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Objectives: Temporomandibular joint (TMJ) disorders, known as TMDs, are significant
public health problems and may result in pain and disability. In order to determine the
prevalence of clinical/subjective TMD in rheumatoid arthritis (RA), we used the research
diagnostic criteria (RDC)/TMD axes. We assessed the anti-cyclic citrullinated protein (antiCCP)-related TMD in RA for the first time.
Materials and Methods: Fifty-two RA patients were compared to 47 healthy controls with
regard to complete blood count (CBC), serology, acute phase reactants (APR), and TMJ
dysfunction.
Results: The anti-CCP antibody showed a significant correlation with the development of
clinical TMD (P=0.001, 95% confidence interval (CI)=12.4%-35.6%). A prevalence of 50%
was calculated through the RDC/TMD for such disorders. In RA patients, statistically
significant differences were observed between the groups with and without clinical TMD
regarding psychological depression and physical symptoms.
Conclusions: According to the results, a significant correlation was found between the antiCCP antibody and TMD. Therefore, when this antibody is detected in the blood serum, the
treatment must be initiated. The RDC/TMD used in this study assessed the prevalence of
TMJ dysfunction in conformity with RA-associated TMJ findings previously obtained
through other conventional methods.
Keywords: Rheumatoid Arthritis; Temporomandibular Joint Disorders; Anti-Cyclic
Citrullinated Protein Antibodies; Rheumatoid Factor
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INTRODUCTION
Since 2010, a positive test for the anti-cyclic
citrullinated protein (anti-CCP) antibody has
been included in the diagnostic criteria of
rheumatoid arthritis (RA) according to the
American College of Rheumatology (ACR) in
partnership with the European League Against
Rheumatism (EULAR) [1]. However, the clinical
diagnosis of RA is primarily based on the signs
and symptoms of chronic inflammatory arthritis
322

