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INTRODUCTION 

Temporomandibular disorders (TMD) describe 
any articular or muscular problem of the jaw 
joint. TMJ osteoarthritis is caused by alternating 

degenerative and regenerative episodes causing 
structural changes of the joint components such 
as erosion, flattening, osteophytes or reduced joint 
space.1 
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ABSTRACT

Objective: To find out the diagnostic performance of cone beam CT in detection of chemically 
induced arthritic changes of rats’ condyles using the histological sections as a gold standard.

methods: 40 male albino rats were divided into study and control groups each contains  
20 rats. Arthritis was induced into the right temporomandibular joint (TMJ) of the study group us-
ing complete Freund’s adjuvant (CFA) inflammatory material. All rats were incubated for 21 days 
then all rats were anesthetized, sacrificed then imaged using Planmeca ProMax 3D Proface (Plan-
meca Oy, Finland) cone beam CT. Heads were immediately prepared for histological sections using 
Haematoxylin and Eosin (H&E) stain. Condylar osseous changes were evaluated by both methods. 
Chi square test was used to compare between CBCT and histological findings. Sensitivity, speci-
ficity, accuracy, positive predictive value (PPV) and negative predictive value (NPV) determined 
CBCT diagnostic performance using histological findings as a gold standard.

Results: There was a statistically significant difference between CBCT and histological find-
ings while they were totally matching in condylar erosion findings. Condylar flattening couldn’t be 
detected histologically and the synovial proliferation was a histological result only. CBCT diagnos-
tic accuracy was 95.29%, the sensitivity was 93%, the specificity was 100%, the NPV was 86% and 
the PPV was 100%.

Conclusion: High diagnostic performance of CBCT in detection of rat’s condylar arthritis.
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Diagnostic imaging of TMD is very 
challenging due to complexity of TMJ structure 
and superimposition from base of the skull2 which 
mandate the use of 3D imaging. Advantages of cone 
beam CT regarding low dose and cost, fast scan 
time, easy software and small FOV3 put CBCT into 
competition with other diagnostic modalities. 

Therefore we thought it is worthwhile to explore 
the diagnostic performance of CBCT in detection of 
artificially (chemically) induced TMJ arthritis using 
rats as an animal model. 

maTERIals aND mEThODs

Forty male Albino rats weighing between 200-
250 grams were divided into two groups; a control 
group of 20 rats used as a reference for the normal 
radiographic and histologic picture of rat’s TMJ and 
a study group of 20 rats used as animal models for 
TMJ arthritis. 

This study was approved from Faculty of 
Dentistry Ain Shams University research ethics 
committee (FDASU-REC). Arthritis was induced 
by intra-articular injection (50 microns) into the 
right TMJ of complete Freund’s adjuvant (CFA, 
purchased from Sigma) via a carefully positioned 
tip of a 26 gauge needle. The CFA was suspended in 
an oil/saline (1:1) emulsion. 4

At the end of the housing period (21 days), each 
rat of both study and control groups was anesthe-
tized then sacrificed separately by cervical disloca-
tion and their heads were immediately fixed at 10% 
buffered formalin solution. Getting rid of sacrificed 
rats’ bodies was in the incinerator of Cairo Univer-
sity Hospital.

CBCT examination was performed using 
Planmeca ProMax 3D Proface (Planmeca Oy, 
Finland) and Planmeca Romexis Viewer 3.0.0.R. 
was used to view images in axial, coronal and sagittal 
planes. Two oral and maxillofacial radiologists with 
five years experience in radiographic interpretation 
performed the radiographic image analysis. The 

images were rechecked by both observers to 
confirm the intra-observer reliability. The recorded 
findings were those agreed at least twice. Criteria 
for evaluation of bony changes in the study group 
were classified into:

1. Condylar surface findings (a) no osseous 
changes (b) condylar flattening (c) condylar 
erosion

2. Joint space findings (a) No change (b) obliterated 
joint space (c) bone to bone contact. 

Rats’ heads were fixed at 10% buffered formalin 
solution for at least one week then placed in 12% 
EDTA (Ethylene Diamine Tetra-acetic acid) 
solution changed every 48 hours for two weeks 
for decalcification. Sections were performed 
by microtome (4-6 microns) and stained with 
Haematoxylin and Eosin (H&E) stain. The stained 
histological sections of both study and control groups 
were captured at a magnification of 40X using a 
digital video camera (C5060, Olympus, Japan) 
which was mounted on a light microscope (BX60, 
Olympus, Japan). Images were then transferred to 
the computer system for image analysis.

Three oral histologists with five years experience 
examined the stained sections for evaluation of 
histological changes at the tissue level such as new 
tissue formation, surface irregularity, bone marrow 
edema or bone erosion. Data obtained from CBCT 
analysis was subsequently compared with the 
histological findings as the gold standard.  All data 
were entered into Excel 2007 (Microsoft, Redmond, 
WA) then statistical analysis was performed to find 
if there is a significant difference between CBCT 
and the histological findings.

