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Abstract: Shoulder pain (SP) is a common clinical complaint among wheelchair basketball (WB)
players, since their shoulders are exposed to intense overload and overhead movements. The
supraspinatus tendon is the most exposed to WB-related injuries and it is primarily responsible for SP
in WB athletes. In these cases, SP rehabilitation remains the main treatment, but there is still a lack of
specific protocols which should be customized to WB players’ peculiarities and to the supraspinatus
muscle activity monitor, and the improvement of rehabilitation outcomes is slow. Thus, the aim
of this study was to verify if the improvement of supraspinatus muscle activity, monitored in real
time with surface electromyography (sEMG) during the execution of therapeutic exercises, could
speed up SP rehabilitation outcomes in WB players. Thirty-three athletes were enrolled. They were
divided into two groups. Both groups underwent the same shoulder rehabilitation program, but
only the Exercise Plus sEMG Biofeedback Group executed therapeutic exercises while the activity of
the supraspinatus muscles was monitored using sEMG. Participants were evaluated at enrollment
(T0), at the end of 4 weeks of the rehabilitation program (T1), and 8 weeks after T1 (T2), using the
following outcome measures: supraspinatus muscle activity as root mean square (RMS), Wheelchair
User’s Shoulder Pain Index (WUSPI), shoulder abduction, and external rotation range of motion
(ROM). The Exercise Plus sEMG Biofeedback Group improved more and faster for all the outcomes
compared to the Exercise Group. The monitoring and improvement of supraspinatus muscle activity
seems to be an effective way to speed up SP rehabilitation outcomes in WB players, since it makes the
performance of therapeutic exercise more precise and finalized, obtaining better and faster results in
terms of recovery of shoulder function.

Keywords: shoulder pain; wheelchair basketball; Paralympics; sport; rehabilitation; disability;
rotator cuff
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1. Introduction

Wheelchair basketball (WB) is a Paralympic sport which grants many benefits for
people with disabilities who practice it [1]. WB is a contact sport and requires intense sport
gestures and athletic performance, in which frequent shoulder movements are necessary
(such as quick direction changes and sprints, ball throwing and passing); thus, it is unavoid-
able that this sport exposes players to injuries [2], particularly in the shoulders, so much so
that shoulder pain (SP) is extremely common among these athletes [3]. As a consequence,
an athlete may need to stop the sport activity, remaining inactive for a period ranging from
days to months and suffering both physical and psychological negative repercussions [4].
SP also results in a limitation of the activities of daily living in wheelchair users, and
the need to regularly use the wheelchair prevents the possibility of rest aimed at a full
functional recovery, triggering a vicious cycle.

It follows that SP in disabled athletes is a problem of constant relevance in the field
of sports medicine and rehabilitation. A recent scoping review states that SP prevalence
in WB players can reach the threshold of 75% [5]. Among the SP causes in WB players,
rotator cuff tendinopathies seem to be the most frequent trigger [6]. In particular, since WB
is an overhead sport, the supraspinatus tendon is the most exposed to lesions and thus is
primarily responsible for the appearance of SP [7], also contributing to scapular dyskinesias,
which results in further limitations of daily wheelchair use [8]. SP rehabilitation in WB
athletes remains the main therapeutic approach. Nevertheless, SP rehabilitation protocols
for WB players are still not specific and customized to the needs of these athletes and to
supraspinatus muscle activity monitoring, and are therefore characterized by slow outcome
improvement [9].

Surface electromyography (sEMG) allows measuring the muscles’ electrical activity
and identifying any alterations, correcting them in real time [10]; thus, it represents a
promising instrument to personalize kinesitherapy programs. We hypothesized that EMG
monitoring of rehabilitation can more rapidly improve joint function and reduce SP.

Thus, the aim of this study was to verify if the improvement of supraspinatus muscle
activity, monitored in real time with sEMG during the execution of therapeutic exercises,
could speed up SP rehabilitation outcomes in WB players and guarantee them a quicker
return to the field, avoiding a prolonged suspension of sporting activity.

2. Materials and Methods

Between May 2021 and September 2022, a prospective clinical study was carried out at
the Movement Analysis Service of the Department of Biological and Environmental Science
and Technology, University of Salento, Lecce, Italy.

2.1. Participants

The following enrollment criteria were established. Inclusion criteria: athletes aged
>18 years; members of a professional WB sports association; sporting practice for at least
2 years; prevalent wheelchair use in the activities of daily living; SP for at least 1 month;
medical and ultrasound diagnosis of rotator cuff tendinopathy. Exclusion criteria: SP
conservative or surgical therapies in the previous month; presence of shoulder fractures
and arthropathies; presence of complete rotator cuff tendon tears; clinical or instrumental
evidence of rheumatological or neurological diseases affecting the upper limbs. WB athletes
participating in the second Italian divisions of FIPIC (Wheelchair Basketball Italian Federa-
tion) were eligible for recruitment, provided that they met the above-mentioned criteria.

Thirty-three (33) athletes met these criteria and were recruited for the study. The
sample size was a convenience one, but it was in line with previous studies concerning
biofeedback and wheelchair athletes’ rehabilitation [11,12]. G*Power post hoc calculations
for the performed ANOVA indicated a statistical power of 96%, provided a minimum effect
size of 0.3 (as given by eta squared).
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2.2. Procedures

At the enrollment (T0), after a medical evaluation, each participant underwent the
following evaluations:

- WUSPI (Wheelchair User’s Shoulder Pain Index): It is a scale which measures shoulder
pain associated with the functional activities of wheelchair users. This 15-item index
investigates shoulder pain during transfers, self-care, wheelchair mobility, and general
activities. The score can range from 0 to 150 [13].

