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Abstract

Objective: In the past two years, the social distancing practice 
of COVID-19 pandemic has caused a surge in the demand of 
remote health service, including teleconsultation and 
telerehabilitation. With technology advances, research in the 
use of virtual reality for rehabilitation has emerged in recent 
years. This narrative review will provide the latest overview of 
rehabilitation using virtual reality in musculoskeletal condition, 
with a particular focus on sports injuries. This review aims to 
investigate the effectiveness of virtual reality and summarise  
the potential benefits, concerns, and the future of virtual reality 
in the field of rehabilitation.

Results: Virtual reality has been employed in rehabilitation of 
gait and postural control in various medical conditions, in which 
it has been shown to be effective. Apart from postural 
rehabilitation, the use of virtual reality has also been studied in 
the rehabilitation of various musculoskeletal conditions. Several 
studies have investigated the use of virtual reality for patient 
after ACL reconstruction, and the results are promising. 
Besides physical rehabilitation, virtual reality offers 
psychological preparation for patients to return to sports. Virtual 
reality offers various advantages to conventional rehabilitation. 
This includes reducing therapist’s workload, enhancing 
patient’s autonomy, psychological preparation through near-
real-life scenario, offering complex assessment, readily 
available at home and increasing enjoy ability and compliance. 
However, there are still challenges for using virtual reality for 
rehabilitation, for example, need for technical expertise, motion 
sickness, lack of supervision by therapist and questionable 
accuracy of motion tracking.

Conclusion: In summary, using virtual reality in rehabilitation 
has shown early success, however, there are still challenges 
and questions to be explored. Up to now, there is no high-level  
evidence supporting the use of virtual reality in rehabilitation. 
Further research is encouraged in this field in order to provide 
a better understanding of its effectiveness.
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rehabilitation; Virtual reality

Introduction
Musculoskeletal disorder is one of the most common medical

problems that we may encounter. According to studies, the prevalence
was up to 70% [1]. Most of musculoskeletal disorders are sport related
injuries. Sport rehabilitation is essential part of musculoskeletal
rehabilitation. In the past two years, the social distancing practice of
COVID-19 pandemic has caused a surge in the demand of remote
health service, including teleconsultation and telerehabilitation. With
technology advances, virtual reality has been developed in the field of
digital media to integrate imaginary worlds and stories with the reality
[2]. Virtual reality is a new technology enabling people to involve
themselves in a virtual and interactive environment that they feel it
was real. This technology induces a subjective sense of presence by
creating a vivid and interactive simulation with the ultimate aim to
enable user to transcend into the virtual world. The extent of
interaction can be various, from two-dimensional virtual environment
to real-time perception and interaction [3]. Virtual reality can be
classified into non-immersive or immersive [4]. Non-immersive
system involves individual using devices such as a mouse or controller
to interact with the simulated world projected on a display. Immersive
system utilizes devices such as Head Mounted Displays (HMD) to
project a three-dimensional simulated world. Newer virtual reality
systems allow larger Fields of View (FOV) and block external visual
information by using portable Head Mounted Displays (HMD). User
can interact with the virtual environment using pre-existing or custom-
made devices [5,6]. Research in the use of virtual reality for
rehabilitation has emerged in recent years. This narrative review will
provide the latest overview of rehabilitation using virtual reality in
musculoskeletal condition, with a particular focus on sports injuries.
This review aims to investigate the effectiveness of virtual reality and
summarise the potential benefits, concerns, and the future of virtual
reality in the field of rehabilitation.

Evidence of Virtual Reality in Rehabilitation
Virtual reality has been employed in rehabilitation of gait and

postural control in various medical conditions. Evidence has
demonstrated that the concurrent use of virtual reality games and
traditional physiotherapy exercises have positive implications on the
gait and postural control of children with cerebral palsy, and it is more
effective than physiotherapy exercise alone [7]. Virtual reality
rehabilitation significantly improved their strength compared to
traditional physiotherapy, and slightly more effective in improving
postural balance and motor control development. The author attributed
these improvements to the increased enjoyability and physical and
cognitive fidelity. It has been proposed that virtual reality technology
and commercial video games can reduce fall and improve postural
control in patients with acquired brain injury by increasing their
motivation to rehabilitation and changing their movement control
strategies [8]. A systematic review had demonstrated that using virtual
reality to assess postural balance of elderly could identify individuals
with impaired balance [9]. It also showed that virtual reality using
HMD reduced incidence of fall and improved gaits. Apart from
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training, virtual reality has been employed for the assessment of
patients during the rehabilitation. Functional neuropsychological
assessment and postural control assessment using virtual reality have
been developed for patients with concussion, and it has an increased
sensitivity than traditional paper or computerized assessments [4]. A
“moving room” simulation using virtual reality can help to identify
patients with persistent perceptual-motion disintegration, which may
predispose the patients to musculoskeletal injuries in the future.
Virtual reality technology also allowed creation of virtual real-life
scenarios for neuropsychological functional assessment, which may
not be covered in traditional assessments. The virtual scenarios could
be controlled and individualized to meet the needs of individual
patient. A meta-analysis study suggested that playing Wii Fit
(Nintendo, Japan), a home-based active video game, encouraged faster
weight loss in post-partum women and increase physical activity and
function in elderly. Compared to traditional therapy, balance training
using Wii Fit for patients demonstrated a similar Berg Balance Score
(BBS) and an improved Time-Up-and-Go test (TUG) [10].

