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Abstract 

  Background: Virtual reality has been effective in treating patients 

with ankle functional instability (AFI). It has become a popular alternative 

to traditional lower limb rehabilitation. However, no systematic review (SR) 

has yet been conducted to investigate virtual reality effectiveness to AFI.  

 Amis: To evaluate the effectiveness  and significance of virtual reality 

for patients with AFI in comparison with any intervention or no treatment. 

 Methods: Systematic review for Randomise Control Trail‘s (RCTs) 

and single-case report concerning virtual reality and AFI was conducted 

across six bibliographic databases for dates up to and including July 2020. 

RCT quality was assessed using the  Cochrane assessment risk-of-bias tool, 

while Joanna Briggs Institute  tool for case report. Statistical differences 

between the virtual reality and traditional rehabilitation or control groups 

were also determined. 

  Results:  Of the 2176 studies reviewed, fifteen studies were 

reviewed with a bias quality as followed: four RCT‘s (high) and ten RCT‘s  

(moderate), while single-case report (high). Most of these studies (n=12) 

showed significance differences in balance, strength, pain and function 

between virtual reality group and  other intervention or control groups (P> 

0.05). however, three of the studies showed no significant differences.  

Conclusion: This review demonstrates moderate evidence that 

virtual reality is more effective than other interventions in treating AFI, 

although there are limitation and bias in the studies reviewed. Future high-

quality reviews of large-sample studies are needed to investigate all of the 

important outcome measures together, namely  balance, strength, function, 

and pain. 
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1.1 Introduction 

 Ankle-sprain is a pervasive injury associated with physical activity in 

both subadults and adults (1,2). Among individuals engaging in physical 

activity, a 10-44% of sustained injuries are ankle-sprains (1,3), with one or 

more ankle-sprains being experienced by 42-70% of this population (4,5). A 

certain chronic symptom (6–8) and functional ankle instability (FAI) have 

respectively been reported at follow-up by 32-74% and 32-47% of 

individuals with a history of ankle-sprain. For the United Kingdom, 

statistics indicate that about 302,000 individuals visit accident and 

emergency departments with new ankle-sprains, and about 42,000 appear 

with severe new ankle-sprains (9). Furthermore, statistics reveal that the 

annual cost of treatment of every case of severe ankle-sprain differs 

depending on the choice of intervention, such as boots (£3 million), braces 

(£1.5 million), below knee plaster (£0.6 million), and Tubigrip (£0.1 

million) (9). One common classification system for ankle-sprain 

characterises severity as mild (grade I), moderate (grade II), and severe 

(grade III) (10). 

  FAI is associated with occupational impairment in around 6% of 

cases (11), with the length of impairment varying between 9 months to 6.5 

years in 13-15% of cases (11,12). The initial definition of FAI was provided 

by Freeman (1965) (13), who characterised the condition as a repetitive 

occurrence of ankle-sprain or a sense of ―giving way‖(14). Otherwise 

referred to as recurring ankle-sprain, chronic ankle-instability (CAI) or 

unstable-ankle, there is a consensus among authors about the main 

manifestations of FAI, namely a sense of ankle-joint-instability (15–17) or a 

subjective perception of lack of ankle-stability caused by ankle 

proprioceptive and neuromuscular dysfunction (18). From the perspective of 

the skeleton, lower limb rotation on the weight-bearing foot may become 

difficult when FAI involves the subtalar and talocrural joints, having an 

impact on the momentum force and ground reaction force on the subtalar 

joint, alongside adaptive changes to standing posture or gait (19). 

Meanwhile, from the perspective of muscles, the evertor muscles are 

essential for supporting body weight loading and for generating external 
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loading on the ankle-joint in the context of weight bearing. Disruption of 

loading stability results in a rapid increase in inverting torque acting on the 

muscles, which in turn can cause the ankle to ―give way‖ (18).   

  With regard to loss of balance and muscle strength, the multifactorial 

character of FAI was first researched by Tropp and colleagues (19,20), who 

identified not only primary FAI-related risk-factors, but also possible 

secondary risk-factors, including regulation of posture and movement 

coordination. Improper regulation of proprioception, balance, and muscular 

strength have been suggested by a number of authors as potential causes of 

FAI conditions (17,20,21). Furthermore, another study (22) have suggested 

that clinicians should have knowledge of every available form of treatment 

in order to achieve optimal rehabilitation outcomes, as ankle-dysfunction 

can manifest in a number of ways in cases of FAI. Lateral-ankle-sprain 

often engenders CAI and surgical intervention may be necessary if 

symptoms do not subside and the external ankle ligaments sustain 

elongation or tearing (23).  