- Supraspinatus muscle activity of both shoulders measured as root mean square (RMS):
This evaluation was made using the mDurance sEMG and was expressed in microvolts;
after performing a skin disinfection with isopropyl alcohol and placing the patient in a
shoulder resting position, two pre-gelled electrodes were applied on two points of the
supraspinatus muscle belly and one third on the acromion, for both sides, according
to the pre-set device instructions.

- Range of motion (ROM) in abduction and external rotation: It is the evaluation
measured in degrees (◦) of the shoulder range of movement in the direction most
influenced by the activity of the supraspinatus muscle. This evaluation was made
using the inertial sensors included in the mDurance device.

Then, all the recruited WB players were randomly divided into two groups: the
Exercise Group and the Exercise Plus sEMG Biofeedback Group. Both groups underwent
a shoulder rehabilitation protocol under the guidance of a therapist according to a four-
week exercise protocol (two exercise sessions per week, one hour per session). Exercises’
volume and intensity were adapted for each individual within a pain-free range, but each
participant was asked to perform at least two series of at least eight repetitions for each
exercise. Exercises focused on stretching and strengthening of shoulder rotators, adductors,
abductors, and extensors, with particular attention to supraspinatus. Resistance exercises
involved the initial use of rubber bands and then the use of increasing weights, from 1 to
3 kilograms, over the course of the 4-week program. Particularly, exercises consisted of
shoulder rotations in the horizontal plane, shoulder abduction and adduction with and
without weights, and shoulder and elbow flexion and extension with and without weights.
At the end of each session, stretching exercises were carried out for all the muscles of the
shoulder girdle.

The difference between the groups was that subjects in the exercise plus sEMG
Biofeedback group executed all the exercises under the control of the mDurance® sys-
tem [14], which made it possible for the therapist and the athlete to activate and monitor
the supraspinatus muscles in real time, using sEMG biofeedback to improve shoulder
muscle balance and muscle relaxation. The mDurance® system consists of a two-channel
bipolar sensor for recording the superficial muscle activity. This electrical signal is brought
from the pre-gelled electrodes, which are applied on the skin in correspondence with the
investigated muscle, to a tablet, where a dedicated mobile application stores, analyzes, and
transforms the signal into live images visible on the tablet screen. So, during the exercise
execution, both the patient and the therapist can look at the graphs of muscle activation
and joint mobility, working on a model of self-correction in biofeedback and also obtaining
a final report about the performance.

Each enrolled subject was newly evaluated at T1, at the end of the rehabilitation
protocol, 4 weeks after T0, and at T2, 8 weeks after T1. To guarantee a pharmacological
pain control, in the twelve weeks after T0, athletes were allowed to take paracetamol as
needed (maximum 3 g/day) and they were asked to report the frequency and dosage in an
intake diary.

Each participant was recruited with informed consent to participate in the study. All
the procedures were carried out in accordance with the principles of the Declaration of
Helsinki. Ethical approval was granted by the Institutional Review Board of the University
of Salento (no. 3/28 April 2021).



Int. J. Environ. Res. Public Health 2023, 20, 255 4 of 11

2.3. Statistical Analysis

Compiled forms were entered into a database created with an Excel spreadsheet,
and data analysis was performed using Stata MP17 software. Continuous variables were
described as mean ± standard deviation (SD) and range, and categorical variables as
proportions. The skewness and kurtosis test was used to evaluate the normality of con-
tinuous variables; all the continuous variables were normally distributed. Student’s t test
for independent data was used to compare continuous variables between groups. The
ANOVA for repeated measures test was used to compare continuous variables between
groups and detection time. A post hoc analysis was performed using the test of simple
effects to estimate the variation in each outcome confronting each detection time per group.
The chi-square test was used to compare the proportions between groups. For all tests, a
two-sided p-value < 0.05 was considered statistically significant.

3. Results

The study sample included 33 male subjects, of which 16 (48.5%) belonged to the
Exercise Group and 17 (51.5%) to the Exercise Plus sEMG Biofeedback Group. The char-
acteristics of the sample, by group, are shown in Table 1. The groups were homogeneous
according to the considered variables.

Table 1. Sample features, by group.

Variable Exercise Group
(n = 16)

Exercise Plus sEMG
Biofeedback Group

(n = 17)

Total
(n = 33) p-Value

Age; mean ± SD (range) 38.7 ± 8.7 (23–55) 37.2 ± 10.0 (24–57) 37.9 ± 9.3 (23–57) 0.648

BMI; mean ± SD (range) 23.7 ± 3.2 (18.8–31.1) 24.4 ± 4.9 (17.0–35.9) 24.0 ± 4.1 (17.0–35.9) 0.623

Right dominant limb; n (%) 13 (81.3) 12 (70.6) 25 (75.8) 0.475

Shoulder pain on the right side; n (%) 14 (87.5) 13 (76.5) 27 (81.8) 0.412

Control = control group; Experimental = experimental group; BMI = Body Mass Index; SD = standard deviation;
n = number.

The mean ± SD and range of the outcome variables, by group and time of detection,
are described in Table 2 and graphically represented in Figure 1. Supraspinatus RMS of the
limb affected by SP increased in both groups between the three detection times, but more
markedly in the Exercise Plus sEMG Biofeedback Group, while supraspinatus RMS of the
limb free from SP slightly increased between times, with no substantial differences between
the two groups. WUSPI scores improved in both groups between the three detection times,
but more markedly in the Exercise Plus sEMG Biofeedback Group. Abduction and External
Rotation ROM scores improved in both groups between the three detection times, but more
markedly in the Exercise Plus sEMG Biofeedback Group.

