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ABSTRACT

Introduction: The morphology of the condyles changes naturally with age, gender, face type, occlusal force, func-
tional load, malocclusion type, and the right and left sides. Although condylar shape and size differ throughout 
populations, there have been few investigations on condylar morphology, particularly in the Malaysian population. 
Methods: This retrospective, observational, cross-sectional survey was conducted at the Oral and Maxillofacial Sur-
gery Clinic of Sarawak General Hospital from September 2021 to March 2022, involving radiographic assessment 
of condylar morphology from 893 panoramic radiographs. Age, gender, ethnicity and dentition status using Eichner 
index were extracted from the data. Descriptive statistics were used. Pearson’s chi-square test was used to determine 
the association between the independent variables (age, gender, ethnicity and dentition status) and the shape of the 
mandibular condyle. A p-value of < 0.05 was considered statistically significant. Results: Only 450 panoramic ra-
diographs were included in this study. The condyles were outlined and grouped into four categories, namely pointed 
(40.2%), round (32.8), angled (18.8), and flat (8.2%). Condylar morphology was found to be significantly associated 
with gender (p<0.005) and insignificant with other independent variables. Conclusion: The findings suggest that the 
most prevalent condylar morphology among the Sarawak population is the pointed shape, in contrast with other 
previous studies that reported the round shape condylar morphology as the majority shape.
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INTRODUCTION

In dentistry, panoramic radiography (PR) is the most 
frequently used imaging technology because it 
comprehensively covers the facial features in a single 
picture, including the maxilla, the mandible, and both 
condyles. Due to its low radiation dosage and easy 
accessibility, PR is also a suitable alternative for the 
initial evaluation of the bone components of the jaws 
(1). 

While cone beam computed tomography (CBCT) and 
computed tomography (CT) are more accurate than 
PR for assessing different temporomandibular joint 
(TMJ) bone components and disorders, including joint 
remodelling, erosion, osteophyte development, and 
subcortical sclerosis, these modern imaging techniques 
have drawbacks. CBCT and CT emit more radiation 

than standard imaging techniques, and they are also 
more expensive and less available. Additionally, 
some individuals may be unable to undergo an MRI 
due to claustrophobia (2). Due to the cost and risk 
of computed tomography, the American Academy 
of Oral and Maxillofacial Radiology recommends a 
routine panoramic view for examining the structural 
components of the TMJ (3). 

Natural variations in condylar morphology (CM) occur 
with age, gender, facial type, occlusal force, functional 
load, malocclusion, and between the right and left sides 
(4). Although condylar shape and size differ throughout 
populations, there have been few investigations on CM, 
particularly in the Malaysian population. The shape of 
the mandibular condyles on panoramic radiographs 
varied substantially across the population studied (5).

Variation in CM in different populations has been 
reported in previous studies (1, 6, 7). Oliveira et al. 
(6) classified CM into four types: round, flat, angled 
and pointed. Round, followed by angled, is the most 
common shape, especially among younger individuals 
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investigation in the OMFS clinic, SGH between 
the period of December 2020 and June 2021 were 
selected in this study based on inclusion and exclusion 
criteria. This study aimed to determine the shape (%) 
and symmetry (%) of the mandibular condyle in the 
population. The sample size is determined based on 
a formula to determine the prevalence in a targeted 
population. By estimating the prevalence can be low, 
moderate or high, this study estimated the prevalence 
as 50.0% (since the prevalence of 50.0% with a fixed 
margin of error will yield a larger sample size) with 
a margin of error of 5.0%. Hence, based on a 95% 
confidence interval, the minimum sample size required 
is 384 subjects. The sample size is calculated using the 
Epi Info™ software version 7.2 ( Epi Info™, Division 
of Health Informatics & Surveillance (DHIS), Center 
for Surveillance, Epidemiology & Laboratory Services 
(CSELS)).

The inclusion criteria for this study were patients aged 18 
years old and above with no known medical condition 
that would affect the morphology of the mandible 
or pre-existing TMJ problem, the adult who came for 
digital panoramic radiograph due to surgical removal 
of impacted wisdom tooth, periodontal problem and 
routine dental check-up at the Oral and Maxillofacial 
Surgery (OMFS) Clinic, Sarawak General Hospital.

