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Abstract

Aim: This study aimed to evaluate the electromyographic activity of the masseter and temporalis muscles of women
with rheumatoid arthritis.

Methods: The sample comprised 28 women divided into two groups: 14 with rheumatoid arthritis [mean age: 52.2 £+
standard deviation (SD): 3 years] and 14 without rheumatoid arthritis (mean age: 49.4 = SD: 2.4 years). The women
were paired by age and body mass index. The electromyographic activity of the masseter and temporalis muscles was
analyzed in mandibular tasks: rest, right and left laterality, protrusion, maximal voluntary contraction with and without
Parafilm M®, habitual and non-habitual chewing. The MANOVA (multivariate analysis of variance) was used to com-
pare the means of the two independent groups, considering as independent variable side and diagnosis of rheumatoid
arthritis, and age as the covariate. The Bonferroni correction was used for the post hoc comparisons (p <0.05).

Results: Rheumatoid arthritis group presented an increase in the normalized electromyographic activity of the mastica-
tory muscles and lower mean values for the habitual and non-habitual chewing.

Conclusions: Women with rheumatoid arthritis showed functional alterations in the stomatognathic system, demon-

strated through muscular hyperactivity and reduction of masticatory efficiency. HIPPOKRATIA 2018, 22(1): 3-9.
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Introduction

Rheumatoid arthritis is an inflammatory, chronic,
systemic, erosive, relapsing, autoimmune and non-sup-
purative rheumatic disease of the connective tissue that
affects the synovial membrane, tendons, and joint sur-
faces'. It is considered extremely complex with multiple
comorbidities? and can lead to deformity, disability, and
even to premature death®*. The evolution of the disease
varies over the years, with periods of intense activity and
remissions, with a progressive degeneration usually sym-
metrical of the joints® and functional impairment of the
human organism®.

The clinical evolution can be classified in progres-
sive stages; where first, deformities can be observed, and
subsequently, destructive alterations (cartilage, joint, and
bone structure), evidenced by X-ray and nuclear medi-

cine examinations. It affects approximately 0.15 to 1.7
% of the world population, mainly in the age group be-
tween 40 and 60 years, and women are more affected
than men’*.

According to the American College of Rheumatol-
ogy, 1.3 million Americans develop rheumatoid arthritis
annually, and 75 % are women. Brazil is the country of
the South American continent with the highest preva-
lence of rheumatoid arthritis, with about 1.8 million dis-
eased people’ while in the European countries it ranges
from 0.4 to >2.5 cases per 1,000 adults'.

In view of the high incidence of rheumatoid arthritis,
it is important to evaluate whether the disease can lead to
changes in the masticatory muscles function. In the area
of dentistry, rheumatoid arthritis is of great importance
because it affects the temporomandibular joint'' and may
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cause alterations in muscle function, inflammation in the
joint capsule, painful symptoms, and resorption of the
head of the mandible'>.

The harmonious balance of the musculoskeletal sys-
tem is fundamental to the well-being of humans, and
functional alterations resulting from chronic degenera-
tive diseases have been the subject of worldwide stud-
ies®.

The primary hypothesis of the current study was that
rheumatoid arthritis disease decreases chewing efficien-
cy, which in turn can increase the electromyographic ac-
tivity of masticatory muscles. Therefore, this study aimed
to determine the electromyographic activity of the mas-
seter and temporal muscles of women with rheumatoid
arthritis. These results could help to guide future medi-
cal and dental treatments related to the stomatognathic
system.

Materials and methods

This transverse observational study was approved
in 2017 by the School of Dentistry of Ribeirdo Preto
of the University of Sdo Paulo Ethics Committee (No
43010515.8.0000.5419), in compliance with the Resolu-
tion 466/12 of the National Health Committee.

We conducted this study in centers specialized in the
treatment of chronic degenerative diseases, located in the
cities of Ribeirao Preto, Bededouro, and Batatais in the
State of Sdo Paulo, Brazil in the year 2017.

