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Abstract

Introduction: Over recent years, the popularity of videogames has gone beyond youth and gamers and is slowly
entering the field of professional healthcare. Exergames are an attractive alternative to physical therapy. The
primary aim of this pilot study was to explore the user experience (usability, satisfaction, level of motivation, and
game experience) of the patient with the “PlayMancer” exergame. The secondary aim was to explore the
progression of the performed motor skills (walking velocity, overhead reach ability, and cervical range of
motion) and the clinical changes (to physical condition, disability, and pain intensity) in a group of patients with
chronic musculoskeletal pain using an exergame for 4 weeks.

Materials and Methods: In the European PlayMancer project, an exergame for physical rehabilitation of chronic
pain patients was developed. This exergame is controlled by relevant motions of the patient’s body captured by
a motion suit and several infrared cameras. In three different integrated minigames, the patient can train the
following motor skills: Walking velocity, overhead reaching, and neck mobility.

Results: Ten patients participated in this study and completed the 4 weeks of gaming. Patients rated the usability
of the exergames as good (score of 78.5 [standard deviation 9.7; range, 60.0-97.5]) on the System Usability Scale,
and the game motivated all patients to perform their exercises. Patients enjoyed playing and were pleased with
both the game environment and the game play. Overall, the patients made a progression in the examined motor
skills during the minigames over the 4 weeks of gaming.

Conclusions: The “PlayMancer” exergame is a potential tool for achieving physical rehabilitation because it
motivates patients to perform their exercises and as a result increases their motor skills and physical condition.

Introduction degree of repetition. Therefore, attractive games have the

potential to increase the compliance with physical rehabili-

HE GROWING POPULARITY of videogames is not limited to

youth and gamers but has also entered the field of
healthcare and physical rehabilitation." Serious games have
been developed to be played to exercise and train specific
motor skills. These are known as exergames and are an at-
tractive alternative to conventional face-to-face physical
therapy.>® The use of games in rehabilitation is believed to
improve patients” motivation because the challenging game
environment is considered to be both motivating* and dis-
tracting.” This is especially necessary in physical rehabilita-
tion, where patients are required to follow training protocols
that are generally perceived as boring because of the high

tation protocols. Furthermore, games challenge patients to
play repeatedly to beat their personal best score and thereby
increase their treatment intensity. The repetitive nature of
games is thought to be a key mechanism in promoting motor
skills learning in exergames and has the potential to positively
influence physical performance®” in patients, especially those
with significant physical impairments.”

Although promising, commercial exergames are designed
primarily for entertainment, not specifically to train im-
paired patients in a professional rehabilitation setting.®
Practice shows there are several limitations when introduc-
ing existing commercial exergames into professional
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rehabilitation settings. First, commercial exergames are de-
veloped for the general public, and the norms are matched
to the performance of generally healthy gamers. In most
cases, it is not possible to change these norms and to per-
sonalize the game for an impaired patient. As a result, the
game becomes too hard to play, which can lead to frustra-
tion. Second, the level of energy expenditure reported for
commercial exergames cannot be compared with levels of
energy expenditure typically achieved during physical
therapy,®” and the requested motor skills are too general
and not sufficiently pathology-specific. Third, the game
output of commercial exergames focuses on the game per-
formance—for example, time or a high score—and not the
patient’s performance on motor skills. Therefore, the phys-
iotherapist cannot monitor the progression of the patient in
terms of the performed motor skills.

In the PlayMancer project (FP7-ICT-215839-2007),” an
exergame (the “PlayMancer” game) for physical rehabilita-
tion for patients suffering from chronic pain was developed
by clinical and technical professionals working closely to-
gether. The design and technical characteristics of the
“PlayMancer” exergame have been described before.'®!!
The overall aim of the game is to improve the patient’s
physical condition. This exergame is controlled by relevant
motions of the patient’s body. These motions are captured
by a motion suit and several infrared cameras and by re-
cording muscle activation levels. Before starting the ex-
ergame, the difficulty level of the game is matched to the
ability level of the individual patient, and individual goals
are configured to motivate a progression in terms of the
performed motor skills.