  The usefulness of virtual-reality for rehabilitation purposes has been 

considered in many studies (24,25). Virtual-reality has had promising 

applications in science and medication since the 1990s, including 

intercession conveyance (26). For instance, it has been suggested that motor 

learning could be improved through virtual-reality-assisted intervention 

(VRAI) whereby patients can engage in entertaining functional tasks within 

real-world simulations as well as provide feedback (27,28). Given its 

features, VRAI has been extensively assessed regarding its relevance for 

rehabilitation purposes. Indeed, numerous peer-reviewed studies have 

advocated that the benefits of VRAI justify its use over traditional 

rehabilitation interventions (TRI) (24,25,29,30). Moreover, several studies 

confirmed the effectiveness of a new strategy involving the use of the Wii-

Fit-game console as VRAI (31,32). Produced by Nintendo Inc. (Kyoto, 

Japan), the Wii-Fit-game console is affordable and highly popular, so it has 

broad availability (32). This game console has a range of features, including 

the Wii-Fit-Plus with a balance board capable of detecting users‘ motions 

for conversion of a particular action in the game, as well as offering real-
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time visual-feedback. Therefore, it can be a useful instrument for improving 

muscle strength. The feedback can be used to enhance the capacity for 

sensory integration and to control muscle strength more effectively (32). As 

far as the current author is aware, no SR of this topic has been carried out so 

far. Hence, this study seeks to fill this knowledge gap literature by 

examining the effect of virtual-reality games on balance, functional stability, 

pain and strength in cases of FAI. 

 

Methodology 

2.1 Systematic Reviews Definition 

  One SR (33) advise that a SR explicitly summarises the effects of a 

healthcare intervention in an up-to-date and reproducible way, while other 

SR (34) state that the risk-of-bias in SR can be moderated through a peer 

review protocol conducted by two researchers with specific clinical 

expertise.  

 

2.2 Systematic Review Strengths 

  A SR effectively answers a clinical question by exploring the results 

of previous studies and understanding their motivation. Wong, (2007) (35) 

explain that transparency runs throughout a SR, enabling the reader to 

understand the decisions made. Also, stresses the SR‘s effectiveness in 

producing an overall, rather than individually-focused, summary (33).  

 

2.3 Systematic Review Limitations 

  A SR (33) indicate that irregular results may emerge when reviewers 

misunderstand the research design. In addition, a SR (36) suggest that the 

quality-of-primary studies fundamentally impacts a SR‘s reliability. Results 

that argue against the null hypothesis are more frequently published than 

those which agree with it, potentially leading to publication bias and 

unreliable results (33,37). Meanwhile, a SR may include clinical trial data 

that is inappropriate for general clinical practise (38).  However,  two 
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studies (33,39) point out that many SRs only investigate English language 

journals, leading to language bias. 

 

2.4 Eligibility Criteria 

 The eligibility criteria for this study were agreed with the project 

supervisor and designed to explore the effect of virtual-reality on strength, 

balance, function and pain for FAI. This SR was targeted toward 

experimental studies, which were included if they met the inclusion and 

exclusion criteria. To answer the research questions, the criteria ensured that 

eligible studies included patients who had used virtual-reality to improve 

ankle-stability in clinical practice.  

All published studies were considered eligible based on PICO, while 

database searches were not limited by human subjects, date, language or 

gender. Inclusion criteria were (1) studies with participants aged ≤15- 64 

years old, since one study (40) advise that patients aged 15-19 are the peak 

age for ankle-sprain, as well as the black matter and of dopamine seen in the 

striatum toward the end of the sixth decade of life  due to the dopaminergic 

neurons level decreasing up to 40–50% (41); (2) evidence of ankle 

instability; (3) had previous ankle-sprain once or more  in the last year; (4) 

studies that included a control group; (5) studies of interventions aimed at 

AFI or ankle-sprain, including case report studies and RCT. Exclusion 

criteria included participants who (1) had previous ankle surgery; (2) had 

neurological issues; (3) were taking part in other exercise-based 

rehabilitation programmes; (4) had musculoskeletal or similar disorders. 

Table 2.1 summarises the inclusion and exclusion criteria. 
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Table 2.1. Inclusion & exclusion criteria 

 

 

 

 

 

 

 

 

 

 

 

2.5 Search Strategy 

  A health librarian confirmed the search strategy, which was based on 

PICO in line with the review‘s aims and objectives.  The search terms were 

developed according to previous reviews and studies that explored the 

effectiveness of virtual-reality in treating FAI (22,42–47). The search terms 

were approved by the project supervisor, and in each database, both free text 

and controlled vocabulary were searched, including subject headings and 

MeSH terms such as ―ankle sprain‖,  ―ankle instability‖, ―virtual reality‖ 

―balance‖, ―strength‖, ―pain‖ and relevant alternatives or synonyms (Table 

2.2). 

