Blum et al. Advances in Rheumatology
(2020) 60:28
https://doi.org/10.1186/s42358-020-00132-w

RESEARCH

Advances in Rheumatology

Open Access

Quadriceps muscle properties in
rheumatoid arthritis: insights about muscle
morphology, activation and functional
capacity
Denise Blum1, Rodrigo Rodrigues2,3* , Jeam Marcel Geremia2, Claiton Viegas Brenol1, Marco Aurélio Vaz2 and
Ricardo Machado Xavier1

Abstract
Background: Rheumatoid arthritis (RA) is an inflammatory and chronic autoimmune disease that leads to muscle mass
loss and functional capacity impairment, potentiated by physical inactivity. Despite evidences demonstrate
neuromuscular impairments in RA patients, aging effects may have masked the results of similar previous studies. The
aim of study was to verify (i) the effects of RA on functional capacity and muscle properties in middle-aged patients
and (ii) the association between age, clinical characteristics, quadriceps muscle properties and functional capacity.
Methods: Thirty-five RA women and 35 healthy age-matched women were compared with the following outcomes: (i)
physical activity level through the International Physical Activity Questionnaire (IPAQ); (ii) timed-up and go (TUG) test;
(iii) isometric knee extensor muscular strength; and (iv) vastus lateralis muscle activation and muscle architecture
(muscle thickness, pennation angle and fascicle length) during an isometric test. An independent Student t-test and
partial correlation (controlled by physical activity levels) were performed, with p < 0.05.
Results: Compared with healthy women, RA presented (i) lower physical activity level (− 29.4%; p < 0.001); (ii) lower
isometric knee extensor strength (− 20.5%; p < 0.001); (iii) lower TUG performance (− 21.7%; p < 0.001); (iv) smaller
muscle thickness (− 23.3%; p < 0.001) and pennation angle (− 14.1%; p = 0.011). No differences were observed in
muscle activation and fascicle length. Finally, the correlation demonstrated that, with exception of TUG, muscle
strength and muscle morphology were not associated with age in RA, differently from healthy participants.
Conclusion: Middle-aged RA patients’ impairments occurred due to the disease independently of the aging process,
except for functional capacity. Physical inactivity may have potentiated these losses.
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Introduction
Rheumatoid arthritis (RA) is a chronic autoimmune disease that causes joint inflammation and progressive joint
destruction [1]. Its main symptoms are joint pain, morning stiffness and fatigue [2]. In industrialized countries,
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RA affects 0.5–1% of adults, with 5–50 per 100,000 new
cases annually. Fifty percent for RA’s development risk
has been attributed to genetic factors [2]. Moreover, RA
patients usually avoid physical activities due to their fear
of exacerbating the disease symptoms [3], which contributes to an enhanced pro-inflammatory burden and high
level of disease activity [4]. However, regular muscle
contraction may suppress pro-inflammatory activity [5],
and, consequently, attenuate the disease’s activity level.
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One of RA’s structural manifestations is rheumatoid
cachexia that consists of a muscle mass reduction due to
an increased muscle protein catabolism induced by
inflammatory cytokines [6, 7]. This muscle mass loss
generates an impairment in RA patients physical function and functional capacity [8].
Previous studies observed a smaller vastus lateralis
(VL) pennation angle, cross-sectional area (CSA) and
volume in RA patients compared to healthy subjects
[1, 6]. However, functional capacity impairment [1, 9],
without changes in knee extensor muscle activity and
strength, has been observed [1, 6, 9]. Despite RA’s
mechanisms are not completely clear, the identification of
neuromuscular changes induced by RA is critical in order
to create adequate rehabilitation programs able to improve the patients’ functional capacity [1, 6, 7]. Previous
clinical studies demonstrated a relationship between knee
extensor morphological parameters, muscular strength,
and functional capacity in knee osteoarthritis [10], cancer
[11] and chronic obstructive pulmonary disease (COPD)
patients [12].
Although changes in quadriceps morphological parameters were observed in RA patients [1, 6, 9], it is important
to note that the contribution of muscle activation parameters to the observed knee extensor muscle strength impairment in RA patients is uncertain [1, 6, 13]. Despite the
losses in muscle mass, muscle strength, and functional capacity observed in RA patients in previous studies [1, 6, 13],
their neuromuscular parameters results were probably
masked due to aging effects. Similar results to those in RA
were observed for strength [14, 15], functional capacity
[16], VL muscle thickness [17, 18], pennation angle [18]
and activation [19] with aging, which are also augmented
by physical inactivity [20].
Thus, despite functional and neuromuscular changes
were observed in RA patients [1, 6, 13], the aging effects
might have masked the true neuromuscular adaptations
due to RA. Based in these observed limitations, the first
aim of the present study was to verify the RA impact on
quadriceps muscle properties, muscular strength and
functional capacity in middle-aged RA women compared
with healthy controls, matched by sex and age. In
addition, we wanted to verify if there is an association
between age, clinical characteristics, muscle parameters
and functional capacity in both groups.

