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Correlation betweenTM joint
disease and rheumatic diseases
detected on bone scintigraphy and
clinical factors

Ji Suk Shim®*, Chulhan Kim?2, Jae Jun Ryu?* & Sung Jae Choi**

The aim of this study was to evaluate the effect of rheumatic disease as a risk factor for
temporomandibular disease (TMD). A total of 143 outpatients reporting symptoms indicating
rheumatic disease at their first visit to the rheumatology clinic were included. We evaluated the
temporomandibular joint (TMJ) with scintigraphic images, and standard questionnaires were
administered for the symptomatic assessment for all patients. The patients were classified into
‘healthy controls’ or as per their diagnosis into ‘osteoarthritis’, ‘axial spondyloarthritis’, ‘peripheral
spondyloarthritis’, ‘rheumatoid arthritis’, or ‘other rheumatic diseases’ groups. The patients were
also differentiated depending on the presence or absence of axial involvement. The relation between
the rheumatic disease type and findings at the TMJ were evaluated using statistical analyses. Axial
spondyloarthritis, peripheral spondyloarthritis, and rheumatic arthritis patients showed significantly
higher scintigraphic uptake at the TMJ compared with those in the control and osteoarthritis groups
(axial spondyloarthritis: 4.5, peripheral spondyloarthritis: 4.5, rheumatoid arthritis: 4.09, control:
3.5, osteoarthritis: 3.4, p < 0.0001). Compared with patients without axial involvement, patients
with axial involvement also showed significantly higher TMJ scintigraphic uptake (axial involvement:
4.24, without axial involvement: 3.50, p < 0.0001) with elevated symptomatic rates in TMD (axial
involvement: 17.82, without axial involvement: 9.97, p < 0.005).

Rheumatic diseases refer to a group of conditions with a complex immune pathophysiology affecting multiple
organ systems'. Of these, inflammatory rheumatic arthritic diseases show many systemic abnormalities along
with deformities of the synovial structures®. The temporomandibular joint (TM]), as a synovial joint between the
temporal bone and the mandible, is also involved in various rheumatic diseases including rheumatoid arthritis
(RA)**, ankylosing spondylitis (AS)>°, and spondyloarthritis (SpA). In addition, the correlation between labo-
ratory values of various inflammatory markers causing rheumatic diseases and the progression of TMD has been
reported. Although the significantly correlated indicators differed depending upon the methods used for evalu-
ating the joint, C-reactive protein (CRP)8, rheumatoid factor (RF)3?, erythrocyte sedimentation rate (ESR)’, and
disease activity score (DAS) 28° showed the correlation with TM] involvement.

Bone scintigraphy is a nuclear scanning test in which the uptake ratio of radiopharmaceuticals is influenced by
the amount of calcium at the phosphate binding sites and the amount of blood flow to the bone'!. Since detection
of inflammatory synovitis of the TM] is an efficient way to evaluate whether the joint is affected by rheumatic
disease'?, bone scintigraphy can be effectively utilized for the purpose as a sensitive tool for the detection of
inflammatory lesions and high osteoblastic activity'>. Moreover, in investigating the correlation between labora-
tory indicators and TMD, bone scintigraphy is an ideal method for investigating the TMJ because it is a real-time
evaluation'?, similar to an estimation of the levels of serum inflammatory markers. Both laboratory indices and
bone scintigraphy reflect the progression of the inflammatory process, while conventional plain radiographs only
show long-standing pathological mineralisation in the bone'.
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Figure 1. Study design. All recruited subjects were new patients at the rheumatology clinic, and diagnosis of
the rheumatic disease and the evaluation of TM]J were processed separately. (RT: Department of rheumatology.
NU: Department of nuclear medicine. DT: Department of dentistry).

In this study, we aimed to determine the correlation between the TMD and rheumatic diseases. To achieve the
purpose, we compared the progress of TMD evaluated with bone scintigraphy and the factors related rheumatic
diseases including the category of diseases and the rheumatic markers.

Methods

Patients. In this cross-sectional study, we enrolled 143 consecutive patients >18 years of age, who had
reported for the first time to the Rheumatology department in Korea University Ansan Hospital between July
2016 and May 2018, with symptoms suggestive of rheumatic disease and were able to comprehend and complete
our questionnaires. We did not consider TMJ involvement while selecting the study participants. Patients were
excluded if they were undergoing procedures for treatment of TMD or had a history of surgical intervention at
the joint. Patients with severe craniofacial anomalies, traumatic TMD, and endocrinal disorders that could affect
bone metabolism were excluded as well. This study was approved by the local medical ethics board of Korea
University, Ansan Medical Center, Korea (Registration- K2018-0981-002), and the methods were performed in
accordance with the relevant guidelines. Written informed consent was obtained from all included patients. All
examinations were completed in a week using a double-blind approach to ensure accuracy (Fig. 1).

