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Objective To determine the efficacy of concentric vs. eccentric exercise in improving shoulder function, pain, and
tendon characteristics for patients with rheumatoid arthritis and rotator cuff tendinopathy.

Methods Forty patients with rheumatoid arthritis and rotator cuff tendinopathy were divided into either
concentric or eccentric exercise groups, with 20 patients in each group. Patients received 12 sessions at a pace of 3
sessions per week. Shoulder Pain and Disability Index (SPADI), the visual analogue scale (VAS), supraspinatus and
subscapularis thickness, echo pixels, and the Disease Activity Score-28-erythrocyte sedimentation rate (DAS-28-
ESR) were assessed at baseline and post-treatment.

Results There was a significant difference between the concentric and eccentric groups regarding SPADI and
VAS scores in favor of the eccentric group. However, there was no significant difference between the two groups
regarding tendon thickness, echo pixels, or DAS-28-ESR.

Conclusion Eccentric exercises were more effective than concentric exercises in improving shoulder function and
pain intensity. However, neither of the two types of exercises was superior in improving tendon characteristics or
disease activity.
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INTRODUCTION

Rheumatoid arthritis (RA) is a chronic systemic inflam-
matory autoimmune disease that affects 0.5% of the gen-
eral population and causes bone and cartilage destruc-
tion [1,2]. RA can affect tendon sheaths and the synovial
membrane [3]. Hypervascularized synovitis is a hallmark
of RA. Further, it may result in bony erosion, cartilage
damage, joint destruction, bone marrow edema, and
bursitis [4]. According to murine models, tendon involve-
ment could be the first sign of inflammatory arthritis in
the early stages of RA [5].

The shoulder joint is a common site of musculoskeletal
pain in the general population, which was reported to af-
fect between 7% and 27% of the population [6]. Rotator
cuff disorders are pervasive and are the leading cause of
shoulder disability. They account for approximately 30%
to 70% of shoulder pain-related conditions [7]. The haz-
ard ratio for rotator cuff tendinopathy was 1.56 in patients
with RA compared to a matched control [8].

Patients with RA face the added risk of impaired shoul-
der function due to inflammation. Synovitis, bursitis, and
tendinitis can cause decreased muscle strength, persis-
tent pain, decreased range of motion, and joint destruc-
tion, resulting in functional loss and difficulties with daily
activities [9]. Shoulder involvement in patients with RA
includes synovitis, bursitis, and tendinopathy. Further
progression may lead to the destruction of rotator cuff
tendons and superior subluxation of the humeral head,
thus, leading to the narrowing of the subacromial space
[10,11].

Resistance training is commonly utilized to increase
muscular strength, thus improving athletic performance,
preventing injuries, and maintaining a healthy lifestyle
[12]. Furthermore, exercise effectively improved pain
and function in patients with RA, with no adverse effects
reported [13]. Exercise is a crucial component of treating
shoulder tendinopathy. Furthermore, both concentric
and eccentric exercises were used to treat rotator cuff ten-
dinopathy, yet evidence could not determine which was
superior [14]. To the author’s knowledge, no randomized
trial has compared concentric vs. eccentric exercises in
patients with RA.

Consequently, this randomized comparative study
aimed to determine the efficacy of concentric vs. eccen-
tric exercise in improving shoulder function, pain, and

tendon characteristics for rotator cuff tendinopathy in
patients with RA.

MATERIALS AND METHODS

This randomized comparative study was carried out be-
tween September 2021 and August 2022. This study was
approved by the Institutional Review Board of the Fac-
ulty of Physical Therapy, Cairo University (P.T.REC/012/
003375). Informed consent to publish this study was ob-
tained from the patients. In addition, this study was reg-
istered at the National Institutes of Health (clinicaltrials.
gov) with a registration number of NCT05054920.

Patients

Fifty-eight adult patients with RA based on the 2010
American College of Rheumatology/European League
Against Rheumatism classification criteria were screened
[15]. Patients were included in the study if they were di-
agnosed with rotator cuff tendinopathy based on clinical
examination and further confirmed with musculoskeletal
ultrasound (MSUS). Patients were excluded if they were
scheduled for rotator cuff surgery, had a rotator cuff full-
thickness tear, or had a shoulder fracture, dislocation, or
surgery history. Patients with diabetes mellitus were also
excluded from the study. Forty-four patients matched
the inclusion and exclusion criteria. In addition, four pa-
tients refused to participate in the study due to a lack of
interest. Forty patients agreed to participate in the study
(Fig. 1). Patients were randomized into either concentric
or eccentric exercise groups, with 20 patients in each
group, using computer-generated random numbers.

