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Introduction
Rheumatoid arthritis (RA) is a chronic systemic dis-

ease that involves the joints in a symmetrical manner.1 It 
involves inflammation of the synovial tissue of the joint, 
leading to cartilage destruction and bone resorption, and 
ending in complete loss of the joint uniformity.2 It has 

been stated in the literature that bone destruction of the 
joints in RA occurs within 2-3 years after the onset of the 
disease, and then rapidly progresses.3

According to the American College of Rheumatology 
Subcommittee on Rheumatoid Arthritis Guidelines,4 as 
many as 70% of patients may test positive for rheumatoid 
factor (RF), an autoimmune antibody.2 Additionally, the 
erythrocyte sedimentation rate (ESR), which indicates in-
flammatory activity,5 is often elevated.

The temporomandibular joint (TMJ) is an important 
joint in the body that plays a crucial role in jaw movement 
during chewing, swallowing, and speech.6 Previous studies 
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reported that 2%-86% of TMJs are affected in patients with 
RA.1,7

In RA patients, the most common clinical features of 
temporomandibular disorder (TMD) are joint pain, stiff-
ness, swelling, limitation of mouth opening, mandible de-
viation, and joint sounds, such as clicking and crepitation.1

Various methods exist to screen for TMD, the most com-
mon of which is the Research Diagnostic Criteria for Tem-
poromandibular Disorders.8 This method involves clinical 
and radiographic joint assessment, in addition to the eval-
uation of the patient’s psychologic status and pain-related 
disability.9 Another method of TMD evaluation is the Fon-
seca’s questionnaire, which is low-cost and easy to apply 
because it is a questionnaire.8

In RA, the radiographic features of the osseous compo-
nents of the TMJ include erosion, resorption, flattening, 
and sclerosis of the articulating condyle and the glenoid 
fossa. Later, osteophyte formation can be observed in the 
condylar head.10 Moreover, the joint space may be reduced, 
subchondral cysts may be formed, and a sharp-pointed 
condyle (referred to as a ‘sharpened pencil’) or even com-
plete destruction of the condylar head may occur, causing 
anterosuperior positioning of the condyle, which may lead 
to malocclusion.10,11 The imaging techniques for TMJ eval-
uation include conventional tomography, arthrography, 
computed tomography (CT), cone-beam CT (CBCT), and 
magnetic resonance imaging.11 CT has been considered to 
be the modality of choice for 3-dimensional imaging of the 
osseous components of the TMJ due to its high resolution 
and accuracy.12-14 A relatively recent imaging modality is 
CBCT, which has become widely available for dental use. 
The advantages of CBCT over CT include its low radiation 
dose and higher spatial resolution.15

Many studies have been conducted to investigate the 
ability of CT to detect osseous involvement of the TMJ in 
RA patients; these studies revealed that CT was highly ac-
curate for detecting degenerative changes in the TMJ.14,16-19  
CBCT has been used to assess TMJ condylar resorption, 
which occurs in early RA patients.20 

Insufficient research has investigated the use of CBCT 
to evaluate the TMJ in patients with RA. Consequently, the 
aim of this study was to evaluate osseous changes in the 
TMJ in RA patients using CBCT and to correlate the imag-
ing findings with the severity of TMJ dysfunction, clinical 
findings, and laboratory findings.

Materials and Methods
The current study was discussed and approved by the In-

stitutional Review Board of the Faculty of Dentistry, Cairo 
University. During the course of the study, informed writ-
ten consent was provided by all participants.

The study sample included 28 subjects between 20 and 
45 years of age, with a mean age of 38 years. They were 
allocated into 2 groups: the RA group, which comprised 
14 RA patients (1 male and 13 females), and the control 
group, which comprised 14 healthy subjects (2 males and 
12 females). The RA group was selected from the patients 
receiving care at the outpatient clinic of the Rheumatology 
and Rehabilitation Department, Faculty of Medicine, Cairo 
University. The control group was selected from the pa-
tients receiving care at the outpatient clinic of the Oral and 
Maxillofacial Radiology Department, Faculty of Dentistry, 
Cairo University.