On the other hand, patients with underlying 
temporomandibular joint diseases (TMD), facial trauma, 
condylar fractures, severe malocclusion, and skeletal 
deformity, those who had completed orthodontic 
treatment and poorly showed condylar anatomy on 
radiographs were excluded from the study.

All panoramic images were taken with Planmeca 
ProMax 3D (Planmeca Oy, Helsinki, Finland; 66-68 
kVp, 9-13 mA, 18.9-s exposure time, total filtration of 
2.5 mm aluminium). A single observer, calibrated by an 
oral and maxillofacial surgeon, analyzed and evaluated 
the radiographs. To reduce the risk of observer bias, 10% 
of the data collected has been validated by the oral and 
maxillofacial surgeon. The similarity of results between 
the first and second observers was 90%, indicating 
high consistency and reliability. Any disagreement in 
the radiograph interpretation was resolved through 
discussion between the observers until a consensus was 
reached. The condyles, as identified by Oliveira-Santos 
et al, were outlined and grouped into four categories 
based on their shape: (a) angled, (b) flat, (c) pointed, and 
(d) round. It was also noted if the same form showed 
bilaterally or if each participant had various shapes. The 
subjects were classified into five age groups: 18-29, 30-
39, 40-49, 50-59, 60 years old and above. 

According to Yoshino K et. al., the Eichner index can 
be estimated by analyzing the number of present teeth 
in the oral cavity. Any opposing pair of maxillary and 
mandibular teeth with the same tooth number was 

in the Brazilian population. According to Singh et al (5), 
the most prevalent condyle morphology in the Indian 
population is a round-shaped condyle, followed by 
pointed and angled-shaped condyles, with flat-shaped 
condyles being the least common. 

On the other hand, Sonal et al. (1) categorised CM in 
the Indian population as oval, bird-beak, diamond, and 
crooked-finger shaped. Nonetheless, differences in CM 
in PR, particularly the angle or bird-beak form, may 
suggest TMJ disease. A.H. Shaikh et al. (8) evaluated 
condyle morphology in Pakistani population and 
classified it as oval, bird beak, crooked finger, diamond 
and mixed shape.

To the best of our knowledge, there is a paucity 
of research in the literature on the variation of the 
morphology of mandibular condyle, particularly among 
the Malaysian population. The findings of this research 
can be used as a guide for future studies or in clinical 
application to differentiate between normal morphology 
of mandibular condyle in healthy individuals and those 
diagnosed with temporomandibular disorders that 
involve advanced bony alteration in mandibular condyle 
in the population. Moreover, the knowledge of variations 
in CM identified through PR can be employed as a 
screening method for personal identification in forensic 
dentistry where the cadaver is burnt and unrecognizable 
(9). By understanding the variations of CM, this research 
also provides insight to the improvement of the 
manufacturing of custom-made or stock prostheses for 
mandibular condyle replacement in cases of bilateral 
total TMJ reconstruction that is appropriate for clinical 
application on the local population. The limited ability 
of a few standard implant sizes to accommodate the 
wide range of clinically observed jaw morphologies and 
bone pathologies, particularly in significant bone loss 
following major tumour removal, may result in severe 
abnormalities and poor mandibular function due to stock 
prosthetic components not being appropriately used 
(10). Therefore, the present study aims to document the 
variations of the morphology of mandibular condyle in 
the population in Sarawak, one of the states of Malaysia 
located in East Malaysia.

MATERIALS AND METHODS

This retrospective, observational, cross-sectional study 
using pre-existing digital panoramic radiographs was 
conducted at Oral and Maxillofacial Surgery (OMFS) 
Clinic, Sarawak General Hospital (SGH), Kuching, 
Sarawak, from September 2021 to March 2022. Ethical 
approval was obtained from The Medical Research 
and Ethics Committee (MREC), the Ministry of Health 
Malaysia (NMRR-21-1676-60715). Informed consent 
was not obtained from the patients because this is a 
retrospective study.