Sample

A post hoc sample size calculation was conducted
considering a level of a =0.05, a power of 83 % for the
primary outcome electromyographic activity in right
laterality [average of the right masseter muscle, women
with rheumatoid arthritis group =0.28 (0.21) and healthy
women without rheumatoid arthritis group =0.12 (0.08)],
and effect size of 1.006. The minimum sample size ob-
tained was 28 participants (14 for each group). Sample
size calculation was performed with the G¥Power soft-
ware v 3.0.10 (Franz Faul, Kiel University, Kiel, Ger-
many).

During this study we evaluated sixty-seven women
with rheumatoid arthritis with normal occlusion (Angle’s
Class I), contact pattern in intercuspal position was tooth
to two tooth occlusion, and presence of all permanent
teeth (except third molars).

We excluded women with rheumatoid arthritis who
reported on presentation bruxism in wakefulness (n: 5)
and in sleep (n: 8), previous obstructive sleep apnea di-
agnosis (n: 6), mandibular tori (n: 3)", current or previ-
ous orthodontic treatment (n: 2), physical therapy (treat-
ment of disease or injury by physical methods such as
massage, heat treatment, and exercise) (n: 5)'%, physical
changes (from infection, trauma, accident, intoxication)
or mental illness (n: 6), neurological and psychiatric dis-
orders (n: 4), and use of medications (muscular relaxant,
anti-histamines, sedatives or central nervous system de-
pressors) that could interfere with the electromyographic

activity of the skeletal striated muscles'® (n: 14).

After applying the exclusion criteria, 14 women with
rheumatoid arthritis were enrolled and subsequently were
matched subject-to-subject with 14 healthy women of
similar age and body mass index (BMI) without rheuma-
toid arthritis. The total sample consisted of 28 women di-
vided into two groups: women with rtheumatoid arthritis
[n: 14; mean age: 52.2 + standard deviation (SD): 3 years;
BMI: 31.11 + 1.23 kg/m?*] and women without rheuma-
toid arthritis (n: 14; mean age: 49.4 + SD: 2.4 years; BMI:
27.59 + 1.13 kg/m?). There were no significant differenc-
es between the two groups in terms of age (p =0.46) and
BMI (p =0.09). Such matching is a convenient method
for minimizing confounding in case-control studies as it
balances the clinical characteristics of the two groups!’.
The interview and clinical evaluation with consecutive
patients were performed by a single examiner, a trained
dentist.

Women with rheumatoid arthritis had their diagnosis
validated by rheumatologists, based on the clinical signs,
symptoms, and laboratory and radiographic findings'.
Women of the rheumatoid arthritis group presented sen-
sitivity to digital palpation in the right and left preauricu-
lar region (research diagnostic criteria for temporoman-
dibular disorders - RDC/TMD)'®, with a median disease
duration of six years, and with an uncontrolled disease in
the past year.

Electromyographic analysis

We used the Trigno electromyography equipment
(Delsys Inc., Boston, MA, USA), wireless surface elec-
trodes, and followed the SENIAN (Surface Electromyo-
graphy for the Non-Invasive Assessment of Muscles)
guideline'. We performed electromyographic recordings
(uV) of the right masseter (RM), left masseter (LM),
right temporal (RT), and left temporal (LT) muscles dur-
ing mandibular tasks: rest (4 s), right and left laterality
(10 s each) with canine guidance, protrusion (anterior
guidance) and presenting the Christensen phenomenon
(10 s), and dental clenching in maximum voluntary con-
traction with (4 s) and without inert material (4 s).

The inert material used for dental clenching in maxi-
mum voluntary contraction was composed of paraffin
sheet (Parafilm M®, Pechiney Plastic Packaging, Batavia,
IL, USA) which was folded (18 x 17 x 4 mm, weight 245
mg), and inserted between the occlusal faces of the first
and second molars (right and left side)?.

For the analysis of habitual chewing with hard food,
peanuts were used, and for soft food, raisins without
seeds were utilized. The food belonged to the same batch,
and five grams of each type of food was used. The food
was stored in a cool, ventilated area in individual plas-
tic containers. Non-habitual chewing was performed by
Parafilm M® chewing, placed on both sides of the dental
arches.

Before the placement of the wireless surface elec-
trodes, the skin surface was cleaned and sanitized with
alcohol and, to ensure correct fixation of the electrodes,
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a specific maneuver of maximum voluntary contraction
was performed, followed by palpation to locate the mus-
cular belly?.

