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Abstract

Aim: �he aim of this stud� �as to determine the visibilit� of �i��he aim of this stud� �as to determine the visibilit� of �i�
fid Mandibular Condyle (BMC) and affecting factors on panoramic 
radiography compared with Cone Beam Computed Tomography 
(CBCT).

Material and Methods: Radiologicall� depression or notch on 
superior condylar surface or duplication of condylar head with con�
tinuous cortex on CBCT images was considered as BMC. Character�
istics of BMC such as location, type, groove type, depth, and hori�
zontal angle on CBCT images were noted. Panoramic radiographs of 
63 BMC and 65 normal mandibular condyles confirmed on tomo�
graphic images �ere evaluated b� three groups of observers �ith 
different experiences. According to the results, the common cor� According to the results, the common cor�According to the results, the common cor�
rect and incorrect estimations were compared.

Results: There was no statistically significant difference between 
the results of the observers.

Despite there was no statistically significant difference between 
the characteristics of BMC according to whether the estimations 
were correct or incorrect. (p>0,050), it was determined that the 
horizontal angle of the BMC that observers stated correctly was 
20.5% less than the cases with bifid condyles that they stated in�
correctly. 

Conclusion: In conclusion, experience of clinicians had no effect 
on the visibility of BMC. Panoramic radiographs frequentl� misread 
bifidity and bifidity was only confirmed by the CBCT. However, it 
can be estimated that when the angle between the condylar head 
and the horizontal plane become closer, BMC is more likely to be 
detected on panoramic radiographs. Further studies are required 
to determine which factors have effect on visibility of BMC on pa�
noramic images.

Keywords: Bifid mandibular condyle; Panoramic radiography; 
Cone beam computed tomographyIntroduction

Bifid Mandibular Condyle (BMC) appeared as a double con�
dylar head characterized by a vertical depression, notch or deep 
cleft in the center of the condylar head [1]. They are usually 
diagnosed by a panoramic radiography during a routine exami�
nation [2]. �he panoramic radiograph� is useful for providing 
a broad overview of the Temporomandibular Joint (TMJ) and 
surrounding structures. Gross osseous changes in the condyles 
can be identified, such as asymmetries, extensive erosions, lar�
ge osteophytes, tumors, or fractures. However panoramic ra�
diographs can misread bifidity by the overlapping of anatomi�
cal structures or inherent distortion. They can either under or 

overestimate bifidity [3]. When a detailed assessment of bony 
structures of TMJ is needed, the panoramic view should be 
supplemented with advanced imaging techniques [1].

To avoid excessive radiation, clinicians can prefer Cone Beam 
Computed Tomography (CBCT) rather than other tomographic 
techniques. Cone Beam Computed Tomography (CBCT) can pro�
duce thin slices that allo� the structures of the joints for de�
termining the presence and extent of ankylosis and neoplasms, 
imaging fractures, and examining for heterotopic bone gro�th 
be assessed without superimposition of surrounding anatomy. 
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The joints can be viewed in coronal and sagittal planes, correc�
ted along the long axes of the condylar heads [1].

In 2005, Mawani et al. [4]. investigated condylar shape 
analysis using panoramic radiograph and conventional tomog�
raphy. In 2006, Schmitter et al [5]. study about assessment of 
the reliabilit� and validit� of panoramic imaging for assessment 
of mandibular condyle morphology using both MRI and clini�
cal examination as the gold standard. In 2007, Honey OB et al 
[6]. examined accuracy of CBCT imaging of the temporomandi�
bular joint compared �ith panoramic radiolograph� and line�
ar tomography. In 2020, Arayapisit et al [7]. studied on unders�
tanding mandibular cond�le morpholog� on panoramic radiog�
raphy compared with CBCT. In this study, we evaluated the effi�
ciency of panoramic radiography in the visibility of BMC compa�
red with CBCT imaging.

This study was aimed to evaluate the visibility of BMC on 
panoramic radiographs and to determine the factors affecting 
the visibility of BMC on panoramic radiograph compared with 
CBCT.

Material and Methods

The study was reviewed and approved by the Institution�
al Review Board of Ondokuz Mayis University (OMU KAEK 
2022/231).