Evidence of Virtual Reality in Musculoskeletal
Rehabilitation

Apart from postural rehabilitation, the use of virtual reality has also
been studied in the rehabilitation of various musculoskeletal
conditions. Ankle injuries accounted for up to 30% of all sports injury
[11]. Up to 70% of patients after ankle sprain reported residual
symptoms and re-injury [12]. These might have been predisposed by
the reduced muscle strength, reduced proprioception and poor postural
control after the injury [13]. A systematic review with five randomised
controlled trials had demonstrated that rehabilitation by virtual reality
for functional ankle instability could significantly improve 30 seconds
single leg standing test result compared to traditional training. They
concluded that the overall improvements in muscle strength,
proprioception and maintaining body balance were superior to
conventional therapy. In a systematic review of nineteen studies, the
author investigated the effect of virtual reality in the rehabilitation of
general musculoskeletal disorders and regional dysfunctions [14].
Regarding general musculoskeletal disorders, rehabilitation by virtual
reality was more effective than no treatment in the management of
fibromyalgia and no significant difference in the effectiveness was
shown between virtual reality and exercise therapy in the management
of rheumatoid arthritis. Regarding regional dysfunction, the study
investigated the effect of virtual reality in shoulder impingement
syndrome, osteoarthritis of knee, post-total knee arthroplasty, post-
ACL reconstruction, ankle sprain and low back pain, in which virtual
reality was not significantly more effective than physical exercises.
Effective postoperative rehabilitation dictates the outcomes of any
orthopedic surgery. However, there is no consensus on the
rehabilitation regime after total knee arthroplasty [15]. A recent
randomised controlled study, published in 2020, compared the efficacy
of in-patient rehabilitation with virtual reality and that of conventional
rehabilitation after total knee arthroplasty [16]. Although no
significant differences were found in pain relief, muscle strength and
patient’s satisfaction, the improvement of global proprioception was
significantly higher in the group underwent virtual reality
rehabilitation. An experimental study demonstrated that accurate
tracking of location and speed of movement of upper limb was
feasible when using HTC VIVE virtual reality rehabilitation training
system [17]. However, lower score was observed in the system
usability in the post-test questionnaire, as it was reported that the
handle was difficult to operate. The author suggested that patients

should be well-trained before they start rehabilitation using virtual
reality.

Evidence of Virtual Reality in Post-Acl
Reconstruction Rehabilitation

Anterior cruciate ligament (ACL) injury is one of the most common
encountered sport injuries. Not only it requires operative treatment,
but extensive rehabilitation programme is also warranted in order to
achieve a favorable post-operative outcome. However, about 1 in 4
patients are at risk of suffering another injury after returning to high-
demand sports [18,19]. A recent retrospective study investigated the
use of mobile application that taught patients home-based exercises
for patients after ACL reconstruction [20]. At post-operative 3 weeks,
mobile app users were more likely to demonstrate quadriceps locking
during walking with crutches and be pain-free; however, the difference
was not significant at 6 weeks. The author suggested that it might
encourage quadriceps awakening, hence preventing atrophy,
functional deficit, gait instability, knee pain and early osteoarthritis. A
small prospective randomized controlled double-blind trial, with 30
subjects, compared the functional outcomes between Nintendo Wii Fit
and conventional rehabilitation for patients after arthroscopic ACL
reconstruction [21]. No significant difference was found between the
two groups in terms of the dynamic balance, coordination,
proprioception, response time and the strength of knee flexors and
extensors at first, 8th and 12th weeks. Both groups showed significant
improvement in dynamic stability, coordination and proprioception
after the programme. The author suggested that rehabilitation using
the Wii Fit Balance programme is a practical, cost-effective and safe
alternative to conventional rehabilitation. ACL injury is not purely a
ligamentous problem; research has shown that it is associated with
functional neuroplasticity [22]. One-third of professional athletes
could not return to their level of sport 3 years after ACL
reconstruction [23]. Therefore rehabilitation after ACL injury should
not only focus on the strength, but also the sensorimotor rehabilitation.
This can potentially be achieved by using virtual reality, as evidenced
by research on using virtual reality to improve gait and postural
control [7-9]. About two-third of players who could not return to play
after ACL reconstruction reported a psychological reason, most
commonly the fear of reinjure [24]. It is recognized that psychological
readiness is a vital factor for return-to-play after injury in sport players
[25]. Rehabilitation after ACL reconstruction should also incorporate
the psychological readiness to address these issues. Evidence has also
shown that relaxation intervention with virtual reality was effective in
reducing anxiety and boost confidence of healthy sport players during
stressed condition [26]. This may in turn enhance their performance,
as anxiety negatively impacts sports performance [27,28]. Virtual
reality has also been studied for analyzing and enhancing the
performance of sports players, in which the outcomes were favorable
[29,30].