For the electromyographic recordings, the research
participants were in a quiet and calm environment. They
remained seated in a comfortable chair that maintained an
upright posture, with their soles resting on the ground and
their palms resting on their thighs. Their heads were po-
sitioned so that the Frankfurt horizontal plane remained
parallel to the ground®.

For the dynamic evaluation of electromyographic ac-
tivity in chewing, the function of the masticatory cycles
was assessed using the values of the linear envelope inte-
gral of the masseter and temporalis muscles'®. The values
were obtained between intervals of five to ten seconds.
The initial masticatory cycles were excluded because the
first cycles present considerable variation in the pattern
of mandibular movement®.

Prior to the examination, participants were informed
about the types of food to be chewed, emphasizing that
they should not necessarily swallow them; and they had
the option of discarding them in an appropriate container.

Statistical analysis

Following data collection, a normality test was ap-
plied, and normal data distribution was observed (Shap-
iro-Wilk test).

All electromyographic data were normalized by max-
imum voluntary isometric contraction with Parafilm M®,
Values were recorded in Root Mean Square (RMS). The
IBM SPSS Statistics for Windows, version 22.0 (IBM
SPSS, IBM Corp., Armonk, NY, USA), was used for the
statistical analysis.

The normalized electromyographic data were ob-
tained through the descriptive analysis (average and
standard deviation) for each variable. The values were
compared using a MANOVA (multivariable analysis of
variance) considering side and diagnoses as factors, and
age as a covariate. The Bonferroni correction was adopted
as post hoc analysis on pairwise comparisons (p <0.05).

Results
Overall result

Considering MANOVA findings, our results showed
a main effect for group [Pillai’s trace =0.68, F =4.86,
p =0.001 (df =36)], side [Pillai’s trace =0.48, F =2.13,
p =0.03 (df =36)], and no effect for age [Pillai’s trace
=0.44, F =1.83, p =0.065 (df =36)]. In addition, we did
not verify an interaction between group x side [Pillai’s
trace =0.32, F =1.07, p =0.412 (df =36)]. However, the
side effect was significant only for one variable: elec-
tromyography of temporalis muscles [F(1,51) =14.97, p
=0.001] during right laterality. Considering such finding,
we decided to describe the mean value from right and left
sides of the variables included in this study.

Electromyographic variables
The normalized electromyographic data were de-

scribed either separately and the mean values between
sides, whereas the results showed a mean effect for side
regarding electromyographic variables (Table 1).

Differences between sides were observed in both
groups, during right laterality in which it was observed
lower electromyographic activity for the left side in tem-
poralis muscles (Table 1).

In addition, when considering the mean value be-
tween both sides (Table 1), the group main effect was ob-
served during right laterality task for the temporal muscle
[F(1,51) =14.97, p <0.0001]. On pairwise comparisons,
for all muscles and tasks, higher electromyographic ac-
tivity was observed for the woman of the rheumatoid ar-
thritis group compared to the women of the non-rheuma-
toid arthritis group (Table 1).

Chewing variables

The normalized electromyographic data were de-
scribed either separately and the mean values between
sides, whereas the results showed a mean effect for side
regarding chewing variables (Table 2).

No differences were observed between the sides in
both groups (Table 2). In addition, when considering
the mean value between both sides (Table 2), no differ-
ence was observed between the groups for masseter and
temporalis muscles. On pairwise comparisons, for all
muscles and chewing, decreased masticatory efficiency
was observed in almost all conditions evaluated for the
woman of the rheumatoid arthritis group compared to the
women of the non-rheumatoid arthritis group (Table 2).

Discussion

The study of muscle function through the electromy-
ographic examination of participants with chronic degen-
erative diseases is extremely important, because it shows
changes in the neuromuscular pattern®.

In the present study, it was observed that the pattern
of masticatory neuromuscular activation in women of
the rheumatoid arthritis group was maintained in rest,
protrusion, and dental clenching in maximum voluntary
contraction; but in the right and left laterality, it could
not be observed, suggesting an incorrect neuromuscular
activation®.

During right and left laterality, there is greater con-
tact of the mandible head against the damaged cartilage
or more significant stretching of the ligaments that can
cause an increase in painful symptomatology, resulting in
possible alterations of the muscular activation pattern®.

