
2Oral Basic Science, Oral and Maxillofacial Radiology Department, Faculty of Dentistry,  
King Abdulaziz University, Jeddah, Saudi Arabia 
3Orthodontic Department, Faculty of Dentistry, Mansoura University, Mansoura, Egypt

[Received: 29 June 2020; Accepted: 21 August 2020; Early publication date: 2 September 2020]

Background: Few studies have investigated the volumetric relationship between 
the condyles and the mandible bilaterally.
Materials and methods: Condylar and mandibular segmentations from a sample 
of cone-beam computed tomography for 37 individuals were selected. T-test, cor-
relation and linear regression analyses were performed to assess the relationships 
between the volumes of the condyles and mandible.
Results: The volume of the condyles and the mandible was significantly different 
between genders (p < 0.05). There was a significant but moderate correlation 
between the volumes of the condyle and the rest of the mandible on the same 
side (p < 0.01). A regression analysis model demonstrated that condylar volume 
is related to the volume of the mandible.
Conclusions: The relationship between the condylar volume and the rest of the 
mandible was found to be moderate. The relation between the condylar volume 
and mandibular volume is described by the regression equations for each side 
of the jaw. Sexual dimorphism exists in condylar and mandibular volumes. (Folia 
Morphol 2021; 80, 3: 650–656)

Key words: cone-beam computed tomography, volume, condyle, 
mandible, segmentation

INTRODUCTION
The mandible has many vital roles for humans, 

such as mastication, and facial aesthetics [1]. More-
over, the relationship between the mandible and the 
condyle has been the focus of some studies [4, 16]. 
Most of the researches that studied the mandible uti-
lised two-dimensional imaging such as cephalometric 
radiographs which have limitations in accuracy and 
reliability [10, 11, 20].

Condylar growth was suggested to be regulated 
by the function of the temporomandibular joint [23]. 
An example of the effect of function on growth is the 
presence of structural asymmetry due to functional 
shift causing more growth on the protruded side [23]. 
Also, mandibular asymmetry was found in patients 
suffering from unilateral anterior disc displacement 
that caused the condylar height to be shorter on the 
affected side [25].
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Three-dimensional imaging using cone-beam 
computed tomography (CBCT) has become an inte-
gral part of dentistry [9]. High-resolution images of 
the craniofacial structures enable accurate volumetric 
and linear measurements [5, 21]. In dentistry, CBCT 
is commonly used before the placement of dental 
implants, assessment of impacted teeth and tempo-
romandibular joint [2]. CBCT is also used to measure 
the volume of craniofacial structures [5, 7, 21].

To the best of our knowledge, few studies, have 
investigated the volumetric relationship between the 
condyles and the mandible bilaterally. The main ob-
jective of this study was to assess the relationship 
between the volume condyle and the mandible, using 
the CBCT segmentation method. A secondary objec-
tive was to evaluate if the mandibular volume can be 
predicted by the volume of the ipsilateral condyle.

MATERIALS AND METHODS
This study was approved by the Research Ethics 

Committee (No. 084-09-18). The sample consisted of 
consecutive patients who had CBCT imaging at the 
Radiology Department at the Faculty of Dentistry with 

the following inclusion criteria: 1) patients 17 years 
or older, 2) adequate resolution of the CBCT images 
of all the mandible and condyles, 3) no craniofacial 
deformity, pathology, fractures or jaw surgery, and  
4) no dental anomalies such as supernumerary, fusion 
or impacted teeth. 

Using the G*Power software (Heinrich Heine Uni-
versitat Dusseldorf, Germany), a priori power analysis 
was performed to calculate the appropriate sample 
size. For the correlation analysis (2-tailed) with alpha 
set as 0.05 and power of 0.80, the required total 
sample size was 13 individuals. While, with alpha set 
as 0.01 and power of 0.95, the required total sample 
size was 26 individuals.  

Cone-beam computed tomography images were 
taken using iCAT (Imaging Sciences International, Hat-
field, PA, USA) with settings of 120 Kvp and 5 mA, and 
segmented separating the mandible from the skull using 
OnDemand software (build 1.0.10.7462 by cybermed, 
Seoul, Korea). The mandible was oriented using inter-
condylar line tangent to the most superior and posterior 
aspect of condyles and was parallel to a horizontal line 
in the coronal and transverse planes (Fig. 1A, B).