The progression of the patient can also be monitored by a
therapist. In three different minigames, the patient can train
the following motor skills: Walking velocity, overhead
reaching, and neck mobility. This choice of motor skills is
not arbitrary. Previous studies have shown that patients
with chronic low back pain have lower preferred walking
velocity compared with controls'* and that their physical
activity deteriorates because of a lack of use and decondi-
tioning."® By walking, chronic low back pain patients can
improve their physical condition and increase their walking
velocity. Furthermore, patients with neck/shoulder pain
have a reduced ability to reach overhead due to their pain.'*
Besides, patients with neck/shoulder pain demonstrate a
decreased range of motion compared with asymptomatic
controls'>'® and benefit from increasing their neck mobility
by exercising.

This study is believed to be the first evaluation of a serious
exergame for patients suffering from chronic pain and con-
cerns a stage 1-2 evaluation, according to the staged ap-
proach of telemedicine evaluation proposed by DeChant
etal."” The primary aim of this pilot study was to explore the
user experience—in terms of usability, satisfaction, level of
motivation, and game experience—of patients playing the
“PlayMancer” exergame. The secondary aim of this pilot
study was to explore the progression in terms of the per-
formed motor skills (walking velocity, overhead reach
ability, and cervical range of motion [CROM]) and the
clinical changes (physical condition, level of disability, and
pain intensity) brought about in chronic musculoskeletal
pain patients playing the “PlayMancer” exergame over 4
successive weeks.
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Materials and Methods
Study design and subjects

Patients were recruited from a local physical therapy
practice and by an advertisement in the newsletter of a
patient association for chronic pain patients. Interested
patients could contact the researcher and received an in-
formation letter concerning the study. Only those patients
18 years and older and with low back pain or pain in the
neck/shoulder region for at least 12 weeks (without spe-
cific pathological causes) were included. Patients were
excluded if they (1) had an insufficient understanding of
the Dutch language, (2) had visible impairment that in-
hibits the perception of the screen on which the game is
projected, or (3) were receiving (physical) therapy for their
physical complaint at the time of the study. Because of the
explorative character of this study no sample size calcu-
lation has been conducted beforehand. To be able to an-
swer the objectives of this study, the goal is to include at
least 10 patients. The medical ethical committee approved
the study. All patients gave their informed consent prior to
participation.

The “PlayMancer” exergame

In this game, the patient embarks on a quest to investigate
a newly discovered island. After a first inspection, it seems
that the island has been previously inhabited. To find out
more about the former inhabitants of this island, the player
has to play a series of minigames. By playing these mini-
games, artifacts can be collected. Artifacts represent points,
and these, at fixed quantities, unlocked new information
about the island’s former civilization. Figure 1 gives a view of
the “PlayMancer” exergame, which consists of three mini-
games:

o “Temple of Magupta.” In this minigame, the patient has
to control an avatar, who is walking through a col-
lapsing tunnel. On the way, certain artifacts can be
found and collected, while falling debris has to be
avoided. Lateral movement of the avatar is controlled by
the patient’s speech, while the patient’s voluntary
walking velocity on a treadmill controls forward
movement of the avatar. The underlying goal of this
minigame is to improve walking velocity and thereby
the overall physical conditions of the patients.

e “Face of Cronos.” In this minigame, the avatar is
climbing a rock face. To help the avatar climb the rock
wall, the patient has to reach overhead for a virtual
handgrip. Once that goal is reached, the avatar climbs
the face. An artifact is earned as a reward for every
successful overhead reach. Additionally, the patient re-
ceives real-time feedback about the muscle tension in
both trapezius muscles. The patient is instructed to relax
as quickly and as much as possible in between move-
ments, in order to gain consciousness about his or her
muscle tension. The underlying goal of this minigame is
to improve overhead reaching ability.

e “Three Wind Gods.” In this minigame, the patient has
to reproduce sequences of head movements that are
shown by three characters. These movements, corre-
sponding to the characters, are flexion—-extension,
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FIG. 1. A view of the “PlayMancer” game. Color images available online at www liebertonline.com/g4h

rotation, and lateral flexion—-extension of the neck.
For every successful reproduction of a movement,
an artifact is earned as a reward. The overall goal
of this minigame is to improve the patient’s neck
mobility.