The patients who came for digital panoramic radiograph 
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Figure 1: Classification of Eichner Index (11)

counted as one occlusal support (11). In this study, the 
dentition status was estimated and categorized using 
Eichner Index by analyzing patients’ records, based 
on the number of present teeth and the distribution 
of occlusal support teeth, as shown in Figure 1. The 
Eichner Index is based on the occlusal contacts in each 
molar and premolar region, which are called supporting 
zones. Group A had occlusal contact in four support 
zones; group B had one to three zones of contact or 
just touch in the anterior region; and group C had no 
occlusal contact at all, although a few teeth may have 
remained, if any (12). In this study, fully and partially 
erupted permanent teeth were defined as “present teeth”, 
while supernumerary teeth, third molars, pontics of fixed 
prostheses and implant-supported superstructures were 
not counted as present teeth. 

Table I: Demographic Data (Profile and Clinical Data) of Eligible Sub-
jects(N=450)

Profile N (%)

Age Group (Years)

  18-29 134(29.8)

  30-39 113(25.1)

  40-49 68(15.1)

  50-59 67(14.9)

  ≥60 68(15.1)

  mean: 40.83±15.796, range: 18-83

  Gender

  Male 256(56.9)

  Female 194(43.1)

  Ethnicity

  Chinese 114(25.3)

  The Indigenous 153(34.0)

  Malay 183(40.7)

 
Clinical Data

  Eichner Index 

  A 324(72)

  B 88(19.6)

  C 38(8.4)

  Morphology of Mandibular Condyle (Both) 

  Angled 169(18.8)

  Flat 74(8.2)

  Pointed 362(40.2)

  Round 295(32.8)

  Morphology of Mandibular Condyle (Right) 

  Angled 93(20.7)

  Flat 36(8.0)

  Pointed 167(37.1)

  Round 154(34.2)

  Morphology of Mandibular Condyle (Left) 

  Angled 76(16.9)

  Flat 38(8.4)

  Pointed 195(43.3)

  Round 141(31.3)

  Bilateral Similar Morphology 

  Yes 264(58.7)

  No 186(41.3)

Descriptive statistics were used to describe the subjects’ 
characteristics and the prevalence of mandibular condyle 
shape and symmetry. Pearson’s chi-square test was used 
to determine the association between the independent 
variables (age, gender, ethnicity and dentition status) 
and the shape of the mandibular condyle, with a 
p-value of < 0.05 considered statistically significant. All 
analyses were performed using SPSS version 21.0 (IBM 
Corp. Released 2012. IBM SPSS Statistics for Windows, 
Version 21.0. Armonk, NY: IBM Corp.) 

RESULTS

Table I shows the demographic data of the eligible 
subjects, consisting of profile and clinical data. Out of 
893 PRs that were assessed, 450 PRs (900 mandibular 
condyles) of the eligible subjects were included in this 
study. The ages ranged from 18 to 83, with a mean age 
of 40.83±15.796 years. Among 450 subjects, 56.9% 
(N=256) were male, and 43.1% (N=194) were female. 
Three ethnicities in the population of Sarawak were 

identified in this study, namely Malay (40.7%), Chinese 
(25.3%) and the Indigenous of Sarawak (34%). 

This study recorded the angled, flat, pointed and 
round shapes of CM, as shown in Figure 2. Our study 
concluded that the pointed shape (40.2%) is the most 
common CM. Table II shows the distribution of the 
total number of CM according to patient factors. The 
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pointed shape (67.1%) is the most common CM among 
females, whereas the round shape (54.2%) is the most 
common CM among males and is statistically significant 
(p<0.001). The pointed shape is the most common in 
Group A and B of dentition status, whereas the pointed 
shape is equally as common as the round shape of CM 
in subjects with Group C of dentition status (p=0.902). 

