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Abstract
Introduction: Muscle weakness is frequent in patients with rheumatoid arthritis but electromyographic activity of masticatory muscles in these patients remains 
unclear. The aim of this study is to evaluate the differences of Root Mean Square activity in patients with and without rheumatoid arthritis during a 30 seconds period 
using a longitudinal approach.

Material and methods: We performed a cross-sectional study and measured bilateral electromyographic activity (EMG) of masseter muscles for 30 seconds in 
maximum intercuspation. We measured EMG by using a digital electromyograph, developed by our group (Hardware and software) to determine µV every 0.001 
seconds and root medium square (RMS) values were recorded. Patients were treated at the Department and Physiology Laboratory in the UNAM in 2017. We 
performed a descriptive, bivariate analysis and a random effects linear regression model for repeated measurements adjusted by confounders. 

Results: We analyzed the information of 60 patients.  Mean age was 43.9 years (±15.9), and 33.3% of the participants were males. As result of the multivariate 
analysis we identified that in patients with rheumatoid arthritis the RMS increased by 52.3 µV (95%CI 11.7; 85.73, p= 0.012) compared to patients without 
rheumatoid arthritis, but over a 30 second period RMS mean activity decreased at a rate of -0.44 µV per second (95%CI -0.48; -0.38, p< 0.001). 

Conclusion: EMG in patients with rheumatoid arthritis had higher mean values of RMS but a decreased activity over the evaluated period.  More research is needed 
to clarify the electromyographic activity in patients with rheumatoid arthritis. 
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Introduction 
Rheumatoid Arthritis prevalence is less than 1% [1,2]. However, 

it is estimated that over 50 million adults worldwide are affected [3]. 
Joints, tendons, muscle and fibrous tissues are the most frequently 
affected. Previous research has described that pain, inflammation and 
some drugs in patients with rheumatoid arthritis reduce muscle and 
joint activity [3,4,5,6,7] increase muscle weakness with inactivity, as 
has been described in other diseases such as myositis and vasculitis 
[1,3,4,7]. Normalization of muscular activity has been related with a 
decrease of pain and inflammation and consequently an increase of 
joint mobility and recovery of bone density [3,4,5,6,7]. Monitoring 
electromyographic activity has been used as a screening tool and some 
authors have proposed electromyographic biofeedback as therapy to 
recover muscular strength, reduce pain and increase functional ability.

Muscular alterations are frequently described in patients with 
temporomandibular disorders [8,9] and have been related to 
alterations in facial growth in young patients [10,11,12]. Muscular 
activity is important for several procedures in dentistry, but few studies 
included electromyography examination (EMG) [4,13,14] most used 
radiographs [4, 8,15, 9, 16] CT scans [4, 17, 8, 10] surface thermography 

[4] and inflammatory markers [10,12, 18] to evaluated rheumatoid 
arthritis characteristics. Alterations in muscular activity were described 
by using root mean square (RMS) voltage of the EMG examination of 
masticatory muscles in patients with rheumatoid arthritis [4, 13,14]. 

Although alteration in the RMS voltage has been described as an 
overall parameter of muscular activity in patients with rheumatoid 
arthritis [4] to our knowledge muscular trend over a period of time 
has not been previously described.  Therefore, the aim of this study 
was to evaluate the EMG activity differences between patients with 
and without rheumatoid arthritis. To evaluate EMG differences, we 
measured EMG activity by using a low-cost surface electromyography 
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Outcome variable

Root Mean Square (RMS). The RMS value represents the mean 
activity over the 30 second period and represents the level of muscular 
activity [19,13,14]. Normal activity will range between 150 to 250 µV as 
reported by Cruz-Hervert et al [19]. Values above and below this range 
were considered with high or low muscular activity. Electromyographic 
evaluation was performed by a single operator (JMG), with 0.96 
infraclass coefficient value for intra-operator reliability.

Data analysis

We described sociodemographic and clinical characteristic of our 
study sample. We reported mean, standard deviation and median, 
interquartile range, minimum and maximum for continuous variables 
and frequency and percentages for categorical variables.

We calculated the RMS value for every 0.001 seconds within the 30 
second period for patients with and without rheumatoid arthritis. The 
mean activity during the 30 second period is depicted in an overlay line 
graph. To evaluate univariate differences between groups, we estimate 
the constant value and regression coefficient for RMS activity as well 
as their 95% confidence intervals by using a univariate random effects 
regression model for repeated measurements. We also used univariate 
random effects regression model for repeated measurements to explore 
the univariate associations between all other clinical covariates or 
potential confounders.  