Tendinopathy was graded as follows [16]:

Grade 0O=normal tendon with average thickness and
preserved fibrillar pattern.

Grade 1=reactive tendinopathy; the tendon is focally or
diffusely swollen with diffuse hypoechogenicity.

Grade 2=tendon disrepair, with the same findings in
grade 1 in addition to focal areas of hypoechogenicity
and a lost fibrillar pattern.

Grade 3=degenerative tendinopathy, the same as grade
2 with more extensive lesions.

Sample size

The sample size was calculated using G*Power 3.1
(Heinrich-Heine-Universitiat Diisseldorf, Diisseldorf,
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Follow up after 12 sessions (n=20) Follow up after 12 sessions (n=20)

Fig. 1. Study flowchart.

Germany), assuming o (two-sided)=0.05 and 1-$=0.80,
as observed in a previous study. The sample size was
determined to be 34. We added six more to account for
any dropouts that may occur. As a result, the study’s total
sample size was 40 patients [17].

Main outcome variable

Arabic version of Shoulder Pain and Disability Index

It is a self-reported questionnaire that assesses shoulder
function. It is divided into two domains. The first domain
assesses pain, while the second assesses shoulder dis-
ability. The patient answered each question by selecting
a number from 0 to 10, with 0 indicating no pain or dif-
ficulty and 10 indicating the worst pain or so difficult that
requires help. The total score was computed and divided
by 130 to obtain a percentage. Therefore, Shoulder Pain
and Disability Index (SPADI) is a valid and reliable tool
for evaluating patients with rotator cuff tears and RA. The
minimal clinically important difference (MCID) ranges
between 8 and 13. Furthermore, it is validated in Arabic
[18,19].

Other variables

Visual analogue scale

The visual analogue scale (VAS) was used to assess cur-
rent pain. It consists of a 10 cm line labeled “0” at one
end, indicating no pain, and a maximum of “10” at the
other, indicating the worst pain. VAS is a valid and reli-
able method for chronic pain assessment. The MCID for
rotator cuff pathology is 1.4 cm [20,21].

Supraspinatus tendon thickness and echo pixels
Shoulder MSUS was used to assess the supraspinatus
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tendon (in the modified Crass position) using a LOGIQ-
P6 machine (GE Healthcare, Chicago, IL, USA) equipped
with a high-frequency broadband linear array transducer
at 10-13 MHz. MSUS was carried out by one operator
who was blind to the physiotherapy protocol. The supra-
spinatus tendon thickness was measured in short axis
view at 10, 15, and 20 mm lateral to the biceps tendon.
The mean tendon thickness of the three measurements
was calculated. The tendon echogenicity was determined
by grayscale analysis of stored images using the standard
histogram function in Adobe Photoshop (Adobe, San
Jose, CA, USA). A region of interest of the entire tendon
was defined using the freehand selection option to en-
sure that the overlying subacromial subdeltoid bursa,
underlying cartilage, and bone were not involved [22,23].
Ultrasound is believed to be accurate, with sensitivity
ranging from 92.4% to 96.0% and specificity ranging from
93.0% to 94.4% for diagnosing a full-thickness tear, and
sensitivity ranging from 66.7% to 84.0% and specificity
ranging from 89.0% to 93.5% for diagnosing a partial-
thickness tear [24]. In addition, MSUS has shown moder-
ate intra-rater reliability (©>0.50) [25].

(1) Subscapularis tendon thickness and echo pixels

The same operator operated the LOGIQ-P6 machine
mentioned above to measure the subscapularis tendon
in the long-axis view to the attachment at the lesser tu-
berosity. Again, the tendon echo pixels were calculated
similarly to the supraspinatus [22,23].

(2) Disease Activity Score-28-erythrocyte sedimentation
rate

A single physician, blind to the physiotherapy protocol,
calculated the Disease Activity Score-28-erythrocyte sed-
imentation rate (DAS-28-ESR) score for all patients. It is
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an index based on the number of tenders, swollen joints,
and ESR. It is a valid and reliable method for assessing
disease activity in patients with RA [26].

Procedures

A single therapist carried out the physiotherapy proto-
col for the two groups. A single physician, blind to all in-
terventions and patient groupings, carried out the MSUS
examination and calculated the DAS-28-ESR. The study’s
goal and procedures were discussed with the patients.
Patients were asked to sign an informed consent form if
they agreed to participate in the study. Patients received
12 sessions at a pace of three sessions per week. All out-
come measures were measured at baseline and after 12
sessions.

