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Abstract

Background Interactive videogames, virtual reality, and robotics represent a new opportunity for multimodal
treatments in many rehabilitation contexts. However, several commercial videogames are designed for leisure and
are not oriented toward definite rehabilitation goals. Among the many, Playball® (Playwork, Alon 10, Ness Ziona,
Israel) is a therapeutic ball that measures both movement and pressure applied on it while performing rehabilitation
games. This study aimed: (i) to evaluate whether the use of this novel digital therapy gaming system was clinically
effective during shoulder rehabilitation; (ii) to understand whether this gaming rehabilitation program was effective
in improving patients’ engagement (perceived enjoyment and self-efficacy during therapy; attitude and intention to
train at home) in comparison to a control non-gaming rehabilitation program.

Methods A randomized controlled experimental design was outlined. Twenty-two adults with shoulder pathologies
were recruited for a rehabilitation program of ten consecutive sessions. A control (CTRL; N=11; age: 62.0+ 10.9 yrs)
and an intervention group (PG; N=11; age: 59.9+10.2 yrs) followed a non-digital and a digital therapy, respectively.
The day before (T,) and after (T,) the rehabilitation program, pain, strength, and mobility assessments were
performed, together with six questionnaires: PENN shoulder Score, PACES-short, Self-efficacy, Attitudes to train at
home, Intention to train at home, and System usability scale (SUS).

Results MANOVA analysis showed significant improvements in pain (p <0.01), strength (p <0.05), and PENN Shoulder
Score (p<0.001) in both groups. Similarly, patients'engagement improved, with significant increments in Self-efficacy
(p<0.05) and attitude (p <0.05) scores in both groups after the rehabilitation. Pearson correlation showed significant
correlations of the A scores (T, - T,) between PACES and Self-efficacy (r=0.623; p=0.041) and between PACES

and Intention to train at home (r=0.674; p=0.023) only in the PG. SUS score after the rehabilitation (74.54+ 15.60)
overcame the cut-off value of 68, representative of good usability of a device.

Conclusions The investigated digital therapy resulted as effective as an equivalent non-digital therapy in shoulder
rehabilitation. The reported positive relationship between the subject’s enjoyment during digital therapy and
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intention to train at home suggests promising results in possible patient’s exercise engagement at home after the

rehabilitation in the medical center.
Retrospectively registered NCT 05230056.
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Introduction

The latest development in technologies and connectiv-
ity, together with ever-growing computing, networking,
and sensing power, is progressively changing people’s
habits [1]. Nowadays, the employment of digital equip-
ment and devices represents a focal core in most areas of
society, including health and medical monitoring. Digital
therapy with interactive games, virtual reality, websites,
and robotics represents a new opportunity for multi-
modal treatments in many rehabilitation contexts [2].
About that, the Nintendo Wii has been regularly used as
a rehabilitation tool in 61% of Australian rehabilitation
centers to treat people post-stroke [3]. Indeed, visual and
sound feedbacks are essential to improve motor control
in pathologies or injury treatment and prevention [4, 5].
Low-cost devices such as the Kinect sensor or the Nin-
tendo Wii Balance Board have been reported as playful
and motivating tools in rehabilitating children with cere-
bral palsy [6]. In the pediatric field, De Kloet and col-
leagues reported that children with acquired brain injury
had cognitive and motor benefits following a 12-week tai-
lored rehabilitation program with the Nintendo Wii [7].
The rationale behind the increased application of digital
therapies is to improve patients’ motivation influencing
their affective response and engagement [8, 9]. Addition-
ally, since subjects can perceive therapeutic exercises as
monotonous, an interactive approach has been demon-
strated to improve the compliance of patients [9]. More-
over, after completing the rehabilitation, virtual reality or
gaming interventions showed improved treatment adher-
ence, engagement [10], and quality of life over conven-
tional treatment of upper limb functions in patients with
stroke [11]. However, many commercial video games are
designed for leisure and are not oriented toward definite
rehabilitation goals. Noteworthy, motivational factors
related to engagement in rehabilitation though gaming
systems are still limited [12]. Although no specific rec-
ommendations exist on video games as a rehabilitation
tool, several studies have shown promising results on
specific parameters of upper limb function, gross motor
function, and pain reduction [13-15]. In this context, the
device PlayBall® (Playwork, Alon 10, Ness Ziona, Israel) is
a novel digital therapy gaming system with possible moti-
vational assets in physiotherapy. Specifically, PlayBall® is
a smart exercise ball functioning as a performance-mea-
suring tool and videogame controller that allows patients
to complete rehabilitation games and receive real-time