Finally, by using a multivariate random effects regression model 
for repeated measurements we evaluate the association between 
rheumatoid arthritis and all three outcome variables adjusting by sex, 
age, body mass index, bruxism, and clicking or popping jaw. Univariate 
and multivariate methods considered individuals as cluster effect units 
to adjust for covariance of right and left muscular activity. All statistical 
analyses were performed using STATA V13.1.

Results
We analyzed 60 records of which 66% (40/60) were women and 

overall 33.3% (20/60) were selected for our study sample. The mean age 
was 43.9 years (Standard deviation [S.D] 15.9). 80.0% (95%CI 67.6%-
88.4%) presented bruxism and 5.0% (95%CI 1.6%-14.8%) clicking or 
popping jaw. According to the body mass index category 26/57 (45.6%) 
were classified as normal weight, 45.6% (26/57) as overweight and 
obese, no patients from our sample were identified as underweight.  
(Table 1)

33.3% (95 confidence interval [95%CI] 22.3%-46.5%) of our sample 
presented rheumatoid arthritis. We compared the clinical differences 
between patients with and without arthritis and identified that patients 
with rheumatoid arthritis were almost 8 years older than patients 
without (49.5 vs 41.1; p>0.001). No other clinical differences (p>0.05) 
were found between groups as shown in Table 1.

We graphed the overall Root Mean Squared (RMS) 
electromyographic activity (µV) for both patients with and without 
rheumatoid arthritis as shown in Figure 1. 

We used univariate random effects models for repeated measures 
to search for associations between clinical characteristics and RMS 
values. Patients with Rheumatoid arthritis had 42.95 µV (95%CI 0.17-
85.73; p= 0.049) greater values than the RMS values of patients without 
rheumatoid arthritis. Clicking or popping jaw was also associated with 
an increased RMS mean of 233.8 µV (95%CI 148.7-318.9; p<0.001). 
In contrast, we identified that RMS mean decreases in a rate of -0.98 

device [19,13,14] and software [19, 13,14] that permitted the analysis 
of overall RMS and RMS mean activity each millisecond over a thirty 
second period. 

Materials and methods
Study population

We conducted a Cross-sectional study and used an on-line sample 
size calculator [20] with the option for an a priori sample as well as 
multiple regression to determine that with a sample size of 60 we would 
be able to identify a value of 0.30 or less of anticipated effect size (f2), 
which is considered as a medium effect.  Considering an alpha of 0.05 
with a power of 0.80 using 8 or less predictors.  

We randomly selected 60 records of adult patients evaluated 
between 2016-2017 at the laboratory of physiology at the Postgraduate 
and Research Unit in the National Authonomous University of 
Mexico (UNAM). All patients signed an informed consent previous 
to enrollment.  Electromyography was a routine study in all patients, 
procedures are described elsewhere [19,13,14]. Patients from the 
admission department were referred to the Laboratory of physiology 
at the Postgraduate and Research Unit, by any of the undergraduate 
or graduate clinical services of the Faculty of Dentistry at the UNAM. 
Surface electromyography is considered a non-invasive evaluation 
method and the study is considered less than minimum risk research 
according to the Mexican laws [21].

Subjects were selected based on the following inclusion criteria: 1) 
18 years of age or older at the initial record time and 2) with no evidence 
of craniofacial abnormalities. For the exclusion criterion:  1) patients 
with incomplete records and 2) with severe temporomandibular 
disorders or acute orofacial pain.  

Clinical records

All patients were evaluated by a clinician at the Laboratory of 
physiology. Sociodemographic and clinical information was registered 
electronically during the initial evaluation. Records included family 
history and individual information of previous temporomandibular 
disorders (TMD). Helkimo index was performed to assess the presence 
of TMD before electromyography evaluation as described in other 
studies [22,23]. Presence of rheumatoid arthritis, bruxism and clicking 
or popping jaw were self-reported during the interview or assessed by a 
clinician before the EMG evaluation.

