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Abstract
Background: Recently, movement-based videogames (exergames) have gained popularity in improving the rehabilitation
process after surgery. During exergaming, participants are physically challenged as the game component stimulates adherence
to the training program. There is no literature on the effect of exergame training interventions in patients who received arthroscopic
ankle arthrodesis.
Objective: This pilot study assessed the potency of an existing exergaming tool for the rehabilitation program of patients who
received arthroscopic ankle arthrodesis.
Methods: A cross-sectional pilot study was performed, in which patients who received arthroscopic ankle arthrodesis (n=8)
were subjected to an exergaming protocol. Gait analysis was performed with a treadmill system. A healthy age-matched control
group (n=10) was used as the control group.
Results: The patient group was capable of performing exergaming exercises and they showed no floor or ceiling effect. Only
in case of the overall stability, the patient group performed significantly less better than the control group (P=.03). Gait analysis
showed equal step length with increased external rotation of the affected limb.
Conclusions: Exergaming seems to be a valuable tool for measuring the ability of patients who received AAA to perform
activities of daily living and it has the potential to individualize rehabilitation programs. When exergaming is systematically
integrated with patient-reported outcome measures and activity tracking, it has the potential to improve the quality of care.
(JMIR Rehabil Assist Technol 2021;8(2):e21924) doi: 10.2196/21924
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Introduction
The use of technology-driven physical activities such as
videogames that require participants to be physically active or
exercise in order to play the game, also known as exergames,
has been proposed as a valuable treatment option to encourage
participation in rehabilitation programs and to improve
https://rehab.jmir.org/2021/2/e21924
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adherence to therapy programs [1]. The challenging element of
the game and the accessibility to practice at home will improve
the frequency of the exercise, thereby improving the quality
and speed of rehabilitation. Further, exergaming might enable
patients to participate actively in social and sporting activities
sooner [2,3]. Besides using exergaming for rehabilitation, it has
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the potential to be used for functional assessments, thereby
providing more insight into the progress of the patients.
Measuring the ability to perform activities of daily living is very
informative for evaluating the recovery of patients. Currently,
the functional outcomes in the treatment of musculoskeletal
injuries are often evaluated with patient-reported outcome
measures (PROMs). However, discrepancies in subjective and
objective measures are known, and therefore, easy-to-obtain
objective measures are needed [4]. With the use of wearable
activity monitors, it is possible to objectively measure the
physical activity of patients in a free-living environment.
Activity monitors can differentiate between different physical
activity types in daily living (eg, stand, walk, sit) [5]. Although
the accessibility of activity monitors is very low despite the
broad acceptance of smartwatches, detailed information on
specific activities of daily living is needed. A potential in the
development in this direction is exergaming. During exergaming,
a person plays a videogame to perform exercises. Exergaming
is used in multiple fields of medicine. Every medical
(sub)specialty has its own possibilities and challenges.
Exergaming consists of 2 words, that is, exercise and gaming,
and the influence of both aspects during playing needs to be
understood. Since this concept is still relatively new, little is
known about how big the influence of the gaming part during
exergaming is. While playing a regular videogame, the player
learns the features of the game in a playful manner. The first
level of every game makes the player familiar with the game
and the game levels gradually increase in complexity. This poses
a challenge for exergaming in rehabilitation. This study focusses
on how to determine the influence of the gaming part on the
score and progress of the rehabilitation. People who are more
acquainted with videogaming may have an advantage and may
receive higher scores.
Ankle osteoarthritis is an invalidating condition, which causes
pain, dysfunction, and immobility [6]. Osteoarthritis, in general,
is treated with nonsteroid drugs and physical therapy. For
end-stage osteoarthritis, operative treatment options are
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available. In case of osteoarthritis of the ankle, total ankle
replacement or ankle arthrodesis (AA) are the 2 main surgical
solutions. Nowadays, AA is the most practiced treatment for
osteoarthritis of the ankle, although there is no consensus in the
literature about which treatment is superior [7]. These options
mostly lead to significant pain reduction, but they do not offer
normal ankle function, thereby leading to long rehabilitation
periods to regain the ability to perform activities of daily living.
We hypothesized that exergaming could be of additional value
for the follow-up of our patients in the near future. This pilot
study was a stepwise approach to design a test protocol with an
exergaming device for the rehabilitation of patients who received
arthroscopic AA (AAA). For extrapolation purposes, we
performed a gait analysis with a treadmill system.

Methods
Ethical Approval for This Study
This cross-sectional pilot study was performed at the Zuyderland
Medical Center, Department of Orthopedic Surgery and
Traumatology. This study was approved by the Clinical
Research Ethics Committee (protocol 2016/43). Oral and written
consent were obtained from all the participants. All patients
who received AAA between January 2013 and December 2018
(n=28) at the Zuyderland Medical Center were recruited for
study inclusion. Patients were excluded in case of comorbidities
with major influence on activities of daily living or when they
did not understand the informed consent.