Game input

Relevant motions of the patient’s body and muscle acti-
vation levels control the “PlayMancer” exergame. The motion
capture (MoCap) sys’cem10 consists of a tight-fitting suit (a
jacket, a pair of trousers, and a cap) with 36 reflective markers
attached to it, to track the patients’ movements while playing
(Fig. 2), and eight infrared cameras (IOtracker),'® positioned
at every top and bottom corner of the lab. Easy-to-put-on
suits were available for male and female patients and in
various sizes (small, medium, large, and extra large). The
suits were washable. At the start of the treatment a clean
suit was provided to every patient; on the patient’s request
the suit was washed during the treatment period. Fur-
thermore, surface electromyography electrodes are placed
on both left and right upper trapezius muscles, on the
halfway point of the line between the spinous process
of C7 and the acromion. A reference electrode is placed
over the spinous process of C7,'” and the signal is sent to a
computer wirelessly.

Treatment protocol

The patients were asked to visit the Roessingh Research
and Development lab (Enschede, The Netherlands) and to
play the “PlayMancer” exergame for 4weeks with a (average)

frequency of one or two times a week. After 4 weeks of
training with this frequency, first clinical changes can be ex-
pected. In addition, this amount of sessions is expected to
enable patients to give a good reliable judgment concerning
their experience.

During every game session, a therapist assisted the patient.
The first gaming session was focused on the calibration of the
MoCap system and to assist the patient become acquainted
with the “PlayMancer” game. Subsequently, by using the
baseline and goal-setting module, the individual baseline
values were assessed, and individual goals were configured
for each motor skill. This module also automatically updates
the baseline values of the patient if the patient performs at
beyond the baseline level. Then the patient was introduced to
the minigames, and the aim of every minigame was ex-
plained. During subsequent sessions, the patients played
every minigame at least three times. Depending on the pri-
mary complaint (low back or neck/shoulder pain) or pa-
tient’s preference, a minigame might be played more than
three times. Each gaming session lasted between 45 and 60
minutes.

Measurements

User experience. ISO 9241-210 defines user experience as
“a person’s perceptions and responses that result from the use
or anticipated use of a product, system or service.” To assess
the user experience of the game, there was a focus on us-
ability, satisfaction, level of motivation, and gaming experi-
ence. The usability of the game was assessed against the
System Usability Scale (SUS).® The SUS presented 10 state-
ments about the perceived usability of the game. Patients



302

JANSEN-KOSTERINK ET AL.

FIG. 2. The “PlayMancer” suit. Color images available online at www liebertonline.com/g4h

could indicate on a scale of 0—4 to what extent the presented
statements were true for them. To obtain the final SUS score,
the sum of the patients” answers was multiplied by 2.5. The
SUS score ranges from 0 to 100 (low and high usability, re-
spectively). The English version of the SUS was translated
into Dutch, as there was no validated Dutch version avail-
able.

The overall satisfaction with the game was assessed by a
request to rate the game on a scale from 0 to 10 (low and high
usability, respectively) and an open-ended question asking
about the overall experience of the game.

The level of motivation was assessed by posing two
questions. For the first question, patients rated on a 7-point
Likert scale, ranging from “demotivating” to “motivating,”
their level of motivation related to the “PlayMancer” game.
The second question was answered with yes or no: “Did the
"PlayMancer’ game motivate you to perform your exercises?”

The game experience of the patients during gaming was
assessed by the enjoyment, frustration, environment (graph-
ics and sounds), and game play (scenario and rules) scale of
the Core Elements of Gaming Experience Questionnaire
(CEGEQ).*! This questionnaire presents 17 statements. Pa-
tients could indicate on a scale ranging from 0 to 7 to what
extent these statements were true for them. The summed
score per category gave a view of each patient’s overall
gaming experience. The English version of the CEGEQ was
translated into Dutch, as there was no validated Dutch ver-
sion available. All the questionnaires were assessed imme-
diately after 4 weeks of gaming (post-test).

Game output. The progression on the performed motor
skills was assessed by analyzing the game data. After every
game session, the game data were saved in a patient-specific
folder. In this folder were saved the walking velocity

(“Temple of Magupta”), the movement time and velocity and
three-dimensional wrist position (“Face of Cronos”), and the
rotation of the head around the three axes (“Three Wind
Gods”), as well as other game data.

Clinical changes. The physical condition of the patient
was assessed by the 6-minute walk test.” The objective of this
test is to walk as far as possible for 6 minutes on a flat surface
such as a hallway. During the test, patients were permitted to
slow down, to stop, and to rest if necessary.