Page 2 of 9

at least 3 years of confirmed diagnosis were recruited from
the rheumatology service of Hospital de Clínicas de Porto
Alegre. Exclusion criteria included the presence of any
cardiovascular, neuromuscular and metabolic diseases,
inability to walk or flex the knee and knee replacement,
pain or swelling in the knee joint. Additionally, juvenile
RA patients were also excluded. The recruited RA patients
were compared with age and sex matched healthy controls
(GC), which were recruited from the local community. A
written informed consent was obtained from all participants before starting the experiment. The study was
approved by the Hospital Ethical Research Committee
(number 09–634) and was conducted respecting the
ethical standards of the Declaration of Helsinki General
Assembly Meeting (October 2008).
At the lab, participants performed the following evaluations: (i) questionnaires and scales; (ii) body composition
measurements; (iii), knee extensor muscle architecture,
muscle activation, muscular strength, and (iv) the TimedUp and Go (TUG) test. All neuromuscular parameters
were measured on the participants’ right limb, based on a
previous study [1].
RA disease activity, pain score, physical activity and function

Disease activity in RA patients was estimated using the
composite score of the Disease Activity Score-28 with
Erythrocyte Sedimentation Rate (DAS28-ESR). Scores
below 2.6 indicated remission, from 2.6 to 3.1 low, from
3.2 to 5.1 moderate, and higher than 5.1 indicated high
disease activity [22].
Physical activity level was determined through the
International Physical Activity Questionnaire (IPAQ),
which captures the activities’ intensity performed during
leisure time, at work, during domestic tasks and active
transport. The sum of all these activities is defined as
the total physical activity and was presented in met.min.week [17].
Additionally, the self-assessed physical function was
obtained through the Health Assessment Questionnaire
(HAQ), which includes questions about the performance
on activities of daily living [23]. Also, before any physical
test, the pain level was evaluated with a 0–100 mm visual
analogue scale (VAS), where 0 and 100 mm corresponded to no pain and intolerable pain, respectively.
Functional capacity and knee extensor muscular strength

Material and methods
Subjects

RA’s patients that presented functional classes I (able to
perform usual activities of daily living, including selfcare, vocational and avocational activities) and II (able to
perform usual self-care and vocational activities, but limited in avocational activities), according to the American
Rheumatism Association’s 1992 revised criteria [21] and

The TUG test measures the time for an individual to rise
from a chair, walk 3 m to touch a marker on a wall, turn
180°, return to the chair and sit down [16]. Time was recorded by a stopwatch, and participants were instructed
not to use their hands when rising from or sitting back
down on the chair.
Maximal knee-extensor muscle strength was measured
with a Biodex System 3 dynamometer (Biodex Medical
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Systems, Shirley, NY, USA). Volunteers were positioned
on the dynamometer according to the manufacturer’s
recommendations for knee evaluations, with the hip
angle fixed at 85°, knee flexed at 90° and the trunk, hips
and thighs firmly strapped to the apparatus. Subjects
performed a warm-up protocol consisting of 10 submaximal knee extension/flexion repetitions at an angular
velocity of 90°.s− 1. Next, subjects were instructed to execute
the test with the highest possible effort to develop maximal
knee extension, and verbal encouragement was provided
throughout the test. Three knee extensor isometric tests at
90° of knee flexion (0° = full knee extension) were executed,
with a 2-min resting period between contractions [24, 25].
The peak torque obtained from these three contractions
was normalized to body mass (Nm/Kg) and used for
analysis.
Muscle architecture measurements