The subjects who were included in the control group had 
already been referred for a CBCT examination to assess 
complaints not related to or affecting the TMJ; these in-
cluded impactions and preoperative implant site assessment 
of missing teeth. The selected individuals were examined 
for any local factors that could affect TMJ function (such as 
jaw-related trauma, complete or partial dentures, and brux-
ism or premature contact). 

The prevalence and severity of TMD were assessed in 
both groups using the Fonseca’s questionnaire. All subjects 
in the control group who showed any degree of TMD were 
excluded from the study. The questionnaire consisted of 10 
questions and the subjects were informed that each ques-
tion should be answered with “yes,” “no,” or “sometimes.” 
Each answer was scored as follows: “no,” 0; “sometimes,” 
5; and “yes,” 10 (Table 1). The number of each reply (“no,” 
“sometimes,” and “yes”) was counted and the total number 
of each reply was multiplied by its score. The final value 
was then compared to the clinical index, and TMD severity 
was thereby determined (Table 2).21

The inclusion criterion for the RA group was having had 
RA for more than 2 years. The exclusion criteria included 
the presence of any systemic disease affecting the TMJ 
other than RA, the presence of any local factor disturbing 
TMJ function, trigeminal neuralgia, facial nerve paralysis, 
having received a TMJ injection in the last 6 months, and 
pregnancy.

RA patients were assessed for the presence/absence of 
the clinical features of TMD, including joint pain, tender-
ness, morning stiffness, swelling, joint sounds, mandib-
ular deviation, and limitation of mouth opening (a ruler 
was used to measure the maximum mouth opening, and 
a value less than 4 cm was considered to indicate limited 
mouth opening).1,22,23
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Laboratory investigations were performed, including 
the assessment of RF positivity and the ESR level through 
a blood test. The blood tests were performed at the Cairo 
University Hospital Laboratories.

CBCT of the TMJ was conducted for each subject using 
a Planmeca® Promax3D Mid (Planmeca Oy, Helsinki, Fin-
land) CBCT machine at the Department of Oral and Max-
illofacial Radiology, Faculty of Dentistry, Cairo University. 
The imaging parameters were a field of view of 200×100 
mm, a 500 ×500 ×500 image matrix, a voxel size of 400 
μm, 90 kVp, 10 mA, and an exposure time of 18.5 s.

CBCT image analysis was performed using the Planme-
ca Romexis viewer software 4.2.0.R (Helsinki, Finland) 
specific to that CBCT machine. The TMJ was assessed in 
both the corrected sagittal and coronal views to guarantee 
an accurate visualization of the TMJ from the anteropos-
terior and the mesiolateral aspects. Each image was care-
fully inspected to spot any osseous abnormalities, such as 
erosion (an area of decreased density or loss of continuity 
of the cortical bone at the articular surface), flattening 

(blunting of the round shape of the condylar head), os-
teophyte formation (outward growth of osseous tissue), 
condylar deformity (major changes in the morphologi-
cal shape of the condyle), subchondral cyst (a well-cir-
cumscribed radiolucency in the subcortical area with or 

without destruction of the cortex), sclerosis (an area of in-
creased bone density extending to the bone marrow), and 
condylar irregularities (an irregular surface or resorptive 
changes of the condylar surface).

The images were analyzed by 3 radiologists with vary-
ing levels of experience, and a calibration session was per-
formed to set the criteria for the TMJ assessment. Image 
analysis was performed by each observer on an individual 
basis without prior knowledge of the subject’s group or the 
clinical or laboratory information of the patients. Whenev-
er a disagreement existed between the observers, the final 
decision was reached by consensus.

Qualitative data are presented as number and percent-
ages. Quantitative data with a parametric distribution are 
presented as mean, standard deviations, and ranges. 

Comparisons of qualitative data between the 2 groups 
were made using the chi-square test and/or the Fisher ex-
act test (if the expected count in any cell was less than 5). 
Comparisons of quantitative data with a parametric distri-
bution between the 2 independent groups were made using 
the independent t-test. The clinical correlations were inves-
tigated using the chi-square test. All P values resulted from 
2-sided statistical tests. P values <.05 were considered to 
indicate statistical significance.

