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 Objectives: The aim of this study is to assess the condylar dimensions in Rheumatoid 

Arthritis (RA) patients and compare them to condylar dimensions of healthy persons and 

try to find out correlations between dimensional condylar changes and jaw movements in 

RA patients. Methods: This case-control study was performed on 40 RA patients with 

ten healthy adults (control cases). Clinical examination with Cone Beam Computerized 

Tomography (CBCT) was done for participants. Independent and paired t-tests with 

correlation coefficient tests were used for data analysis by the SPSS program. Results: 

There was a significant difference between RA and controls regarding the means of their 

unassisted and assisted maximum mouth opening and the mean of right lateral jaw 

excursion also. The mean condylar length in RA patients was 6.88 mm while in control 

cases was 7.61, and the mean condylar width in RA was 16.77 and in controls was 16.53 

mm, and the mean condylar height was 18.02 mm in RA and 21.14 mm in controls 

without significant difference between both groups. There was a positive correlation 

between the condylar dimensions and the jaw movements. Conclusions: Condylar 

height and width were decreased in RA patients in comparison to the control group, 

indicating bony changes in the upper condylar surface. In addition, RA patients have 

decreased range of jaw movements like mouth opening, which might result from bony 

changes and reduction in condylar dimensions. 
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Introduction 

 

Rheumatoid arthritis (RA) is a chronic, inflammatory autoimmune disease of unknown etiology, that affects 

several body joints, usually symmetrically and bilaterally; it affects women 2 to 3 times more than men at 

any age but usually between the fourth and sixth decades of life (1, 2). This disease is characterized by 

inflammation of the synovial tissue, which leads to the destruction of the cartilage and resorption of bone of 

the involved joint. Destruction of bone of the joint may occur 2 to 3 years after the onset of RA and may 

progress rapidly after this period and may lead to loss of function. As a result, patients with RA usually have 

persistent synovitis, swelling, and tenderness. In addition, clinical manifestations may have exacerbations 

and remissions, leading to loss of function and pain (1, 3-5). 
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The temporomandibular joint (TMJ) is considered one of the most important human body joints responsible 

for the mandible's movement during chewing, swallowing, and speech. TMJ involvement in RA is usually 

diagnosed in more advanced cases, and at this stage, patients already have symptoms and tomographic 

findings compatible with bone changes (degeneration) (6, 7). Depending on the progression of TMJ 

involvement, bone wear (resorption) may occur that causes changes in the vertical dimension of the 

mandible, resulting in anterior open bite, deficiency in masticatory capacity, and, in more severe cases, 

temporomandibular ankylosis. Therefore, early diagnosis of TMJ involvement is essential to avoid bone 

changes and their possible sequelae (8–10). 

Many radiographic techniques have been used to examine the TMJ, including panoramic radiography, 

magnetic resonance imaging, ultrasound, computed tomography (CT), and cone-beam computed tomography 

(CBCT). Nowadays, cone-beam computed tomography (CBCT) is considered the gold standard for assessing 

bone components of the TMJ because it provides three-dimensional and multiplanar images with high 

resolution and minimal distortion. Furthermore, without overlapping bone structures, thus allowing a precise 

evaluation of possible changes that can indicate their degree of involvement; in addition, it has a lower 

radiation dose than conventional computed tomography (11–14). 

Several Studies have shown that CT images can be remarkably accurate for linear (15-17), geometric, (17), 

and volumetric (18) measurements within the maxillofacial region. Therefore, in this study, we aimed to 

assess the dimensional changes of condyles in RA patients using CBCT and compare them to condylar 

dimensions of healthy persons and find correlations between dimensional condylar changes and jaw 

movements in RA patients. 

Materials and Methods 

Study setting 
Forty patients (38 females and 2 males) aged 30-74 years previously diagnosed with RA by a rheumatologist 

were included in this study. This big difference in the female-to-male ratio is due to the high prevalence of 

RA in females, which was stated in previous studies also. Besides that, ten healthy females who visited the 

dental radiology center to take CBCT were also included as the control group. Participants were allocated 

into 2 groups. The 1st group (A) includes the patients that had RA, and the 2nd group (B) includes healthy 

participants (Table 1).  

Table 1. Age range and means of the participants. 