The subjectively experienced disability of patients with
pain was assessed by a generic disability questionnaire,
namely, the Pain Disability Index (PDI).?® The PDI is a self-
rating scale. Answers are provided on a categorized 11-point
scale with “not disabled” and “fully disabled” at the ex-
tremes. In a chronic pain population, the psychometric
properties of the PDI appeared to be sufficient.®

Pain intensity of the back region or neck/shoulder region
was assessed by means of a visual analog scale (VAS).** Pa-
tients were asked to rate their experienced level of pain
during the last month. The VAS consists of a 10-cm horizontal
line with “no pain” on the left and “worst pain ever” on the
right extremity of the line. Psychometric properties have
proven to be sufficient.

The 6-minute walk test, PDI, and VAS were assessed prior
to (pre-test) and immediately after 4 weeks of gaming (post-
test).

Analysis

To assess the user experience, the mean scores post-test of
the assessed questionnaires were calculated. Because of the
pilot characteristics of this study, all patients were asked to
play all three minigames, even if the motor skill(s) requested
in the minigames did not correspond with their needs. For
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this reason the progression on the performed motor skills of
the game are presented separately for the whole group and
for the patients with a significant impaired function for these
motor skills.

For the “Temple of Magupta” minigame, the average
walking speeds for each game week are presented. The av-
erage walking speed was calculated over the total “Temple of
Magupta” minigame, per session. For the “Face of Cronos”
minigame, the average overhead reaching heights, wrist po-
sition, for each game week are presented. The wrist position
was determined as the maximum wrist height per movement.
This position was relative to the shoulder. The maximum
height of every reach was defined as the point, between the
start and end of a movement, in which the velocity of the
wrist was 0 m/second. For every game session, an average
value was calculated to describe the reaching heights. For the
“Three Wind Gods” minigame, the average range of motion
(in degrees) of the cervical axial rotation from left to right (no
movement) for each game week is presented. For every game
session, an average value was calculated to describe the
CROM. Data processing and calculation were done using
Matlab software (version R2008b; MathWorks, Natick, MA).

To investigate the changes of game output over the weeks,
mixed-model analysis for repeated measures was used. Time
of measurement (week) was used as a within-subjects factor.
Post hoc comparisons were made when required, and Sidak’s
adjustments were used to correct for multiple tests. At a
group level, the overall clinical effect of the “PlayMancer”
game over time (pre-test versus post-test) on physical con-
dition, disability, and pain intensity was analyzed using a
paired nonparametric test (Wilcoxon). SPSS version 19.0
software (SPSS, Inc., Chicago, IL) was used for statistical
testing. Alpha was set at 0.05 to test for statistical significance.

Results

Ten patients (two male and eight female) participated in
this study. All patients met the predefined inclusion criteria
and completed the 4 weeks of gaming. The mean age was 54.9
years (standard deviation [SD] 11.8; range, 27-68). Six of the
patients reported primary neck/shoulder complaints, and
four patients reported primary low back complaints. The
average pain intensity of the patients was 5.9 (SD 2.1), and the
average disability score was 27.3 (SD 13.5), indicating mild to
moderate disability levels. All patients were able to walk
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without a walking aid. Four of the patients were employed
and worked for 28—40 hours per week, three of the patients
were retired, and three patients were unemployed (Table 1).

User experience

With respect to the reliability analysis of the SUS, Cron-
bach’s alpha of the 10 items was 0.5, indicating poor reli-
ability. The usability of the “PlayMancer” exergame was
rated good (SUS score <71.4%°), with a mean SUS score of
77.5 (SD 9.5; range, 60.0-97.5).

The overall satisfaction with the “PlayMancer” exergame
was high. The patients gave the exergame an average rating
of 7.6 (SD 0.7; range, 6-8) out of 10. Four patients responded
to the open question about the overall experience of the ex-
ergame. The patients stated:

The game distracted me, I was less aware of the pain and
therefore I was able to relax and play the game. (Patient
number 3)

I liked to play the game. (Patient number 4)

The “Temple of the Mapugta” mini-game I enjoyed most, the
other two games I enjoyed less. These mini-games were in-
sufficiently stimulating for me. (Patient number 5)

Playing the game caused distraction from my pain, therefore I
was able to execute the requested exercises better; I walked
longer and stretched my neck more. (Patient number 9).