visual feedback. The interactive ball allows measuring
both movement and pressure applied on it. Smart inte-
grated sensors objectively measure and track the perfor-
mance to monitor the patient’s progress. Therefore, the
objectives of this study were: (i) to evaluate whether the
use of a novel digital therapy gaming system (PlayBall®)
was clinically effective during shoulder rehabilitation; (ii)
to understand whether the gaming rehabilitation pro-
gram was effective in improving patients’ engagement in
comparison to a control non-gaming rehabilitation pro-
gram. Particularly, enjoyment and self-efficacy during
therapy, together with attitude and intention to train at
home after the rehabilitation, were assumed as measures
of the patients’ engagement [10].

Methods

Subjects

Subjects were recruited from a medical center (CEMES,
Data Medica group, Synlab S.p.A., Padova, Italy). The fol-
lowing inclusion and exclusion criteria were considered
for recruitment. Inclusion criteria: (i) presence of one of
the following shoulder pathologies: impingement syn-
drome, capsulitis, tendon injuries, degenerative joint or
tendon pathologies; (ii) pain between 2/10 and 8/10 on
a visual analogue scale. Exclusion criteria: (i) post-surgi-
cal patients; (ii) inability to perform active exercises; (iii)
peripheral neurological deficits; (iv) cervical-brachialgia;
(v) algodystrophy. The choice of the sample size was
based on an a priori power analysis (G*Power Version
3.1.9.4). Based on the MANOVA, we obtained a sample
size of 22 subjects considering as input a large effect size
(f=0.40), p=0.05, and Power (1-p error probability)=0.7.
Twenty-eight subjects were screened, but six did not
accept to participate in the study. Thus, twenty-two
subjects (age=61110.4 years; F=16; M=6) were finally
enrolled.

Experimental design

The experimental protocol received approval by the
Human Ethical Committee of the Department of Bio-
medical Sciences of the University of Padova (n° HEC-
DSB/02-21; NCT 05230056) and adhered to the
principles of the Declaration of Helsinki. All the sub-
jects, informed about the methods of the study, gave their
written informed consent and were free to renounce the
study at any stage. Specifically, they were informed that,
before and after their shoulder rehabilitation protocols,
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they should have performed a strength and mobility
assessment, and filled in some questionnaires. Subjects
were randomly divided (https://www.graphpad.com/
quickcalcs/randomizel/) by a researcher of the Depart-
ment of Biomedical Sciences not involved in the study
and unaware of the aims of the research as follows: a
group who underwent digital therapy with the Playball®
device (PG; N=11; age: 59.9+£10.2 yrs) and a group who
followed an equivalent but non-digital rehabilitation pro-
gram (CTRL; N=11; age: 62.0£10.9 yrs). All participants
were blinded with respect to the differences between the
two therapeutic protocols.

We outlined a randomized controlled trial in which
both CTRL and PG underwent ten consecutive shoulder
rehabilitation sessions (from Monday to Friday, excluding
Saturday and Sunday). In particular, the daily rehabilita-
tion session lasted 40 min. Within each session, the first
20 min, the subjects were treated manually by the phys-
iotherapist, while for the last 20 min, they performed
active exercises to improve shoulder strength and mobil-
ity. Physiotherapists performed an equal manual treat-
ment for both CTRL and PG. Conversely, active exercises
supervised by researchers had the same goals but differed
in the exercising modality that was non-digital for CTRL
and digital for PG. The day before and after the reha-
bilitation period, subjects participated in an evaluation
session comprising functional and self-reported mea-
sures. The shoulder rehabilitation of all the patients were
administered in the same medical center (CEMES, Data
Medica group, Synlab S.p.A., Padova, Italy).