 

 

 

A: RA patients, B: Control group, SD: Standard Deviation 

Inclusion criteria 

Patients diagnosed by a rheumatologist with RA, those without any other systemic diseases, chronic 

infection or heavy medication, and those willing to participate were included in this study. Healthy 

Group No.  Age (Years) 

Minimum Maximum Mean ±SD 

A 40 30 74 50.6±10.45 

B 10 30 47 37.5±6.18 

Total 50 
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females without systemic disease, missing teeth, TMD, and Class II and Class III occlusions were 

included in this study as a control group. 

Exclusion criteria 

Patients with psoriatic arthritis, osteoarthritis, history of juvenile RA, taking medication for other systemic 

diseases (hypertension, diabetes mellitus, hypocholesteremia, and cancer), pregnant women, and patients 

unwilling to participate. 

Clinical examination 

The mouth opening and lateral excursion of the jaw were measured and recorded by an oral medicine 

specialist following Research Diagnostic Criteria (RDC/TMD) (19). The patient sat in an upright position on 

the dental chair with the back straight and the maxilla parallel to the floor of the room. Then told to open the 

mouth normally (unassisted opening), and the distance between the incisal edge of the upper central incisors 

and lower central incisors was measured, then told the patient to open their mouth as much as possible 

(maximum unassisted mouth opening), after that the clinician help the patient in opening the mouth to the 

maximum ratio (assisted opening), after that the patient informed to move (deviate) the mandible to the right 

side then the horizontal distance between midline of maxilla and midline of mandible was measured (right 

lateral excursion), the same procedure repeated with left side deviation of the mandible (left lateral 

excursion). The findings were recorded in a pre-designed clinical examination form. 

CBCT examination 

CBCT examination was performed with the participant's closed mouth in an occlusal situation with the 

selected field of view (8.5 cm x 8.5 cm) and 98 kV, 10 mA, and 14 seconds exposure time using Sirona 3D 

machine (Galileos Comfort, Germany). Later on, contiguous sectional images in 3 planes, including the 

sagittal plane (vertical to the long axis of the condylar head), coronal plane (parallel to the long axis of the 

condylar head), and axial (horizontal) plane, were done in a Multiplanar Reconstruction (MPR) with a slice 

thickness of 1 mm using CBCT software Sidex XG (Gallileos viewer). 

Condylar measurement 

A condylar length or AP dimension (linear distance between posterior and anterior mandible condyles in the 

sagittal plane) (Figure 1A), a condylar width or ML dimension (linear distance between medial and lateral 

mandible condyles in the coronal plane) (Figure 1B,) and a condylar height (perpendicular linear distance 

from superior mandible condyle to tangent constructed between the most inferior point of coronoid sigmoid 

notch perpendicular to the tangent of the posterior surface of ramus in the sagittal plane) (Figure 1C) were 

measured. The measurement methodology that we used in this study was described by Hilgers et al., 2005 

(20) and Al-koshab et al., 2015 (21). 

Ethics approval and consent to participate 

This study followed relevant guidelines and regulations belonging to Helsinki's declaration for using human 

tissues. This research was registered in the German Clinical Trials Register (DRKS) and belonged to the 

World Health Organization (WHO) clinical trial registration official with ID No. (DRKS00024167) on the 

8th of February 2021. Additionally, our study protocol was approved by the Ethical committee of the College 

of Medicine, University of Sulaimani, the Republic of Iraq, with No.105 on 27/1/2020. Furthermore, 

informed written consent was obtained from all participants. 
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Figure 1. Measurements of condylar dimensions. Condylar length (A), condylar width (B), and condylar height (C). 

Statistical analysis 

The data were analyzed using Statistical Package for Social Sciences, version 26.0 (Chicago, USA). The 

Shapiro-Wilk test tested numerical data for the normality of their distribution. Qualitative data were 

presented as numbers and percentages. Quantitative data were presented as mean and standard deviation. A 

student t-test was used for parametric data; an Independent t-test was used for comparison between groups. 

Pearson correlation coefficients were used to find out correlations between variables. Statistically significant 

data was considered when probability values of less than 0.05 were obtained. 

Results 

Clinical Examination 

Regarding the mean of maximum unassisted mouth opening in RA and control groups, there were significant 

differences between both groups (P=0.008), 39 mm in the RA group and 44.5 mm in the control group. 