Participants in This Study
At a median follow-up of 2.5 (IQR 1-5) years after AAA, 35%
(8/23) of the patients were able and willing to participate in this
study. Causes of ankle arthritis in this study population were
posttraumatic arthritis (7/8, 88%) and rheumatoid arthritis (1/8,
13%). The distribution of the affected side was equal (left ankle,
4/8, 50%). A healthy age-matched control group (n=10) was
formed, consisting of healthy volunteers, 4 of whom were
women (Table 1).

Table 1. Characteristics of the patient group and control group.

a

Characteristics

Patient group (n=8)

Age-matched control group (n=10) P value

Age at participation (years), median (IQR)

66 (55-73)

58 (46-77)

.005a

Sex (male), n (%)

6 (75)

6 (60)

.25

Body mass index (kg/m2), median (IQR)

28 (27-38)

26 (21-30)

.002a

P values were calculated by Mann-Whitney U test; values were significant at P<.05.

Other reasons for not participating in this study were other
comorbidities (eg, cerebral vascular accident, heart disease,
pulmonary disease), not interested, or not answering the
invitation. The test protocol was discussed and designed by
subject matter experts (PP, TvdA, and RH). Before the designed
protocol was used, it was first tested with a reference group of
young healthy men (n=6) recruited from the Department of
Orthopedic Surgery and Traumatology. The characteristics and
results of this group are described in Multimedia Appendix 1.
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Exergaming Device
The Riablo system (CoRehab s.r.l) includes a laptop with custom
Linux SO and Riablo software, 3 inertial Bluetooth sensors
(cortex M3 @ 72 MHz, 3D accelerometer [SD 16g], 3D
gyroscope [SD 2000 dps], 3D magnetometer [f.s. up to 1 KHz]),
Bluetooth pressure board [320 pressure sensors]), and a kit of
elastic bands for positioning the sensors (Figure 1). Scores in
the report were produced by the Riablo software, which included
precision (ability to reach the target angle at the right moment),
accuracy (ability not to compensate), and stability (ability to
JMIR Rehabil Assist Technol 2021 | vol. 8 | iss. 2 | e21924 | p. 2
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keep balance). The inertial measurement has the necessary
accuracy to be safely utilized in rehabilitation programs after
orthopedic treatments of the lower limb [8]. This system was
used to assess the participant’s functionality. A personal
platform was created by entering the details of length, weight,
and dominant/injured leg of each patient into the system. This
system has a preset library of exercises from which to choose
to create work programs suitable for each patient or group of
patients. Every exercise needs to be specified with the frequency,
intensity, time, and type parameters [9]. As the tool was
originally intended as an exergaming tool for sports injuries, a
specific protocol had to be developed for exercises that could
be done by patients who received ankle arthrodesis during the
full period of recovery and that had sufficient discriminative
power to give insight into the level of functionality. Exercises
that were deemed suitable were weight-mono-lateral transfer,
squat, stand and sit, start walking, lunge, reverse lunge, and
lateral lunge. Measurements took place in an examination room
with a television screen connected to the system. Patients were
connected to the system with 3 Bluetooth inertial sensors: one
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in the middle of the chest and the other two in the middle of the
upper leg and middle of the lower leg. Calibration was
performed to check the placement and position of the sensors
[8]. Before all exercises, a short introduction movie was showed
by the system to instruct the patient. Then, the examiner
practiced the movement once with the participants. During each
exercise, the system gave live feedback to the participant with
visual instructions known in games. All patients were granted
2 attempts to perform the exercise correctly; otherwise it was
noted as a failure. The best score of each exercise was used.
The system produced a report with scores from 0% to 100%,
in which a score of 0% was considered to be the lowest score
and 100% as the highest score. The quality was registered with
indexes that show how each exercise was performed from a
quality perspective. The score was built from 3 aspects by
assessing the patient for precision (ability to reach the right
target at the right time), patient stability during exercise (ability
to maintain balance and limit the thorax sways), and accuracy
(ability to avoid compensations).