Clinical evaluation and laboratory analysis. A single examiner collected all data and diagnostic details
of the rheumatic disease, following the diagnosis, in accordance with protocols reported in previous studies'>~"’.
Using questionnaires, data on disease duration, number of painful or oedematous joints involved, and presence
or absence of positive serum rheumatic factors were collected. An overall assessment of symptom severity in each
patient was performed using a visual analogue scale. The mandatory laboratory tests included an assessment of
erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), and anti-cyclic citrullinated peptide (anti-CCP)
antibody. Rheumatology specialists also performed ancillary studies such as conventional X-ray and ultrasound,
when needed. The arthritis was classified as per duration of illness, type of joint involvement, and occurrence of
symptoms including morning stiffness and localised swelling or tenderness.

All the diagnoses were made according to the recommended American College of Rheumatology/European
League against Rheumatism (ACR/EULAR) classification criteria'>. With reference to results reported by previ-
ous studies that identified the patients as having AS and SpA, in our study, the patients diagnosed with the latter
disorder were further divided into axial SpA and peripheral SpA groups. Axial involvement was defined as the
occurrence of inflammatory back pain, C1 or C2 vertebral instability, or abnormal axial radiographic features.

Scintigraphic evaluation of TMJ.  The bone scintigraphic images were obtained ~3 hours after an intra-
venous injection of 740 to 1110 MBq 99mTc-methylene diphosphonate (MDP). In each patient, whole-body
images were taken first, and additional regional images including the right and left lateral images of the skull were
captured using GE Infinia gamma camera (GE Healthcare, Milwaukee, Wisconsin, U.S.A.). The imaging was per-
formed using a low energy high-resolution (LEHR) collimator with energy window of 20% at 140 keV, and matrix
size of 256 x 256. The analysis of the skull images was performed by drawing 10 x 10 pixel sized, square-shaped
regions of interest (ROIs) on the temporomandibular joint and the parietal area of the skull (Fig. 2). The uptake
ratio of the temporomandibular joint was calculated as the TM]J ROI counts divided by those of the parietal skull.
The patients were also divided into high and low scintigraphy uptake groups using the reference uptake value of
3.88 which is a standard value to reveal osteoarthritic results'®.

Questionnaire for symptom evaluation of TMD. In order to evaluate the symptoms of TMD, we used
the questionnaire proposed by Fonseca with some modifications'. It comprised 8 questions evaluating the
patients for occurrence of symptoms including pain (involving the TMJ, head, and neck), limitations of man-
dibular movement, TM]J clicking, discomfort while opening the mouth or chewing, and emotional stress. The
patients could select ‘yes, ‘sometimes), or ‘no’ as their response to each question, and the answers were scored as
10, 5, or 0, respectively. The expected total score was ranged between 0 to 80 and called symptomatic rates because
it reflected the symptomatic severity of TMD.

Statistical analysis. The categorical variables were expressed as frequency and percentages, while the con-
tinuous variables were expressed as mean with standard deviation (SD) or as median with the interquartile range
(IQR). We utilised chi-squared test to compare the distribution of categorical variables according to rheumatic
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Figure 2. Scintigraphic evaluation. The uptake ratio was acquired by drawing 10 x 10 pixel sized and square-
shaped regions of interest (ROIs) on the temporomandibular joint and the parietal area of the skull. The patients
were also divided into (a) low and (b) high scintigraphy uptake groups using the reference uptake value of 3.88
which is a standard value to reveal osteoarthritic results.

Healthy Rheumatic | Axial Peripheral
Diseases Control Osteoarthritis | Arthritis Spondyloathritis | Spondyloathritis
Total number 19 56 21 15 18
ff(’}\j;;; Female) 6/13 17/39 5/16 96 6/12
?f:ag?ggg’ 425(13.3) | 51.6 (10.6) 53.7(163) | 39.1(11.2) 32.4(9.8)
?nifﬁfﬁsﬁiuﬁéii"(sm 18.5(204) |30.5(31.2) 515(323) | 20.6(19.9) 21.6(28.9)
<TM] Parameters>
gﬂh;gj";’]“z%) 6(31.6%) | 19(33.9%) 13(61.9%) | 11 (73.3%) 14 (77.8%)
A‘Zﬁ;‘:igg)"’* 3509 | 34(0.8)* 409 (11 | 45(1.2) 45(09)°
f&:{“jy’fﬁ%ﬁc rate*, 13.0 (125 | 12.4 (16.2)* 10.4 (1294 | 8.08 (11.5)4 21.8 (26.1)4

Table 1. Descriptive statistics and comparison between patients with rheumatic diseases and healthy controls.
*p < 0.05 by ANOVA; Groups with the same letter did not show any statistically significant differences
(P>0.05) by Tukey’s HSD test. N: number, SD: standard deviation.

diseases or axial involvement. Student’s ¢-test or analysis of variance (ANOVA) were performed to assess the
difference of Scintigraphic uptake ratio and symptomatic rate between groups, as appropriate. We conducted
post-hoc analysis using Tukey’s honest significant difference (HSD) to evaluate the statistical significance between
the study groups. The correlations between temporomandibular joint parameters and rheumatic laboratory indi-
ces were evaluated using Pearson’s correlation method and calculated p-value testing the null hypothesis that the
correlation is zero.