Results
The prevalence and severity of TMD in the RA group 

according to the Fonseca’s questionnaire are shown in  
Table 3. The proportions of patients with TMJ clinical 
findings in the RA group are presented in Figure 1. A pos-
itive RF test was found in 9 patients (64.3%) and the ESR 
level was high in all patients (100%).

In the CBCT images, the comparison between the right 
and left TMJs in the control and RA groups was not statis-
tically significant; thus, the TMJs of both sides were com-
bined for each group and considered as a single sample, 
such that each study group comprised 28 TMJs. Statis-
tically significant differences were found between the 2 

Table 1. The questions of Fonseca’s questionnaire

Question

  1. Do you have difficulty opening your mouth wide?
  2. Do you have difficulty moving your jaw to the sides?
  3. Do you feel fatigue or muscle pain when you chew?
  4. Do you have headaches?
  5. Do you have neck pain or a stiff neck?
  6. ‌�Do you have ear aches or pain in that area (temporomandibular 

joint)?
  7. ‌�Have you ever noticed any noise in your temporomandibular 

joint while chewing or opening your mouth?
  8. ‌�Do you have any habits such as clenching or grinding your 

teeth?
  9. Do you feel that your teeth do not come together well?
10. Do you consider yourself a tense (nervous) person?

Table 2. The classification of clinical index of temporomandibular 
disorder (TMD)

                Point Classification

Between 0 and 15 points No TMD
Between 20 and 40 points Mild TMD
Between 45 and 65 points Moderate TMD
Between 70 and 100 points Severe TMD

Table 3. The frequencies and percentages of occurrence of the 
severity of temporomandibular disorder in the rheumatoid arthritis 
group

Severity of temporomandibular 
disorder

Rheumatoid arthritis 
group

No 2 (14.3%)
Mild 7 (50.0%)

Moderate 3 (21.4%)
Severe 2 (14.3%)
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groups in the CBCT findings of osseous features of the 
TMJ. Condylar deformity was only detected in RA patients 

(Table 4). The osseous changes are illustrated in Figures 
2-8. No correlations were found between CBCT findings 
and the clinical findings, the severity of TMJ dysfunction, 
disease duration, or laboratory results.

Discussion
RA is an inflammatory chronic disease characterized 

by uncontrolled proliferation of the synovial tissues of the 
joints.2 It has a 3 : 1 female-to-male predilection.24 In this 
study, the selected age of the studied population ranged 
between 20 and 45 years old; this was to ensure that all pa-
tients had undergone the complete calcification of cortical 
borders, which occurs by the age of 20 years old,11 and to 
exclude age-related degenerative arthritic changes.25

The Fonseca’s questionnaire has been used to identify 
TMD patients and to classify them according to the sever-

ity of the disorder; this method was chosen due to its high 
efficiency and simplicity.21

The severity of TMJ dysfunction in the RA group was 
variable, with the majority of patients classified as having 
mild TMD (50%); however, no TMJ dysfunction was de-
tected in 14.3% of the cases. Our results do not agree with 
those of Hiz et al.,26 who found that the majority of patients 
were classified as having moderate TMD (60%) and that no 
TMJ dysfunction was detected in only 3.3% of cases.

Clicking was the most frequent clinical TMJ symptom 
in the RA group, followed by tenderness and pain (64.3%, 
50%, and 42.9%, respectively). Morning stiffness, mand
ibular deviation, and limitation of mouth opening occurred 
less frequently (21.4%, 14.3%, and 14.3%, respectively), 
and swelling was the least frequent clinical finding (7.1%). 
Our results are consistent with those of Helenius et al.27 
and Ozcan et al.,28 who found that clicking was the most 
frequent clinical symptom; in contrast, Deoghare and De-
gwekar18 and Ardic et al.12 reported that the most common 
clinical findings were joint tenderness and pain, respective-
ly.