A B-mode ultrasonography system (SSD-4000; Aloka Inc.,
Tokyo, Japan) with a linear-array probe (60 mm, 7.5 MHz)
was used to determine VL muscle thickness, pennation
angle and fascicle length. The same investigator, with
extensive experience in ultrasonography, performed all
ultrasound measurements, and high reliability values were
obtained in the study [24]. Muscle architecture measurements were obtained with the volunteer seated in the
dynamometer, during maximal isometric contraction at
90° of knee flexion. The images were recorded during all
data collection through a DVD and synchronized (Horita
Video Stop Watch VS – 50; Horita Co., Inc., California,
USA) to the isokinetic dynamometer using a single pulse
generator. During synchronization, the button was pressed
before the isometric test, sending the pulse sampled on a
separate channel of the data collection system, which
allowed the identification of the exact time of the isometric peak torque and the corresponding ultrasound images
used for data analysis during contraction [26].
Scans were taken at the midpoint between the great trochanter and the femur lateral condyle. The ultrasonography probe was covered with water-soluble transmission
gel and oriented parallel to the VL muscle fascicles and
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perpendicular to the skin. The transducer orientation relative to the longitudinal axis of the thigh was different
between subjects due to their individual anatomical characteristics. Probe alignment was considered appropriate
when several muscle fascicles could be easily delineated
without interruption across the image. Ultrasonography
images were digitized and analyzed with Image J software
(National Institutes of Health, Bethesda, Maryland).
Muscle thickness was considered the distance between
deep and superficial aponeuroses, and was calculated
through the mean value of five parallel lines drawn at
right angles between the superficial and deep aponeuroses along each ultrasonography image. The best fascicle
in each image was used for pennation angle and fascicle
length analysis. Pennation angle was calculated as the
angle between the muscle fascicle and the deep aponeurosis, whereas fascicle length was measured as the length
of the fascicular path between the two aponeuroses.
When fascicle length was greater than the probe surface,
the fascicle line was extrapolated and calculated through
a trigonometric function. This mathematical procedure
has been used in several studies involving VL fascicle
length evaluations [17, 24] (Fig. 1). After that, fascicle
length measurement was normalized and expressed as
percent of thigh length (distance between the femur lateral condyle and the great trochanter) [27].
Muscle activation

An 8-channel EMG system (AMT-8, Bortec Biomedical
Ltd., Calgary, Canada) was synchronized with the dynamometer through a Windaq data acquisition system
(Dataq Instruments Inc., Ohio, USA), and used to evaluate the VL electrical activity during the isometric kneeextensor test. Skin preparation and electrode positioning
for EMG evaluation followed standard procedures [28].
Passive electrodes (Meditrace 100, Kendall, Boca Raton,
USA) were positioned in bipolar configuration (interelectrode distance: 2.2 cm) on the VL muscle (2/3 on the
line from the anterior superior iliac spine to the patella’s
lateral side). A reference electrode was fixed on the tibia’s medial surface.