Tomographic Imaging

63 mandibular condyle showed bifidity on CBCT images 
were included in the present study. Radiologically depression or 
notch on superior condylar surface or duplication of condylar 
head with continuous cortex on CBCT images was considered 
as BMC [1]. CBCT evaluation was accepted as gold standard for 
BMC.

Presence of space occup�ing lesions �ithin the temporo�
mandibular joint area and low�quality CBCT images with mo�
tion blurring or imaging artifacts that could adversely affect the 
evaluation were excluded in the study. The CBCT evaluation was 
carried out in the axial, coronal, sagittal, cross�sectional, and 
tangential views using a standardized approach in viewing the 
CBCT scans (distance of 40 cm, dimly�lit room). The same CBCT 
scanner (Sirona Dental Systems, Bensheim, Germany), operat�
ing at 98kVp, 15�30 mA was used in all examinations. Voxel and 
FOV sizes were 0.25 mm3 and 15x15 cm. Exposure time of 2�6 
seconds and scanning time was 14 seconds. Assessments were 
performed in 1 mm thickness slices by using “distance tool bar” 
feature of the SIDEXIS XG 2.56 (Sirona Dental Inc., Bensheim, 
Germany) image analysis program. All examinations were per�
formed under light illumination at 3.7 MP, 68 cm, 2560 x 1440 
resolution, 27�inch color LCD display (The RadiForce MX270W, 
Eizo Nanao Corporation, Ishikawa, Japan).

Image Analysis

��o dentomaxillofacial radiologists independentl� examined 
the CBCT for the presence of BMC. They came to a consensus in 
cases of disagreements.

The Examined Radiologic Properties of BMC were

 ¾ Localization: right�left mandibular condyle. 

 ¾ Type of BMC: 

• Mediolateral (ML) bifidity was assessed using coronal 
images parallel to the long axis of the cond�le, mediolateral 

cases appears as “heart” shape in coronal images. 

• Anteroposterior (AP) bifidity was assessed using lateral 
images perpendicular to the long axis of the condyle. Antero�
posterior case appears as t�o cond�les, one anterior to other, 
in sagittal reformat [8].

• Trifid/ Multiheaded: The formation of more than two 
condyles can be named Multi�Headed Condyles (MHC) [9].

 ¾ The type of groove: The BMC divided into two parts by 
sulcus with variable depth. This splitting can range from shallow 
groove to deep groove [9].

• ��pe 1 deep and narro� groove 

• ��pe 2 �ide and shallo� groove

 ¾ The BMC depth: It was measured by the shortest dis�
tance from the line connecting the two highest points of the 
condyles to the lowest point of the condyles. 

 ¾ Horizontal angulation of each condyle were deter�
mined b� measuring the angle bet�een the long axis of the 
condyle in the axial cross�section with the largest ML dimension 
and an imaginary horizontal line [10].

After giving information about the radiographic appearance 
of BMC on panoramic views (that is divided into two parts of 
more or less equal size by a deep groove [11]), observers in�
dependently were asked to evaluate 128 mandibular condyles 
(63 BMC, 65 normal) on panoramic radiographs for presence 
or absence of BMC and signed in a special form. Three groups 
of observers consisting of four PhD students in dentomaxillofa�
cial radiology [two of them were two�year asistants and two of 
them were one�year asistants] and two dentomaxillofacial ra�
diology specialist [with at least 10 years’ experience] evaluated 
images separately. According to the answers of the observers 
from panoramic radiographs, the common correct and incor�
rect estimations were compared.

SPSS software version 23.0 (IBM Corp., Armank, NY, USA) 
was used to analyze the data. Suitability for normal distribu�
tion was evaluated by Kolmogorov�Smirnov. Kappa testt was 
used to compare categorical variables according to groups. The 
Mann�Whitney U test was used to compare the data that were 
not normally distributed according to the paired groups. The 
Kruskal Wallis test was used to compare the data that were not 
normall� distributed according to groups of three or more, and 
multiple comparisons were analyzed with the Dunn test. Analy�
sis results �ere presented as frequenc� (percentage) for cat�
egorical data, and as mean ± Standard Deviation, and median 
(minimum – maximum) for quantitative data. Significance level 
was taken as p<0.05.

Results 

All BMC were in multiheaded and ML orientation. AP orien�
tation could not found.