Similarly, a significant difference (P=0.012) in the mean of maximum assisted mouth opening was observed 

between both RA and control groups (39.6 mm in group A and 44.8 mm in the control group). Additionally, 

the mean of right lateral jaw excursion was 5.67 mm in group A, 5, and 9.5 mm in group B, with a 

significant difference (P=0.002) between RA and control cases. Moreover, the mean left lateral jaw 

excursion was 5.62 mm in group A and 7.2 mm in group B without a significant difference (P=0.952) 

between the RA group and the control group (Table 2). 
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Table 2. Mean and standard deviation of mouth opening and lateral excursions of participants. 

Group Unassisted Opening Maximum Unassisted 

Opening 

Maximum Assisted 

Opening 

Right 

lateral 

excursion 

 Left lateral 

excursion 

Mean±SD P-

value 

Mean±SD P-value Mean±SD P-value Mean±SD P-

value 

Mean±SD P-

value 

A 

 

39.02±7.54 

 

0.008* 39.02±7.54 

 

0.008* 39.65±8.29 

 

0.012* 5.67±3.18 0.002* 5.62±3.54 0.952 

B 44.5±1.9 44.5±1.9 44.8±1.99 9.5±0.7 7.2±3.61 

  *Significance level set at 0.05    

Condylar measurements 

Table 3 shows that the mean condylar length in group A was 6.88 mm, and in the group, B was 7.61 without 

a significant difference between them (P=0.215). Likewise, the mean condylar width in group A was 16.77, 

and in group B, it was 16.53 mm without a significant difference (P=0.844). Finally, the mean condylar 

height was 18.02 mm and 21.14 mm in groups A and B, respectively, without significant differences 

(P=0.219).  

Table 3. The mean and standard deviation of condylar dimensions on the CBCT of participants. 

Group Condylar  Length/mm Condylar Width/mm Condylar Height/mm 

Mean ±SD P-value Mean ±SD P-value Mean ±SD P-value 

A 6.88±1.09 

 

0.215 16.77±2.02 

 

0.844 18.02±1.96 

 

0.219 

B 7.61±0.71 16.53±1.71 21.14±1.51 

 

Correlation of condylar dimensions with jaw movements in RA patients 

Table 4 shows that the condylar length positively correlated with all movements except right lateral 

excursion and mandibular protrusion, and the condylar length and height positively associated with all 

movements. 

Table 4. Correlation of condylar dimensions with Jaw movements. 

Condylar 

dimensions 

Unassisted 

opening 

Maximum 

unassisted 

opening 

Maximum 

assisted 

opening 

Right lateral 

excursion 

Left lateral 

excursion 

*r P-

value 

*r P-

value 

*r P-

value  

*r P-

value 

*r P-

value 

Length 0.014 0.933 0.014 0.933 0.049 0.766 -

0.077 

0.638 0.093 0.570 

Width 0.196 0.226 0.196 0.226 0.225 0.163 0.105 0.519 0.061 0.707 

Height 0.038 0.815 0.038 0.815 0.084 0.604 0.151 0.353 0.339 0.032 

*Pearson correlation coefficient 
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Discussion 

In this study, we aimed to evaluate the dimensional changes of condyles in RA patients to find correlations 

between dimensional condylar changes and jaw movements. As a result, the mean of unassisted opening and 

maximum unassisted opening of mouth was decreased in RA patients (39 mm) compared to the opening in 

control cases (44.5 mm). Furthermore, the mean of maximum assisted mouth opening also was less in RA 

patients (39.6 mm) than opening in control cases (44.8 mm), which was higher than the results found by 

Ardic et al. (2006) (22), who reported unassisted opening to be 37.5mm in RA patients, however, they 

reported higher range of assisted opening (44.3 mm) in RA patients. Additionally, we found that the mean of 

right lateral jaw excursion was 5.6 mm in Group A and 9.5 mm in Group B. The mean of left lateral jaw 

excursion was 5.6 mm in group A and 7.2 mm in group B. These findings were lower than the results of a 

study that reported a right excursion of 6.7 mm in RA and left excursion of 6.9 mm in RA patients Ardic et 

al., (2006) (22). Most studies show a decreased range of motion in RA patients, which might be caused by 

reduced joint space, sclerosis, or changed condylar positioned as an adaptive procedure. 