Functional assessments

The shoulder mobility and strength assessments were
carried out the day before (T;) and the day after (T,) the
rehabilitation period by physiotherapists blind to the
group allocation.

Mobility assessment

Shoulder mobility was measured with a wireless inertial
sensor (Gyko, Microgate Italia - Bolzano, Italy) at a sam-
pling frequency of 500 Hz. Following the manufacturer’s
guidelines, the Gyko was applied to the injured arm with
an elastic band at the distal level of the humerus, right
above the elbow joint. The mobility assessment was
performed for arm flexion, abduction, external rota-
tion, and extension. Subjects performed all movements
while seated with their backs on the wall, excluding the
extension movement that was performed while standing.
Subjects were instructed to perform all the movements
at a self-selected speed and range of motion (ROM)
with the indication not exceeding shoulder pain limits.
Overall, three trials were performed, with a recovery of
30 s in between. Data were analyzed with the software
GykoRePower (Gyko, Microgate Italia - Bolzano, Italy) to

(2023) 20:87

Page 3 of 9

obtain the ROM (deg) and mean velocity (deg/s) of each
movement.

Strength assessment

The Playball® was employed to measure the maximal iso-
metric strength (F,,,) of the injured shoulder. The device
was positioned under the subject’s hand and over a solid
surface. From a seated position, the subject was asked to
push down the ball as strongly as possible with the shoul-
der abducted to 70 deg and elbow extended. Three maxi-
mal voluntary contractions (MVC) lasting three seconds
each, with a between-trial recovery of 30 s, were per-
formed. During the MVC test, the subject had real-time
visual feedback of the force on a tablet.

Questionnaires

A questionnaire package was used to assess three differ-
ent dimensions: (a) the shoulder global health status; (b)
the engagement response; (c) the usability of the system.
In all cases, the questionnaires were administered in a
quiet room. The researcher made clear what each dimen-
sion of the questionnaire meant and clarified any que-
ries. The subjects were not asked to give their names and
were ensured that answers would remain anonymous.
Questionnaires were administered on the same days the
shoulder mobility and strength assessment occurred. A
questionnaire for the usability of the system was admin-
istered only to PG. Moreover, during the mobility assess-
ment, the level of pain corresponding to the execution of
each movement was assessed with a visual analogue scale
(VAS) [16]. The pain levels assessed after each movement
(i.e., flexion, abduction, external rotation, and exten-
sion) with VASs were averaged in a single score as output
(VAS-PAIN).

Shoulder global health status

The PENN Shoulder Score was employed to investigate
the shoulder global health status. It consists of three sec-
tions that measure shoulder pain, satisfaction, and func-
tion. The pain section quantifies the pain of the shoulder
at rest, during common and strenuous activities, for a
maximum score of 30 points, indicating the absence of
pain. The shoulder satisfaction corresponds to a single
item for a maximum score of 10 points representing the
highest degree of satisfaction. The functionality section
consists of 20 items on a four-point Likert scale: 0 points
(impossible to perform), 1 point (very difficult), 2 points
(some difficult), and 3 points (no difficult). The subjects
were asked to focus on the injured shoulder while per-
forming daily living activities. The three-section best
score is 100 points, indicating the absence of pain, high
functionality, and good subject’s satisfaction of the shoul-
der [17].
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Enjoyment

An adapted version of the Italian Physical Activity Enjoy-
ment Scale (PACES) [18] was used to assess pleasure
during therapy. The PACES discriminates between pleas-
ant and unpleasant experiences associated with physi-
cal activity. For this study, the PACES 12-item version
[19] was used adapting the stem in “When I perform the
therapeutic exercises, I .., and participants rated their
agreement with 6 positive (e.g., “I enjoy”) and 6 negative
(e.g., “I feel bored”) items on five-point Likert scale (1
= “totally disagree” to 5 = “completely agree”). The total
score ranged from 12 to 60 and Cronbach’s a« was 0.82 for
T, and 0.92 for T;.