Study groups

Both groups performed the pectoralis minor stretch
using an active corner stretch with the patient in a stand-
ing position [27]. Moreover, the posterior capsule was
also stretched using the sleeper stretch technique. Each
stretching set was held for 30 seconds and repeated three
times [28].
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Fig. 2. Internal and external rotation exercise (A) starting
position for external rotation, (B) end position of external
rotation, (C) starting position for internal rotation, and
(D) end position of internal rotation.

All exercises were performed with the patient standing.
Elastic resistance bands were used for the exercises, with
the level of resistance based on the patient’s tolerance.
Furthermore, each patient completed three sets of each
exercise. Each set was composed of 10 repetitions of each
exercise.

Group 1: concentric exercise group

(1) Internal and external rotation exercises

Elastic resistance was attached to the wall bar, and the
patient was instructed to move her forearm towards or
away from her body (Fig. 2) [29].

(2) Abductor strengthening

The patient was instructed to raise his arm to 90° in the
scapular plane against elastic band resistance (Fig. 3) [30].

Group 2: eccentric exercises group

(1) Internal and external rotation exercises

Patients were positioned at the end of the internal or
external rotation range with elastic resistance in tension.
The patient was instructed to gradually control the relax-
ation of the elastic resistance while slowly returning to
the neutral position [29].

(2) Abductor strengthening

The patient’s arm was passively elevated to 90° in the
scapular plane, and the patient was instructed to gradu-
ally control the relaxation of the elastic resistance while
gradually lowering the arm to the 0° position [30].

Fig. 3. Abductor strengthening (A) starting position for
abduction and (B) end position of abduction.
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Statistical analysis

Data were coded using the IBM SPSS Statistics version
28 (IBM Corp., Armonk, NY, USA). Data were summa-
rized in the form of mean and standard deviation for
quantitative variables. For categorical variables, frequen-
cies (number of cases) and relative frequencies (percent-
ages) were used.

Comparisons between groups were performed using
unpaired t-tests for normally distributed quantitative vari-
ables. On the other hand, a non-parametric Mann-Whit-
ney U-test was used for non-normally distributed quan-
titative variables. Comparing pre- and post-treatment in
each group was conducted using paired t-tests in normal-
ly distributed quantitative variables. In contrast, the non-
parametric Wilcoxon signed-rank test was used for non-
normally distributed quantitative variables. p-values less
than 0.05 were considered statistically significant.

RESULTS

Forty adult patients with RA and rotator cuff tendinopa-
thy were enrolled in the study and completed baseline
and follow-up assessments. Each group consisted of 20
patients. Group 1 received concentric exercise sessions.
At the same time, group 2 received eccentric exercise ses-
sions.

Table 1. Patients characteristics

Characteristics

Patients had a mean age of 44.43+5.39 years and a mean
RA disease duration of 5.83+3.86 years. There was no sta-
tistically significant difference between the two groups
regarding age, sex, disease duration, tendinopathy stage,
or disease activity (Table 1).

Shoulder Pain and Disability Index score

There was a statistically significant decrease in SPADI
scores post-treatment in both groups compared to base-
line assessment (p<0.001; Table 2). There was no statisti-
cally significant difference between the two groups in
SPADI scores at the baseline. However, there was a signif-
icant difference between the two groups post-treatment
(p=0.007) in favor of group 2 (Table 2).

Visual analogue scale score

There was a statistically significant decrease in VAS
scores post-treatment in both groups compared to base-
line assessment (p<0.001; Table 2). There was no statis-
tically significant difference between VAS scores at the
baseline between both groups. However, there was a
statistically significant difference between the two groups
post-treatment (p=0.025), with a lower value in group 2
(Table 2).

Characteristic Group 1 (n=20) Group 2 (n=20) p-value
Age (yr) 45.20+5.26 43.65+5.54 0.370
Disease duration (yr) 5.90+3.63 5.75+4.18 0.738
Sex >0.999
Male 3 2
Female 17 18
Supraspinatus tendinopathy stage >0.999
0 1 0
1 9 10
2 5 5
) 5 5
Subscapularis tendinopathy stage 0.748
0 13 10
1 6 9
2 1 1
3 0 0

Values are presented as meantstandard deviation or number only.
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Table 2. Comparison of SPADI, VAS, tendon characteristics, and DAS-28-ESR between and within groups