The ANOVA for repeated measures test showed a statistically significant difference
for supraspinatus RMS of the limb affected by SP, WUSPI, external rotation, and abduction
ROM scores in the comparison between groups (p < 0.05), while supraspinatus RMS for the
limb free from SP did not show a significant difference in this comparison (p = 0.844); there
was a statistically significant difference for all the outcome measures in the comparison
between times (p < 0.0001). The same test showed a statistically significant difference for
all the outcome measures in the interaction between time and group (p < 0.0001), except
the supraspinatus RMS for the limb free from SP (0.686). So, the Exercise Plus sEMG
Biofeedback Group showed a better improvement for all the outcomes in the detection
times compared to the Exercise Group. All these findings are described in Table 2.
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Table 2. Mean ± standard deviation (range) of the outcomes, by group and detection time.

Outcome Group T0 T1 T2
Comparison

Between
Groups

Comparison
Between

Times

Interaction
Between
Time and

Group

Supraspinatus
RMS

(microvolts)—
limb affected

by SP

Exercise
Group

101.2 ± 11.9
(81.6–118.9)

145.1 ± 12.9
(123.7–170.0)

154.5 ± 11.8
(132.1–179.3)

<0.0001 <0.0001 <0.0001

Exercise Plus
sEMG

Biofeedback
Group

100.1 ± 13.1
(78.1–119.1)

171.5 ± 5.1
(160.2–178.9)

184.7 ± 6.7
(170.3–195.7)

Total 100.6 ± 12.3
(78.1–119.1)

158.7 ± 16.4
(123.7–178.9)

170.1 ± 18.0
(132.1–195.7)

Supraspinatus
RMS

(microvolts)—
limb free
from SP

Exercise
Group

170.9 ± 4.8
(160.3–180.5)

182.6 ± 8.7
(167.9–201.7)

185.6 ± 11.8
(132.1–179.3)

0.844 <0.0001 0.686

Exercise Plus
sEMG

Biofeedback
Group

172.3 ± 6.0
(158.5–180.0)

182.5 ± 5.2
(172.9–189.1)

185.3 ± 3.8
(178.2–191.0)

Total 171.6 ± 5.4
(158.5–180.5)

182.5 ± 7.0
(167.9–201.7)

185.5 ± 6.1
(174.6–200.9)

WUSPI

Exercise
Group

121.6 ± 9.6
(107–137)

81.7 ± 6.3
(71–92)

77.7 ± 6.6
(66–89)

<0.0001 <0.0001 <0.0001

Exercise Plus
sEMG

Biofeedback
Group

121.8 ± 8.9
(106–135)

54.2 ± 8.5
(41–70)

47.8 ± 8.7
(36–67)

Total 121.7 ± 9.1
(106–137)

67.5 ± 15.8
(41–92)

62.3 ± 17.0
(36–89)

Abduction
ROM

(degrees)

Exercise
Group

100.7 ± 3.4
(97–107)

109.8 ± 2.6
(105–115)

112.8 ± 2.6
(108–118)

<0.0001 <0.0001 <0.0001

Exercise Plus
sEMG

Biofeedback
Group

100.8 ± 3.8
(94–110)

114.5 ± 5.8
(105–126)

118.2 ± 6.2
(108–128)

Total 100.8 ± 4.2
(94–110)

118.9 ± 4.2
(111–126)

123.2 ± 3.7
(116–128)

External
Rotation

ROM
(degrees)

Exercise
Group

59.1 ± 7.9
(47–73)

66.9 ± 7.2
(58–80)

70.1 ± 6.8
(62–82)

0.012 <0.0001 <0.0001

Exercise Plus
sEMG

Biofeedback
Group

59.6 ± 6.9
(48–72)

74.0 ± 3.2
(70–80)

78.1 ± 2.9
(74–82)

Total 59.4 ± 7.3
(47–73)

70.6 ± 6.5
(58–80)

74.2 ± 6.5
(62–82)

Control = control group; Experimental = experimental group; RMS = root mean square; SP = shoulder pain;
WUSPI = Wheelchair User’s Shoulder Pain Index; ROM = range of motion.

In Table 3, a statistically significant improvement in the supraspinatus RMS for both
shoulders emerged for both groups between T0 and T1 (p < 0.0001), between T0 and
T2 (p < 0.0001), and between T1 and T2 (p < 0.0001 for Exercise Plus sEMG Biofeedback
Group and p = 0.004 for Exercise Group), so the improvement for the Exercise Plus sEMG
Biofeedback Group was higher. Neither group recorded significant differences between
T1 and T2 for supraspinatus RMS for the limb free from SP (p = 0.066 for Exercise Plus
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sEMG Biofeedback Group and p = 0.061 for Exercise Group). A statistically significant
improvement in the WUSPI scores emerged for both groups between T0 and T1, between
T0 and T2, and between T1 and T2 (p < 0.05). The abduction and external rotation ROM
scores improved in both groups between all the detection times, but these differences are
higher for the Exercise Plus sEMG Biofeedback Group.
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Figure 1. Outcomes’ mean scores by group and detection time.

Table 3. Time effect at each treatment level.