Self-efficacy

Self-efficacy is defined as the perceived ability to plan and
execute specific behaviors [20]; it is associated with the
intention to perform the specific behavior. Self-efficacy
in performing exercises during intervention was stud-
ied with a one-item scale (i.e., “How confident are you
in your ability to perform the therapeutic exercises cor-
rectly?”) ranging from 1 (not confident at all) to 7 (abso-
lutely confident).

Attitude to train at home

Attitudes towards a behavior (i.e., a positive or negative
predisposition towards a specific behavior) are crucial
in the intention to perform that behavior [21]. Precisely,
attitudes towards exercise at home were estimated by the
mean score of responses to the question “Doing shoulder
exercises one hour a day at home after the rehabilitation
cycle is...”. Responses were rated on a 7-point Likert-type
scale on six bipolar adjectives: bad/good, wrong/right,
unpleasant/pleasant, useless/useful, difficult/easy, and
boring/funny.

Intention to train at home

Intention can be defined as the will to perform a specific
behavior and it is considered the most proximal ante-
cedent to the behavior itself. Considering the theory of
planned behavior [21], the intention to exercise at home
was assessed using a two-item questionnaire [22]. A
seven-point scale ranging from 1 (“totally disagree”) to
7 (“totally agree”) was used for each item. Answers were
given to the following statements: (i) ‘after the therapy
period, I intend to perform shoulder exercises twenty min-
utes per three times a week at home”; (ii) ‘after the therapy
period, I am determined to perform shoulder exercises
twenty minutes per three times a week at home”. The
scores were averaged to compute a mean score.

Usability
The Italian version of the System Usability Scale (SUS),
[23] was employed to assess the Playball® system. The
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SUS is a ten-item questionnaire that operationally defines
the subjective perception of interaction with a system
[24]. Items from SUS considered the following sections:
(i) subjects’ ability to complete activities using the sys-
tem and the quality of the output of activities performed
(i.e., effectiveness); (ii) the level of resources consumed
in carrying out the tasks (i.e., efficiency); (iii) the indi-
vidual feelings and reactions of subjects using the system
(i.e., satisfaction). Moreover, seven VASs (from 0 to 10)
were employed to investigate the following dimensions:
contact with the tool, controls, perception of security,
general comfort, readability of the data, aesthetic pleas-
antness, and general pleasure; then generating a global
averaged score named VAS-US measure.

Therapeutic protocol

The exercise intervention for both CTRL and PG con-
sisted of a progressive strength and mobility program to
be performed in the medical center with the supervision
of the physiotherapists, not associated with either study
condition.

Digital therapy. The digital therapy allowed the sub-
ject to complete the rehabilitation program while playing
games and receiving real-time visual feedback. A single
digital therapy session was organized in three different
4-minute bouts, including the “PlayMove” exercise and
the “Real-time force” exercise from seated and standing
positions. The “PlayMove” exercise was performed on
a 30-deg inclined surface (Fig. 1a): the exercise started
guiding the PlayBall® with the hand until session 3 and
then with the elbow. After the fourth session, a contex-
tual pressure to the circular motion of the cursor was
added for two sessions at 2%, 5%, and 10% of the mea-
sured F ., respectively. In the “Real-time force” exer-
cise from the seated position (Fig. 1b), the subject was
required to perform subsequent isometric contractions
on the Playball® with the elbow flexed at 90 deg. The tab-
let, positioned in front of the subject, allowed real-time
feedback on the force applied. Particularly, the patient
was asked to push down and release the Playball® as fol-
lows: from session one, 3s contraction and 3s recovery;
from session three, 4s contraction and 2s recovery; in
session five, 5s contraction and 2s recovery. Patients per-
formed 3 sets of 10 repetitions. “Real-time force” exer-
cise was also performed from the standing position with
the elbow extended. The Playball® was placed on a wedge
and under the subject’s arm (Fig. 1c). From sessions one
to five, the repetitions were the same as for the seated
position. From session six, a new strength exercise, the
“Flying rocket’, substituted both the seated and stand-
ing “Real-time force” exercise. In this new exercise, the
subject was required to guide a spaceship, pushing down
and releasing the Playball®, aiming to hit stars and avoid
asteroids.
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Digital Therapy