The most common type of CM for the right side is the 
pointed shape (37.1%). Table II shows the distribution 
of CM on the right side according to patient factors. The 
majority of the subjects in each age group have pointed-
shape CM over the right side, but it is not statistically 
significant (p=0.598). In terms of gender, pointed shape 
(65.3%) and round shape (52.6%) are the most frequent 
right CM in females and males, respectively, and are 
statistically significant (p=0.012). Most of the subjects 
in each ethnicity group have pointed-shape right 
mandibular condyle (p=0.226). Most of the subjects 
with Group A, B and C of dentition status have pointed-
shape right mandibular condyle (p=0.983).

In the current study, the most common type of CM for the 
left side is the pointed shape (43.3%). Table II depicts the 
distribution of CM on the left side according to patient 
factors. The pointed-shape CM is the most common 
over the left side regarding age group (p=0.877). Pointed 
shape (68.7%) and round shape (56.0%) are the most 
common left CM in females and males, respectively, 
and are statistically significant (p<0.001). The majority 
of the subjects in each ethnicity group have a pointed 
shape on the left mandibular condyle (p=0.983). 

Table II: Distribution of morphology of mandibular condyle (both, 
right and left) according to age, gender, ethnicity and Eichner index

    Morphology of Mandibular Condyle p value

    Angled 
N(%)

Flat 
N(%)

Pointed 
N(%)

Round 
N(%)

 

Age Group( Years)
 

         

18-29            

 
 
 

Both
Right 
Left

50(29.6)
26(28.0)
24(31.6)

23(31.1)
14(38.9)
9(23.7)

100(27.6)
47(28.1)
53(27.2)

95(32.2)
47(30.5)
48(34.0)

 
 
 

30-39            

 
 
 

Both
Right 
Left

39(23.1)
21(22.6)
18(23.7)

20(27.0)
6(16.7)
14(36.8)

90(24.9)
40(24.0)
50(25.6)

77(26.1)
46(29.9)
31(22.0)

 
 
 

40-49            

 
 
 

Both
Right 
Left

25(14.8)
13(14.0)
12(15.8)

11(14.9)
7(19.4)
4(10.5)

62(17.1)
32(19.2)
30(15.4)

38(12.9)
16(10.4)
22(15.6)

 
 
 

50-59            

 
 
 

Both
Right 
Left

27(16..0)
16(17.2)
11(14.5)

11(14.9)
4(11.1)
7(18.4)

56(15.5)
25(15.0)
31(15.9)

40(13.6)
22(14.3)
18(12.8)

 
 
 

≥60          

 
 
 

Both
Right 
Left

28(16.6)
17(18.3)
11(14.5)

9(12.2)
5(13.9)
4(10.5)

54(14.9)
23(13.8)
31(15.9)

45(15.3)
23(14.9)
22(15.6)

0.961a

0.598b

0.877c

Gender            

Male            

 
 
 

Both
Right 
Left

73(43.2)
38(40.9)
35(46.1)

36(48.6)
17(47.2)
19(50.0)

119(32.9)
58(34.7)
61(31.3)

160(54.2)
81(52.6)
79(56.0)

 
 
 

Female          

 
 
 

Both
Right 
Left

96(56.8)
55(59.1)
41(53.9)

38(51.4)
19(52.8)
19(50.0)

243(67.1)
109(65.3)
134(68.7)

135(45.8)
73(47.4)
62(44.0)

<0.001*a

0.012*b

<0.001*c

Ethnicity            

Chinese            

 
 
 

Both
Right 
Left

48(28.4)
28(30.1)
20(26.3)

21(28.4)
11(30.6)
10(26.3)

90(24.9)
40(24.0)
50(25.6)

69(23.4)
35(22.7)
34(24.1)

 
 
 

Indigenous 
Sarawak

           

 
 
 

Both
Right 
Left

50(29.6)
27(29.0)
23(30.3)

19(25.7)
6(16.7)
13(34.2)

127(35.1)
62(37.1)
65(33.3)

110(37.3)
58(37.7)
52(36.9)

 
 
 

Malay          

 
 
 

Both
Right 
Left

71(42.0)
38(40.9)
33(43.4)

34(45.9)
19(52.8)
15(39.5)

145(40.1)
65(38.9)
80(41.0)