Nine of the 10 patients found the “PlayMancer” exergame
a motivating exergame; one patient gave a neutral answer.
All the patients found that the exergame motivated them to
perform the requested motor skills.

The outcomes on game experience are presented in Figure 3.
With respect to the reliability analysis of the CEGEQ, Cron-
bach’s alpha of the 17 items was 0.9, indicating good reli-
ability. Patients enjoyed playing the “PlayMancer” exergame
and considered that it did not lead to frustration. The high
scores seemed to indicate that the patients were satisfied with
the game environment (graphics and sounds) and game play
(scenario and rules).

Progression on performed motor skKills

The results on the progression in performed motor skills
(walking velocity, reach height, and CROM) are presented
first for the whole group and second for those patients with
relevant impairment.

Game Experience (n=10)

M Enjoyment B Frustration

Elements of CEGEQ

! Game Environment
|

M Game play
|

0.0 20.0 40.0

80.0

60.0 100.0

% of maximum score

FIG. 3. Overview of overall scores on the Core Elements of Gaming Experience Questionnaire (CEGEQ) subscales of
enjoyment, frustration, game environment, and game play. Color images available online at www .liebertonline.com/g4h
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FIG. 4. Average walking velocity of (a) all patients and (b)
“Temple of Magupta” minigame.

Walking velocity

Group. Mixed-model analysis for repeated measures
showed that the scores on walking velocity did not change
significant over time (P>0.22). The average baseline (volun-
tary) walking velocity was 3.4 km/hour (range, 2.5-4.5). In
the first week, the average walking velocity during gaming
was 4.0km/hour (SD 0.6; range, 3.2-5.2), and in the final
week the average walking velocity during gaming increased
to 4.8 km/hour (SD 0.6; range, 3.7-5.6) (Fig. 4a).

Impaired patients. Four patients (numbers 2-4 and 10)
had an impaired walking velocity of 4.2 km/hour or less on
the 6-minute walk test performed pre-test.”® Looking at their
walking velocity during playing the game, game data
showed an average baseline walking velocity of 3.1 km/hour
(range, 2.5-3.5). In the first and final weeks these values were
3.6km/hour (SD 0.3; range, 3.2-4.0) and 4.6 km /hour (SD 0.8;
range, 3.7-5.3), respectively (Fig. 4b).

Reach heights

Group. Mixed-model analysis for repeated measures
showed that the scores on reach height did not change sig-
nificant over time (P>0.17). The average baseline reach
heights for the left and right arms were 2.05m (range, 1.91-
2.16) and 2.05m (range, 1.93-2.14), respectively. For the left
arm, the average reach height in the first week of gaming was
2.08 m (SD 0.03; range, 2.02-2.13). In the final game week, the
average reach height of the left arm increased to 2.10m (SD

)
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the patients with an impaired walking velocity during the

0.02; range, 1.98-2.15). For the right arm, the average reach
height in the first week was 2.05m (SD 0.02; range, 1.85-2.15).
In the final game week, the average reach height of the left
arm increased to 2.10m (SD 0.01; range, 2.03-2.17) (Fig. 5a).

Impaired patient. Only one patient (number 2) had in the
first week a discrepancy of overhead reach height between
the left and right arm. The reach height of the right arm was
23 cm under the reach height of the left arm. The reach height
of the right arm of this patient in the first week was 1.85m,
and this increased to 2.12m in the final week (Fig. 5b).

CROM

Group/impaired patients. Mixed-model analysis for re-
peated measures showed that the CROM scores changed sig-
nificant over time (P <0.03). During the first week, the CROM
for cervical axial rotation, from left to right, during gaming was
129.1° (SD 6.8; range, 119.9°-138.5°). The CROM for cervical
axial rotation, from left to right, of a healthy patient is 151.7°%;
all patients had an impaired CROM (<151.7°). During the
final gaming week, the CROM increased to 139.5° (SD 16.1;
range, 121.0°-161.2°) (Fig. 6). During the final week, three
patients (numbers 2, 4, and 9) reached the CROM cutoff point
(>151.7°) for healthy patients.'®

Clinical effectiveness

The physical condition of the patients was assessed by
using the 6-minute walk test. Pre-test, the average walking

o

Face of Cronos - impaired patient
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FIG.5. Reach height overhead reaching of (a) all patients and (b) the patient with an impaired reach height during the “Face

of Cronos” minigame.
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FIG. 6. Cervical range of motion of all patients (all had
impaired motion) during the “Three Wind Gods” minigame.