Fig. 1 Ultrasound image showing vastus lateralis muscle architecture parameters: muscle thickness (MT), pennation angle (PA), and estimated
fascicle length (FL)
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Raw EMG signals were digitized with a sampling frequency of 2000 Hz per channel with a DI-720 16 bits
analogue-to-digital board (Dataq Instruments Inc., Ohio,
USA), and stored for subsequent analysis. Data were
exported to MATLAB® software (MathWorks Inc.,
Natick, USA), where they were filtered using a Butterworth band-pass filter, with cut-off frequencies of 20
and 500 Hz. Root mean square (RMS) values were calculated from 1-s segments of the EMG signals obtained
from the plateau of the knee-extensor isometric torque.
Participants performed an additional knee extensor
isometric test at 75° of knee flexion (optimal angle for
maximal knee extensor strength production) [17] to
normalize EMG data obtained during the isometric test
at 90° (expressed in percent of maximum).
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Table 1 Subjects’ characteristics
CG (n = 35)

RA (n = 35)

p-value

Age (years)

45.33 ± 12.50

47.92 ± 14.37

0.438

Body mass (Kg)

64.39 ± 9.84

66.53 ± 14.97

0.754

Height (m)

1.62 ± 0.05

1.60 ± 0.07

0.634

Body Mass Index
(kg.m−2)

24.53 ± 4.23

25.81 ± 5.08

0.249

Pain (VAS)

0.65 ± 1.68

3.00 ± 2.87*

< 0.001

IPAQ (met.min.week)

1351.47 ± 425.12

956.19 ± 291.09*

< 0.001

HAQ (pts)

N.A

0.43 ± 0.07

N.A

DAS 28-ESR (pts)

N.A

3.81 ± 0.72

N.A

Disease Duration (years)

N.A

12.31 ± 4.32

N.A

CG Control Group, RA Rheumatoid Arthritis, IPAQ International Physical Activity
Questionnaire, VAS Visual Analogue Scale, DAS 28-ESR Disease Activity Scores,
HAQ Health Assessment Questionnaire, NA Not Applicable; *difference
between-group

Statistical analysis

Sample size was determined from the data obtained in a
previous study similar to ours [1] for the variables knee
extensor isometric torque, vastus lateralis pennation
angle and fascicle length obtained during contraction.
Effect size (ES) (Cohen’s d) was calculated for each
group (RA patients and healthy subjects) based on mean
and SD values. Assuming the ES obtained in each outcome, α = 0.05 and β = 0.95 in an independent Student ttest, a minimum of 30 participants (15 in each group)
were needed for knee isometric torque, 70 participants
(35 in each group) for vastus lateralis pennation angle
and 28 participants (14 in each group) for vastus lateralis
fascicle length. Thus, we adopted the number of 70 participants as the minimum necessary to observe significant differences at the main muscular outcomes used in
our study.
Data normality was tested through the Shapiro-Wilk
test. Data sphericity was tested by Mauchly test, and
Greenhouse-Geisser correction factor was used when
the sphericity was violated. An independent Student ttest was used to compare all between-groups outcomes.
Effect size was calculated for each paired comparison
(d). Cohen’s d was interpreted based in the following
classification (< 0.2: trivial; > 0.2: small; > 0.50: moderate;
> 0.80: large) [29].
Moreover, a partial correlation analysis using the physical activity levels as covariant was performed between
all neuromuscular outcomes [VL structure and activation, TUG and knee-extensor isometric torque] and age
for both groups. Finally, in the RA patients, additional
association analysis between neuromuscular outcomes
and clinical characteristics (HAQ, DAS28-ESR, disease
duration, accumulated and current dose of glucocorticoids and level of pain) were performed. A significance
level of 5% was adopted for all analyses and all statistical
procedures were performed in SPSS 20.0.

Results
Thirty-five RA women and 35 healthy women (CG) were
recruited to participate in the study. RA patients had
lower level of physical activity compared to the CG. The
Health Assessment Questionnaire (HAQ) score was
0.43 ± 0.07 points and the disease activity score (DAS
28-ESR) was 3.81 ± 0.72 points, indicating that most patients displayed a moderate disease activity (27/35, 77%).
The RA patients’ average disease duration was 12.3 ± 4.3
years (Table 1).
All RA patients were under treatment with specific
drugs for the disease. Thirty-four patients were taking
prednisolone (range 5–30 mg/day, average dose 10.9 mg/
day). Thirty-one of them combined this drug with
methotrexate (range 10–25 mg/wk., average dose 18.5
mg/wk), and five of them combined prednisolone with
other drugs (three using leflunomide, average dose of 20
mg/wk., and two using hydroxychloroquine, average
dose of 240 mg/wk). RA patients also displayed higher
VAS pain levels compared to controls (Table 1).
Regarding functional capacity, knee-extensor muscular
strength and neuromuscular outcomes, RA patients
Table 2 Functional capacity, muscular strength and
neuromuscular outcomes data of RA patients and healthy
controls
Outcome