Greater electromyographic activity in the masseter
and temporalis muscles in women of the rheumatoid
arthritis group was evident in all the studied conditions
when compared to women of the non-rheumatoid arthri-
tis group.

The literature shows that the relationship of the
functional balance between the articular tubercle of the
temporal bone, mandibular fossa, mandible head, cap-
sule and disc, muscle, and accessory ligaments may be
compromised by inflammatory cell proliferation, the for-
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Table 1: Averages (1V), standard deviation (in brackets, +), and statistical significance (p <0.05, p <0.0001)* of the normalized
electromyographic data (a.u.) of the masticatory muscles in the mandibular tasks for women of the rheumatoid arthritis and the
non-rheumatoid arthritis groups.

Groups

Mandibular task Muscles p value
RAG CG
RM 0.23 (0.20) 0.12 (0.10)
LM 0.26 (0.22) 0.13 (0.06)
p-value p=0.78 p =0.57
Mean both sides 0.25 (0.25) 0.12 (0.85) 0.65
Rest RT 0.32 (0.20) 0.23 (0.15)
LT 0.24 (0.12) 0.22 (0.16)
p-value p=0.19 p =0.90
Mean both sides 0.28 (0.17) 0.23 (0.16) 0.29
RM 0.28 (0.21) 0.12 (0.08)
LM 0.27 (0.20) 0.24 (0.17)
p-value p=0.78 p =0.007
bl i Mean both sides 0.27 (0.24) 0.19 (0.15) 0.25
Right laterality o 0.39 (0.24) 0.30 (0.15)
LT 0.19* (0.13) 0.17* (0.09)
p-value p <0.001 p =0.01
Mean both sides 0.29%(0.21) 0.23 (0.14) 0.0001
RM 0.23 (0.16) 0.17 (0.10)
LM 0.22 (0.20) 0.14 (0.08)
p-value p=0.93 p=0.38
. Mean both sides 0.22 (0.18) 0.16 (0.09) 0.62
Left laterality
RT 0.33(0.21) 0.20 (0.13)
LT 0.28 (0.23) 0.25 (0.10)
p-value p=0.61 p =0.39
Mean both sides 0.30 (0.22) 0.22 (0.12) 0.98
RM 0.39 (0.25) 0.24 (0.20)
LM 0.33(0.27) 0.24 (0.20)
p-value p =0.55 p =0.99
Protrusion Mean both sides 0.36 (0.27) 0.24 (0.19) 0.62
RT 0.36 (0.19) 0.18 (0.09)
LT 0.24 (0.19) 0.18 (0.10)
p-value p=0.13 p=0.90
Mean both sides 0.30 (0.20) 0.18 (0.10) 0.14
RM 0.93 (0.46) 0.70 (0.24)
LM 0.83 (0.38) 0.78 (0.20)
p-value p =0.55 p=0.30
Mean both sides 0.88 (0.41) 0.74 (0.22) 0.96
Dental clenching gy 0.98 (0.36) 0.78 (0.23)
LT 0.84 (0.39) 0.74 (0.35)
p-value p =0.60 p=0.76
Mean both sides 0.74 (0.37) 0.86 (0.29) 0.55

RM: right masseter, LM: left masseter, RT: right temporal muscle, LT: left temporal muscle, RAG: arthritis group, CG: non-rheumatoid arthritis
group. *: between sides comparisons, post hoc Bonferroni (p <0.05), &: between groups comparisons, post hoc Bonferroni (p <0.0001).
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Table 2: Averages (uV), standard deviation (in brackets, +), and statistical significance (p <0.05)* of the normalized electromyographic
data (a.u.) of the masticatory muscles in the chewing for women of the rheumatoid arthritis and the non-rheumatoid arthritis groups.