Exercise Plus sEMG Biofeedback Group Exercise Group

Outcome Time Contrast (95%CI) p-Value Contrast (95%CI) p-Value

Supraspinatus
RMS—limb

affected by SP

T1 vs. T0 71.4 (65.4–77.5) <0.0001 43.9 (37.7–50.2) <0.0001

T2 vs. T0 84.7 (78.6–90.7) <0.0001 53.3 (47.1–59.2) <0.0001

T2 vs. T1 13.2 (7.2–19.2) <0.0001 9.4 (3.2–15.6) 0.004

Supraspinatus
RMS—limb free

from SP

T1 vs. T0 10.1 (7.0–13.2) <0.0001 11.7 (8.5–14.9) <0.0001

T2 vs. T0 13.0 (9.9–16.1) <0.0001 14.7 (11.6–17.9) <0.0001

T2 vs. T1 2.9 (−0.2–6.0) 0.066 3.0 (−0.1–6.2) 0.061

WUSPI

T1 vs. T0 −67.6 (−71.2–−63.9) <0.0001 −39.9
(−43.6–−36.1) <0.0001

T2 vs. T0 −74.0 (−77.6–−70.4) <0.0001 −43.9
(−47.6–−40.1) <0.0001

T2 vs. T1 −6.4 (−10.0–−2.8) 0.001 −4.0 (−7.7–−0.3) 0.037
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Table 3. Cont.

Exercise Plus sEMG Biofeedback Group Exercise Group

Outcome Time Contrast (95%CI) p-Value Contrast (95%CI) p-Value

Abduction ROM

T1 vs. T0 18.1 (16.3–19.8) <0.0001 9.1 (7.3–10.9) <0.0001

T2 vs. T0 22.4 (20.7–24.2) <0.0001 12.1 (10.3–13.9) <0.0001

T2 vs. T1 4.4 (2.6–6.1) <0.0001 3.0 (1.2–4.8) 0.001

External Rotation
ROM

T1 vs. T0 14.3 (12.3–16.4) <0.0001 7.9 (5.7–10.0) <0.0001

T2 vs. T0 18.4 (16.3–20.5) <0.0001 11.0 (8.8–13.2) <0.0001

T2 vs. T1 4.1 (2.0–6.1) <0.0001 3.1 (1.0–5.3) 0.005

RMS = root mean square; WUSPI = Wheelchair User’s Shoulder Pain Index; ROM = range of motion; CI = confi-
dence interval.

From the analysis of analgesic intake diaries in the twelve weeks following enrollment,
only a random intake emerged, which settled on an average of 1.5 g/week per group, with
a sporadic and non-significant distribution among the participants.

4. Discussion

Sporting activities are a great health occasion for people with disabilities [15,16], but
sport-related injuries are a frequent risk both for able-bodied and disabled athletes [17–22].
In particular, WB players are maximally exposed to SP [23]. Thus, this clinical complaint
requires the identification of new prevention and therapy strategies. Rehabilitation is
a traditional effective approach to relieve SP for wheelchair users and wheelchair ath-
letes [24,25], but there is still the necessity to better standardize rehabilitative protocols in
order to speed up and better monitor the improvement of outcomes, especially for WB
players, whose peculiarities in terms of sport gestures require more specific, targeted, and
faster therapeutic solutions than those already existing. Since rotator cuff dysfunctions,
particularly supraspinatus muscle ones, are the most frequent causes of WB players’ SP,
the aim of this study was to elucidate if real-time monitoring and specific improvement
of supraspinatus muscle activity could speed up and better target SP rehabilitation in this
category of disabled sportsmen.

The results showed that both groups improved, but the Exercise Plus sEMG Biofeed-
back Group obtained better and faster results for all the outcome measures in all the
detection times compared to the Exercise Group. In particular, a higher improvement of
supraspinatus RMS for the upper limb affected by SP coincides with a greater and faster
joint ROM increase and pain relief. The possibility to monitor supraspinatus muscle activity
in real time using sEMG seems to be an effective way to finalize and guide the execution of
therapeutic shoulder exercises, focusing on this pivotal muscle as the cause of SP and thus
allowing a faster recovery in WB players.

These findings are in line with those reported in other studies regarding therapeutic
exercise protocols for SP in wheelchair users. The obtained improvement in WUSPI scores is
superimposable to that achieved by Middaugh et al. [26], who carried out EMG biofeedback
training, in addition to a traditional exercise protocol, on reducing SP in manual wheelchair
users with spinal cord injury. The WUSPI improvement for the experimental group at the
10-week follow-up reached a rate of 64%, similarly to what was achieved in our Exercise
Plus sEMG Biofeedback Group, and it was greater than that of the control group, which
executed rehabilitation without EMG biofeedback. Furthermore, the increases in abduction
and external rotation ROM showed significant improvements, since they were greater than
5◦ [27], and were preventable as a consequence of a rehabilitation plan aimed at recovering
joint function starting from the restoration of the best activity of the supraspinatus muscle,
which guarantees and implements these movements when appropriately prompted by
targeted exercises [28]. In fact, Wilroy et al. [29] devised a shoulder injury prevention
program aimed at improving joint ROM and relieving pain in WB players. This study
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was carried out on a small sample, but it demonstrated that internal and external rotation
significantly increased with rehabilitation programs targeting the rotator cuff muscles.

The improvement of supraspinatus muscle activity is traditionally the keystone
of the protocols aimed at full functional recovery from SP deriving from rotator cuff
tendinopathies [30], especially for overhead athletes [31]. It is even more important for
wheelchair athletes. In this sense, Aytar et al. [8] stated the necessity for disabled athletes of
special exercise techniques for shoulder and dyskinesis to be included in training programs
to prevent injury. These protocols should aim to train the shoulders symmetrically, thus
harmonizing dyskinesias and normalizing the activity of the cuff muscles [32,33]. As is
known, SP causes a reduction in daily shoulder movements and therefore in the activation
of the relative muscles, while specific training, especially if symmetrical, reactivates the
muscles, particularly the supraspinatus, and implements their electrical activity, improving
global joint function [34–36]. Although the shoulder free from SP was not the specific
target of the rehabilitation that we carried out, it is not surprising that this shoulder also
improved, progressively matching the values of the contralateral one, while obviously the
supraspinatus RMS value increased slightly, since it was already higher at baseline.