Variable Group Baseline Post MD p-value
SPADI (%) Group 1 70.5%£15.4 44.8+19.6 25.7 <0.001%**
Group 2 63.2+£17.0 28.5£16.6 34.7 <0.001***
MD 7.38 16.35 - -
p-value 0.159 0.007** - -
VAS (cm) Group 1 7.12+£2.25 3.74+2.24 3.38 <0.001%**
Group 2 6.61+2.20 2.30+1.61 4.31 <0.001***
MD 0.5 1.4 - -
p-value 0.159 0.025* - -
Supraspinatus thickness (mm) Group 1 4.79+1.08 4.99+1.27 -0.195 0.215
Group 2 4.46+0.86 4.52+0.96 -0.060 0.648
MD 0.33 0.46 - -
p-value 0.287 0.203 - -
Supraspinatus echo pixels Groupl 27,828.95+7,874.38 28,410.95+6,211.56 -582.00 0.476
Group 2 24,552.90+6,254.36 26,889.75+6,845.27 -2,336.85 0.020*
MD 3,726.05 1,521.20 - -
p-value 0.153 0.466 - -
Subscapularis thickness (mm) Group 1 3.03+0.65 2.86+0.59 0.16 0.027*
Group 2 3.01+0.80 2.99+0.63 0.03 0.712
MD 0.01 -0.12 - -
p-value 0.966 0.532 - -
Subscapularis echo pixels Group 1 17,536.90+4,325.39 19,355.40+5,342.39 -1,516.05 0.027*
Group2 17,536.90+4,325.39 18,135.25+3,828.76 -598.35 0.548
MD 302.45 1,220.00 - -
p-value 0.838 0.412 - -
DAS-28-ESR Group 1 4.45+0.83 3.28+0.99 1.17 <0.001%**
Group 2 4.88+0.77 3.38+1.00 1.49 <0.001***
MD -0.43 -0.11 - -
p-value 0.099 0.736 - -

Values are presented as meantstandard deviation.
SPADI, Shoulder Pain and Disability Index; VAS, visual analogue scale; DAS-28-ESR, Disease Activity Score-28-eryth-
rocyte sedimentation rate; MD, mean difference.

*p<0.05, *p<0.01, and ***p<0.001.

Supraspinatus and subscapularis thickness and echo
pixels

There was no statistically significant change in supra-
spinatus tendon thickness post-treatment in either group.
There was no statistically significant difference between
the two groups, either at baseline or post-treatment.

There was a statistically significant increase in echo
pixels of the supraspinatus tendon in the eccentric group
only post-treatment compared to baseline (p=0.020).
However, there was no statistically significant difference
between the two groups either at baseline or post-treat-

ment (Table 2).

There was a statistically significant decrease in subscap-
ularis tendon thickness in the concentric exercise group
only post-treatment compared to baseline (p=0.027).
However, there was no difference between the two groups
either at baseline or post-treatment (Table 2).

There was a significant increase in echo pixels of the
subscapularis tendon in the concentric group only post-
treatment compared to baseline (p=0.027). However,
there was no difference between the two groups either at
baseline or post-treatment (Table 2).
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Disease Activity Score-28-erythrocyte sedimentation
rate

There was a statistically significant decrease in DAS-28-
ESR scores post-treatment in both groups compared to
baseline assessment (p<0.001; Table 2). However, there
was no difference between the two groups either at base-
line or post-treatment.

DISCUSSION

Rheumatoid affections of the shoulder joints frequently
occur in patients with RA [9]. Patients with elderly-onset
RA have large joint involvement and shoulder symp-
toms more often than those with younger-onset RA [31].
This was observed in this study, where the mean age
was 44.43+5.39 years. Performing exercises effectively
improves shoulder function and pain without adverse
effects [13]. This study aimed to compare the efficacy of
concentric vs. eccentric exercises for rotator cuff tendi-
nopathy in patients with RA. Shoulder function, pain,
tendon characteristics, and RA disease activity were as-
sessed at baseline and after 12 sessions.

Exercise has proven its efficacy in restoring function in
patients with rotator cuff tendinopathy. Literature has
shown progressive loading exercises’ effectiveness in
treating rotator cuff tendinopathy patients. Among the
exercises used in treating patients with rotator cuff tendi-
nopathy are concentric and eccentric exercises [32].

In this study, shoulder function measured by the SPADI
and pain measured by the VAS improved in both groups.
Besides, the improvement was greater than the MCID.
Moreover, there was a significant improvement in shoul-
der function and pain in the eccentric group compared
to the concentric group. Furthermore, the difference be-
tween the two groups was greater than the MCID.