We utilised Student’s t-test, the chi-squared test, analysis of variance (ANOVA), and post-hoc analysis using
Tukey’s honest significant difference (HSD) to evaluate the statistical significance between the study groups. The
correlations were evaluated for statistical significance using Pearson’s coefficient. A p-value of < 0.05 was consid-
ered statistically significant. All statistical analyses were carried out using SAS software version 9.4 (SAS Institute
Inc., Cary, NC, USA).

Results

Comparison of bone scintigraphy findings and symptomatic rates between different rheumatic
diseases. Table 1 shows the comparisons between patients with OA, those with other rheumatic diseases, and
those in the healthy control (HC) group, with respect to factors including age, sex, disease duration, and TMJ
parameters (high/low uptake, uptake ratio, symptomatic rate). The patients who showed negative results through
examinations were divided into health control. The patients diagnosed with psoriatic arthritis, undifferentiated
sacroiliitis, and gout were excluded due to the lack of sufficient numbers required to perform the statistical anal-
ysis. All groups had a higher proportion of females except for the axial SpA group which included more men
than women. A high uptake on TM]J bone scintigraphy was demonstrated by the maximum number of patients
diagnosed with peripheral SpA (77.8%), while the HC group had the lowest number. The patient-groups arranged
as per their scintigraphy uptake ratios from the highest to lowest values were peripheral SpA, axial SpA, RA, HC,
and OA groups, respectively. Patients with peripheral SpA, axial SpA, and RA showed statistically significant
uptake on bone scintigraphy as compared to that of those in the OA and the HC groups (p < 0.0001). However,
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Control (do not involve Axial involvement

axial articular, N = 81) (N =48) p*
Uptake ratio < 0.0001
Mean (SD) 3.50 (0.89) 4.24(1.03)
Median (QI, Q3) 3.27 (2.89,4.10) 4.09 (3.52,4.83)
(Min, Max) (1.76, 6.10) (2.22,6.89)
Symptomatic rate <0.05
Mean (SD) 9.97(12.05) 17.82 (20.89)
Median (QI, Q3) 7.50 (0.00, 20.00) 10.00 (0.00, 30.00)
(Min, Max) (0.00, 40.00) (0.00, 75.00)

Table 2. Scintigraphic uptake ratio and symptomatic rate depending on axial involvement. *P by Student’s
t-test. N: number, SD: standard deviation, Q1: quartile 1 Q3: quartile 3.

ESR CRP Anti-CCP Tender (number)
CcC p* CcC p* CcC pP* | CC p*
Uptake ratio 0.18 <0.005 |0.18 <0.005 | —0.05 0.46 | —0.04 0.54
Symptomatic rate | —0.08 0.31 0.03 0.66 0.05 0.50 | 0.04 0.57
Swollen (number) DAS28 (ESR) DAS28 (CRP) | Disease Duration
CcC p* CcC p* CcC pP* | CC p*
Uptake ratio —0.10 0.12 0.03 0.66 0.03 0.66 | —0.04 0.52
Symptomatic rate | 0.02 0.77 —0.03 |0.73 0.04 0.61 | —0.05 0.53

Table 3. Correlation coeflicient and the level of significance between temporomandibular joint parameters and
rheumatic laboratory indices. *P for null hypothesis that correlation is zero by Pearson’s correlation method.
ESR: erythrocyte sedimentation rate, CRS: C-reactive protein, RF: rheumatoid factor, CC: Pearson’s correlation
coefficients.

a comparison of symptomatic rates between the groups showed no statistical significance (p >0.05) with respect
to a particular group.

Association of bone scintigraphic findings and symptomatic rates with axial involvement.
Table 2 shows a comparison of the uptake ratios and the symptomatic rates between patients with and without
axial involvement. Patients with axial involvement demonstrated a higher uptake ratio (4.24) on scintigraphy as
compared to patients with no evidence of axial involvement (3.5) with the difference being statistically significant
(p <0.0001). The rate of occurrence of symptoms also showed a statistically significant difference (p < 0.005)
between patients with axial involvement (17.82), who were more symptomatic than those without (9.97).

Association between symptoms and scintigraphic findings. The correlation between the sympto-
matic rate and the scintigraphic uptake ratio was 0.10 with a p-value of 0.19, which was not statistically significant.

Correlation between laboratory indices and TMJ parameters.  Table 3 shows the correlation between
the patients’ laboratory indices and the TM] parameters. Inflammatory markers characteristic of inflammation in
rheumatic diseases including ESR and CRP were found to show a statistically significant correlation (p < 0.0005
and p < 0.005, respectively) with the scintigraphic uptake ratio, while showing a correlation coeflicient value.
Table 4 shows the comparison of the levels of rheumatic markers between the high- and low-scintigraphic uptake
patient groups. The patients demonstrating high scintigraphic uptake showed higher ESR and CRP values as com-
pared to the patients with low scintigraphic uptake with the difference being statistically significant (p < 0.05).