The possibility to control and train the supraspinatus muscle in real time using sEMG
seems to be a promising way to quickly increase shoulder ROM and to relieve SP, thereby
speeding up rehabilitation outcomes and making them easier to measure, thus addressing
the problem of objectifying rehabilitative evaluation scales [37,38]. Nevertheless, to our
knowledge, sEMG control of shoulder muscles has never been included in rehabilitation
protocols dedicated to WB players. However, even when sEMG was implemented in
rehabilitation and return-to-field programs for athletes practicing overhead sports, it was
mainly used as a mere diagnostic tool for muscle dysfunctions [39,40], while the application
we propose is a novelty since it is used as a guide, measurement, and biofeedback correction
tool for shoulder therapeutic exercises. We suppose that sEMG traditional applications were
limited because it was a complex and expensive instrument, and consequently, it was an
exclusive prerogative of expert physicians. However, the latest technological developments
in sEMGs make these devices easy and feasible [41,42]. In fact, mDurance has a guide that
graphically explains and represents on a tablet screen all the procedures, from applying
the sensors to the interpretation of the final reports. In this way, sEMG allows athletes to
observe and correct shoulder exercises in biofeedback by specifically implementing the
muscle activity of the shoulder girdle muscles, and it also allows them to perform exercises
autonomously in home-based protocols which can at a later time be controlled in all aspects
by the physiotherapists who treat them. Furthermore, in this way, the physiotherapist can
better control muscle activation, increasing it from the point of view of WB-specific gestures
or other sport-specific needs.

This study is not free from limitations. The sample size is a convenience one since WB
players are a small cohort themselves. Nevertheless, as we stated above, the sample enabled
96% statistical power and it is in line with other similar studies. As a consequence, this
study is not a randomized clinical trial, so further studies are needed, with larger cohorts,
to better demonstrate the evidence that the supraspinatus muscle activity improvement
could speed up SP rehabilitation outcomes. Finally, the follow-up periods were short, and
it is desirable for new studies to investigate the duration of outcome improvement. We
also consider the adaption of the volume and intensity of exercise as a study limitation.
The modulation of the loads according to the individual abilities of the athletes makes
the exercise method less objective, but this need was due to the necessity to remain in a
pain-free range of motion and therefore to allow all the exercises to be carried out, as we
said before. The individualization of therapeutic exercise represents a further challenge,
which will certainly be possible thanks to the use of sEMG. Nevertheless, a strength of this
study is that it is the first to place the monitoring and improvement of the supraspinatus
activity at the center of the SP rehabilitation project in wheelchair athletes, outlining a new
and promising strategy to speed up rehabilitation outcomes.
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5. Conclusions

The monitoring and improvement of supraspinatus muscle activity seems to be an
effective way to speed up SP rehabilitation outcomes in WB players, since it makes the
execution of therapeutic exercise more precise and finalized, obtaining better and faster
results in terms of recovery of shoulders’ full function and motor harmony. As a con-
sequence, professional athletes can return to the field more quickly, and more generally,
people with disabilities who practice WB can just as quickly return to their usual physical
activity, avoiding the risks caused by abandoning the sport. Further studies are needed to
implement the evidence of the importance of supraspinatus muscle activity monitor and
improvement in SP rehabilitation protocols, but this already seems a promising way to
build new shoulder sports rehabilitation programs for wheelchair athletes.

Author Contributions: Conceptualization, G.F., M.M. and V.M.R.; methodology, F.P.B. and M.R.;
software, L.T. and L.R.; validation, F.A. and V.R.; formal analysis, G.F.; investigation, G.F. and E.F.;
data curation, G.F. and V.B.; writing—original draft preparation, G.F.; writing—review and editing,
M.M. and P.F.; supervision, V.M.R.; project administration, V.M.R. and M.M. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding. Victor Machado Reis was funded by FCT—
Fundação para a Ciência e Tecnologia (UID04045/2020).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and was approved by the Institutional Review Board of the University of Salento (no. 3/28
April 2021).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The datasets used and analyzed during the current study will be made
available upon reasonable request to the corresponding author, G.F.

Acknowledgments: The authors thank the Apulian Section of FIPIC (Italian Wheelchair Basketball
Federation) for the help in involving WB players in this study.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Cavalcante, R.N.; Santos, A.C.S.; Rodrigues, R.A.S.; Napoleão, A.C.B.; Balogun, S.O.; de Andrade, B.R.M.; Fett, C.A.; Zavala,

A.A.Z.; Arunachalam, K.; de Oliveira, R.G. Wheelchair basketball improves the treatment of urinary tract infection in people with
motor disabilities: A clinical trial. Rev. Assoc. Med. Bras. 2022, 68, 559–567. [CrossRef]

2. Sá, K.; e Silva, A.C.; Gorla, J.; Silva, A.; e Silva, M.M. Injuries in Wheelchair Basketball Players: A Systematic Review. Int. J.
Environ. Res. Public Health 2022, 19, 5869. [CrossRef]

3. Tsunoda, K.; Mutsuzaki, H.; Kanae, K.; Tachibana, K.; Shimizu, Y.; Wadano, Y. Associations between wheelchair user’s shoulder
pain index and tendinitis in the long head of the biceps tendon among female wheelchair basketball players from the Japanese
national team. Asia-Pac. J. Sports Med. Arthrosc. Rehabil. Technol. 2021, 24, 29–34. [CrossRef]

4. Heyward, O.W.; Vegter, R.J.K.; De Groot, S.; Van Der Woude, L.H.V. Shoulder complaints in wheelchair athletes: A systematic
review. PLoS ONE 2017, 12, e0188410. [CrossRef] [PubMed]