Figure 1. A. Orientation of the mandible in the coronal plane; B. Orientation of the mandible in the transverse plane; C. Segments of mandible 
used for volumetric measurement. The condyle is segmented out of mandible using landmarks shown; D. Identification of mandibular midline 
using line passing above condyles and perpendicular line to lingual foramen between genial tubercles.
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Digital segmentation of the condyle was done 
using landmarks that were derived from the guide-
lines of the AOCMF classification system [17]. A tan-
gent line to the most posterior part of the mandible 
touching both the condylar and gonial regions was 
drawn. From this line, another perpendicular line 
passing the most inferior point of the sigmoid notch 
was formed. The volume above the sigmoid notch line 
was the condylar volume; while the remaining volume 
was the mandible and was referred to as “mandible 
excluding condyle” (MEC) (Fig. 1C). To segment the 
mandible into two halves, a line perpendicular to 
the intercondylar line and passing through lingual 
foramen between the two genial tubercles in the 
anterior lingual aspect of the mandible (Fig. 1D). This 
perpendicular line was found to be a stable midline 
structure for the mandible [12].

All measurements were performed using OnDe-
mand software by one investigator with more than 
5 years of experience from the Maxillofacial Radiolo-
gy Department. The measurements were performed 
twice with at least 2 weeks interval to test the intra-ex-
aminer reliability. The interclass correlation coefficient 
showed that the intra-examiner reliability ranged 
from 0.967 to 0.994. 

Statistical analysis

Data on the condylar and MEC volumes were 
collected and analysed using Statistical Package for 
Social Sciences (SPSS Version 25, Armonk, NY: IBM 
Corp., USA). The Shapiro-Wilk test showed a normal 
distribution of the data. Comparisons between vari-
ables were performed using the t-test. Pearson corre-
lation coefficient and linear regression analysis were 
performed. A significant level was set at p < 0.05.

RESULTS
The sample included 74 segmentations for 37 pa-

tients, 13 (35.1%) males and 24 (64.9%) females. The 
mean age was 29 ± 13 years for males and 40 ±  
± 14 years for females. There was a significant dif-
ference in age between sexes (p = 0.031). 

Table 1 shows comparisons of the total condyle 
and MEC volumes between males and females. The 
total condylar volume and MEC were significantly 
larger in males than in females (p = 0.02 and 0.001, 
respectively). 

Table 2 shows comparisons between right and 
left condylar and MEC volumes for the total sam-
ple (combined males and females). The volume of 
the left condyles was larger (mean = 2556.7 mm3) 
than the right condyle (mean = 2496.5 mm3); how-
ever, the difference was not statistically significant  
(p = 0.718). Interestingly, the right MEC volume 
(mean = 33201.3 mm3) was larger than the left MEC 
(mean = 32926.5 mm3), but this difference was also 
not statistically significant (p = 0.854). 

Table 3 shows in detail the comparisons be-
tween gender and sides of the condyle and MEC 
volumes. There were no significant differences be-
tween the right and left volumes of the condyles in 
males or females (p > 0.05). However, the right and 
left condyles were statistically significantly different 
between males and females, p = 0.024 and 0.026, 
respectively. MEC volume was not different between 
the right and left in both males and females, p > 0.05.  
However, males had a significantly larger right and 
left MEC compared to females, p = 0.001.

There was a strong correlation between the vol-
umes of the right and left condyles and the right and 
left MEC (r = 0.859 and 0.972, respectively). The cor-

Table 1. Comparison of total condyle and mandible excluding condyle (MEC) volumes between males and females

Males (n = 13) Females (n = 24) P 

Total condyle volume 5,757.7 (1441.6) 4,671.9 (1205.1) 0.02

Total MEC volume 75,177.4 (10976.8) 61,226.0 (10905.4) 0.001

Data are presented as mean (standard deviation) in mm3 

Table 2. Comparisons between right and left condyle and mandible excluding condyle (MEC) volumes for the total sample

Volume [mm3] P

Right (n = 37) Left (n = 37)

Condyle 2496.5 (708.7) 2556.7 (719.5) 0.718

MEC 33201.3 (6687.2) 32926.51 (6120.6) 0.854

Data are presented as mean (standard deviation) 
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Table 4. Correlations analysis of condylar and mandible excluding condyle (MEC) volumes

Condyle Right Condyle Left MEC Right MEC Left

Condyle Right

Condyle Left 0.859**

MEC Right 0.528* 0.535*

MEC Left 0.535* 0.525* 0.972**

*p = 0.001, **p < 0.001

Table 3. Comparisons between gender and sides of condyle and mandible excluding condyle (MEC) volumes.

Males (n = 13) Females (n = 24) Difference P

Condyle

Right 2,848.6 (649.1) 2,305.8 (676.9) 542.8 0.024

Left 2,908.55 (827.4) 2,366.18 (587.6) 542.4 0.026

Difference 59.9 60.4

P 0.84 0.74

MEC

Right 37,972.7 (5,917.3) 30,616.9 (5,646.9) 7355.8 0.001

Left 37,204.7 (5,164.0) 30,609.2 (5,364.2) 6595.6 0.001

Difference 767.9 7.7

P 0.73 0.996

Total (Condyle + MEC)

Right 40,821.3 (6361.8) 32,922.7 (5884.1) 7898.6 0.001

Left 40,113.3 (5,671.4) 32,975.3 (5,587.7) 7137.9 0.001

Difference 708.0 52.7

P 0.77 0.975

Data are presented as mean (standard deviation) in mm3 

relations between the right condyle and right MEC as 
well as the left condyle and left MEC were moderate 
(r = 0.528 and 0.525, respectively) (Table 4). 