Correlation between age and TMJ parameters.  Table 5 shows the correlation between patient age and
TM]J parameters. The statistical analysis of the total population in this study showed that the patient age correlated
significantly with the scintigraphic uptake ratios (p < 0.001). The HCs and the OA patients also showed a statisti-
cally significant correlation between age and scintigraphic uptake ratios (p < 0.05), but no significant correlation
of age was observed in patients with peripheral SpA, axial SpA, and RA (p > 0.05).

Discussion

Arthritis of the TM]J progresses through the serial processes of inflammation causing bony changes with articu-
lar surface remodelling, narrowing of the joint space, cortical thickening, and the development of osteophytes.
Furthermore, TM] arthritis associated with rheumatic diseases can progress to inflammatory joint destruction,
for which a surgical reconstruction of the affected condyle may be necessary®. Therefore, identifying rheumatic
disease patients at risk of TMJ arthritis is clinically important, so that the disease progression can be controlled
from an early stage with appropriately applied therapeutic strategies*?2. As bone scintigraphy can detect inflam-
mation, it is an appropriate imaging modality to evaluate a symptomatic TM]J in rheumatic disease patients,
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ESR CRP Anti-CCP Tender (number)
High uptake (>3.88) Mean(SD) | 26.75 (23.97) 0.91 (2.07) 34.24 (166.7) 8.21 (7.69)
Low uptake (<3.88) Mean(SD) | 17.56 (20.72) 0.32 (0.64) 40.10 (180.5) 8.65(7.33)
p* <0.05 <0.05 0.85 0.74

Swollen (number) DAS28 (ESR) DAS28 (CRP) Disease Duration
High uptake (>3.88) Mean(SD) | 1.38 (2.62) 3.59 (1.08) 3.09 (1.02) 20.19 (27.40)
Low uptake (<3.88) Mean (SD) | 1.63 (2.60) 3.43 (0.95) 3.04 (0.88) 23.27(29.88)
pP* 0.58 0.38 0.79 0.81

Table 4. Comparison of rheumatic indicators between high and low uptake groups. ESR: erythrocyte
sedimentation rate, *P by Student’s t-test. CRS: C-reactive protein, RF: rheumatoid factor, CC: correlation
coefficients.

1.

tic

v h.
yr
Total patients | HC and OA (RA, axial SpA, and peripheral SpA)

Uptake

CcC —0.44 —0.48 —0.26
p* <0.0001 <0.05 0.26
Symptomatic rate

CcC —0.13 —0.12 0.34
p* 0.20 0.68 0.27

Table 5. Correlation of age with scintigraphic uptake and symptomatic rate. *P for null hypothesis that
correlation is zero by Pearson’s correlation method. HC: healthy control, OA: osteoarthritis, RA: rheumatic
arthritis, SpA: spondyloarthritis, N: number, SD: standard deviation, CC: correlation coefficients.

because conventional radiography does not show the early pre-resorptive stage of joint inflammation®'. Bone
scintigraphy has a high sensitivity for detecting bone resorption as it can detect early changes in the bone struc-
ture that occur subsequent to only a ~10% increase in osteoblastic activity?>-**. Furthermore, bone scintigraphy
helps provide quantitative data*® and operator-independent results as compared to those provided by conven-
tional radiography'®. In this study, we used bone scintigraphy to evaluate the effect of rheumatic diseases on the
TM]J, and our results demonstrate that the patient suffering from peripheral SpA, axial SpA and RA are at a high
risk for developing TM]J arthritis. We also found that TM]J arthritis is significantly likely to occur in patients with
rheumatic arthritis involving the axial structures.

The aetiology of TMD is multifactorial in nature*>**, which are further classified into three types as predis-
posing, initiating, and perpetuating factors?”?. The predisposing factors enhance the risk of development of
TMD, initiating factors lead to a start of the symptoms, and perpetuating factors either interrupt the healing
process or prompt a progression of the disease!**. Rheumatic disease is categorised as a predisposing factor that
causes an inflammation of the synovial structures of the TMJ'*. In this study, patients with RA, peripheral SpA,
and axial SpA showed significantly higher scintigraphic uptake ratios as compared to those in the other groups,
and the results suggest that these disorders may have a greater association with TMD-predisposing factors. In
addition, though the patients with these disorders may have no present symptoms indicating TMJ involvement,
they should be cautioned to avoid exposure to the initiating risk factors including occlusal interference, oral
parafunction, and trauma.