5. Karasuyama, M.; Oike, T.; Okamatsu, S.; Kawakami, J. Shoulder pain in wheelchair basketball athletes: A scoping review. J. Spinal
Cord Med. 2022, 1–7. [CrossRef] [PubMed]

6. Hoo, J.A.S.; Kim, H.; Fram, J.; Lin, Y.; Page, C.; Easthausen, I.; Jayabalan, P. Shoulder pain and ultrasound findings: A comparison
study of wheelchair athletes, nonathletic wheelchair users, and nonwheelchair users. PM&R 2021, 14, 551–560. [CrossRef]

7. Tsunoda, K.; Mutsuzaki, H.; Hotta, K.; Tachibana, K.; Shimizu, Y.; Fukaya, T.; Ikeda, E.; Wadano, Y. Correlates of shoulder pain in
wheelchair basketball players from the Japanese national team: A cross-sectional study. J. Back Musculoskelet. Rehabil. 2016, 29,
795–800. [CrossRef] [PubMed]

8. Aytar, A.; Zeybek, A.; Pekyavas, N.O.; Tigli, A.A.; Ergun, N. Scapular resting position, shoulder pain and function in disabled
athletes. Prosthet. Orthot. Int. 2015, 39, 390–396. [CrossRef]

9. Dutton, R.A. Medical and Musculoskeletal Concerns for the Wheelchair Athlete: A Review of Preventative Strategies. Curr. Sports
Med. Rep. 2019, 18, 9–16. [CrossRef] [PubMed]

10. Neblett, R.; Mayer, T.G.; Gatchel, R.J. Theory and rationale for surface EMG-assisted stretching as an adjunct to chronic
musculoskeletal pain rehabilitation. Appl. Psychophysiol. Biofeedback 2003, 28, 139–146. [CrossRef] [PubMed]

http://doi.org/10.1590/1806-9282.20210896
http://doi.org/10.3390/ijerph19105869
http://doi.org/10.1016/j.asmart.2021.01.003
http://doi.org/10.1371/journal.pone.0188410
http://www.ncbi.nlm.nih.gov/pubmed/29161335
http://doi.org/10.1080/10790268.2022.2038050
http://www.ncbi.nlm.nih.gov/pubmed/35196211
http://doi.org/10.1002/pmrj.12648
http://doi.org/10.3233/BMR-160691
http://www.ncbi.nlm.nih.gov/pubmed/27002664
http://doi.org/10.1177/0309364614534295
http://doi.org/10.1249/JSR.0000000000000560
http://www.ncbi.nlm.nih.gov/pubmed/30624329
http://doi.org/10.1023/A:1023862625787
http://www.ncbi.nlm.nih.gov/pubmed/12827992


Int. J. Environ. Res. Public Health 2023, 20, 255 10 of 11

11. Calabrò, R.S.; Filoni, S.; Billeri, L.; Balletta, T.; Cannavò, A.; Militi, A.; Milardi, D.; Pignolo, L.; Naro, A. Robotic Rehabilitation in
Spinal Cord Injury: A Pilot Study on End-Effectors and Neurophysiological Outcomes. Ann. Biomed. Eng. 2021, 49, 732–745.
[CrossRef] [PubMed]

12. Van Straaten, M.G.; Cloud-Biebl, B.; Morrow, M.M.; Ludewig, P.; Zhao, K.D. Effectiveness of Home Exercise on Pain, Function,
and Strength of Manual Wheelchair Users with Spinal Cord Injury: A High-Dose Shoulder Program with Telerehabilitation. Arch.
Phys. Med. Rehabil. 2014, 95, 1810–1817.e2. [CrossRef] [PubMed]

13. Curtis, K.A.; Roach, K.E.; Applegate, E.B.; Amar, T.; Benbow, C.S.; Genecco, T.D.; Gualano, J. Development of the Wheelchair
User’s Shoulder Pain Index (WUSPI). Spinal Cord 1995, 33, 290–293. [CrossRef] [PubMed]

14. Molina-Molina, A.; Ruiz-Malagón, E.J.; Carrillo-Pérez, F.; Roche-Seruendo, L.E.; Damas, M.; Banos, O.; García-Pinillos, F.
Validation of mDurance, A Wearable Surface Electromyography System for Muscle Activity Assessment. Front. Physiol. 2020,
11, 606287. [CrossRef]

15. Farì, G.; Lunetti, P.; Pignatelli, G.; Raele, M.V.; Cera, A.; Mintrone, G.; Ranieri, M.; Megna, M.; Capobianco, L. The Effect of
Physical Exercise on Cognitive Impairment in Neurodegenerative Disease: From Pathophysiology to Clinical and Rehabilitative
Aspects. Int. J. Mol. Sci. 2021, 22, 11632. [CrossRef]

16. Vanderstraeten, G.G.; Oomen, A.G. Sports for disabled people: A general outlook. Int. J. Rehabil. Res. 2010, 33, 283–284. [CrossRef]
[PubMed]

17. Farì, G.; Fischetti, F.; Zonno, A.; Marra, F.; Maglie, A.; Bianchi, F.; Messina, G.; Ranieri, M.; Megna, M. Musculoskeletal Pain
in Gymnasts: A Retrospective Analysis on a Cohort of Professional Athletes. Int. J. Environ. Res. Public Health 2021, 18, 5460.
[CrossRef]

18. Notarnicola, A.; Farì, G.; Maccagnano, G.; Riondino, A.; Covelli, I.; Bianchi, F.P.; Tafuri, S.; Piazzolla, A.; Moretti, B. Teenagers’
perceptions of their scoliotic curves. an observational study of comparison between sports people and non- sports people. Muscles
Ligaments Tendons J. 2019, 9, 225–235. [CrossRef]