[2]. A temporomandibular joint (TMJ) affected
by RA may manifest pain, joint stiffness, changes
in the jaw relation, difficulties in opening the
mouth, and open bite [3,4]. In addition to the
systemic inflammatory activity, the intensity of
the concurrent TMJ pain can have a negative
impact on daily activities and quality of life in
RA patients [5]. Facial pain and jaw dysfunction
constitute a large and heterogeneous group of
disorders, known as temporomandibular joint
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disorders (TMD) [6,7]. The actual TMD
prevalence has been a matter of debate due to
inconsistent criteria used for its assessment. To
overcome this inconsistency, the research
diagnostic criteria for TMD (RDC/TMD) was
introduced in 1992 [8]. To date, however, the
axes (clinical and subjective) of the RDC/TMD
and its latest version, i.e. the diagnostic criteria
for TMD (DC/TMD) [9], have not been applied
in the diagnosis of RA. Therefore, the related
literature is lacking a standardized methodology
for the assessment of concurrent TMD.
Moreover, unlike the traditional rheumatoid
factor (RF) [10], there is still no proof for the
presence of a critical association between the
anti-CCP antibody and TMD. The present
clinical trial was therefore designed to explore
the TMD prevalence in RA using the RDC/TMD.
We looked for the anti-CCP-related TMD in this
disabling disease for the first time.
MATERIALS AND METHODS
This study has been approved by the Ethics
Committee of Babol University of Medical Sciences
(MUBABOL.REC.1392.18). All subjects gave their
informed consent before participating in the study.
This investigation is in accordance with the revised
Helsinki Declaration (1983). During the period from
September 2013 to June 2014, 52 consecutive
patients (7 men and 45 women) were examined at
the rheumatology clinic of Babol University of
Medical Sciences. RA diagnoses were made or
confirmed through the 2010 ACR/EULAR criteria
[1] by an expert rheumatologist (M.B.). Likewise,
47 healthy individuals (7 men and 40 women)
volunteered among the employees of the University,
who had negative RA history and were not clinically
diagnosed as RA patients. These volunteers were
selected as healthy controls. All the patients and the
controls were over 25 years of age. Individuals with
a history of trauma to the TMJ, patients who were
treated for their TMJ problems, and those who were
diagnosed as psoriatic arthritis patients were
excluded.
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The RDC/TMD:
The translations and the examiner training program
for the RDC/TMD applied in the present study can
be obtained in detail from the International RDCTMD
Consortium
Network
(www.rdctmdinternational.org).
Axis I - Physical diagnosis:
The physical examination of the TMJ and the
adjacent musculature was performed by an oral
medicine specialist (N.M.).
The clinical diagnoses in the present study were
made according to the guidelines of the RDC/TMD
(2011 format) for individuals with ≥1 TMD [8,11],
as follows:
Group I: Myofascial Pain Syndrome (MPS; one
diagnosis per subject).
Group II: Disc Displacement Disorder (one
diagnosis per joint).
Group III: Degenerative Joint Disease (DJD; one
diagnosis per joint) including arthralgia,
osteoarthritis, and osteoarthrosis of the TMJ.
Axis II - Psychological assessment:
A 31-item questionnaire was completed by the
subjects of the case and control groups [12]. The
subjective parameters, considered in the RDC/TMD
(2011 format), were as follows:
I. Functional limitation of the mandible expressed as
discomfort during chewing, drinking, yawning,
laughing, etc.
II. The degree of depression.
III. Characteristic pain intensity (CPI).
IV. Disability days and disability scores.
V. Disability points (0-6), comprising disability days
(0-3) and disability scores (0-3).
VI. Chronic pain grades, as follows:
Grade 0: No TMD-related pain in the last 6 months.
Grade I: Low disability/low intensity; CPI<50; < 3
disability points.
Grade II: Low disability/high intensity; CPI≥50; < 3
disability points.
Grade III: High disability/moderately limiting; 3 to
4 disability points.
Grade IV: High disability/severely limiting; 5 to 6
disability points.
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Serology:
The blood samples taken from the participants of
this study, including the controls and RA-diagnosed
patients, were used to measure complete blood
count (CBC), C-reactive protein (CRP), erythrocyte
sedimentation rate (ESR), immunoglobulin M
(IgM)-RF, and anti-CCP antibody (Axis-Shield®
Diagnostics Ltd., Dundee, Scotland, UK) which was
applied as a commercial anti-CCP. The Axis
Shield® anti-CCP assay is an enzyme-linked
immunosorbent assay (ELISA) based on the
detection of autoantibodies in human serum or
plasma towards a synthetic cyclic peptide containing
modified arginine residues (CCP2 peptides) [13].
Being a semi-quantitative anti-CCP, the AxisShield® had cut-off points of ≤5 U/ml (negative) and
>5 U/ml (positive). The Axis-Shield® has reported
anti-CCP levels below 2 U/ml as the negative
control concentration [13]. The selection of the
Axis-Shield® anti-CCP assay and its application at
the main medical laboratory in the provincial city of
Babol were incidental. The methods of the
application of acute phase reactants (APR) and
autoantibodies were in accordance with the
manufacturers’ recommendations.
Statistical Analysis:
Independent-samples t-test was used for the
comparison of the means between the groups. The
association among the qualitative variables was
determined using Chi-square test. The level of
significance was set at 0.05. The analyses were
performed using SPSS/PC software (Version 22;
SPSS Inc., Chicago, IL, USA).

RESULTS
The mean age of RA patients versus healthy controls
was 52.01±13.21 years versus 53.40±11.15 years;
the difference was not statistically significant
(P=0.57; Independent-samples t-test). RA was
found 6 times more frequently in women than in
men. Statistical tests such as Fisher’s exact test
and Independent-samples t-test (for equality of
the means) have determined the significance of
CBC, RF, anti-CCP, and positive APR in RA
patients versus healthy controls (P<0.05). Except
for white blood cells (WBC) and age, other
rheumatological factors showed statistically
significant differences compared to healthy
controls (Table 1).
45 (86.5%) out of 49 (94.2%) high-positive antiCCP carriers showed statistically significant
differences compared to 26 (50%) out of 45 (86.5%)
high-positive RF individuals (P<0.001; Pearson's
Chi-square test; Table 2).
High-positive RF or high-positive anti-CCP
antibodies comprise concentrations > 3 times the
upper limit of normal. Low-positive RF or lowpositive
anti-CCP
antibodies
include
concentrations ≤ 3 times the upper limit of
normal [1]. The calculated specificities of RF and
anti-CCP antibodies were 96% and 98%,
respectively. The calculated sensitivities of RF
and anti-CCP antibodies were 87% and 94%,
respectively. As seen in Table 3, MPS and DJD
in RA were statistically significant compared to
healthy controls (P<0.001; Chi-square test). Of
subjective TMDs, functional limitation of the