CG (n = 35)

RA (n = 35)

p-value

ES

TUG (sec)

8.42 ± 1.37

10.80 ± 2.72*

< 0.001

1.10

Torque (Nm/Kg)

1.94 ± 0.59

1.40 ± 0.46*

< 0.001

−1.02

VL RMS (%MIVC)

92.81 ± 21.96

99.25 ± 41.32

0.412

0.20

Muscle thickness (cm)

1.72 ± 0.31

1.37 ± 0.34*

< 0.001

−1.08

Pennation angle (°)

9.95 ± 1.81

8.65 ± 2.36*

0.011

− 0.62

Fascicle length (%)

25.61 ± 3.83

25.25 ± 5.56

0.749

− 0.07

CG Control Group, RA Rheumatoid Arthritis Group, ES Effect size, TUG Time-upand go test, VL Vastus lateralis muscle; *difference between-group
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Fig. 2 Partial correlation analysis (controlling by physical activity
levels) was significant between TUG and Age in both RA (r = 0.438;
p = 0.010) and CG (r = 0.336; p = 0.048) a, Torque and Age in the CG
(r = − 0.498; p = 0.002), but not in RA (r = − 0.317; p = 0.089) (b),
Muscle Thickness and Age in the CG (r = − 0.576; p < 0.001), but not
in RA (r = − 0.310; p = 0.092) (c) and Pennation Angle and Age in the
CG (r = − 0.462; p = 0.005), but not in RA (r = − 0.260; p = 0.137) (d).
Black dots = CG; White dots = RA. Solid line = CG; Dashed line = RA

showed lower TUG performance (− 21.7%, i.e. longer duration) and knee-extensor isometric torque (− 20.5%) compared to the CG. RA patients showed smaller VL muscle
thickness (− 23.3%) and pennation angle (− 14.1%). No
between-group differences were observed in the normalized VL fascicle length and activation (Table 2).
The partial correlations (part r) using physical activity
levels as a covariant, demonstrated a significant association between: (i) TUG and age in both RA (r = 0.438;
p = 0.010) and CG (r = 0.336; p = 0.048); (ii) knee extensor isometric torque and age in the CG (r = − 0.498; p =
0.002), but not in RA (r = − 0.317; p = 0.089); (iii) muscle
thickness and age in the CG (r = − 0.576; p < 0.001), but
not in RA (r = − 0.310; p = 0.092) and (iv) pennation
angle and age in the CG (r = − 0.462; p = 0.005), but not
in RA (r = − 0.260; p = 0.137) (Fig. 2 A-D). No association
was observed between age and normalized VL fascicle
length and activation in both groups (p > 0.05). Additionally, in the RA, no association was observed between
clinical characteristics [HAQ, DAS28-ESR, current and accumulated dose of glucocorticoids, disease duration and
pain] and functional and neuromuscular outcomes [TUG,
torque, VL muscle thickness, pennation angle, fascicle
length and activation] (p > 0.05) (Table 3).