There was no statistically significant difference between the 
results of the experts, the results of the t�o��ear asistants and 
the one�year asistants (p=0.261). Statistically good agreement 
was obtained between the three observer groups (Ƙ=0.640; 
p<0.001).

Considering the knowledge from the tomography and results 
of the observers, the rate of correct estimations was 51.4% (Fig�
ure 1a & 1b), while the rate of incorrect estimations (Figure 2a 
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& 2b) was 48.6%. There was no statistically significant differ�
ence between localization, type of BMC, type of groove, BMC 
depth and horizontal angle of BMC values according to whether 
the estimations were correct or incorrect (p>0,050) (Table 1 & 
2).

A statistically moderate agreement was obtained between 
the answers given by the observers and the findings obtained 
in the tomography. (Ƙ=0,436; p<0,001). In fact, it was seen that 

the rate of sa�ing absent in the observers �hich are normal is 
higher than the rate of sa�ing present in the observers �hich 
actually have BMCs. That is, observers detect non�bifid (normal) 
condyles better than those with BMCs (Table 3).

Although there was no statistically significant difference be�
tween the values, it was determined that the horizontal angle 
of the BMCs that observers stated correctly was 20.5% less than 
the cases with bifid condyles that they stated incorrectly.

Figure 1a: Panoramic radiograph of bilateral BMC of  patient A.

Figure 1b: CBCT coronal image of bilateral BMC of patient A.

Figure 2a: Wrong estimation of panoramic radiograph of patient 
B. ( bilateral normal condyles) They look like divided into two parts 
of more or less equal size by a deep groove.

Figure 2b: CBCT coronal image of bilateral normal condyles of 
patient B.

Table 1: Comparison of knowledge from the tomography and the dist�
ributions of the variables according to the estimations made jointly by 
the observers.

Estimations
Total p

Incorrect Correct

Right-left
Right
Left

8(44.4)
10(55.6)

10(52.6)
9(47.4)

18(48.6)
19(51.4)

0,866*

Type of BMC
Mediolateral
Multiheaded

8(44.4)
10(55.6)

13(68.4)
6(31.6)

21(56.8)
16(43.2)

0,255*

The type of groove
Deep
Shallo�

8(44.4)
10(55.6)

8(42.1)
11(57.9)

16(43.2)
21(56.8)

1,000*

*Yates Correction
Table 2: Comparison of quantitative variables according to the CBCT 
and estimates made jointly by the observers.

Groups

p

Incorrect Correct

Mean±std. 
dev.

Mean 
(min-max)

Mean±std.
dev.

Mean 
(min-max)

Depth of 
BMC 2.25±1.26 1.9(0.7 �5) 2.08±0.72 2.2(0.7–3.5) 0.625*

Horizontal 
angle of 
BMC

19.55±6.8 20.1(2.2�29) 15.55±12.28 18.6(�18.6–
34.5) 0.232*

*Independent Samples t�Test
Table 3: Examining the compatibility of tomographic findings with the 
answers given by the observers.

Observer Responses
Total Kappa/p

Absent Present

CBCT findings

Apsent 39(67.2) 2(10.5) 41(53.2)
0.436/<0.001

Present 19(32.8) 17(89.5) 36(46.8)