Table 1. Rheumatological factors in rheumatoid arthritis (RA)
Healthy controls
Age (years)
Anti-CCP (Quantity)
Anti-CCP (Quality)
RF
WBC
Platelets
Hemoglobin
CRP
ESR

vs

53.404±11.563
0.511±1.1544
2.12%
4.25%
7844.681±1812.7338
268.89±55.848
12.904±1.2237
2.12%
42.59%

RA patients
52.109±13.2154
158.318±240.3920
94.23%
86.53%
8480.481±2291.5001
315.08±108.956
12.135±1.4207
46.15%
57.69%

Statistical significance(P<0.05)
P=0.565 (t-test for equality of the means)
P<0.0001(t-test for equality of the means)
P<0.0001 (Fisher’s exact test)
P<0.0001 (Fisher’s exact test)
P=0.132 (t-test for equality of the means)
P=0.009 (t-test for equality of the means)
P=0.005 (t-test for equality of the means)
P<0.0001 (Fisher’s exact test)
P=0.161 (Fisher’s exact test)

Anti-CCP=Anti-Cyclic Citrullinated Protein, RF=Rheumatoid Factor, WBC=White Blood Cell, CRP=C-Reactive Protein, ESR=Erythrocyte
Sedimentation Rate
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Table 2. Distribution of rheumatoid factor (RF) and anti-cyclic citrullinated protein (Anti-CCP) antibodies in
rheumatoid arthritis (RA) versus healthy controls

Antibody

RA patients

Healthy controls

n=52

n=47

Negative

Positive

Negative

Positive

N(%)

N(%)

N(%)

N(%)

High-positive >3 times ULN

Low-positive≤ 3 times ULN
19(36.53)

45(95.74)

2(4.25)

4(7.69)

46(97.87)

1(2.12)

RF

7(13.46)

26(50)

Anti-CCP

3(5.76)

45(86.53)*

ULN=Upper Limits of Normal; * Statistically significant, Pearson’s Chi-square test: X2=67.35, P<0.001, 95% confidence interval (CI)=74.25-94.55

mandible and disability in RA were also
statistically significant compared to healthy
controls (P<0.001; Chi-square test).
Depression index and non-specific physical
symptoms (pain included and pain excluded)
among RA patients are shown in Table 4. Table
5 clearly demonstrates significant differences
between homologous RA groups with and
without TMD in their detailed psychological
factors (depression index and non-specific
physical symptoms).
Both anti-CCP and RF are related to clinical TMD
(≥1 TMD). Anti-CCP has a significant correlation
with TMD (P=0.0010, 95% CI=12.4%-35.6%),
and RF is significantly correlated with TMD
(P=0.0026, 95% CI=9.9%-32.1%). There was no
missing data in our experiment.

DISCUSSION
The sex ratio (6:1) obtained in the present study
was consistent with the previously reported 2:1
or 3:1 ratio in epidemiological surveys [2].
Being included in both clinical prediction rules
(CPRs; 2007) and the ACR/EULAR (2010) for
disease prediction and diagnosis [14,15], a
combination of RF and anti-CCP antibodies
provides the highest prognostic value in the
prediction of RA [16]. However, higher titers of
anti-CCP are almost exclusively observed in RA
patients [17]. Such differential higher titers of antiCCP are found in RA patients more often than in
healthy controls (P<0.0001; Fisher’s exact test;
Table 1). Earlier, associations between
rheumatological factors, such as RF and TMJ
involvement in RA, have been demonstrated [10].