Surface electromyography evaluation

Electromyography evaluation was performed only for the 
superficial masseter muscle by using an electromyogram developed 
by our research group [19,13,14]. The electromyogram characteristics 
have been previously described. The electrical activity was recorded 
in microvolts (µV) for each 0.001 second during a total period of 30 
seconds. The results were obtained by a quadratic transformation 
followed by a square root transformation to obtain only positive values 
and a continuous one-sided variation.  The software presents a single 
graph for both right and left muscular activity by using a regression 
equation with a constant and a regression coefficient value for every 
time unit, a root mean square (RMS) value and, finally a correlation 
coefficient as a proxy for symmetrical muscular activity between 
right and left masseters [19,13,14]. For the aim of this study we only 
evaluated the constant and regression coefficient value obtained from 
the linear regression and the RMS value. 
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Characteristic Total With arthritis Without 
arthritis p value*

Age (years)  
(mean, S.D.) † 43.9 (15.9) 49.5 (13.8) 41.1 (16.2) <0.001

Male 20/60 (33.3) 16/20 (80.0) 25/40 (62.5) 0.170
Body mass index 

Underweight 
(<18.0) 0/57 (0.0) 0/19 (0.0) 0/38 (0.0)

0.132§Normal weight 
(≥18.0-<25.0) 26/57 (45.6) 6/19 (31.6) 20/38 (52.6)

Overweight 
(≥25.0) 31/57 (54.4) 13/19 (68.4) 18/38 (47.4)

TMD symptoms
Bruxism 48/60 (80.0) 17/20 (85.0) 31/40 (77.5) 0.494

Clicking or 
popping jaw 3/60 (5.0) 1/20 (5.0) 2/40 (5.0) 1.000

Table 1. Sociodemographic and clinical characteristics of the sample

*p value= Chi square test, † S.D.= Standard deviation, ‡ Student’s t-test, § Chi square test  
were calculated  only for  Normal weight and Overweight because any participant were 
identified in the Underweight category.

Root Mean 
square value  

(RMS)
Coef.

95% Confidence interval
p-Value†

Lower limit Upper limit

With arthritis 42.95 0.17 85.73 0.049
Time 

(second/100) -0.98 -1.01 -0.96 <0.001

Body mass index category
Normal weight Reference category
Overweight and 

obesity 21.86 -20.91 64.64 0.316

TMD symptoms
Bruxism 20.73 -30.36 71.83 0.426

Clicking or 
popping jaw 83.25 55.74 110.76 <0.001

Clinical characteristics
Age in years -1.75 -3.01 -0.50 0.006

Male -6.48 -50.53 37.55 0.773
Right masseter 

muscle -0.11 -41.10 40.87 0.996

Table 2. Results of the univarite random effects models 

*Coef.= Univariate regression coefficient calculated by random effect model for repeated 
measures, † p value was calculated by random effect model for repeated measures 
,‡,§,¶,**,††,‡‡,§§,¶¶

Root Mean 
square value  

(RMS)
Coef. *

95% Confidence interval
p-Value†

Lower limit Upper limit

With arthritis 52.34 11.73 92.95 0.012
Time 

(second/100) -0.82 -0.85 -0.79 <0.001

Interaction 
between time 

in patients with 
arthritis 

-0.44 -0.48 -0.39 <0.001

Body mass index category
Normal weight Reference category
Overweight and 

obesity 29.99 -8.3 68.29 0.125

TMD symptoms
Bruxism 44.19 -4.22 92.62 0.074

Clicking or 
popping jaw 233.82 148.72 318.93 <0.001

Clinical characteristics
Age in years -1.55 -2.91 -0.19 0.025

Male 8.01 -34.25 50.25 0.711
Right masseter 

muscle 0.87 -35.09 36.83 0.962

Constant 128.64 58.16 199.11 <0.001

*Coef.= Univariate regression coefficient calculated by random effect model for repeated 
measures, † p value was calculated by random effect model for repeated measures 

Table 3. Results of the multivariate random effects models 

Figure 1. Line graph of mean RMS electromyography activity in patients with or without 
rheumatoid arthritis during a 30 second period. This graph was calculated using the mean 
value of RMS for every 0.001 seconds during the 30 second periods and stratified by 
arthritis group. 

Discussion
The data presented in this cross-sectional study shows that patients 

with rheumatoid arthritis have an increased RMS mean value. Using an 
electromyography device, we were able to describe the trend in patients 
with rheumatoid arthritis in which the RMS mean rate decreases over 
the evaluated period of time. 