116(39.3)
61(39.6)
55(39.0)

0.463a

0.226b

0.983c

Eichner Index            

A            

 
 
 

Both
Right 
Left

122(72.2)
65(69.9)
57(75.0)

56(75.7)
28(77.8)
28(73.7)

257(71.0)
119(71.3)
138(70.8)

213(72.2)
112(72.7)
101(71.6)

 
 
 

B            

 
 
 

Both
Right 
Left

33(19.5)
19(20.4)
14(18.4)

11(14.9)
6(16.7)
5(13.2)

77(21.3)
34(20.4)
43(22.1)

55(18.6)
29(18.8)
26(18.4)

 
 
 

C          

 
 
 

Both
Right 
Left

14(8.3)
9(9.7)
5(6.6)

7(9.5)
2(5.6)
5(13.2)

28(7.7)
14(8.4)
14(7.2)

27(9.2)
13(8.4)
14(9.9)

0.902a

0.983b

0.709c

p-value were evaluated by Pearson’s chi-square test.
a significance level between morphology of mandibular condyles (both) and independent vari-
ables (age, gender, ethnicity, Eichner index).
b significance level between morphology of mandibular condyles (right) and independent 
variables (age, gender, ethnicity, Eichner index).
c significance level between morphology of mandibular condyles (left) and independent vari-
ables (age, gender, ethnicity, Eichner index).
*p-value<0.05.

Figure 1: Examples of condyle outlines are divided into the 
following categories: (a) angled; (b) flat; (c) pointed; and (d) 
round (6).
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round shapes of CM decreased with increasing age. This 
is likely due to normal physiological changes, including 
chewing habits that caused the morphological changes 
of the CM. In the previous study, Singh et al. (5) reported 
that the majority of those with bilaterally round-shaped 
condyles reported no specific chewing habits. The 
likelihood of being round shape was higher in those 
with undefined chewing patterns and in people who 
chewed bilaterally.

In the present study, we discovered that almost two-
thirds of the individuals had the same condyle form 
on both sides. This frequency was discovered to be 
comparable to the findings of Oliveira et al. (6). However, 
the youngest age group had the highest incidence of 
bilateral occurrence of the same form, whereas the 
oldest age group had the lowest incidence. Interestingly, 
the number of subjects with the bilateral occurrence 
of the same shape of condyles decreased as the age 
increased. Similar findings were noticed in previous 
studies (5, 6, 16). The decline in the bilateral occurrence 
of CM might be due to some underlying parafunctional 
habits as age increases. Previous studies had reported 
a positive correlation between the similarity of CM 
and the presence of parafunctional habits, as most of 
the subjects with parafunctional habits had dissimilar 
condyles (5, 17).

Generally, we reported that the pointed shape is the 
most common CM for females, while the round shape 
is the most common for males, and this finding is 
statistically significant for both the right and left sides of 
the CM. However, in a previous study, no statistically 
significant difference was observed when both genders 
were compared (8). In the previous studies done in the 
Turkish population, the round shape was uncommon in 
both sexes, but the flat type was more prevalent in men 
than women (18). 

Regarding ethnicity, the pointed shape is the most 
common shape for Malays, Chinese and the Indigenous 
group of Sarawak. This shows that the shape of CM 
does not affect by the ethnic group. This is congruent 
with a study that examined differences in CM within 
the same ethnic group as well as between ethnic groups 
and found no significant difference between Malay and 
Chinese due to their shared East Asian origin (19).

Tooth loss is another factor that influences CM. Changes 
in the structure of the mandibular condyle may be related 
to tooth loss and posterior crossbite (20). According to 
Singh et al. (5), there was a statistically significant link 
between age groups and dentition status, with dentition 
status drifting toward Eichner Class C as age progressed, 
as well as a significant relationship between dentition 
status and CM. With increasing age, a better distribution 
of condylar forms may be seen, with the prevalence of 
round, pointed, and angled condyles being substantially 
comparable. However, the present study reported that 

It was also recorded that the same shape of the CM was 
seen in 58.7% of the eligible subjects. Table III depicts 
the distribution of the similarity of CM according to 
patient factors. Overall, 41.7% of males and 58.3% of 
females presented with the same bilateral shape of the 
CM (p=0.461). Of all the independent variables, only 
gender is statistically significant to the distribution of 
both the right and the left side of CM observed in this 
study.