Table 3. Temporomandibular disorders (TMD) in rheumatoid arthritis (RA) patients and healthy controls
TMD (RDC/TMD)

Healthy controls
n=47

RA patients
n=52

P Value
P<0.001
P=0.1
P<0.001

Axis I
Physical
diagnosis

Myofascial pain syndrome*
Disc displacement disorder
Degenerative joint disease*

0
3
0

18
10
14

Total

Concurrent clinical TMD

3

26

Axis II
Psychological
assessment

Pain intensity ≥ 50/100
Low disability/low intensity (I)
Low disability/high intensity (II)**
Functional limitation of the mandible**
Concurrent subjective TMD

0
0
0
1
1

6
6
11
16
17

Total

P=0.048
P=0.048
P<0.001
P<0.001

* Statistically significant clinical TMD, ** Statistically significant subjective TMD, RDC/TMD=Research Diagnostic Criteria for
Temporomandibular Disorders
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Table 4. Depression index and non-specific physical symptoms in rheumatoid arthritis (RA) patients
Normal

Moderate

Severe

Depression index

<1.550

1.550-2.137

> 2.137

Non-specific physical symptoms (pain included)

<1.580

1.580-2.145

> 2.145

Non-specific physical symptoms (pain excluded)

<1.500

1.500-2.000

> 2.000

A direct link between the anti-CCP antibody and
clinical TMD was found in the present study
(P=0.001, 95% CI=12.4%-35.6%). We should
keep in mind that both autoantibodies precede the
onset of RA and that the anti-CCP presents with
more specificity than RF. Therefore, in
comparison to IgM-RF [17], the anti-CCP related
to clinical TMD could signal the medical team to
initiate the treatment. Moreover, a history of
systemic disease and smoking could be
significant contributors to RA [18].
An exclusively published article on the
RDC/TMD in RA patients showed that 75% of
the patients had pain in the orofacial region [19];
this was nearly identical to our rough estimate of
total clinical TMD (80%; Table 3).
The results of conventional studies have
indicated that more than 50% of patients with RA
have exhibited a clinically evident TMJ
involvement [20]. Iraqi Kurdish patients with RA
have been recently characterized by a 54%
frequency [21].

In another RA study in China, only half (51.8%)
of complicated patients developed severe TMD
[3]. Greater clinical signs of TMJ dysfunction
(65%) were observed in Albanian hospitalized
patients [22]. Our study’s structure and results
resembled a Norwegian controlled research in
the field of RA wherein 53.1% of patients had
TMJ symptoms related to general disease activity
[10]. The present study was similar to a casecontrol study performed by Helenius et al [20],
which indicated moderate to severe TMJ
symptoms. Similar to their subjective responses
(28%), our subjective assessment of pain,
disability, and limited movement was 32.7%.
The clinical examination of TMJ in our study
was carried out by only one examiner to avoid
any kind of bias. Criticism was raised against the
RDC/TMD
system
regarding
the
overrepresentation of muscle disorder diagnoses.
Muscle disorders, also called myofascial pain
syndrome (MPS), were the most common
diagnosis (45.3%) amongst 3000 TMD patients

Table 5. Depression index and non-specific physical symptoms in rheumatoid arthritis (RA) patients with and without
clinical TMDs
Std.
Std.
RA group
N
Mean
Statistical significance (P<0.05)
Deviation
Error
Depression index

TMD
Non-TMD

26
26

1.83
1.35

0.83
0.77

0.16
0.15

Independent-samples t-test (P=0.037)*

Non-specific physical
symptoms (pain
included)

TMD
Non-TMD

26
26

1.93
1.15

0.83
0.72

0.16
0.14

Independent-samples t-test (P=0.001)*

Non-specific physical
symptoms
(pain excluded)