distance was 445 m (SD 77). At post-test, the average walking
distance increased by 20m to 465m (SD 46). However, this
difference was not significant (P=0.212). The PDI decreased
by almost 1 point at post-test. The difference between pre-test
and post-test scores for disability was not significant
(P=0.505). After 4 weeks of gaming, the perceived pain in-
tensity of the patients decreased from 59 (SD 21) on a 100-mm
VAS to 50 (SD 24) to 50 (SD 24) (Table 2). Again, this average
difference was not significant (P=0.284).

Discussion

This pilot study focused on a first evaluation of the “Play-
Mancer” exergames for patients suffering from chronic mus-
culoskeletal pain. The primary aim was to explore the user
experience of the patients with the exergame. The secondary
aim of this pilot study was to explore the progression in terms
of the performed motor skills (walking velocity, overhead
reach ability, and CROM) and the clinical changes (physical
condition, disability, and pain intensity) brought about in
chronic pain patients using the exergame for 4 weeks. Patients
experienced the “PlayMancer” exergame as positive. They
rated the usability of the exergames as good, and the ex-
ergames clearly motivated patients to perform their exercises.
Furthermore, patients enjoyed playing the exergame and liked
the game environment and game play. Despite the short
training period, overall the patients made a nonsignificant
progression in terms of the requested motor skills in the
minigames during the 4 weeks of gaming, especially those

TABLE 1. DEMOGRAPHIC CHARACTERISTICS
OF THE INCLUDED PATIENTS

Characteristic Value

Age (years) 54.9 (SD 11.8; range, 27-68)

Gender 20% male
80% female
Complaints 60% neck/shoulder pain

40% low back pain
5.9 (SD 2.1; range, 1.6-8.0)
27.2 (SD 13.5; range, 6-55)

40% employed
30% retired
30% unemployed

Pain intensity
Disability score
Work status

SD, standard deviation.
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TABLE 2. OUuTCOME ON PAIN INTENSITY, PAIN DISABILITY,
AND 6-MINUTE WALK TEST

Mean (SD)
Pre-test Post-test
Pain intensity 59 (21) 50 (24)
Pain disability index 27.2 (13.5) 26.3 (15.0)
6-minute walk test 445 (77) 465 (46)

There were no significant differences between pre-test and post-
test scores (P>0.212).
SD, standard deviation.

patients with impaired motor skills. After 4 weeks of gaming,
generally patients were capable of walking faster and reaching
higher and experienced an increase in neck mobility.

Based on this, it is expected that gaming has a true po-
tential for physical rehabilitation also in the future, especially
when used in combination with telemedicine applications
that enable home-exercising. Home-based exercise programs
are known to be effective,?” but the overall low conformance
with such programs remains problematic.?® It is known that a
higher conformance to a rehabilitation program has a more
positive effect on clinical outcomes.” Exergames, such as the
“PlayMancer” exergame, encourage patients to perform their
exercises, so they have the potential to overcome the gener-
ally low compliance with the home-based exercise programs.
Another positive aspect of the “PlayMancer” exergame is the
availability of game data. These data provide the therapist
with detailed information on the progression of a patient in
terms of the various trained motor skills. By using the avail-
able game data, the therapist can better align the game ses-
sion to the needs of the individual patient, and the
transparency of the treatment is increased, which matches the
current trend in healthcare. However, none of the commer-
cially available exergames currently provides the healthcare
professional with this type of game output.