19. Farì, G.; Notarnicola, A.; DI Paolo, S.; Covelli, I.; Moretti, B. Epidemiology of injuries in water board sports: Trauma versus
overuse injury. J. Sports Med. Phys. Fit. 2021, 61, 707–711. [CrossRef]

20. Farì, G.; Santagati, D.; Macchiarola, D.; Ricci, V.; Di Paolo, S.; Caforio, L.; Invernizzi, M.; Notarnicola, A.; Megna, M.; Ranieri, M.
Musculoskeletal pain related to surfing practice: Which role for sports rehabilitation strategies? A cross-sectional study. J. Back
Musculoskelet. Rehabil. 2022, 35, 911–917. [CrossRef]

21. De Sire, A.; Demeco, A.; Marotta, N.; Spanò, R.; Curci, C.; Farì, G.; Fortunato, F.; Iona, T.; Lippi, L.; Paolucci, T.; et al.
Neuromuscular impairment of knee stabilizer muscles in a COVID-19 cluster of female volleyball players: Which role for
rehabilitation in the post-COVID-19 return-to-play? Appl. Sci. 2022, 12, 557. [CrossRef]

22. Fagher, K.; Lexell, J. Sports-related injuries in athletes with disabilities. Scand. J. Med. Sci. Sports 2014, 24, e320–e331. [CrossRef]
[PubMed]

23. Curtis, K.A.; Black, K. Shoulder Pain in Female Wheelchair Basketball Players. J. Orthop. Sports Phys. Ther. 1999, 29, 225–231.
[CrossRef] [PubMed]

24. Mason, B.; Warner, M.; Briley, S.; Goosey-Tolfrey, V.; Vegter, R. Managing shoulder pain in manual wheelchair users: A scoping
review of conservative treatment interventions. Clin. Rehabil. 2020, 34, 741–753. [CrossRef] [PubMed]

25. Cratsenberg, K.A.; Deitrick, C.E.; Harrington, T.K.; Kopecky, N.R.; Matthews, B.D.; Ott, L.M.; Coeytaux, R.R. Effectiveness of
Exercise Programs for Management of Shoulder Pain in Manual Wheelchair Users with Spinal Cord Injury. J. Neurol. Phys. Ther.
2015, 39, 197–203. [CrossRef] [PubMed]

26. Middaugh, S.; Thomas, K.J.; Smith, A.R.; McFall, T.L.; Klingmueller, J. EMG Biofeedback and Exercise for Treatment of Cervical
and Shoulder Pain in Individuals with a Spinal Cord Injury: A Pilot Study. Top. Spinal Cord Inj. Rehabil. 2013, 19, 311–323.
[CrossRef] [PubMed]

27. Boone, B.D.C.; Azen, S.P.; Lin, B.C.-M.; Spence, B.C.; Baron, B.C.; Lee, B.L. Reliability of Goniometric Measurements. Phys. Ther.
1978, 58, 1355–1360. [CrossRef]

28. Ortega-Santiago, R.; González-Aguado, Á.J.; Fernández-De-Las-Peñas, C.; Cleland, J.A.; De-La-Llave-Rincón, A.I.; Kobylarz,
M.D.; Plaza-Manzano, G. Pressure pain hypersensitivity and referred pain from muscle trigger points in elite male wheelchair
basketball players. Braz. J. Phys. Ther. 2019, 24, 333–341. [CrossRef]

29. Wilroy, J.; Hibberd, E. Evaluation of a Shoulder Injury Prevention Program in Wheelchair Basketball. J. Sport Rehabil. 2018, 27,
554–559. [CrossRef]

30. Dominguez-Romero, J.G.; Jiménez-Rejano, J.J.; Ridao-Fernández, C.; Chamorro-Moriana, G. Exercise-Based Muscle Development
Programmes and Their Effectiveness in the Functional Recovery of Rotator Cuff Tendinopathy: A Systematic Review. Diagnostics
2021, 11, 529. [CrossRef]

31. Cotter, E.J.; Hannon, C.P.; Christian, D.; Frank, R.M.; Bach, B.R., Jr. Comprehensive Examination of the Athlete’s Shoulder. Sports
Health A Multidiscip. Approach 2018, 10, 366–375. [CrossRef] [PubMed]

32. Turgut, E.; Pedersen, Ø.; Duzgun, I.; Baltaci, G. Three-dimensional scapular kinematics during open and closed kinetic chain
movements in asymptomatic and symptomatic subjects. J. Biomech. 2016, 49, 2770–2777. [CrossRef] [PubMed]

33. Notarnicola, A.; Maccagnano, G.; Maresca, L.; Oliva, M.C.; Fari, G.; Papagni, G.; Pignatelli, G.; Covelli, I.; Gioia, G.; Bianchi,
F.P.; et al. Is extracorporeal shockwave therapy effective even in the treatment of partial rotator cuff tear? J. Biol. Regul. Homeost.
Agents 2020, 34, 709–714. [CrossRef] [PubMed]