(a) (b)

Days 1-5

]

Days 6-10 Days 1-5 Days 6-10

Control Therapy

Days 1-10

Days 1-10

Days 1-10

Fig. 1 Graphical summary of the rehabilitation protocol. Digital therapy is represented in the upper panels together with the screenshots of the gaming
interface: “PlayMove” exercise performed from the seated position on a 30-deg inclined surface (a); “Real-time force”and “Flying rocket” exercise from the
seated (b) and standing (c) positions. Control therapy is represented in the lower panels: Perfetti’s circles exercise performed on a 30-deg inclined board

(d); isometric contractions from the seated (e) and standing (f) positions

Control therapy. Subjects completed a rehabilita-
tion program during the control therapy without inter-
active processes or visual feedback. As per the digital
therapy, the single session was organized in three differ-
ent 4-minute bouts, including Perfetti’s circles and iso-
metric contractions from seated and standing positions.
In Perfetti’s circles (Fig. 1d), the subject had to move
a ball with the hand following specific circumferences
drawn on a 30-deg inclined board. Specifically, the board

had 20 concentric circles, tangents in one point, and an
increasing radius. The exercise was performed clockwise
and counterclockwise. The isometric contractions from
seated (Fig. le) and standing (Fig. 1f) positions were
equal to those performed by the PG but without visual
feedback on the amount of force applied to the ball.
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Table 1 Baseline comparisons for all the variables. Data are
expressed as mean + standard deviation (SD). ns: not statistically
significant.

CTRL (Ty) PG (T,) p value
Age (yrs) 62.00£10.20 59.91£10.93 ns
BMI (kg/mz) 2581+4.24 26.39+4.21 ns
F oo (kQ) 15.16+6.72 12204594 s
ROM (deg) 309.30+62.66 286.38+57.30 ns
VELOCITY (deg/s) 42.83+2644 39.05+£20.14 ns
VAS-PAIN 430+£252 4.04+2.19 ns
PENN shoulder score 54.70+14.55 5430+1264 ns

Statistical analysis

The mean value and the standard deviations (SD) were
calculated for each variable. The D’Agostino-Pearson
test was employed to check the data normality distri-
bution. An unpaired sample T-test was used for base-
line (T,) comparisons between groups (CTRL vs. PG)
on demographic data, functional variables, and shoul-
der global health status. Moreover, a paired-T-test was
used to compare PRE (T;) and POST (T,) results of SUS
and VAS-US in the PG. A multivariate analysis of vari-
ance (MANOVA) was used to compare functional and
engagement variables between the two time points (T,
vs. T;) and the two groups (CTRL vs. PG). Finally, for
both CTRL and PG, the Pearson correlation analysis
was performed to investigate the relationship between
engagement variables considering the differences
between T, and T, (A scores). The significance level was
set at p<0.05. All analyses were performed using Statisti-
cal Package for Social Sciences (SPSS) version 27 (IBM,
Armonk, New York, USA).
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Results

All of the subjects completed the study. Unpaired T-test
for baseline comparisons (T;) showed no statistically
significant differences between CTRL and PG for demo-
graphic data, functional variables, and shoulder global
health status (Table 1). The MANOVA analysis revealed
a significant main effect of time (T, vs. T,) for F_,, (p <
0.05), VAS-PAIN values (p<0.01), and the PENN Shoul-
der Score (p<0.001), (Table 2). Conversely, no significant
main effect of groups (CTRL vs. PG) was observed.