Interestingly, the results of this study also showed that an axial involvement is associated with a significantly
higher scintigraphic uptake ratio at the TM]J as well as with a higher symptomatic rate. No previous study has
evaluated the correlation between axial involvement in rheumatic diseases and TMD, though the results of other
studies indirectly support this association. AS is a characteristic rheumatic disease that primarily affects the axial
skeleton® and in which, the TM]J is involved at an early stage®. In contrast, as the axial skeleton is frequently
affected only in long-standing and severe RA***4, TM] involvement is usually found at a later and advanced stage
of the disease®®. Thus, it can be surmised that TM] involvement in patients suffering from rheumatic disease cor-
responds to the duration of involvement of the axial joints. Previous studies also show that changes in body pos-
ture that occur secondary to involvement of axial joints, can act as an initiating factor for TMD. There is a definite
correlation between posture and structural changes in the stomatognathic system®. Changes in mandibular posi-
tion are induced by variations in body posture, subsequently affecting the condylar position and the tension of the
muscles supporting the mandible®. Therefore, previous studies have shown how patients with TMD presented
with anteriorly positioned heads®”* and also how postural changes in the cervical region can cause TMD¥.

Determining which laboratory indices have a correlation with TMD is necessary to utilise them as diagnos-
tic tools. In this study, the patients showing high scintigraphic uptake (>3.88) at the TM]J, which indicated a
high possibility of existing TMD', showed significantly higher ESR and CRP levels as compared to the patients
demonstrating low scintigraphic uptake ( < 3.88). However, the levels of inflammatory markers were not found
to correlate significantly with the TMJ parameters in this study. ESR and CRP are non-etiologic, non-specific
inflammatory markers, which when elevated, simply indicate the presence of inflammation in the body. The
low correlation of these indices with TMJ parameters inevitably occurs, because high levels of ESR and CRP can

27,28
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occur secondary to any arthritis in the body. However, the high ESR and CRP levels that were found in patients
showing high scintigraphic uptake suggest that these laboratory indices can be utilised as indicators of progressive
inflammation of the TMJ.

This study showed no correlation between the scintigraphic uptake ratios and the symptomatic rates of TMD.
Previous studies showed similar results, which indicate that the discrete symptoms were a result of the synovial
inflammatory process leading to structural changes in the TMJ**’. TM] inflammation by itself is hardly sympto-
matic, because the characteristic structure of the retrodiscal tissue of the joint is rich in blood vessels, which con-
tributes to a resorption of exudates’. Moreover, rheumatic diseases play a definite role as predisposing factors for
TMD", which means that additional initiating factors are still necessary to cause progression and symptomatic
manifestations. That RA along with axial and peripheral SpA did not have significantly increased symptomatic
rates in spite of the associated significantly high scintigraphic uptake ratios, also supports this theory.

Aging is a well-known factor that has a correlation with TMD*!. This study also shows that age correlates
negatively with scintigraphic uptake ratios for the total study population, indicating that younger patients are ata
higher risk of TMJ inflammation. Interestingly, however, the correlation was different between patients with and
without inflammatory rheumatic disease. In contrast to the HCs and OA patients, patients with inflammatory
rheumatic diseases showed no correlation between scintigraphic uptake ratio and age. This result suggests that the
inflammation of TM]J in inflammatory rheumatic disease patients correlates with the severity of the disease and
with axial involvement rather than with their age.

The method of sampling patients critically affects the results of clinical studies. In this study, the subjects of
this study were patients with suspected rheumatic disease, regardless of TM] involvement. Although the overall
symptomatic rates of TMD in this report are relatively lower than those in previously reported studies owing to
the study design, patients with all types of rheumatic disorders underwent TMJ evaluation. Therefore, we could
evaluate the effect of various rheumatic diseases on the TM]J as compared to previous studies. The time interval
between investigation and diagnosis is also important in clinical studies. Longer duration between each examina-
tion and delay in diagnosis may give rise to skewed correlations between the disease and the factors under investi-
gation. Moreover, inclusion of patients under treatment also affects the results as the inflammatory indicators and
scintigraphic uptake ratios can easily improve with continued management. To acquire more accurate results, we
only included new, heretofore untreated patients at their first visit to our centre in this study and all patient exam-
inations were completed within a week. However, the limitation of this study is that some rheumatic diseases,
which may affect TMD such as psoriatic arthritis, undifferentiated sacroiliitis, and gout, were excluded because
of the small number of patients. Further studies according to the relationship between the excluded rheumatic
diseases and TMD are recommended.

In conclusion, our results underline that axial SpA, peripheral SpA, and RA can act as TMD-predisposing
factors causing inflammation in TMJ and that axially involved arthritis is a critical reason of developing TMD in
rheumatic disease patients. In addition, ESR and CRP can be utilized as indicators of progressive inflammation
of the TMJ.

Received: 18 March 2019; Accepted: 17 February 2020;
Published online: 11 March 2020

References

1. Ventura, I, Reid, P. & Jan, R. Approach to Patients with Suspected Rheumatic Disease. Prim. Care 45, 169-180, https://doi.
org/10.1016/j.pop.2018.02.001 (2018).

2. Resnick, D. Common disorders of synovium-lined joints: pathogenesis, imaging abnormalities, and complications. AJR Am. J.
Roentgenol. 151, 1079-1093, https://doi.org/10.2214/ajr.151.6.1079 (1988).