http://doi.org/10.1007/s10439-020-02611-z
http://www.ncbi.nlm.nih.gov/pubmed/32918105
http://doi.org/10.1016/j.apmr.2014.05.004
http://www.ncbi.nlm.nih.gov/pubmed/24887534
http://doi.org/10.1038/sc.1995.65
http://www.ncbi.nlm.nih.gov/pubmed/7630657
http://doi.org/10.3389/fphys.2020.606287
http://doi.org/10.3390/ijms222111632
http://doi.org/10.1097/MRR.0b013e32834012b1
http://www.ncbi.nlm.nih.gov/pubmed/22470933
http://doi.org/10.3390/ijerph18105460
http://doi.org/10.32098/mltj.02.2019.11
http://doi.org/10.23736/S0022-4707.20.11379-3
http://doi.org/10.3233/BMR-210191
http://doi.org/10.3390/app12020557
http://doi.org/10.1111/sms.12175
http://www.ncbi.nlm.nih.gov/pubmed/24422719
http://doi.org/10.2519/jospt.1999.29.4.225
http://www.ncbi.nlm.nih.gov/pubmed/10322595
http://doi.org/10.1177/0269215520917437
http://www.ncbi.nlm.nih.gov/pubmed/32397819
http://doi.org/10.1097/NPT.0000000000000103
http://www.ncbi.nlm.nih.gov/pubmed/26308939
http://doi.org/10.1310/sci1904-311
http://www.ncbi.nlm.nih.gov/pubmed/24244096
http://doi.org/10.1093/ptj/58.11.1355
http://doi.org/10.1016/j.bjpt.2019.05.008
http://doi.org/10.1123/jsr.2017-0011
http://doi.org/10.3390/diagnostics11030529
http://doi.org/10.1177/1941738118757197
http://www.ncbi.nlm.nih.gov/pubmed/29443643
http://doi.org/10.1016/j.jbiomech.2016.06.015
http://www.ncbi.nlm.nih.gov/pubmed/27342002
http://doi.org/10.23812/19-422-L-25
http://www.ncbi.nlm.nih.gov/pubmed/32462857


Int. J. Environ. Res. Public Health 2023, 20, 255 11 of 11

34. Zaluski, A.J.; Campbell, J.; Hlasny, M.; Nedjelski, M.; Thompson, T.; Vanneste, A.; Kim, S.Y. Activation of neuromuscular
sub-regions of supraspinatus and infraspinatus during common rehabilitative exercises. J. Electromyogr. Kinesiol. 2021, 61, 102604.
[CrossRef] [PubMed]

35. Escamilla, R.F.; Yamashiro, K.; Paulos, L.; Andrews, J.R. Shoulder Muscle Activity and Function in Common Shoulder Rehabilita-
tion Exercises. Sports Med. 2009, 39, 663–685. [CrossRef] [PubMed]

36. Reinold, M.M.; Macrina, L.C.; Wilk, K.E.; Fleisig, G.S.; Dun, S.; Barrentine, S.W.; Ellerbusch, M.T.; Andrews, J.R. Electromyographic
analysis of the supraspinatus and deltoid muscles during 3 common rehabilitation exercises. J. Athl. Train. 2007, 42, 464–469.
[PubMed]

37. Picha, K.J.; Jochimsen, K.N.; Heebner, N.R.; Abt, J.P.; Usher, E.; Capilouto, G.; Uhl, T.L. Measurements of self-efficacy in
musculoskeletal rehabilitation: A systematic review. Musculoskelet. Care 2018, 16, 471–488. [CrossRef]

38. Farì, G.; Santagati, D.; Pignatelli, G.; Scacco, V.; Renna, D.; Cascarano, G.; Vendola, F.; Bianchi, F.P.; Fiore, P.; Ranieri, M.; et al.
Collagen Peptides, in Association with Vitamin C, Sodium Hyaluronate, Manganese and Copper, as Part of the Rehabilitation
Project in the Treatment of Chronic Low Back Pain. Endocr. Metab. Immune Disord. Drug Targets 2022, 22, 108–115. [CrossRef]

39. Werin, M.; Maenhout, A.; Smet, S.; Van Holder, L.; Cools, A. Muscle recruitment during plyometric exercises in overhead athletes
with and without shoulder pain. Phys. Ther. Sport 2020, 43, 19–26. [CrossRef]

40. Escamilla, R.F.; Fleisig, G.S.; Groeschner, D.; Akizuki, K. Biomechanical Comparisons Among Fastball, Slider, Curveball, and
Changeup Pitch Types and Between Balls and Strikes in Professional Baseball Pitchers. Am. J. Sports Med. 2017, 45, 3358–3367.
[CrossRef]

41. Tamburella, F.; Moreno, J.C.; Valenzuela, D.S.H.; Pisotta, I.; Iosa, M.; Cincotti, F.; Mattia, D.; Pons, J.L.; Molinari, M. Influences of
the biofeedback content on robotic post-stroke gait rehabilitation: Electromyographic vs joint torque biofeedback. J. Neuroeng.
Rehabil. 2019, 16, 95. [CrossRef] [PubMed]

42. Notarnicola, A.; Covelli, I.; Maccagnano, G.; Marvulli, R.; Mastromauro, L.; Ianieri, G.; Boodhoo, S.; Turitto, A.; Petruzzella, L.;
Farì, G.; et al. Extracorporeal shockwave therapy on muscle tissue: The effects on healthy athletes. J. Biol. Regul. Homeost. Agents
2018, 32, 185–193. [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/j.jelekin.2021.102604
http://www.ncbi.nlm.nih.gov/pubmed/34587575
http://doi.org/10.2165/00007256-200939080-00004
http://www.ncbi.nlm.nih.gov/pubmed/19769415
http://www.ncbi.nlm.nih.gov/pubmed/18174934
http://doi.org/10.1002/msc.1362
http://doi.org/10.2174/1871530321666210210153619
http://doi.org/10.1016/j.ptsp.2020.01.015
http://doi.org/10.1177/0363546517730052
http://doi.org/10.1186/s12984-019-0558-0
http://www.ncbi.nlm.nih.gov/pubmed/31337400
http://www.ncbi.nlm.nih.gov/pubmed/29504386

	Introduction 
	Materials and Methods 
	Participants 
	Procedures 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