The mean condylar length was 6.88 mm in RA patients and 7.61 mm in control cases, which was lower than 

Youssef et al., 2020 who found 8.66 mm in RA and 8.27 mm in control groups (23). Our results for control 

cases were close to the results of a study done in Malaysia (21) (7.50 mm in Malays and 7.20 mm in 

Chinese). The mean condylar width was 16.77 mm in RA patients and 16.53 mm in control cases which were 

slightly lower than the results reported by other researchers (23) and (21), who found 17.89 mm in RA 17.99 

mm in controls and 17.18 mm in Malays and 17.80 mm in Chinese, respectively but was higher than the 

results reported by Manja and Rajaduray (2019) (24) who found 11.67 mm in patients with clicking and 

11.18 mm in patients without clicking. Results of our study show that the Rheumatoid arthritis patients 

showed reduced height and width of the mandibular condyle in comparison to the control group, which 

indicates the presence of erosion or bone destruction in the upper condylar surface. 

Consequently, in this study, the mean condylar height was 18.02 mm in RA patients and 21.14 mm in control 

cases which are close to the results found by Manja and Rajaduray (2019) (24), who found 18.9 mm in 

patients with clicking and 22.81 mm in patients without clicking and by Al-koshab et al. (2015) (21) (17.0 

mm in Malays and 18.37 mm in Chinese). On the other hand, our results are much higher than Youssef et al. 

(2020) (23) (4.3 mm in RA and 4.87 mm in control cases). These drastic differences might be related to the 

height measurement method that is almost done from the most superior point of the condylar head down to 

the line of measuring the ML dimension of the condyle. The only decreased measurement was in the 

condylar height of RA patients concerning control cases that indicate bone changes in the upper condylar 

surface with fewer or no damage on the other sides.  

There was a positive correlation between condylar dimensions (length, width, and height) and vertical and 

horizontal jaw movements (mouth opening and lateral jaw excursion), which means that the decrease in 

condylar dimensions will lead to the reduction in the range of mouth opening and lateral jaw excursion. 

Conclusions 

Rheumatoid arthritis patients showed reduced height and width of the mandibular condyle in comparison to 

the control group, indicating bony changes in the upper condylar surface. In addition, RA patients have 

decreased range of jaw movements like mouth opening, which might result from bony changes and reduction 

in condylar dimensions. The limitation of the study was the sample size due to the COVID-19 lockdown and 

MRI device availability at the hospitals. Also, CBCT is an ionizing radiation technique that should be used 

with caution only in necessary and urgent cases. 



JZS-A Volume 25, Issue 1, June 2023 

 

130 
 

Acknowledgements 

The authors appreciate the help and assistance from the healthcare staff from Rheumatology and 

Rehabilitation Center, Sulaimaniyah Health Directorate, Sulaimaniyah, Iraq. 

References 

1. Littlejohn E.A. & Monrad S.U. (2018). Early diagnosis and treatment of rheumatoid arthritis. Primary 

Care: Clinics in Office Practice. 45, 237–255.  

2. Myasoedova E., Crowson C.S., Kremers H.M., Therneau T.M. & Gabriel S.E. (2010). Is the incidence of 

rheumatoid arthritis rising? Results from Olmsted County, Minnesota, 1955-2007. Arthritis & Rheumatism. 

62(6), 1576-1582. 

3. Jayachandran S. & Khobre P. (2016). Temporomandibular joint in rheumatoid arthritis: clinicoradiological 

aspects. Indian Journal of Rheumatology. 11(3), 174–176. 

4. Mohamed M.M., Dahaba M.M., Farid M.M. & Elsayed A.M. (2019) Radiographic changes in TMJ in 

relation to serology and disease activity in RA patients. Dentomaxillofacial Radiology. 48(1), 1–8. 

5. Smolen J.S., Aletaha D. & McInnes I.B. (2016). Rheumatoid arthritis. Lancet. 388, 2023–2038. 

6. Barghan S., Tetradis S. & Mallya S. (2012). Application of cone beam computed tomography for 

assessment of the temporomandibular joints. Australian Dental Journal. (1 Suppl), 109–118. 

7. Mendiburu-Zavala C., Camargo-Riqué M.E., Peñaloza-Cuevas R., Cárdenas-Erosa R., Lara-Flores M. & 

Castaño V.M. (2019). Tomographic analysis of the temporomandibular joint in patients with arthritis: a case 

of disease translation in Yucatan, Mexico. American Journal of Translational Research. 11(1), 210–217. 

8. Cordeiro PC, Guimaraes JP, de Souza VA, Dias IM, Silva JN, Devito KL, & Bonato LL. (2016). 

Temporomandibular joint involvement in rheumatoid arthritis patients: association between clinical and 

tomographic data. Acta Odontology Latinoam. 29(3), 219–224. 