3. Kononen, M., Wenneberg, B. & Kallenberg, A. Craniomandibular disorders in rheumatoid arthritis, psoriatic arthritis, and
ankylosing spondylitis. A clinical study. Acta Odontol. Scand. 50, 281-287, https://doi.org/10.3109/00016359209012774 (1992).

4. Chalmers, I. M. & Blair, G. S. Rheumatoid arthritis of the temporomandibular joint. A clinical and radiological study using circular
tomography. Q. J. Med. 42, 369-386 (1973).

5. Ramos-Remus, C. et al. Temporomandibular joint osseous morphology in a consecutive sample of ankylosing spondylitis patients.
Ann. Rheum. Dis. 56, 103-107, https://doi.org/10.1136/ard.56.2.103 (1997).

6. Wenneberg, B., Kopp, S. & Hollender, L. The temporomandibular joint in ankylosing spondylitis. Correlations between subjective,
clinical, and radiographic features in the stomatognathic system and effects of treatment. Acta Odontol. Scand. 42, 165-173, https://
doi.org/10.3109/00016358408993868 (1984).

7. Helenius, L. M. et al. Clinical and radiographic findings of the temporomandibular joint in patients with various rheumatic diseases.
A case-control study. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endod. 99, 455-463, https://doi.org/10.1016/j.
tripleo.2004.06.079 (2005).

8. Celiker, R., Gékge-Kutsal, Y. & Eryilmaz, M. Temporomandibular joint involvement in rheumatoid arthritis. Relationship with
disease activity. Scand. J. Rheumatol. 24, 22-25, https://doi.org/10.3109/03009749509095149 (1995).

9. Lin, Y. C. et al. Temporomandibular joint disorders in patients with rheumatoid arthritis. J. Chin. Med. Assoc. 70, 527-534, https://
doi.org/10.1016/s1726-4901(08)70055-8 (2007).

10. Hiz, O,, Ediz, L., Ozkan, Y. & Bora, A. Clinical and magnetic resonance imaging findings of the temporomandibular joint in patients
with rheumatoid arthritis. J. Clin. Med. Res. 4, 323-331, https://doi.org/10.4021/jocmr1084w (2012).

11. Epstein, J. B., Rea, A. & Chahal, O. The use of bone scintigraphy in temporomandibular joint disorders. Oral Dis. 8, 47-53, https://
doi.org/10.1034/j.1601-0825.2002.10753.x (2002).

12. Atsi, S. S. & Ayhan-Ardic, E. Temporomandibular disorders seen in rheumatology practices: A review. Rheumatol. Int. 26,781-787,
https://doi.org/10.1007/500296-006-0110-y (2006).

13. Goldstein, H. A. & Bloom, C. Y. Detection of degenerative disease of the temporomandibular joint by bone scintigraphy: concise
communication. J. Nucl. Med. 21, 928-930 (1980).

14. Suh, M. S., Lee, W. W,, Kim, Y. K., Yun, P. Y. & Kim, S. E. Maximum Standardized Uptake Value of (99m)Tc Hydroxymethylene
Diphosphonate SPECT/CT for the Evaluation of Temporomandibular Joint Disorder. Radiology 280, 890-896, https://doi.
org/10.1148/radiol.2016152294 (2016).

SCIENTIFIC REPORTS |

(2020) 10:4547 | https://doi.org/10.1038/s41598-020-60804-x


https://doi.org/10.1038/s41598-020-60804-x
https://doi.org/10.1016/j.pop.2018.02.001
https://doi.org/10.1016/j.pop.2018.02.001
https://doi.org/10.2214/ajr.151.6.1079
https://doi.org/10.3109/00016359209012774
https://doi.org/10.1136/ard.56.2.103
https://doi.org/10.3109/00016358408993868
https://doi.org/10.3109/00016358408993868
https://doi.org/10.1016/j.tripleo.2004.06.079
https://doi.org/10.1016/j.tripleo.2004.06.079
https://doi.org/10.3109/03009749509095149
https://doi.org/10.1016/s1726-4901(08)70055-8
https://doi.org/10.1016/s1726-4901(08)70055-8
https://doi.org/10.4021/jocmr1084w
https://doi.org/10.1034/j.1601-0825.2002.10753.x
https://doi.org/10.1034/j.1601-0825.2002.10753.x
https://doi.org/10.1007/s00296-006-0110-y
https://doi.org/10.1148/radiol.2016152294
https://doi.org/10.1148/radiol.2016152294

www.nature.com/scientificreports/

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.
41.

Aletaha, D. et al. Rheumatoid arthritis classification criteria: an American College of Rheumatology/European League Against
Rheumatism collaborative initiative. Arthritis Rheum. 62, 2569-2581, https://doi.org/10.1002/art.27584 (2010).