Chewing Muscles Groups p value
RAG CG

RM 0.80 (0.28) 1.24 (0.38)

LM 0.88(0.38) 1.07 (0.28)

p-value p=0.55 p=0.21

Mean both sides 0.84 (0.33) 1.15(0.34) 0.63
Peanuts

RT 1.00 (0.45) 1.06 (0.49)

LT 0.98 (0.36) 0.88 (0.39)

p-value p=0.92 p=0.30

Mean both sides 0.99 (0.40) 0.97 (0.44) 0.36

RM 0.82(0.43) 0.89 (0.37)

LM 0.81(0.35) 0.94 (0.34)

p-value p =0.94 p =0.07

Mean both sides 0.82(0.38) 0.91 (0.35) 0.87

Parafilm M®

RT 0.94 (0.56) 1.15(0.49)

LT 0.99 (0.58) 0.82 (0.39)

p-value p=0.82 p=0.11

Mean both sides 0.97 (0.56) 0.99 (0.45) 0.32

RM 0.71 (0.33) 0.76 (0.39)

LM 0.73 (0.36) 0.80 (0.29)

p-value p=0.88 p=0.78

Mean both sides 0.72 (0.34) 0.78 (0.34) 0.73
Raisins

RT 0.82(0.39) 1.42 (0.97)

LT 0.82(0.33) 0.79 (0.37)

p-value p=0.98 p=0.11

Mean both sides 0.82(0.36) 1.11 (0.63) 0.12

RM: right masseter, LM: left masseter, RT: right temporal muscle, LT: left temporal muscle, RAG: arthritis group, CG: non-rheumatoid arthritis group.

mation of fibrous granulation tissue, and new vessels in
the joint capsule?’. This creates internal pressure in the
structures involved by the capsule, painful symptomatol-
ogy, functional alteration of the lateral pterygoid muscle
fibers which are interspersed with the collagen fibers of
the articular disc®® and functional masticatory instability,
resulting in muscular hyperactivity?®. However, in this
study, no magnetic resonance imaging was performed to
see if there was any involvement of the disc or the joint
capsule.

It is of the utmost importance to perform dynamic and
static evaluations of the stomatognathic system to under-
stand the muscular mechanisms in people with chronic

degenerative diseases, and to observe possible qualitative
changes in the structure of the masticatory muscles®.

To date, no studies on the masticatory efficiency in
adults with rheumatoid arthritis have been reported. In
the current study, we evaluated the dynamics of the mas-
ticatory movements, consisting of isotonic contractions
with periods of isometric contractions, in women with
rheumatoid arthritis, using the integrated linear enve-
lope electromyographic signal that is a safe and effective
method for the analysis of the electrical activity of the
muscles during masticatory cycles?.

Our results showed a masticatory function decrease
in women of the rheumatoid arthritis group. These chang-
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es may be related to the natural protective mechanism of
avoiding painful symptomatology, and due to edema in
the preauricular region reducing the function of the mas-
ticatory muscles, leading to progressive deactivation and
disuse of the motor units of the muscle fibers.

In this study, 100 % of the women with rheumatoid
arthritis presented with preauricular sensitivity, which
was observed through digital palpation at the time of the
RDC/TMD questionnaire and clinical evaluation. This
behavior could justify the reduction in the performance
of the masseter and temporal muscles.

The reduction in masticatory efficiency is directly
related to a deficiency in the local control of proinflam-
matory cytokines in the joint capsule, causing hemody-
namic and pathophysiological instability, and ischemia.
This originates from the stimulation of nerve receptors
for pain, during contraction or muscle extension, which
leads to increased production of inflammatory cytokines,
and ultimately a reduction in functional capacity'.

Knowing the factors and pathologies that substantial-
ly alter the well-being of human beings is a global prior-
ity. The analysis of the stomatognathic system has been
the objective of studies in groups of people with systemic
pathological alterations®, and therefore, the importance
of studying the stomatognathic system of women with
rheumatoid arthritis is apparent.

The unprecedented results of the current study will
contribute to the knowledge and understanding of the
functional behavior of the stomatognathic system, di-
recting with more precision the medical and dental treat-
ments to design clinically relevant strategies.

The study has certain limitations as it exclusively
evaluated female subjects; thus the results should also
be investigated and verified in male cohorts. Also, the
women who were examined by the dentist optimally
should have been additionally submitted to sleep studies,
neurological, and psychiatric consultation, at the moment
of the sample’s enrollment/exclusion of subjects. Further
studies should be conducted to confirm reported results.

In conclusion, current study suggests that women
with rheumatoid arthritis have functional alterations in
the masticatory muscles, such as muscle hyperactivity
and decrease of masticatory efficiency.
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