Linear regression analysis showed that there was 
a significant linear relationship between condyle vol-
ume and the rest of the MEC on each side (p < 0.001) 
(Figs. 2–4). The equation to predict the volume of 
the right MEC from the right condyle (Condyle Rt) is:  
Volume of right MEC = 20764.1 + 4.98 (Condyle Rt).  
For the prediction of left MEC from the left condyle 
(Condyle Lt) the equation is: Volume of left MEC = 
= 21508.1 + 4.47 (Condyle Lt).

DISCUSSION
In this study, a volumetric comparison was made 

between the right and left condyles and the rest of 
mandible in males and females. There was a signifi-
cant difference in the total volumes of condyles and 
MEC between males and females with higher means 
in males. In the current study, the mean age of fe-

males was larger than males. This difference might be 
due to the larger number of females visiting ortho-
dontics clinics than males in the sample. This study 
may suggest that sexual dimorphism exists in the 
volume of the condyles and rest of the mandible in 
each side in individuals who completed their growth, 
with males having larger volumes than females. Oth-
er studies also confirmed sexual dimorphism in the 
mandible [3, 24]. The mean maximum bite force in 
males was shown to be significantly higher than in 
females [8], which could explain the difference in 
volume between males and females.

Perfect facial symmetry is usually found in high 
quality individuals who maintain symmetric facial 
development even during genetic and environmental 
stressors [18]. In our study, when comparing the vol-
ume of the condyles and MEC between the right and 
left sides, no differences were found when comparing 
the total sample or dividing it based on gender (Table 3).  
This could be attributed to the fact that our sample 
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Figure 2. Correlation between right condylar volume and right mandible excluding condyle volume; MEC — mandible exluding condyle.

Figure 3. Correlation between left condylar volume and left mandible excluding condyle volume; MEC — mandible exluding condyle.

did not present with significant facial or mandibular 
asymmetry. 

Sella-Tunis et al. [19] found that the function of 
muscles of mastication, especially the temporalis mus-
cle, in addition to condyles, has a contributing factor 
to the volume of MEC. This finding might be the cause 
of larger mean volume in the right MEC but smaller 
volume in the right condyle than the other side. This 
finding could be attributed to the fact that most of 
the patients might be chewing on the right side [22]. 
Another study was demonstrated by Miyazaki et al. 
[14] who investigated the effect of muscle activity on 
the condyle, found that the difference in the lateral 
activity of the masseter muscle affects the chondro-

genesis of the condyle for growing patients. Also, 
the function of both the masseter and temporalis 
muscles were found to contribute to the shape of 
the mandible [19].

In this study, the positive correlation between 
condyle and mandible is supported by other stud-
ies. For example, it was found that the growth of the 
condyle by itself is related to the vertical and hori-
zontal growth of the ramus [13]. Mandibular growth 
has been postulated to be affected by the condylar 
cartilage. According to the functional matrix theory, 
the mandible grows in response to the soft tissue 
matrix surrounding it [15]. Moreover, if the condyle 
was fractured on one side, asymmetry will be caused 



655

H.Y.A. Marghalani et al., 3D volumes of condyle and mandible

Figure 4. Matrix showing various relationships between condylar and mandible excluding condyle volumes; MEC — mandible exluding condyle.

by the decrease of both the condylar process and the 
associated side of the mandible [6]. These studies 
show that there is a relationship between condyle 
and mandible. Our study analysed this relationship 
in further detail.

In the current study, the volume of each condyle 
was found to be related to the volume of the rest of 
the mandible (MEC) where we found a moderate to 
strong positive correlation between the condyles and 
the MEC on each side. Our results are in agreement 
with Meikle [13].

The linear regression model between the volume of 
MEC and the condyles demonstrate that condylar vol-
ume has an influence on the MEC volume. So, as the 
condylar volume increases, the MEC volume increases. 

The current study has some limitations such as 
gender and age distribution were not equal. This 
could be attributed to the stringent inclusion criteria. 
Future prospective longitudinal multicentre studies 
with a larger sample size are needed.

CONCLUSIONS
Within the limitations of this study, we found 

that sexual dimorphism exists in the volume of the 
condyles and rest of the mandible in each side in 

individuals who completed their growth, with males 
having larger volumes than females. It also confirms 
using CBCT segmentation that the condyle, at a spe-
cific time point, is related to the volume of the rest of 
the mandible on each side. Also, this study shows that 
the condylar volume can predict the volume of MEC.
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