9. Hajati A.K., Alstergren P., Näsström K., Bratt J. & Kopp S. (2009). Endogenous glutamate in association 

with inflammatory and hormonal factors modulates bone tissue resorption of the temporomandibular joint in 

patients with early rheumatoid arthritis. Journal of Oral Maxillofacial Surgery. 67, 1895–1903.  

10. O’Connor R.C., Fawthrop F., Salha R. & Sidebottom A.J. (2017). Management of the 

temporomandibular joint in inflammatory arthritis: involvement of surgical procedures. European Journal of 

Rheumatology. 4, 151–156. 

11. Ardakani F.E., Safi Y. & Entezar-e-ghaem M. (2019). The evaluation of the average of horizontal angle 

of the condylar in the axially plan in patients with degenerative joint disease of the temporomandibular joint 

(DJD of the TMJ). Journal of Research in Medicine and Dental Sciences. 7(2), 152–158. 

12. Hunter A. & Kalathingal S. (2013). Diagnostic imaging for temporomandibular disorders and orofacial 

pain. Dental Clinics. 57, 405–418.  

13. Tamimi D., Kocasarac H.D. & Mardini S. (2019). Imaging of the temporomandibular joint. Semin 

Roentgenology. 54, 282–301. 

14. Talmaceanu D, Lenghel LM, Bolog N, Hedesiu M, Buduru S, Rotar H, Baciut M, Baciut G. (2018). 

Imaging modalities for temporomandibular joint disorders: an update. Clujul Medical. 91(3), 280–287. 

15. Berco M., Rigali P.H., Miner R.M., DeLuca S., Anderson N.K. & Will L.A. (2009). Accuracy and 

reliability of linear cephalometric measurements from cone-beam computed tomography scans of a dry 

human skull. American Journal of Orthodontics and Dentofacial Orthopedics.136 (1), 17.e1-9. 

16. Ludlow J.B., Laster W.S., See M., Bailey L.J. & Hershey H.G. (2007). Accuracy of measurements of 

mandibular anatomy in cone beam computed tomography images. Oral Surgery, Oral Medicine, Oral 

Pathology, Oral Radiology, and Endodontology. 103(4), 534-542. 



JZS-A Volume 25, Issue 1, June 2023 

 

131 
 

17. Moreira C.R., Sales M.A., Lopes P.M. & Cavalcanti M.G. (2009). Assessment of linear and angular 

measurements on three-dimensional cone beam computed tomographic images. Oral Surgery, Oral 

Medicine, Oral Pathology, Oral Radiology, and Endodontology.108 (3), 430-436. 

18. Schlueter B., Kim K.B., Oliver D. & Sotiropoulos G. (2008). Cone beam computed tomography 3D 

reconstruction of the mandibular condyle. The Angle Orthodontist. 78(5), 880-888. 

19. Schiffman E., Ohrbach R., Truelove E., Truelove E., Look J., Anderson G., Ceusters W. & Smith B. 

(2014). Diagnostic Criteria for Temporomandibular Disorders (DC/TMD) for Clinical and Research 

Applications: Recommendations of the International RDC/TMD Consortium Network and Orofacial Pain 

Special Interest Group. Journal of Oral & Facial Pain and Headache. 28(1), 6-27.  

20. Hilgers M.L., Scarfe W.C., Scheetz J.P. & Farman A.G. (2005). Accuracy of linear temporomandibular 

joint measurements with cone beam computed tomography and digital cephalometric radiography. American 

Journal of Orthodontics and Dentofacial Orthopedics. 128: 803–811. 

21. Al-koshab M., Nambiar P. & John J. (2015). Assessment of condyle and glenoid fossa morphology using 

CBCT in South-East Asians. PloS One. 10, e0121682. 

22. Ardic F., Gokharman D., Atsu S., Guner S., Yilmaz M. & Yorgancioglu R. (2006). The comprehensive 

evaluation of temporomandibular disorders seen in rheumatoid arthritis. Australian Dental Journal. 51, 23-

28. 

23. Youssef M., Mostafa M., Dahaba M.M., Farid M.M., Ali E. & Adel M. (2020). Radiographic changes in 

TMJ in relation to serology and disease activity in RA patients. Dentomaxillofacial Radiology. 49, 

20190186. 

24. Manja C.D. & Rajaduray D. (2019). Analysis of height and width of mandibular condyle and shape of 

the articular eminence with and without clicking using TMJ radiography. International Journal of Dentistry 

Research. 4, 99-103. 

  