Discussion
Our results demonstrated impairment in functional capacity, muscular strength and muscle morphology in RA
patients compared to healthy subjects. Except for the
TUG, muscle strength and muscle properties were not
associated with age in RA, as opposed to healthy participants in which there was an association. These results
suggest that the differences observed between RA and
CG, except for functional capacity, occurred due to the
disease, not to the aging process. The losses in functionality and muscular strength have been commonly explained by changes in neuromuscular outcomes (muscle
activity and muscle architecture properties) [11, 30, 31],
although muscle activity did not play a role in our case.
Impairment in muscle activation is a possible explanation for muscle strength and functional capacity losses.
A previous study [13] observed a significant quadriceps
inhibition (8%) in RA compared to healthy participants,
which helped to explain the knee extensor muscular
strength impairment. Muscle inhibition mechanisms in

Blum et al. Advances in Rheumatology

(2020) 60:28

Page 6 of 9

Table 3 RA patients association between neuromuscular outcomes and clinical characteristics controlled by physical activity level
TUG
Disease duration

DAS28-ESR

HAQ

Current dose of GC

Accumulated dose of GC

Pain

Torque

VL RMS

Muscle thickness

Pennation Angle

Fascicle Length

r = −0.030

r = 0.180

r = 0.224

r = −0.003

r = −0.310

r = 0.318

p = 0.879

p = 0.328

p = 0.244

p = 0.988

p = 0.102

p = 0.093

r = −0.248

r = 0.161

r = −0.202

r = 0.036

r = −0.126

r = 0.161

p = 0.194

p = 0.404

p = 0.294

p = 0.851

p = 0.515

p = 0.404

r = −0.119

r = − 0.017

r = − 0.161

r = − 0.013

r = − 0.081

r = − 0.057

p = 0.539

p = 0.929

p = 0.403

p = 0.948

p = 0.676

p = 0.770

r = −0.201

r = 0.069

r = −0.104

r = 0.131

r = 0.092

r = 0.018

p = 0.296

p = 0.721

p = 0.592

p = 0.498

p = 0.634

p = 0.927

r = −0.172

r = 0.125

r = −0.030

r = 0.084

r = −0.121

r = 0.164

p = 0.373

p = 0.518

p = 0.877

p = 0.663

p = 0.531

p = 0.395

r = −0.088

r = 0.076

r = −0.002

r = 0.232

r = 0.128

r = 0.111

p = 0.649

p = 0.697

p = 0.993

p = 0.225

p = 0.509

p = 0.566

DAS28-ESR Disease Activity Score-28 with Erythrocyte Sedimentation Rate, HAQ Health Assessment Questionnaire, GC Glucocorticoids

RA are unknown, but abnormal afferent information
from articular mechanoreceptors, due to joint damage,
effusion and pain, have been proposed to explain the
voluntary activation impairment and decreased muscular
strength [32]. Our study did not demonstrate an impairment in VL muscle activation during maximal tests,
similar to what has been observed in previous studies [1,
6]. The absence of pain or swelling in the knee joint of
our patients might explain the lack of impairment in VL
muscle activation.
RA patients presented lower muscle thickness and
pennation angle during the knee-extensor maximal isometric test compared to the CG. Previous studies observed a decrease in VL physiological cross-sectional
area (PCSA) [1] and muscle volume [6] caused by RA,
which probably led to a reduction in muscle thickness
[30, 31] and a smaller force generating capacity [33]. No
between-groups differences were observed in fascicle
length, agreeing with a previous study [1]. A previous
study [34] pointed that an increase in muscle thickness
due to training may occur by an increase in pennation
angle (addition of in-parallel sarcomeres) or fascicle
length (addition of sarcomeres in-series). Thus, the observed smaller muscle thickness in our study was explained by the reduction in pennation angle and not by
the fascicle length [35], indicating a parallel loss of sarcomeres due to the rheumatic disease.
Neuromuscular losses observed in our study were also
observed in previous studies in patients with chronic disease [10–12, 36]. In RA patients, quadriceps weakness is
usually associated with muscle atrophy resulting from the
inflammatory process induced by the disease [37], causing
proteolytic events, and resulting in cell breakdown and
death [38]. In our study, most of the patients displayed a
moderate disease activity (77%), which was not associated
with neuromuscular parameters. In addition, pain and