Moreover, MANOVA analysis showed a significant
main effect of time (T, vs. T;) only for scores from self-
efficacy (p<0.05) and attitude to train at home (p<0.05);
post-hoc comparisons are presented in Table 3. Again,
no significant main effect of groups (CTRL vs. PG) was
observed in any of the engagement variables.

Exclusively in the PG, paired T-test did not show any
significant differences between PRE vs. POST compari-
sons considering the score from SUS (T, 67.72+9.96;
T,: 74.54%15.60) and the mean score from VAS-US (T
7.78+1.62; T: 7.97+1.53).

Finally, the Pearson correlation analysis showed sta-
tistically significant correlations between the A scores
(T, - Ty) of engagement variables in the PG. Positive sig-
nificant correlations were found between A scores from
“PACES” and “Self-efficacy” (r=0.623; p=0.041) and
between A scores from “PACES” and “Intention to train
at home” (r=0.674; p=0.023). In the CTRL, no signifi-
cant correlations were found considering the A scores of
engagement variables.

Table 2 Results of the MANOVA analysis for the functional variables (i.e,, .., ROM, and VELOCITY), the VAS-PAIN, and the PENN
Shoulder Score. Post-hoc comparisons show the significant main effect of time (T, vs. T,) for both control (CTRL) and PlayBall (PG)
group. Significantly different from PRE (T,): * (p <0.05); ** (p < 0.01); *** (p <0.001)

CTRL PG
PRE (T,) POST (T,) PRE (T,) POST (T,)
Foox (kQ) 15164671 1885+9.16* 12204594 153541067 *
ROM (deg) 309.30+62.65 32536+7020 286.38+57.29 283.97+6047
VELOCITY (deg/s) 42.83+26.44 474842450 39.05+20.14 4069+ 14.84
VAS-PAIN 4304252 27042.02% 4044219 3174249 %
PENN shoulder score 547041455 67.29% 1641 ** 5430+ 1264 638441396 **

Table 3 Results of the MANOVA analysis for the engagement variables. Post-hoc comparisons show the significant main effect of time
(Ty vs. T,) for both control (CTRL) and PlayBall (PG) groups. Significantly different from PRE (T,): * (p < 0.05)

CTRL PG
PRE (T,) POST (T,) PRE (T,) POST (T,)
PACES 53.90+4.52 51.63+10.97 50.18+9.44 51.63+£841
Self-efficacy 536%1.20 6.18+£0.87 * 500+1.09 5.18+1.07*
Attitude to train at home 567+1.59 6.29+0.66 * 467+124 548+141*
Intention to train at home 6.09+£1.62 590+1.85 550+1.56 6.18+1.07
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Discussion

The present study aimed to determine the effectiveness of
a digital therapy performed with the Playball® device dur-
ing a shoulder rehabilitation protocol. Both the therapeu-
tic and engagement responses to the digital therapy were
investigated and compared to a non-digital equivalent
rehabilitation protocol. The main finding was that the
rehabilitation carried out with the Playball® was as effec-
tive as the equivalent non-digital rehabilitation. Namely,
both proposed rehabilitation programs effectively
improved shoulder recovery, improved strength, reduced
pain, and globally increased the subjects’ self-perceived
satisfaction and functionality.

Our findings align with previous research [25-27] and
revealed that digital therapy could also be a viable thera-
peutic modality in shoulder rehabilitation. Specifically,
the digital therapy effectively reduced pain throughout
the range of motion and regained strength levels in short-
term shoulder rehabilitation. Our results agree with a
pilot study on shoulder impingement where a Nintendo
Wii-based protocol reduced pain and disability, improv-
ing quality of life and pain-free shoulder ROM in the sag-
ittal and frontal planes [27]. The effectiveness of digital
therapy in shoulder rehabilitation adds to that already
reported in hemiplegic post-stroke patients [26] as well
in patients with Parkinson’s disease [25].