Discussion

Bifid Mandibular Condyle (BMC) is an uncommon anomaly, 
characterized by a division of the mandibular condylar head. It 
is considered to be developmental although it has also been re�
lated to infection, trauma, condylar fractures or condylectomy 
[12�14]. Multiheaded or trifid condyles are rare disorders of the 
mandible. Their etiology and pathogenesis are unclear. They 
can be associated �ith temporomandibular joint disorders or 
can be diagnosed incidentally on routine radiographic examina�
tion [15]. Several epidemiological studies have been carried out 
on BMC. Szentpétery et al. [16]. investigated skulls and repor�
ted an incidence rate of 0.34% in 2077 condyles. In many studi�
es [11,17,18], BMC prevalence was evaluated by panoramic ra�
diography. Because they are usually detected accidentally du�
ring routine dental radiographic examinations, more commonly 
on panoramic views taken for other dental purposes [2]. Mene�
zes et al. [17] found nine (0.018%) cases of BMC from 50.080 
panoramic radiographs in a Brazilian population. Miloglu et al. 
[11] and Sahman et al. [18] examined panoramic radiographs in 
Turkish subjects and reported the prevalence of BMC as 0.31% 
and 0.52%, respectively. 
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Panoramic radiograph� is a 2D imaging method, it ma� not 
always be an appropriate diagnostic tool in the diagnosis of a 
BMC. On the other hand, panoramic radiographs can misread 
bifidity by the overlapping of anatomical structures or inherent 
image distortion [11,17]. They can either under� or overestima�
te bifidity. Also the rift between the duplicated condylar heads 
may be partial and partial BMC’s are hard to detect on panora�
mic views [8]. Three�dimensional (3D) imaging methods are es�
sential for the clinician, especially when evaluating the condyle 
head that is grooved in the ML direction [14]. Also it should be 
supplemented by CT or Magnetic Resonance Imaging (MRI), es�
pecially in cases when surgery is planned. Daniels et al. [19]. re�
ported a case of bifid condyle associated with TMJ ankyloses. 
The ankylosed joint was seen on panoramic examination but bi�
fidity was only confirmed by the CT scan. This is because the la�
teral cond�le had obscured the medial cond�le in the panora�
mic radiograph. Further more, 3D imaging allows for a more ac�
curate assessment of hypoplastic, hyperplastic, or degenerati�
ve changes of the condyle. Differential diagnosis of a BMC with 
degenerative changes such as cysts, tumors, metastatic lesions, 
or condylar fractures is essential, and the ideal method for ima�
ging BMC morphology is three�dimensional imaging [20].

There are very few studies in the literature evaluating BMCs 
using CT or CBCT. In a study of Sahman et al. [21] using CTs, 
the prevalence of a BMC was found to be lower (1.82%). Ac�
cordingly, Sampaio et al. [22] published a retrospective study 
which found a 1.1% prevalence of BMC in asymptom atic pati�
ents by using CT meanwhile only half of them could be diagno�
sed by checking previous panoramic radiographs. In accordian�
ce with this study, our study showed the rate of correct estima�
tions was 51.4% on panoramic radiographs.

CT machines have limitations in dentistry because of the�
ir high cost, large footprint and high radiation exposure. CBCT 
is more advantageous in evaluating the bone structures in the 
dentomaxillofacial region due to the lower radiation. The ima�
ge is obtained in a shorter scanning time, and bone resolution 
is high [8]. Also CBCT is an excellent imaging modality for the 
assessment of BMC. It allows detailed visualization of condylar 
morphology without osseous superimposition. CBCT can make 
optimal evaluation of morphological aspects like the condyle 
shape and size, orientation of condylar angle, joint position, 
depth of glenoid fossa [1].

Khojastepour et al. [10], reported in their retrospective study 
that the prevalence of BMC (4.53%) seemed to be higher using 
CBCT than that found in the studies performed with panora�
mic radiographs. Sahman et al. [21] speculated that BMC might 
be a more frequent condition in the Turkish population. They 
also stated that the difference between CT�based and panora�
mic image�based studies in the same Turkish population might 
have occurred from misinterpretations of the panoramic radi�
ographs. Miloglu et al. [11] concluded that due to the widespre�
ad use of new diagnostic techniques, the prevalence of BMC is 
likely to be higher than has been previously reported. 

This study examined panoramic radiographs consisting of 
both normal morphology and BMCs to assess which factors ef�
fect the visibility of BMC on panoramic images. We could not 
find any statistically significant difference between the results 
of the experts, the results of the t�o��ear asistants and the 
one�year asistants but observers detect non�bifi d (normal) con�observers detect non�bifid (normal) con�
dyles better than those with BMCs. We could not find any sta�
tistically significant difference between the rift indicators such 

as localization and type of BMC, type of groove, BMC depth, 
and horizontal angle values of BMC according to whether the 
estimations were correct or incorrect. However when the angle 
between the condylar head and the horizontal plane become 
closer, ML bifidity or multiheaded BMC may more likely to be 
detected on the panoramic radiography. In conclusion, within 
the limitations of the study, panoramic radiographs can misread 
bifidity and CBCT is the proof of choice to establish a correct 
diagnosis of BMC. Additional studies should be undertaken to 
further elucidate which factors have role on the visibility bifidity 
on panoramic radiographies.
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