RF is a non-specific antibody that may be produced in 
some autoimmune diseases and might be present in approx-
imately 70% of RA patients.2,4 In this study, RF was posi-
tive in 64.3% of the patients. This agrees with the results of 
Gheita et al.,14 Kurup et al.,29 and Yilmaz et al.,1 who found 

Table 4. The comparison between the computed tomographic 

(CBCT) findings in the control and rheumatoid arthritis (RA) 
groups

CBCT findings Control (N = 28) RA (N = 28)

Erosion 10 (35.7%)  24 (85.7%)*
Flattening 14 (50.0%)  25 (89.3%)*
Osteophyte formation 2 (7.1%)    9 (32.1%)*
Condylar deformity 0 (0.0%) 2 (7.1 %)
Subchondral cyst 0 (0.0%)    9 (32.1%)*
Sclerosis   7 (25.0%)  18 (64.3%)*
Condylar irregularities 1 (3.6%)    8 (28.6%)*

*: p<0.05

Clicking 64.3

50

42.9

21.4

14.3

14.3

7.1

	 0	 20	 40	 60	 80
	 %

Tenderness

Swelling

Pain

Morning 
stiffness

Deviation of 
mandible

Mouth opening 
limitation

Fig. 1. A bar chart demonstrates the proportions of rheumatoid 
arthritis (RA) patients showing various temporomandibular joint 
clinical findings.

Fig. 2. Corrected and reformatted sagittal cone-beam computed 
tomographic images of rheumatoid arthritis patients revealing ero-
sion as the loss of cortical continuity (arrow).
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RF positivity in 75%, 67%, and 60.71% of cases, respec-
tively.

ESR is a diagnostic test commonly used to detect inflam-
mation resulting from autoimmune diseases.5 Although it is 
a non-specific test, it is usually used to monitor the disease 
course.2,5 The ESR level was elevated in all of the studied 
patients; however, lower frequencies were detected by Ku-

rup et al.29; Yilmaz et al.,1 and Voog et al.,16 who found that 
the ESR was elevated in 87%, 28.57%, and 53% of cases, 
respectively.

It is well known that CBCT scans with high-resolution 
protocols are accompanied by a high radiation dose.30 Ac-
cording to Zhang et al.,31 no difference was found between 

Fig. 4. Corrected sagittal cone-beam computed tomographic imag-
es of a rheumatoid arthritis patient showing an osteophyte (arrow).

Fig. 5. Corrected sagittal cone-beam computed tomographic im-
ages of a rheumatoid arthritis patient showing condylar deformity. 
Note the presence of sclerosis and osteophyte formation.

Fig. 3. Reformatted cone-beam 
computed tomographic images of a 
rheumatoid arthritis patient showing 
flattening of the condyle. A. Correct-
ed sagittal view reveals flattening of 
the superior surface of the condyle 

(arrow). B. Corrected coronal view 
shows flattening of the medial part 
of the same condyle (arrow).

A	 B
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CBCT images scanned with high-resolution protocols and 
those scanned with normal-resolution protocols in the de-
tection of condylar defects. As such, the normal-resolution 

protocol was used in the current study to minimize the pa-
tient radiation dose.

The comparison between the CBCT osseous findings in 
both groups revealed that the RA group had a statistically 
significant higher prevalence of erosion, flattening, osteo-
phyte formation, subchondral cysts, sclerosis, and condy-
lar irregularities than the control group.

CBCT showed erosion in 35.7% and 85.7% of the con-
trols and RA patients, respectively. These results are sim-
ilar to those of Goupille et al.19 who detected cortical ero-
sion in both controls and RA patients, with frequencies of 
57.6% and 88.4%, respectively. Similarly, Deoghare and 
Degwekar18 and Hajati et al.20 detected erosion in 85% and 
72% of patients, respectively. However, lower frequencies 
of erosion were detected by Bayar et al.,17 Voog et al.,16 
and Gheita et al.14 in their RA patients (13.3%, 50%, and 
62.5%, respectively).

Flattening was detected in both groups, with frequencies 
of 50% and 89.3% for the control and RA groups, respec-
tively. A lower frequency in RA patients (30%) was found 
by Voog et al.16

Osteophytes were detected in the RA group with a fre-
quency of 32.1%. This is in accordance with Gheita et 
al.,14 who detected osteophytes in 33.33% of the patients 
they studied. A lower frequency (10%) was detected by 
Voog et al.16

Subchondral cyst was only detected in the RA group, 
with a frequency of 32.1%. Bayar et al.,17 Voog et al.,16 and 
Gheita et al.14 observed subchondral cysts in 23.3%, 30%, 

Fig. 6. Corrected reformatted cone-
beam computed tomographic imag-
es of a rheumatoid arthritis patient 
showing subchondral cysts (ar-
rows). A. Corrected sagittal view. 
B. Corrected coronal view. Note 
the extensive subchondral sclerosis 
depicted in the coronal view.