Concerning the engagement variables, the scores from
Self-efficacy and Attitude to train at home dimensions
significantly improved following the shoulder rehabili-
tation, regardless of therapy. Therefore, the repetition
of therapeutic exercises and the shoulder functional
improvements could have influenced the higher subjects’
self-efficacy and attitude to train at home. Thus, the lon-
ger the rehabilitation time, the more the subjects feel
self-confident, and consequently, their will to exercise at
home increases. It is well accepted that repeated prac-
tice, such as during an exercise training period, increases
the subject’s confidence and motor learning [28—-30]. In
our case, the rehabilitation sessions allowed the subjects
to become more familiar with the exercises over time,
thus, improving the perception of their ability and per-
formance. Self-efficacy, firstly stated by Bandura in the
social cognitive theory [31], is an important dimension in
rehabilitation and physical activity, as it positively influ-
ences compliance to the exercise practice [32]. In reha-
bilitation, increment in self-efficacy has been linked to
improved functionality and lowered pain among obese
patients [33], and those with osteoarthritis [34]. Indeed,
the contribution made by self-efficacy to physical func-
tion has to be considered in the management of subjects
with joint pain or associated pathologies [35]. Given the
close relationship between self-efficacy, motivation, and
the actuation of a behavior, we can speculate that the
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increased self-efficacy influenced the attitude to continue
exercising even at home.

The usability of the Playball®, evaluated through the
SUS, showed an increment score of almost 10% at the
end of the rehabilitation program. Although this result
was not statistically significant, it underlined that the
employment of the Playball® became progressively easier
and more familiar over time. In addition, the SUS mean
score at the end of the rehabilitation program exceeded
the cut-off value of 68 reported in the scientific litera-
ture to define “good” the usability of a device [36]. Thus,
though the system’s usability can be surely improved,
no serious problems that limited its employment in the
daily rehabilitation were registered. This scale has already
proved to be a valid and reliable measure for assessing
technological tools [37]. A study by Hagglund and col-
leagues recently employed the SUS to assess the Swedish
patient accessible electronic health record [38]. A point
in favor of the device usability is the high sensitivity of
the pressure sensor, which allows the employment inde-
pendently from the patients’ level of strength. Moreover,
the games are designed to be performed without requir-
ing a minimum range of motion.

Given the importance of therapeutic effectiveness, the
purpose of digital therapies is also to be more attractive
and entertaining than conventional treatments, allow-
ing patients to be less focused on their health status
(e.g., pain and discomfort) because of the more posi-
tive engagement during therapy. Indeed, two significant
positive correlations were detected only in the PG. The
A score from PACES significantly correlated with the A
scores from the Self-efficacy dimension and the Intention
to train at home dimension. Thus, our data suggested that
the greater the enjoyment in rehabilitation with Playball°,
the greater the self-efficacy and the stronger the intention
to continue exercising at home once the rehabilitation is
ended. This result highlighted that the digital therapy was
positive and favored a greater patient engagement.

The present study has some potential limitations to
acknowledge. First, though the short-term application
of digital therapy could represent a novelty in this field,
long-term compliance was not addressed in this study.
Second, although researchers supervised the rehabili-
tation sessions, treatment fidelity was not objectively
measured. Finally, results should be confirmed in a more
significant number of patients since the sample size of the
present study was not fully representative of the whole
population suffering from shoulder impairments.

Conclusions

Although digital therapy should not inevitably replace
conventional methods, findings of the present study dem-
onstrated that in shoulder rehabilitation, digital ther-
apy with Playball® could be as effective as an equivalent
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non-digital therapy. Moreover, the device favored greater
subject engagement, potentially leading to a greater predis-
position to exercising individually at home after the super-
vised rehabilitation period. However, though the Playball®
was globally evaluated as good in terms of usability, the
non-significant result still encourages its improvement.

Abbreviations
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