Table III: Distribution of similar morphology of mandibular condyle 
according to age, gender, ethnicity and Eichner index.  

 
Similarity of Morphology of 

Mandibular Condyle p value

 
Unilateral

N(%)
Bilateral

N(%)

Age Group (Years)    

18-29 55(29.6) 79(29.9)

30-39 51(27.4) 62(23.5)

40-49 18(9.7) 50(18.9)

50-59 30(16.1) 37(14.0)

≥60 32(17.2) 36(13.6) 0.087

     

Gender    

Male 84(45.2) 110(41.7)

Female 102(54.8) 154(58.3) 0.461

     

Ethnicity    

Chinese 54(29.0) 60(22.7)

Indigenous Sarawak 55(29.6) 98(37.1)

Malay 77(41.4) 106(40.2) 0.167

     

Eichner Index    

A 134(72.0) 190(72.0)

B 36(19.4) 52(19.7)

C 16(8.6) 22(8.3) 0.992

p-value were evaluated by Pearson’s chi-square test.

DISCUSSION

This retrospective research evaluated the CM of non-
TMD patients in the PR. We found that most of the patients 
who came to the OMFS clinic of SGH were younger 
than 40 years old. Although statistically insignificant, we 
concluded that the pointed shape was more prevalent in 
subjects of all age groups. In contrast, previous studies 
from different populations reported round shape CM as 
the most prevalent type of CM (1, 6, 13). However, no 
significant association was observed between CM and 
age groups in the present study, consistent with previous 
findings (5, 14, 15).

The majority of the subjects with round shape of CM 
were younger than 40 years old, and the number of 
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the most common CM for patients with Eichner index 
Class A, B and C is the pointed shape of CM, with no 
discernible trend between dentition status and CM. 
This shows that dentition status does not affect the 
remodelling/reshaping of CM over time in the current 
study population, which is in line with previous studies 
(21-23).

In our findings, the most probable CM shape for subjects 
aged 30 years and below is the pointed shape followed 
by the round shape. We have also raised the issue that a 
consensus should be made for classifying CM worldwide 
based on the evaluation of CM using radiographic 
modalities. This would facilitate ease of comparison 
clinically and communication of cases among dental 
professionals. Currently, several types of classification 
have been used to categorized CM assessed using 
OPG and 3D scans such as CBCT and CT. However, 
professional bodies have issued no agreement on the 
classification system. Therefore, a consensus on the 
classification of CM is strongly warranted and should 
be looked into in future studies. The authors used the 
classification system proposed by Oliveira-Santos et al 
in this study due to its ease of understanding, commonly 
used in other studies, and its acceptable reliability in 
reflecting the actual CM. 

The limitations of this study are that the study sample 
from a single centre is taken, which might not represent 
the whole population. Furthermore, the PR was used to 
assess the CM despite the availability of CBCT machine, 
which provides a 3D image and is more accurate than 
conventional imaging. Future prospective research can 
be done to compare the CM changes between healthy 
individuals and those with diagnosed TMJ pathology/ 
diseases to observe the morphological changes of 
condyle over time and to determine how the findings 
aid in the diagnosis and treatment of TMJ pathology, 
particularly those involving the mandibular condyle. 
 
CONCLUSION

The findings suggest that the most prevalent shape of CM 
among the Sarawak population in Malaysia is the pointed 
shape, in contrast to previous studies that reported the 
round shape CM as the majority shape. The shape of CM 
in the study population is significantly associated with 
the gender and insignificant with age changes, ethnicity 
and dentition status. Identifying variations in condyle 
morphology helps in diagnosing TMJ disease, post-
mortem identification of the population and predicting 
future trends in prosthetic replacement of condyle 
reconstruction, which would greatly benefit the public.  
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