Figure 1. Setup of the Riablo CoRehab system.
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Zebris FDM-T
The Zebris FDM-T (Figure 2) includes a laptop with Zebris
FDM software Suite, treadmill Zebris-FDM Maxxus, and
high-speed SYNCLight Cam (100 Hz, pressure plate FDM 1.5
[158×60.5×2.1 cm], sensor area [149×54.2 cm], 11.264 sensors,
sampling rate: 100 Hz, optional 200 Hz/300 Hz, measuring
range, 1-20 N/cm). Participants were asked to stand in the
middle of the treadmill for 10 seconds to measure the static
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plantar pressure. Gait analysis was obtained with participants
walking barefoot for 1 minute on the treadmill at a pace that
was comfortable for a short amount of time. Finally, participants
were asked to walk with their shoes on the treadmill for 1 minute
at the same pace. In the analysis, the following parameters were
examined: step length (cm) and external foot rotation (degrees).
This system is validated for measuring the spatiotemporal
parameters of gait [10].

Figure 2. Setup of the Zebris FDM-T treadmill.

Statistical Analysis
Nonparametric statistics were used due to the small sample size.
Descriptive statistics were calculated by Mann-Whitney U test
(continuous variables) to compare the medians between the
different groups and Fisher exact test (binary variables) to
compare the medians (range). The number of participants were
undersized for each group; therefore, the Kolmogorov-Smirnov
test was used to compare the results of the CoRehab and Zebris
between both groups. The Kolmogorov-Smirnov test was used
to compare the medians of different categories between the
groups. In this study, the median would produce more
representative results instead of the mean. The statistical
significance level was comparable or smaller than .05. The data
were analyzed using SPSS (version 25.0, IBM Corporation).

https://rehab.jmir.org/2021/2/e21924

XSL• FO
RenderX

Results
No significant differences were observed between the physical
functioning of the patient group and the control group (Table
2). The AAA group had a median overall score of 51% (IQR
45%-69%), which was measured with the exergaming system,
whereas the control group had a median overall score of 60%
(IQR 28%-79%). In the AAA group, the best performed exercise
was the reverse lunge with a median score of 78% (IQR
60%-89%) and the worst performed exercise was the squat with
a median score of 11% (IQR 0%-42%). The best performed
exercises in the control group were the start to walk (median
79% [IQR 43%-90%]) and the lateral lunge (median 79%
[38%-91%]) and the worst performed exercise was the squat
(median 12% [IQR 0%-73%]).
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Table 2. Results of the exercise protocol per group.

a

Exercises

Patient group score (%), median Age-matched control group
(IQR)
score (%), median (IQR)

P value

Weight-mono-lateral transfer

50 (0-59)

67 (11-86)

.07

Squat

11 (0-42)

12 (0-73)

.32

Stand and sit

62 (28-77)

68 (23-91)

.49

Start walking

75 (43-90)

79 (43-90)

.52

Lunge

65 (45-79)

52 (4-85)

.20

Reverse lunge

78 (60-89)

74 (8-91)

.21

Lateral lunge

69 (38-91)

79 (28-93)

.61

Overall score

51 (45-69)

60 (28-79)

.32

Average precision

58 (49-75)

65 (35-84)

.34

Average accuracy

87 (67-93)

89 (84-95)

.17

Average stability

73 (59-79)

80 (68-90)

.03a

P values were calculated by Mann-Whitney U test, and they were significant at P<.05.

Gait analysis showed more external rotation on the operated
site compared to the nonoperated site. The results of the gait
analyses are shown in Table 3. The software determines foot
rotation as the angle formed by the midline of the foot and the

midline of the treadmill. A skewed gait resulting in erroneous
values was assessed with camera views and consequently
disregarded for further evaluation.

Table 3. Descriptive results of the gait analysis per group for step length and rotation.
Gait analysis

a

Patient groupa (n=7)

Age-matched control groupb (n=7)

Operated ankle

Nonoperated ankle

Right ankle

Left ankle

Step length (cm), median (IQR)

50.0 (33 to 64)

49.0 (33 to 64)

46 (38 to 47)

44 (39 to 47)

Rotation (degrees), median (IQR)

9.3 (–2.6 to 13.9)

3.2 (0.9 to 7.6)

13.9 (9.10 to 22.5)

10.1 (1.9 to 21.8)

Incorrect measurements were obtained from 1 participant in this group.

b

Incorrect measurements were obtained from 3 participants in this group.

Discussion

the special skills of the therapist, but the outcome scores need
to be considered with more objectivity.