Previous randomized controlled trials have shown the
potential of games for helping to rehabilitate stroke pa-
tients,’*>* patients with acquired brain injury,”® and young
patients with cerebral palsy.> Clinical trials to test the ben-
efits of exergames in rehabilitation are necessary before such
games are incorporated into rehabilitation programs.® This
pilot study is a first step toward the implementation of ex-
ergames in the physical rehabilitation of chronic musculo-
skeletal pain patients.’*® The framework for telemedicine
evaluation proposed by DeChant et al.'” was used, and in line
with this framework, the presented pilot study was a stage 1-2
evaluation. In the terminology of DeChant et al.,'” the eval-
uation of an application starts with an evaluation of the
technical efficacy (accuracy and reliability) of the application
and an evaluation of the primary objective of the application
in terms of access, quality, or cost (stage 1-2). During the
subsequent deployment, a comprehensive evaluation is nec-
essary, using multiple end points such as the quality, acces-
sibility, and costs of this healthcare approach (stage 3). The
final step in the evaluation of an application is to examine
whether the overall evaluation of an application in one sys-
tem can also apply in other settings (stage 4)."” Even though
this framework is designed for telemedicine evaluation, it can
be adopted for evaluation of serious games in healthcare. This
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framework can help other researchers to organize the evalu-
ation of their serious (exer)games in a clinical setting. Al-
though the sample size of this pilot study is low and there
was no control group, it still extends the knowledge about the
use of exergames in the physical rehabilitation of chronic pain
patients.””

By playing the “PlayMancer” game, patients made a pro-
gression in the requested motor skills. In rehabilitation a
progression of 15 percent is often considered as clinically
relevant.*® Given our results on a group level, the progression
made on walking velocity is clinically relevant. On an indi-
vidual level 70 percent of the patients made a clinically rele-
vant progression on walking velocity, 10 percent of the
patients made a clinically relevant progression on reach
height, and 30 percent of the patients made a clinically rele-
vant progression on CROM. A next step in the evaluation of
the “PlayMancer” exergame is to compare it with conven-
tional physiotherapy for patients suffering from chronic
musculoskeletal pain and to compare them on clinical benefit,
user experience, and costs (stage 3).

The following adjustments could increase the potential of
the “PlayMancer” game as a tool with rehabilitation purpose.
First, the current version of the “PlayMancer” game only in-
volves three minigames, and an increase of the number of
minigames would be desirable. With more minigames avail-
able, a game session with the “PlayMancer” exergame could be
better adjusted to the rehabilitation goals of the individual
patient, and that patient’s treatment protocol can be refined.
Second, the duration of the treatment protocol in this study
was 4 weeks. Patients visited the Roessingh Research and
Development lab to play the “PlayMancer” game one or two
times a week over 4 weeks. Because of the positive effects of
intensity, frequency, and duration of training on physical fit-
ness,” it can be assumed that extending the treatment protocol
(for example, duration of 6 weeks instead of 4 weeks and
frequency of at least twice a week) could further positively
influence the outcome. A final suggestion is to adjust the game
for remote physical rehabilitation. In the current setting, pa-
tients were dependent on the availability of the therapist and
the Roessingh Research and Development lab to play the
game. Besides, an extensive MoCap system was needed to
generate input for the game. For a remote physical rehabili-
tation setting, there must be an easy-to-use and cheap alter-
native for this MoCap system, such as the Microsoft®
(Redmond, WA) Kinect®. In a previous study, the Microsoft
Kinect was integrated into the “PlayMancer” game and tested
as an alternative low-cost MoCap system. In this setting, two of
the “PlayMancer” minigames (“Temple of Magupta” and
“Face of Cronos”) could be controlled by the requested motor
skills."® Concerning the “PlayMancer” game as a tool for re-
mote physical rehabilitation, a next step is to evaluate the game
in combination with more easy-to-use motion capturing sys-
tems in a home setting and see if the outcome on accessibility
and quality are comparable with the outcomes of this study.
Our existing knowledge about telerehabilitation suggests that
the “PlayMancer” exergame has the potential to increase the
quality and accessibility of healthcare and perhaps with lower
costs. Patients can play the exergame during a self-scheduled
time span in their own environment. This would fit with the
current trend of self-management of the patient.*’

One of the limitations of this study is the use of nonvalidated
Dutch versions of the SUS and CEGEQ because no other vali-
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dated Dutch questionnaires to assess usability and game ex-
perience were available. Given the Cronbach’s alpha of these
questionnaires, the reliability of the SUS and CEGEQ were in-
dicated as poor and good, respectively. Therefore the use of this
Dutch version of the CEGEQ is allowed, but for the future use
of the current Dutch version of the SUS should be reconsidered.

In conclusion, the “PlayMancer” exergame has demon-
strated preliminary potential efficacy in a small sample of
adults with musculoskeletal pain and could be a novel tool
for achieving physical rehabilitation because it motivates
patients to perform their exercises, and as a result, their motor
skills and physical condition both improve.
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