disability induced by disease limit the patient’s daily living
activities [13]. It is interesting to observe that physical inactivity contributes to an enhanced pro-inflammatory
condition, and regular muscle contraction may suppress
pro-inflammatory activity [5]. Additionally, a higher physical activity level was associated with higher muscle mass
[20]. As the disease [39] and physical activity levels [40]
are related to poorer muscle performance, and physical inactivity contributes to enhancing pro-inflammatory processes, we believe that our findings are in line with these
reports, as the RA group showed lower physical activity
levels compared to CG.
Besides physical activity, the use of glucocorticoids is a
common strategy to fight the disease and to substantially
reduce the rate of erosion progression in RA when used
with other anti-rheumatoid drugs [41]. Although the
chronic use of glucocorticoids induces muscle atrophy
due to increased protein breakdown and decreased protein synthesis [42], this consequence particularly occurs
if high doses are used for prolonged periods [43]. We
observed that our patients showed an average dose of
10.9 mg/day, being classified as a medium dose (between
7.5–30 mg/day) [44]. The occurrence of myopathy in patients receiving glucocorticoids is rare at low doses [45].
Additionally, the accumulated and current dose of glucocorticoids reported by our patients were not associated with neuromuscular outcomes. Therefore, it is
unlikely that our results were related with the use of glucocorticoids. Future research should be directed towards
studying the long-term effects of glucocorticoid treatment in RA and its influence on body composition,
muscle mass and functional capacity.
To the best of our knowledge, this is the first study to
demonstrate a muscle morphology impairment solely related to the rheumatic disease and not to the aging
process. The RA patients and healthy subjects age in
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previous studies [1, 6] was quite high (average 59–60
years), indicating a possible aging effect that might have
masked the true neuromuscular adaptations due to RA.
VL muscle thickness is reduced in the elderly [17, 18],
and a muscle mass reduction is considered the major
cause for the strength loss [14]. An age-related decline
in pennation angle has also been previously reported
[18], and is thought to be due to reductions in fiber
number and/or fiber diameter that accompany sarcopenia [33]. Our results demonstrated that the neuromuscular adaptations induced by RA occurred independently
from the aging process, since, when controlling the
physical activity levels, age was not associated with
strength and muscle properties, with exception of TUG,
differently from what was observed in healthy participants. TUG is a simple test embedding several tasks
(stand up from a chair, walk forward, turn around an
obstacle, walk back to the chair, and sit down) represented by total time. It is possible that the TUG single
components may have presented a different behavior
across the aging process [46] and combined with RA.
This hypothesis should be further explored.
Decrease in functional capacity and muscular strength
could be partially explained by changes in tendon stiffness [47], also observed in RA patients’ patellar tendon
[9]. The reduction in tendon stiffness is likely due to
local and systemic effects of cytokines on the tendon
structural characteristics [48]. In addition, the reduction
in mechanical overload due to a decrease in physical activity level could potentiate tendon stiffness impairment
[9, 47]. Although we did not measure this outcome, the
reduced muscular strength and functional capacity
might also be explained by changes in patellar tendon
stiffness, since a reduction in tendon stiffness impairs
the rate of force development [49] and, consequently,
daily living activity (i.e. TUG).
One of the main study limitations was the absence of
other tests to evaluate functional capacity, which might
have helped us to understand different aspects of functional impairment. Tests such as the 30-s sit-to-stand test
and descending stairs might have helped us to identify
other functional responses. The lack of dynamic maximal
strength measurements are also a limitation, as a low knee
extensor muscle shortening velocity decreases the RA patients ability to perform basic activities [50]. Finally, the
absence of other quadriceps portions (i.e. vastus medialis
and rectus femoris) analysis is also a limitation, since
quadriceps muscle neuromuscular parameters have been
found as the best dynamic strength predictors [51].

aging process, except for functional capacity. We believe
that the combination between physical inactivity and
chronic inflammation caused by the disease in RA patients might explain the observed changes. Thus, an increase in the physical activity level may be a safe and
effective strategy to minimize the functional losses due
to this rheumatic disease.

Conclusion
Middle-aged RA patients presented impairment in functional capacity, quadriceps muscle strength and muscle
morphology due to the rheumatic disease, not to the
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