Rudwaleit, M. et al. The development of Assessment of SpondyloArthritis international Society classification criteria for axial
spondyloarthritis (part IT): validation and final selection. Ann. Rheum. Dis. 68, 777-783, https://doi.org/10.1136/ard.2009.108233
(2009).

Rudwaleit, M. et al. The Assessment of SpondyloArthritis ternational Society classification criteria for peripheral spondyloarthritis
and for spondyloarthritis in general. Ann. Rheum. Dis. 70, 25-31, https://doi.org/10.1136/ard.2010.133645 (2011).

Kim, J. H. et al. Effectiveness of bone scans in the diagnosis of osteoarthritis of the temporomandibular joint. Dentomaxillofac.
Radiol. 41, 224-229, https://doi.org/10.1259/dmfr/83814366 (2012).

Chandak, R. M., Pandhripande, R. M., Sonule, S. S., Chandak, M. G. & Rawlani, S. S. To assess the prevalence of signs and symptoms
of temporomandibular disorders in Vidarbha population by Fonseca’s questionnaire. J. Oral. Res. Rev. 9, 62-66 (2017).

O’Connor, R. C,, Saleem, S. & Sidebottom, A. J. Prospective outcome analysis of total replacement of the temporomandibular joint
with the TM]J Concepts system in patients with inflammatory arthritic diseases. Br. J. Oral Maxillofac. Surg. 54, 604-609, https://doi.
org/10.1016/j.bjoms.2016.03.005 (2016).

Kiiseler, A., Pedersen, T. K., Herlin, T. & Gelineck, ]. Contrast enhanced magnetic resonance imaging as a method to diagnose early
inflammatory changes in the temporomandibular joint in children with juvenile chronic arthritis. J. Rheumatol. 25, 1406-1412
(1998).

Pedersen, T. K., Grenhgj, J., Melsen, B. & Herlin, T. Condylar condition and mandibular growth during early functional treatment
of children with juvenile chronic arthritis. Eur. J. Orthod. 17, 385-394, https://doi.org/10.1093/ejo/17.5.385 (1995).

Tvrdy, P. Methods of imaging in the diagnosis of temporomandibular joint disorders. Biomed. Pap. Med. Fac. Univ. Palacky Olomouc
Czech. Repub. 151, 133-136 (2007).

Engelke, W., Ruttimann, U. E., Tsuchimochi, M. & Bacher, J. D. An experimental study of new diagnostic methods for the
examination of osseous lesions in the temporomandibular joint. Oral Surg. Oral Med. Oral Pathol. 73, 348-359, https://doi.
org/10.1016/0030-4220(92)90134-C (1992).

Epstein, J. B. & Ruprecht, A. Bone Scintigraphy: an aid in diagnosis and management of facial pain associated with osteoarthrosis.
Oral Surg. Oral Med. Oral Pathol. 53, 37-42, https://doi.org/10.1016/0030-4220(82)90484-4 (1982).

Ahn, B. C. et al. New quantitative method for bone tracer uptake of temporomandibular joint using Tc-99m MDP skull SPECT. Ann.
Nucl. Med. 23, 651-656, https://doi.org/10.1007/s12149-009-0287-8 (2009).

McNeill, C. Management of temporomandibular disorders: concepts and controversies. J. Prosthet. Dent. 77, 510-522, https://doi.
org/10.1016/50022-3913(97)70145-8 (1997).

McNeill, C., Mohl, N. D., Rugh, J. D. & Tanaka, T. T. Temporomandibular disorders: diagnosis, management, education, and
research. J. Am. Dent. Assoc. 120, 253, 255, 257 passim, https://doi.org/10.14219/jada.archive.1990.0049 (1990).

Okeson, J. P. & American Academy of Orofacial Pain. Orofacial pain: guidelines for assessment, classification, and management
(Quintessence Publishing Co., 1996).

Chisnoiu, A. M. et al. Factors involved in the etiology of temporomandibular disorders - a literature review. Clujul Med. 88, 473-478,
https://doi.org/10.15386/cjmed-485 (2015).

Khan, M. A. & van der Linden, S. M. Ankylosing spondylitis and other spondyloarthropathies. Rheum. Dis. Clin. North Am. 16,
551-579 (1990).

Matteson, E. L. Cervical spine disease in rheumatoid arthritis: how common a finding? How uncommon a problem? Arthritis
Rheum. 48, 1775-1778, https://doi.org/10.1002/art.11085 (2003).

Aceves-Avila, F. J., Chavez-Lopez, M., Chavira-Gonzalez, J. R. & Ramos-Remus, C. Temporomandibular joint dysfunction in
various rheumatic diseases. Reumatismo 65, 126-130, https://doi.org/10.4081/reumatismo.2013.126 (2013).

Zhu, S., Xu, W, Luo, Y., Zhao, Y. & Liu, Y. Cervical spine involvement risk factors in rheumatoid arthritis: a meta-analysis. Int. J.
Rheum. Dis. 20, 541-549, https://doi.org/10.1111/1756-185x.13096 (2017).