Observational findings were compared to each 
other using Chi square test. Sensitivity, specificity, 
accuracy, positive predictive value (PPV) and 
negative predictive value (NPV) were used as 
a measure for CBCT diagnostic performance 
compared to the histological findings.  Intra and 
inter observer reliability were determined using Chi 
square test.
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REsUlTs

Results of this study included: Comparison 
between CBCT and histological observations of 
osseous changes, Diagnostic performance of CBCT 
observations and reliability of CBCT observers’ 
readings.

Comparison between CBCT and histological 
observations of osseous changes (Figures 1-2) 
are illustrated in Table 1. There was no difference 
between CBCT and histological observations in 
condylar erosion findings. On the other hand, 
statistically significant differences were found with 
no osseous changes, condylar flattening, decreased 
joint space and synovial proliferation findings.

Sensitivity, specificity, accuracy, positive 
predictive value (PPV) and negative predictive value 
(NPV) determined CBCT diagnostic performance 
using histological findings as a gold standard are 
illustrated in Table 2.

On comparing 1st and 2nd readings of the CBCT 
observer (1) there was a statistically significant 
difference regarding condylar erosion findings. 
However, no osseous change, condylar flattening 
and decreased joint space findings showed not 
statistically significant differences (Table 3).  
Although, CBCT findings of condylar erosion and 
no osseous changes differed significantly between 
1st and 2nd readings of the CBCT observer (2), 

findings of condylar flattening and decreased joint 
space showed not statistically significant difference 
(Table 4).

Regarding the 1st readings of both observers; 
condylar erosion and no osseous changes CBCT 
findings differed significantly between CBCT 
observers while, condylar flattening and decreased 
joint space showed not statistically significant 
differences between them (Table 5). However, the 
2nd readings revealed a statistically significant 
difference between readings of CBCT observers 
in condylar erosion findings. However, no osseous 
change, condylar flattening and decreased joint 
space findings showed not statistically significant 
differences (Table 6).

Fig. (1) Case presentation of reduced joint space: (a) axial (left), coronal (middle) and sagittal (right) CBCT sections showing 
decreased joint space. (b) Sagittal H&E section of the same joint showing decreased joint space.

Fig. (2) Condylar erosion on sagittal CBCT and sagittal H&E 
sections.
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TABlE (1) Comparison between CBCT and histological observations of osseous changes.

Type of observation
Histological observations CBCT observations P value

Number % Number %

No osseous changes 0 0 1 5 *0.024

Condylar erosion 12 60 12 60

Condylar flattening 0 0 5 25 *0.0001

Decreased Joint Space 4 20 2 10 *0.024

Synovial Proliferation 4 20 0 0 *0.0001

Total number 20 100 20 100

      *P < 0.05

TABlE (2) Diagnostic performance of CBCT

Sensitivity Specificity Accuracy PPV NPV

CBCT 93% 100% 95.29% 100% 86%

TABlE (3) Intra-observer reliability of the CBCT observer (1):

Types of observations
1st reading of observer (1) 2nd  reading of observer (1) P value

Number % Number %

No osseous change 2 10 2 10

Condylar erosion 12 60 9 45 *0.034

Condylar flattening 4 20 6 30 0.102

Decreased Joint Space 2 10 3 15 0.285

Total number 20 100 20 100

TABlE (4) Intra-observer reliability of the CBCT observer (2)

Types of observations
1st reading of observer (2) 2nd  reading of observer (2) P value

Number % Number %

No osseous change 6 30 2 10 *0.0001

Condylar erosion 6 30 12 60 *0.0001

Condylar flattening 6 30 4 20 0.102

Decreased Joint Space 2 10 2 10

Total number 20 100 20 100
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DIsCUssION

CBCT provides low radiation dose, small 
equipment and has the ability to provide multiplanar 
reformation as well as 3D images. 3 That’s why 
this animal study was performed on an attempt to 
evaluate the diagnostic performance of CBCT for 
TMJ-OA in relation to histological examinations 
using H&E sections. 

Adjuvant-induced arthritis (AIA) rat model 
injected by CFA inflammatory substance was 
performed on the study group of this work. 
Bendele et al 5 proved that CFA accelerates and 
increases the incidence of arthritis resulting in acute 
periarticular inflammation followed by a phase of 
bone involvement. Spears et al 6 as well as Kameoka 
et al 4 also used CFA to study rat’s OA. However, 
Ricks et al 7 performed another rat TMJ-OA model 
(disproportionate micromelia “Dmm” rats) which 
exhibited similar characteristics of human OA.