This was in agreement with the results of Chaconas et
al. [17] in 2017, which concluded that pain and function
improved following the eccentric exercise group com-
pared to the concentric group; however, their study in-
cluded subacromial impingement patients. In contrast to
our results, Blume et al. [33] in 2015, reported improve-
ment in both groups; however, no difference between ec-
centric and concentric exercise in treating patients with
subacromial impingement. However, they excluded any
patients with rheumatic diseases. This could explain the
difference in results compared to this study [33].
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To the best of author’s knowledge, this is the first ran-
domized clinical trial to compare concentric vs. eccentric
exercises in patients with RA. Exercise improved the pain
and function of shoulder tendinopathy in patients with
RA, with better outcomes in the eccentric group. This
agrees with many studies on non-RA patients that found
an eccentric exercise more beneficial than a concentric
exercise in improving pain, insulin sensitivity, glyce-
mic control, blood lipid profile, and physical fitness in
healthy people [14,34]. Furthermore, eccentric exercises
are believed to restore tendon blood flow and thickness.
In addition, eccentric exercises reduce edema and re-
verse painful neovascularization within injured tendons
[14,35].

MSUS was used to evaluate shoulder tendinopathy and
the efficacy of the exercise regimen in this study. This
study showed no difference between the two groups re-
garding supraspinatus tendon or subscapularis tendon
thickness at baseline or post-treatment. Furthermore,
only the concentric group showed a decrease in tendon
thickness of the subscapularis tendon post-treatment
compared to baseline.

Tendon thickening may be the first pathological mani-
festation of tendinopathy. The thicker tendon will oc-
cupy a larger space within the subacromial space, thus,
leading to tendon compression [22]. Therefore, tendon
thickness can be a good indicator of tendinopathy. An
increase in supraspinatus tendon thickness could be due
to chronic tendinopathy induced by age-related degen-
eration [36]. Grigg et al. [37] in 2009, reported a more sig-
nificant decrease in Achilles tendon thickness in healthy
adults immediately after an eccentric exercise compared
to a concentric exercise. However, they reported a recov-
ery time frame similar to concentric exercises.

Echo pixels analysis evaluates the pixel-intensity dis-
tribution in the tendons, where echo pixels are inversely
proportional to tendon affection. Compared to normal
tendons, decreased echo pixels were observed in tendi-
nopathy [38]. In this study, there was no significant dif-
ference between the two groups regarding supraspinatus
and subscapularis echo pixels. However, there was an im-
provement in supraspinatus echo pixels in the eccentric
group and subscapularis thickness and echo pixels in the
concentric group post-treatment compared to baseline.
This indicates the effectiveness of both types of exercise
in improving tendon characteristics in patients with RA.
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Thus, concentric and eccentric exercises complement
each other in treating rotator cuff tendinopathy.

However, there was no difference between the two
groups regarding any tendon characteristics. The con-
centric exercise was beneficial in improving subscapu-
laris tendon characteristics. At the same time, eccentric
exercise improved supraspinatus tendon characteristics.
This may be due to the different anatomical backgrounds,
physiology, and mechanisms of action. The subscapu-
laris muscle is the only rotator cuff muscle inserted in the
lesser tuberosity and acts as an internal shoulder rotator.
Supraspinatus, infraspinatus, and teres minor are insert-
ed into the greater tubercle and act as external rotators
or abductors [39]. The different attachments and actions
may cause different responses to different exercise types.

The DAS-28-ESR indicates RA disease activity, with a
higher score indicating higher disease activity [26,40].
This study showed that the DAS-28-ESR score decreased
in both groups. However, there was no difference be-
tween the groups. This could imply that exercise effec-
tively improves disease activity in patients with RA, re-
gardless of the type of exercise.

This study has some limitations, such as the lack of a
control group and the possibility that a longer duration of
treatment may be needed before changes in tendon char-
acteristics can be compared. Moreover, muscle power
was not assessed. Furthermore, we included patients
with subscapularis and supraspinatus tendinopathies.
However, this was the first study comparing eccentric
and concentric exercises in patients with RA. We recom-
mend further studies with an extended exercise program
on a large scale of patients and research involving the re-
sponse of different rotator cuff tendons to different exer-
cises. Additionally, we suggest a study involving a control
group.

This study has concluded that eccentric exercise is
more effective than concentric exercise in improving pain
and function in rotator cuff tendinopathy in patients with
RA. However, there was no difference between the types
of exercises related to any of the MSUS findings.
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