Cuccia, A. & Caradonna, C. The relationship between the stomatognathic system and body posture. Clinics (Sao Paulo) 64, 61-66
(2009).

Higbie, E. J., Seidel-Cobb, D., Taylor, L. E. & Cummings, G. S. Effect of head position on vertical mandibular opening. J. Orthop.
Sports Phys. Ther. 29, 127-130, https://doi.org/10.2519/jospt.1999.29.2.127 (1999).

Hackney, J., Bade, D. & Clawson, A. Relationship between forward head posture and diagnosed internal derangement of the
temporomandibular joint. J. Orofac. Pain 7, 386-390 (1993).

Olmos, S. R., Kritz-Silverstein, D., Halligan, W. & Silverstein, S. T. The effect of condyle fossa relationships on head posture. Cranio
23, 48-52, https://doi.org/10.1179/crn.2005.008 (2005).

D’Attilio, M. et al. Cervical lordosis angle measured on lateral cephalograms; findings in skeletal class II female subjects with and
without TMD: a cross sectional study. Cranio 22, 27-44, https://doi.org/10.1179/crn.2004.005 (2004).

Syrjénen, S. M. The temporomandibular joint in rheumatoid arthritis. Acta Radiol. Diagn. (Stockh) 26, 235-243 (1985).
Manfredini, D., Piccotti, E, Ferronato, G. & Guarda-Nardini, L. Age peaks of different RDC/TMD diagnoses in a patient population.
J. Dent. 38, 392-399, https://doi.org/10.1016/j.jdent.2010.01.006 (2010).

Acknowledgements
This research was supported by Basic Science Research Program through the National Research Foundation of
Korea (NRF) and was funded by the Ministry of Education (2017R1D1A1B03035919).

Author contributions
J.JR. conceived the experiment, C.K. and S.J.C. conducted the experiment, S.J.C. and J.S.S analyzed the results,
J.S.S. and C.K. wrote the manuscript. All authors reviewed the manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to J.J.R. or S.J.C.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

SCIENTIFIC REPORTS |

(2020) 10:4547 | https://doi.org/10.1038/s41598-020-60804-x


https://doi.org/10.1038/s41598-020-60804-x
https://doi.org/10.1002/art.27584
https://doi.org/10.1136/ard.2009.108233
https://doi.org/10.1136/ard.2010.133645
https://doi.org/10.1259/dmfr/83814366
https://doi.org/10.1016/j.bjoms.2016.03.005
https://doi.org/10.1016/j.bjoms.2016.03.005
https://doi.org/10.1093/ejo/17.5.385
https://doi.org/10.1016/0030-4220(92)90134-C
https://doi.org/10.1016/0030-4220(92)90134-C
https://doi.org/10.1016/0030-4220(82)90484-4
https://doi.org/10.1007/s12149-009-0287-8
https://doi.org/10.1016/S0022-3913(97)70145-8
https://doi.org/10.1016/S0022-3913(97)70145-8
https://doi.org/10.14219/jada.archive.1990.0049
https://doi.org/10.15386/cjmed-485
https://doi.org/10.1002/art.11085
https://doi.org/10.4081/reumatismo.2013.126
https://doi.org/10.1111/1756-185x.13096
https://doi.org/10.2519/jospt.1999.29.2.127
https://doi.org/10.1179/crn.2005.008
https://doi.org/10.1179/crn.2004.005
https://doi.org/10.1016/j.jdent.2010.01.006
http://www.nature.com/reprints

www.nature.com/scientificreports/

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2020

SCIENTIFICREPORTS|  (2020) 10:4547 | https://doi.org/10.1038/s41598-020-60804-x


https://doi.org/10.1038/s41598-020-60804-x
http://creativecommons.org/licenses/by/4.0/

	Correlation between TM joint disease and rheumatic diseases detected on bone scintigraphy and clinical factors

	Methods

	Patients. 
	Clinical evaluation and laboratory analysis. 
	Scintigraphic evaluation of TMJ. 
	Questionnaire for symptom evaluation of TMD. 
	Statistical analysis. 

	Results

	Comparison of bone scintigraphy findings and symptomatic rates between different rheumatic diseases. 
	Association of bone scintigraphic findings and symptomatic rates with axial involvement. 
	Association between symptoms and scintigraphic findings. 
	Correlation between laboratory indices and TMJ parameters. 
	Correlation between age and TMJ parameters. 

	Discussion

	Acknowledgements

	Figure 1 Study design.
	Figure 2 Scintigraphic evaluation.
	Table 1 Descriptive statistics and comparison between patients with rheumatic diseases and healthy controls.
	Table 2 Scintigraphic uptake ratio and symptomatic rate depending on axial involvement.
	Table 3 Correlation coefficient and the level of significance between temporomandibular joint parameters and rheumatic laboratory indices.
	Table 4 Comparison of rheumatic indicators between high and low uptake groups.
	Table 5 Correlation of age with scintigraphic uptake and symptomatic rate.