TMD
Non-TMD

26
26

1.76
1.06

0.85
0.74

0.17
0.14

Independent-samples t-test (P=0.003)*

*One-sample Kolmogorov-Smirnov test was carried out before this test to determine the normality of the groups
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[8] and resembled our most common clinical
finding of 34.5% (Table 3). Our results indicating
the statistical significance of limited mouth
opening and TMJ pain (Table 3) have been
previously understood [23]. Recently, DC/TMD
equipped with x-ray has been intended for
implementation in the clinical and research
settings [9].
A superseding result in our study was that half of
RA patients who had clinical TMD developed
both psychological depression and nonspecific
physical symptoms in comparison with the other
half who did not have such disorders (Table 5).
With reference to “TMD” as a pain dysfunction
syndrome (PDS), Humphris and Ling [24] have
called this depression a feature of PDS.
Nonspecific physical symptoms (somatization)
have a tendency to accompany bodily symptoms
with no physical causes. Noteworthy,
physiological factors and possibly mental illness
should be suspected whenever conventional
physical approaches are not helping RA patients
[24]. It has been reported that self-applied
physical therapy, including medically advised
exercise, heat or cold, or reducing jaw function,
affected 75% of patients positively [25].
CONCLUSION
Anti-CCP antibody may predict not only RA but
also TMJ disorders associated with the disease.
The association between RA and TMJ disorders
can be significant; therefore, physicians should
watch for signs and symptoms of this sensitive
body joint.
The clinical and subjective axes of standardized
RDC/TMD system, used for the first time in an
RA study, assessed the prevalence of TMJ
dysfunction in conformity with the RAassociated TMJ findings previously obtained
through other conventional methods. A thorough
disintegration of physical and subjective
disorders, however, can be an advantage of this
standardized system over traditional methods.

November 2018; Vol.15, No.6

ACKNOWLEDGMENT
This study was supported by grant from Babol
University of Medical Sciences. The authors
appreciate Dr. Najaf Zare and Dr. Parvin GhaemMaghami at the Department of Biostatistics,
Shiraz University of Medical Sciences. The
authors also thank Professor Farideh Pourgiv at
the Department of Foreign Languages &
Linguistics, Shiraz University.
REFERENCES
1- Shah A, St. Clair EW. Rheumatoid Arthritis, in
Kasper DL, Fauci AS, Hauser SL, Longo DL,
Jameson JL, Loscalzo J (editors). Harrison’s
Principles of Internal Medicine. New York, NY,
USA, McGraw-Hill Global Education Holdings,
LLC., 2015:2136-49, 2216-25.
2- Kourilovitch M, Galarza-Maldonado C, OrtizPrado E. Diagnosis and classification of rheumatoid
arthritis. J Autoimmun. 2014 Feb-Mar;48-49:26-30.
3- Lin YC, Hsu ML, Yang JS, Liang TH, Chou SL,
Lin HY. Temporomandibular joint disorders in
patients with rheumatoid arthritis. J Chin Med Assoc.
2007 Dec;70(12):527-34.
4- Hajati AK, Alstergren P, Näsström K, Bratt J,
Kopp S. Endogenous glutamate in association with
inflammatory and hormonal factors modulates bone
tissue resorption of the temporomandibular joint in
patients with early rheumatoid arthritis. J Oral
Maxillofac Surg. 2009 Sep;67(9):1895-903.
5- Ahmed N, Mustafa HM, Catrina AI, Alstergren P.
Impact of temporomandibular joint pain in rheumatoid
arthritis. Mediators Inflamm. 2013;2013:597419.
6- Larheim TA, Sano T, Yotsui Y. Clinical Significance of
Changes in the Bone Marrow and Intra-Articular Soft
Tissues of the Temporomandibular Joint. Semin Orthod.
2012 Mar;18(1):30-43.
7- Aceves-Avila FJ, Chávez-López M, ChaviraGonzález JR, Ramos-Remus C. Temporomandibular
joint dysfunction in various rheumatic diseases.
Reumatismo. 2013 Jul 24;65(3):126-30.
8- Manfredini D, Guarda-Nardini L, Winocur E,
Piccotti F, Ahlberg J, Lobbezoo F. Research

www.jdt.tums.ac.ir

327

J Dent (Tehran)