On comparing histological and CBCT findings, 
the histological examination results confirmed 
arthritic changes of all the 20 condyles whereas 
CBCT detected changes of 19 condyle. Just one 
case in these results showed mild inflammation 
described histologically as a widening of marrow 
spaces, nonetheless, it was not detected by CBCT 
similar to the results by Ahliqvist and Isberg 8 who 
suggested that CT detection of morphological 
changes less than 1mm on temporal bone was 
very low. Moreover, Hussain et al 2 mentioned that 
diagnostic imaging with x-radiation needs at least 
30% change in bone mineral content before it can 
be visualized on the radiographs.

Twelve cases showed no difference in condylar 
erosion findings. In these results, CBCT detected 
erosion as a surface irregularity or local bony defect 
similar to the results described by Katakami et al 1 
that the condylar erosion of cadaveric TMJ-OA was 
an irregular surface or thin bony cortex.

TABlE (5) Inter-observer reliability of the 1st reading 

Type of observations
1st reading of observer (1) 1st  reading of observer (2)

P value
Number % Number %

No osseous change 2 10 6 30 *0.0001

Condylar erosion 12 60 6 30 *0.0001

Condylar flattening 4 20 6 30 0.102

Decreased Joint Space 2 10 2 10

Total number 20 100 20 100

TABlE (6) Inter-observer reliability of the 2nd reading

Type of observations
2nd  reading of observer (1) 2nd  reading of observer (2)

P value
Number % Number %

No osseous change 2 10 2 10

Condylar erosion 9 45 12 60 *0.034

Condylar flattening 6 30 4 20 0.102

Decreased Joint Space 3 15 2 10 0.285

Total number 20 100 20 100
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Nevertheless, the histological analysis in the 
current study provided multiple explanations of the 
detected erosion such as surface irregularity, loss 
of cartilaginous cap, wide marrow spaces, bone 
marrow edema or hemorrhage which agrees with 
Katakami et al 1 who referred histological erosion to 
decreased calcification and morphological changes 
of the bone cortex. 

The 3D imaging of CBCT was suggested to be 
superior in the detection of condylar flattening in 5 out 
of 20 cases which couldn’t be recognized precisely 
by plain 2D histological sections.  Flattening was 
diagnosed histologically as a surface irregularity or 
loss of cartilaginous cap. However, Hintze et al 9 
had suggested that 23% only of condylar flattening 
were correctly identified by CBCT among TMJ-OA 
of dry skulls. 

CBCT findings of decreased joint space were 
recorded in two cases out of 20 compared to four 
cases in histological analysis which may be attributed 
to the small sized rat’s joint that complicated CBCT 
analysis. 

Meanwhile, a study performed by Alexiou et 
al 10 revealed that CBCT examination of human 
TMJ-OA detected 50% of the cases with decreased 
joint space and bone to bone contact in 22% of the 
examined patients. 

Histological examination explained the reduced 
joint space as an inflammatory edema or prolifera-
tion of cartilaginous cap without actual bony out-
growth which disagrees with the results obtained by 
Flygare et al 11 and Katakami et al 1 who found hy-
percalcified regions and cartilaginous calcifications 
at the articulating surface of human condyles.

One of the arthritic changes described by 
Guerne et al 12 was the proliferation of the synovial 
membrane into the condylar surface which was 
recorded in four cases in our results.

Regarding the diagnostic performance of CBCT, 
the sensitivity was 93%. On the contrary, TMJ-OA 
of human dry skulls diagnosed in the studies by  

Zain-Alabdeen and Alsahdan 13 assumed low 
sensitivity (39.58%) of CBCT while those obtained 
by Honda et al 14 as well as Hussain et al 2 recorded 
80% sensitivity for CBCT. 100% specificity of 
CBCT was reported in this work which was similar 
to the results obtained by Honda et al 14 on comparing 
CBCT with helical CT. 

In addition, 95.29% diagnostic accuracy for 
CBCT was proved to be similar to Alkhadr et al 15 
results and opposing to that of Hussain et al 2 who 
reported 90% accuracy upon diagnosing TMJ-
OA of human dry skulls. Positive predictive value 
(PPV) of CBCT was 100% and the same value was 
reported by Nah 16 and Barghan et al 17. However, 
negative predictive value (NPV) was 86% unlike 
to studies done by Nah 16 and Barghan et al 17 who 
detected 78% NPV. 

Owing to the unfamiliar rat’s anatomy as well as 
the small sized condyles, CBCT observers differed 
significantly between both observers at condylar 
erosion and no osseous changes findings resulting 
in insufficient reliability of CBCT readings for di-
agnosis of rat TMJ-OA in our results. Flygare et al 11 
explained that mild changes are difficult to visualize 
radiographically thus making the images more chal-
lenging and providing less accurate identification. 
However studies performed on human TMJ by Hin-
tze et al 9, Alkhader et al, 15 and Zain-Alabdeen and 
Alsadhan 13 confirmed high inter and intra observer 
reliability of CBCT for diagnosis of TMJ-OA.

In conclusion, CBCT was proved to have 
high diagnostic performance in detection of rat’s 
condylar arthritis. 
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