A	 B

Fig. 7. Corrected coronal cone-beam computed tomographic imag-
es of a rheumatoid arthritis patient showing surface irregularities 
in the superior aspect of the condyle. Note the extensive sclerosis 
and subchondral cysts.
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and 20.83% of their RA patients, respectively, while a 
lower frequency (10%) was reported by Deoghare and De-
gwekar.18

Sclerosis was detected in both the controls and the RA 
patients (25% and 64.3%, respectively). Diverse results 
were reported by Voog et al.16 and Gheita et al.14 in their 
RA patients (75% and 41.67%, respectively). 

The frequencies of condylar irregularities and condylar 
deformity in the RA group were 28.6% and 7.1% respec-
tively. A higher frequency of condylar deformity (37.5%) 
was reported by Gheita et al.14

In RA, infectious or autoimmune mechanisms are re-
sponsible for the proliferation of synovial fibroblasts and 
macrophages. This is followed by lymphocytic infiltration 
and endothelial proliferation. Eventually, the inflamed sy-
novium grows, resulting in the formation of a pannus that 
invades the bone and cartilage and causes their destruc-
tion. Further joint destruction occurs due to the release of 
interleukins, cytokines, growth factors, and proteinases.2

Afterward, the body tries to repair the joint by broaden-
ing the joint surface to better withstand incoming forces, 
leading to osteophyte formation.32 This may explain the 
higher frequency of the occurrence of osteophytes in the 
RA group in the present study.

Two theories have been proposed regarding subchon-
dral cysts. The first is the synovial intrusion theory, which 
suggests that these cysts could result from the proliferated 
synovium that invades the bone. This is justified by the 
similarity between the cystic fluid and the synovial fluid 
and the presence of some pieces of the surface cartilage 
within the cyst. The second theory is the bony contusion 
theory, which suggests that the loss of bone surface carti-

lage results in contact between the 2 opposing bony sur-
faces, causing bone microfractures and necrosis. Then, 
the bone starts the healing process by resorbing the ne-
crotic areas, which provide a passage for the synovial flu-
id to intrude into the bone, resulting in subchondral cyst 
formation.33

Although flattening and sclerosis are pathologic pro-
cesses, they may occur as a result of physiological remod-
eling to help the joint to withstand the additional forces 
applied to it.11,34 This may explain the occurrence of flat-
tening and sclerosis in both groups in this study.

In the present study, no correlation was found between 
the CBCT findings and the clinical findings, the severity 
of TMJ dysfunction, or the laboratory results. Moreover, 
there was no correlation between the disease duration and 
the CBCT findings. 

Since the inflammatory exudate in the joint is drained 
efficiently by special retrodiscal tissue that is rich in blood 
vessels, pain and other clinical symptoms may be avoid-
ed.1 This may explain the lack of a correlation between 
the clinical and imaging findings and may also clarify the 
presence of certain osseous findings in the control group.

The absence of a correlation between CBCT findings 
and clinical findings, TMJ dysfunction severity, or labo-
ratory results is very alarming, because a patient may be 
asymptomatic but have degenerative changes that may 
worsen if not detected, thereby complicating the clinical 
situation and the final management of the case.

In conclusion, RA patients may show extensive osse-
ous changes with no/mild clinical signs or symptoms of 
TMD. Therefore, TMJ imaging is mandatory for RA pa-
tients even in the absence of clinical symptoms to avoid 

A	 B	 C

Fig. 8. Reformatted cone-beam computed tomographic images of a rheumatoid arthritis patient. A. Corrected coronal view. B. Axial view. C. 
Corrected sagittal view shows surface irregularities of the condyle and extensive sclerosis.
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the occurrence of severe complications. CBCT is an ef-
fective imaging modality with a relatively low dose that 
can be used to assess the osseous changes caused by this 
disease.
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