Mortazavi et al

diagnostic criteria for temporomandibular disorders:
a systematic review of axis I epidemiologic findings.
Oral Surg Oral Med Oral Pathol Oral Radiol Endod.
2011 Oct;112(4):453-62.
9- Schiffman E, Ohrbach R, Truelove E, Look J,
Anderson G, Goulet JP, et al. 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. J Oral Facial Pain
Headache. 2014 Winter;28(1):6-27.
10- Moen K, Bertelsen LT, Hellem S, Jonsson R,
Brun JG. Salivary gland and temporomandibular joint
involvement in rheumatoid arthritis: relation to
disease activity. Oral Dis. 2005 Jan;11(1):27-34.
11- John MT, Dworkin SF, Mancl LA. Reliability of
clinical temporomandibular disorder diagnoses. Pain.
2005 Nov;118(1-2):61-9.
12- Kim YK, Kim SG, Im JH, Yun PY. Clinical
survey of the patients with temporomandibular joint
disorders, using Research Diagnostic Criteria (Axis
II) for TMD: preliminary study. J Craniomaxillofac
Surg. 2012 Jun;40(4):366-72.
13- Axis-Shield Innovation for Life. Axis-Shield
Anti-CCP assay. Available at: http://www.axisshield.com/wp-content/uploads/2015/09/FCCP600IFU_2015-03_EN-1.pdf/ Accessed June 12, 2018.
14- McNally E, Keogh C, Galvin R, Fahey T.
Diagnostic accuracy of a clinical prediction rule
(CPR) for identifying patients with recent-onset
undifferentiated arthritis who are at a high risk of
developing rheumatoid arthritis: a systematic review
and meta-analysis. Semin Arthritis Rheum. 2014
Feb;43(3):498-507.
15- Block DR, Jenkins SM, Dalenberg DA, Balsanek
JG, Snyder MR, Saenger AK. Analytical and clinical
comparison of anti-CCP assays with rheumatoid
factor for the diagnosis of rheumatoid arthritis. Clin
Chim Acta. 2012 Jun 14;413(11-12):1015-7.
16- Nijenhuis S, Zendman AJ, Vossenaar ER, Pruijn
GJ, vanVenrooij WJ. Autoantibodies to citrullinated
proteins in rheumatoid arthritis: clinical performance
and biochemical aspects of an RA-specific marker.
Clin Chim Acta. 2004 Dec;350(1-2):17-34.
328

17- Vossenaar ER, van Venrooij WJ. Anti-CCP
antibodies, a highly specific marker for (early)
rheumatoid arthritis. Clin Appl Immunol Rev. 2004
May;4(4):239-62.
18- Svärd A, Kastbom A, Sommarin Y, Skogh T.
Salivary IgA antibodies to cyclic citrullinated
peptides
(CCP)
in
rheumatoid
arthritis.
Immunobiology. 2013 Feb;218(2):232-7.
19- Cordeiro PC, Guimaraes JP, de Souza VA, Dias
IM, Silva JN, Devito KL, et al. Temporomandibular
joint involvement in rheumatoid arthritis patients:
association between clinical and tomographic data.
Acta Odontol Latinoam. 2016 Dec;29(3):123-9.
20- Helenius LM, Hallikainen D, Helenius I,
Meurman JH, Könönen M, Leirisalo-Repo 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. 2005
Apr;99(4):455-63.
21- Garib BT, Qaradaxi SS. Temporomandibular
joint problems and periodontal condition in
rheumatoid arthritis patients in relation to their
rheumatologic status. J Oral Maxillofac Surg. 2011
Dec;69(12):2971-8.
22- Aliko A, Ciancaglini R, Alushi A, Tafaj A, Ruci
D. Temporomandibular joint involvement in
rheumatoid arthritis, systemic lupus erythematosus
and systemic sclerosis. Int J Oral Maxillofac Surg.
2011 Jul;40(7):704-9.
23- Bessa-Nogueira RV, Vasconcelos BC, Duarte
AP, Góes PS, Bezerra TP. Targeted assessment of the
temporomandibular joint in patients with rheumatoid
arthritis. J Oral Maxillofac Surg. 2008 Sep;66(9):
1804-11.
24- Humphris G, Ling M. Behavioural Sciences for
Dentistry. Edinburgh, Churchill Livingstone, 2000:10315.
25- Teruel A, Broussard JS Jr, Clark GT.
Temporomandibular joint arthritis: implications,
diagnosis, and management, in Clark GT, Dionne RA
(editors). Orofacial Pain. A Guide to Medications and
Management.
Chichester,
Wiley-Blackwell,
2012:311-22.

www.jdt.tums.ac.ir

November 2018; Vol.15, No.6