Advantages of VR
As virtual reality can be controlled remotely, clinicians or therapists

do not have to physically be with the patients. This allows patients to
undergo rehabilitation at home or in different locations. It helped to
reduce the therapist’s workload, while enhancing patient’s autonomy
in rehabilitation.

Virtual reality offered a near real-life scenarios, which traditional
rehabilitation or assessment could not. This could be utilized to
prepare psychological rehabilitation training for patients or athletes
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after injury. This may help to overcome the fear of reinjure and
improve the readiness to return-to-play. In addition, virtual reality
offered a safe environment for patients to experience various real-life
scenarios. Patients do not have to bear the same risk of injury during
training as undergoing training in real life scenario. Traditional
assessments usually focused on separated components in
rehabilitation, whereas virtual reality offered a complex assessment of
neuropsychological, physical and behavioral functions of patients.
From entertainment to clinical use, virtual reality has become more
readily available and less costly. Virtual reality setup ranges from
expensive complex simulation device to simple portable devices such
as head-mounted displays with hand-held controllers. Therefore
virtual reality is not only exclusive to hospital setting, but it can also
be used at home. This is especially useful in the COVID-19 era, when
social distancing is in practice. Physical rehabilitation and
psychological therapy using virtual reality have been employed for
patients recovering from COVID-19 [31]. Traditional physical
rehabilitation training involves home exercises to be performed by
patients, which often has low adherence and may seem boring due to
the repetitive nature. Studies have suggested that the vivid image and
game-like scenarios of virtual reality could increase the enjoyability
during training [7,10]. This is especially useful in younger population
and can help to increase the compliance of rehabilitation training. It
may create distraction from fatigue and anxiety that may otherwise
hinder movement.

Disadvantages of VR
Although virtual reality devices are readily accessible, development

of rehabilitation tools and assessments required technical expertise.
Individual patient may not be able to tolerate virtual reality well, for
example, patients may develop cyber sickness. Motion sickness occurs
when actual received signal is different from the sensory perception
[32]. Study had reported that virtual reality could cause motional
sickness, disorientation and dizziness in patients within 3 days after
concussion injury [33]. Long-term adverse effect of virtual reality is
currently unclear. With the technological advancement, the use of
virtual reality in rehabilitation seems to be the latest trend. However,
its effectiveness and efficacy are still yet to be established with high-
level research evidence. When using home-based virtual reality
gaming console for rehabilitation without supervision by therapist,
patients may focus on the result of the game instead of the quality of
movements [34]. This may predispose the patients to injury and
reduced effectiveness of training due to poor posture. Problems have
been reported in the accuracy of motion tracking when using
commercial gaming technology for home-based rehabilitation [35].
The accuracy depended on the movements and the position of the
patients, and fine hand motion might not be accurately detected
[36-38]. This limits the use of virtual reality system in rehabilitation of
fine movements, for example, functional rehabilitation of hand after
injury. However, with the foreseeable technological advancement, this
issue is likely to be resolved. Although virtual reality training can be
employed at home, it does not compose of manual therapy by
therapist. Touch therapy has been proven effective to relieve pain
[39,40]. Hence, it can be potentially used with manual therapy in order
to provide optimal rehabilitation outcome for patients.

Conclusion
Many studies have suggested that rehabilitation using virtual reality

is as effective as conventional rehabilitation. Early evidence showed

that postural control and proprioception training with virtual reality
were effective, and could prevent future fall and re-injury. Virtual
reality has already been employed for the rehabilitation of various
musculoskeletal conditions, including sports injury such as post-ACL
reconstruction, and has been shown to be as effective as conventional
training. Other than providing physical sensorimotor training, virtual
reality can offer psychological preparation for patients as it can
display vivid virtual real-life scenarios, which has been shown to be
especially important for sports player after injury. Rehabilitation using
virtual reality confers many benefits compared to traditional
rehabilitation programme. Most importantly, virtual reality systems are
often fun to participate in and can encourage compliance of patients,
which is an essential factor to determine the success of the
rehabilitation, in turn; it determines the outcome of the injury or the
surgery. On the other hand, there are still obstacles in its utilization in
rehabilitation. Patients should be well-instructed before being
prescribed with programme using virtual reality. Up to now, there is

no high-level evidence supporting the use of virtual reality in

rehabilitation. Further research is encouraged in this field in order to
provide a better understanding of its effectiveness. In summary, using
virtual reality in rehabilitation has shown early success, however, there
are still challenges and questions to be explored.
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