In this study, with exergaming, the patients who received AAA
had a median overall score of 51% (IQR 45%-69%), thus
indicating sufficient potential for showing improvement but
also having the possibility to indicate deterioration at a median
follow-up of 2.5 (IQR 1-5) years after receiving AAA. All
patients liked the concept of testing. The big challenge in
exergaming is to estimate what the limitations caused by the
AAA on the practice effect are and how the score is limited to
the skills effect of the gaming. Within this challenge, we have
the learning effect of this type of exercise in general, and we
have the difficulties for every individual exercise. To counter
the learning effect, each participant was granted 2 attempts per
individual exercise. In several cases, the participants reported
that they found the gaming part during the exercise inspiring,
but they sometimes missed the experience and the finesse to do
the game. Every individual exercise had its own specific
characteristics and patients responded quite heterogeneously to
this, but with sufficient room to improve or worsen, as depicted
in the average scores. During conventional rehabilitation, these
characteristics are usually adjusted during the therapy. In
exergaming, these have to be defined beforehand, considering

For many rehabilitation protocols finding the right exercises
and setting, the parameters are the biggest challenge. The
parameters of the exercise components, that is, frequency,
intensity, time, and type, as described by Knols et al [9], together
form a set of guidelines that help to set up exercise routines.
These guidelines should fit the exercise goals and the trainee’s
level of fitness and is one of the foundations of successful
exercise interventions. This combined with the large variance
in gaming skills makes it a challenge to find the right testing
and training protocol since little experience exists. To obtain a
relevant set of exercises, we went through several stages. The
available exercises were evaluated whether they would fit the
anticipated limitations due to arthrodesis. This process of
adapting an exergame for a specific pathology is believed to
add positive value, but it also requires experience on both
exergaming and the specific pathology [11].
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Functional deficit following AA is obvious when comparing to
the function of the normal population. Nevertheless, good
functional outcomes have been reported mainly using PROMs
as an outcome measure [12]. Schuh et al [13] described that
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most people with ankle osteoarthritis perform activities such as
cycling, swimming, hiking, and skiing both at end-stage
osteoarthritis and after AA. PROMs are currently used to
quantify a disease state or an interventional outcome as
perceived by the patient [14]. PROMs suffer from their
subjective nature, recall bias, being a time-consuming
methodology, low response rates, and completion rate or
transcription errors [15]. Furthermore, various PROMs do not
capture the changes due to a lack of power of the scores as
averse to a lack of change (eg, floor and ceiling effects) [16].
Ankle osteoarthritis results in an unnatural gait pattern.
Therefore, gait analysis is done in many AAA studies. Deleu
et al [17] quantified the alterations in gait in their meta-analysis.
They observed an increase in the walking speed, while step
length remained constant. In this study, negative foot rotation
angles were found. This can be explained by the angle between
the longitudinal axis of the foot and the walking direction;
negative values indicate an inward rotation and positive values
indicate an outward rotation. Healthy human walking is
symmetrical and economical; however, the walking of people
who received AA is often asymmetrical and requires more
energy [18].
In this study, a mobile treadmill was used to assess the gait
pattern at the final follow-up. Our findings were consistent with
those of Deleu et al [17]. The increased external rotation during
walking compensates for the diminished movement in the ankle.
It shortens the lever arm of the forefoot in the sagittal plane,
thereby aiding in shifting the weight from back to front [19].
As our population exhibits a walking pattern that resembles that
reported by Deleu et al [17], we may assume that our sample
represents the “normal” ankle arthrodesis population.
Exergaming has some interesting features that may assist in
offering high value rehabilitation monitoring while minimizing
outpatient controls. The “exer” part enables health care providers

Hendrickx et al
to develop pathology/patient-specific routines that change during
the rehabilitation process. If exergaming is introduced before
surgery, there is ample time to get acquainted with the gaming
part and eliminate the confounding factors, as most as possible,
thereby emphasizing the advantages of exergaming. The
“gaming” part has 2 important strengths. First, it adds a fun
factor, which might help in improving adherence to a
rehabilitation program [2,3]. Second, it reflects the performance
level. As specific goals are achieved, the game will
automatically evolve to the next level in which the exercises
will drive the rehabilitation process forward.
With the gaining popularity of smartwatches, the amount of
research assessing their ability to track mobility and activity is
expanding [20]. Shofer et al [21] concluded that a major positive
change was seen at 6 months following ankle arthrodesis.
Although step activity demonstrated no improvement at 6
months following ankle arthrodesis, the total number of steps
as well as the high-frequency steps continued to improve
significantly for up to 3 years following surgery. Exergaming
could add the more qualitative assessment of movement to this
activity part.
This study has a few limitations. We describe a small population;
therefore, one needs to be careful with extrapolation. However,
this pilot study supports future studies in using exergaming for
monitoring the rehabilitation process. This study offers sound
insights to give direction to future work. In the near future, we
think that the findings of our study might be helpful in creating
a platform for high-quality rehabilitation that is largely
home-based with continuous distant monitoring and feedback.
The specific goals during different phases of rehabilitation need
further attention. We believe that the first phase after
immobilization should have a different focus with a specific set
of exercises. In case of limited swelling and pain, the final phase
should have exercises focusing on the desired endpoint.
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