To our knowledge there are no previous studies that describe an 
increase in masseter activity of patients with rheumatoid arthritis. 
However, previous studies report muscular weakness as a frequent 
characteristic in patients with rheumatoid arthritis [4,8,15,7,11) Pain 
[5,17,6,10,9,22) and trigeminal motor neuropathy [4] are the principal 
factors associated to masticatory muscle weakness. Notwithstanding, 
previous findings have also reported severe signs of condylar head 

µV (IC95% -1.0; -0.9, p<0.001) over the 30 second period. Also, we 
observed that as the age increases the RMS mean decreases by -1.75 
µV (95%CI -3.0;0.5, p=0.006) per year of age (Table1). Body mass 
index category, Bruxism, sex and evaluated masseter muscle had no 
significant association (p>0.05) to RMS mean activity.

Table 3 shows results from the multivariate random effects models 
for repeated measures. We identified that patients with rheumatoid 
arthritis increased by 52.3 µV (95%CI 11.7; 85.73, p= 0.012) compared 
to patients without rheumatoid arthritis, but we also observed that RMS 
mean activity decreased over a 30 second period in a rate of -0.44 µV 
per second (95%CI -0.48; -0.38, p< 0.001) besides the overall decreased 
rate of RMS of -0.82 µV (95%CI -0.85; -0.79, p< 0.001) observed for 
both groups. The multivariate model is adjusted by body mass index 
category, bruxism, clicking or popping jaw, age, sex and evaluated 
masseter muscle. However, only clicking or popping jaw (Regression 
coefficient [Coef.] 233.8, 95%CI 148.7; -318.9, p<0.001) and age (Coef. 
-1.55, 95%CI -2.9; -0.2, p=0.025) were associated with an increase or 
decrease in RMS mean, respectively. According to R-squared values we 
evaluated the goodness of fit which was high for overall effect (0.295) 
and between rheumatoid arthritis groups (0.323) but low within 
individual variations (0.043). [24].
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alterations observed by CT- scan that could indicate a higher degree of 
severity of rheumatoid arthritis as well as a longer time with the disease 
[4,12]. Our sample represents adults between 20 to 60 years of age with 
non-severe rheumatoid arthritis or non-severe temporomandibular 
symptoms related to severe rheumatoid arthritis. We consider that the 
increase in RMS activity in patients with rheumatoid arthritis could 
be observed in patients with non-severe symptoms or as an onset of 
muscular disturbance, and muscular hyperactivity could be a first 
sign before a chronic muscular disturbance takes place [7, 2, 25, 9]. 
Our results show a decreased rate of muscular activity with age and a 
decreased rate during the evaluated period in rheumatic patients. This 
could be interpreted as a sing of fatigue or disturbance which could 
explain the decrease of RMS activity as the chronicity or severity of the 
disease increases over the years [8]. Acute and chronic inflammation 
factors are present in rheumatoid arthritis, chronic inflammation 
factors are related to severe arthritis signs and symptoms, but we 
considered that early or acute inflammation factors could be associated 
with a muscular hyperactivity in patients with non-severe arthritis or 
recently diagnosed cases.

Strengths and limitations of the study
The strengths of our study include the following: (1) random 

sample selection;  (2) we calculated  sample size in order to address our 
aim,  the majority of previous studies use less than 30 patients [4, 17, 7]. 
(3) multivariate analysis that controlled for relevant confounders, thus 
permitting a reduction in bias in the estimated regression coefficient 
which narrows the detection of negative outcomes including relapse 
and recurrence; and (4) our goodness of fit was considered to have a 
high effect size considering the overall R-square value [24,26].  Our 
approach therefore overcomes many of the limitations of previous 
studies because we analyzed the RMS mean values every 0.001 seconds 
over a 30 second period not only the overall RMS mean value.

One limitation is that we do not have information about time 
elapsed between onset of symptoms or diagnosis and severity of 
rheumatoid arthritis that could support our hypothesis of higher RMS 
mean values in patients with less time rheumatoid arthritis. We have 
non-cephalometric information of these patients and we were unable 
to evaluate the association of posterior mandibular height, condylar 
neck height, and total mandibular length that have been associated 
with the RMS mean described as mandibulofacial or masticatory 
muscular adaptations [27, 25]. However, few studies [4, 17,7] have 
used electromyographic evaluation and more research on this topic 
is needed in order to clarify or identify electromyographic activity 
patterns that could suggest the onset of muscular activity disturbance 
and at the same time present different patterns according to the severity 
of rheumatoid arthritis. 

Conclusions
Electromyography mean activity is higher in patients with arthritis, 

but these patients also present a higher decrease in muscular activity 
rate, related to fatigue. Extensive research should be performed in other 
to support these findings.
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