  Using the EBSCO Host interface, this review searched electronic 

databases including the CINAHL, Cochrane Library , MEDLINE, 

PsycINFO, AMED and SPORTDiscus, with the time zone set according to 

the date of the first study published in (2014).   

Table 2.2. summarises the search strategy, while the results are in 

Appendix I. 

Search terms MeSH/subject headings 

Ankle instability  Chronic ankle instability, functional ankle instability, ankle injury, 

and lateral ankle sprain   

Virtual reality Exergames, active video games, Nintendo Wii, Xbox Kinect, Wii 

Fit, augmented, visual feedback, biofeedback and  virtual reality. 

Balance  Balance, strength, pain, proprioception, and strengthening exercises,  

Inclusion Criteria 

- Population: adolescent (≥ 15-64 years old). 

- Intervention: virtual reality or other . 

- Comparator: any intervention or control group. 

- Outcome: balance, strength, function and pain or any valid outcome tool/measurement  

- Study design: randomised controlled trial, and case report. 

Exclusion Criteria 

1. Studies of VR in other patient populations. 

2. Abstracts and conference proceedings. 

3. Not full text. 
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2.6 Study Selection 

  The records retrieved from the search were exported to Microsoft 

Word, while three assessors were used to reach a consensus with the 

supervisor, one to translate from Korean to English language and the other 

two for the literature inclusion.   

2.6.1 Screening 

  To exclude ineligible studies based on the selection criteria, titles 

and abstracts were screened first. If results were inconclusive, then full-text 

articles were assessed to determine eligibility according to the inclusion and 

exclusion criteria. The robustness of this process was assured by 

independent reviews by the second and third assessors and discussion took 

place to ensure agreement. All included studies‘ references were screened 

for further eligible studies before determining the final list of eligible full-

text articles for inclusion in the systematic review. 

 

2.7 Data Extraction 

  Data extraction tools based on JBI-SUMARI were used to collect the 

primary study data, while the data tool came from the Joanna Briggs 

Institute (Appendix 2). The first author extracted the data, which includes 

study design, inclusion and exclusion criteria, participant demographics and 

details of interventions and outcomes.  

 

2.8 Quality Appraisal 

  It is critical to assess the quality of included studies in SR; for RCTs 

and case reports, this study used the Cochrane assessment of bias tool 

(Appendix 3), while Joanna Briggs Institute (JBI) tool was used just for case 

reports (48). The Cochrane risk of bias tool assesses the quality of internal 

validity, covers seven bias domains and has been refined by Cochrane 

review groups (49).  

  Meanwhile, case reports include unique findings or novel 

occurrences of disease and the JBI is the only appropriate tool for such 

descriptive studies (Appendix 4).  Independent not-for-profit JBI has 
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developed appraisal checklists that evaluate the appropriateness, 

effectiveness, feasibility and meaningfulness of healthcare interventions 

(50). Hallgren, (2012) (51) indicate that when two reviewers share ratings, 

the inter-rater reliability is excellent. In this study, the primary author with 

two assessors rated the studies before coming to a consensus following 

discussion. 

 

2.9 Data Analysis 

  The effect-size estimates the extent that effectiveness differs 

among experimental and control groups (52). Cohen's d was used to 

calculate this; d=0.2 indicates a small effect size; d=0.5 a medium effect-

size, d=0.8 a large effect-size; d=2 a strong effect-size (52), for equation 

please see 2.1. 

          
       

         
 

And  

          
       

 
 

  Where; d= effect size, X
1
= experimental group, X

2
= control group, 

S
1
= experimental group mean standard division and S

2
= control group mean 

standard division.  

Equation 2.1: Cohen‘s equation for effect size 

 

Results 

3.1 Selection of Studies 

  After the original search for articles yielded 2176 results, and a 

further 1129 duplicate articles were removed, a number of exclusion criteria 

were applied to further narrow down the selection. From the remaining 

1047, 1018 were deemed inappropriate after reviewing the title and the 

abstract, which were dropped from the list because they: contained 

irrelevant topics; were review articles; were based on studies of other 

populations. In turn, 240 were removed because they did not examine the 
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effectiveness of virtual-reality on the FAI, were unpublished, or were 

unavailable pre-publication from the authors.  

  The 28 remaining articles underwent deeper analysis, and 15 were 

excluded because of a lack of suitability as they did not have a control group 

and because they did not address AFI. A further reason was that the 

interventions they referred to were supplementary additions. A total of 13 

studies were selected for inclusion according to the formulated inclusion 

and exclusion criteria. In addition, there were around 400 references 

included in the reference lists of those 13 included studies, which were 

screened and identified with the same procedure as previously performed. 

Two additional studies were identified that met the selection criteria.  

Thus, 15 studies were selected for the following analysis, synthesis 

and review. The flow diagram (Figure.3.1) provides a summary of the 

aforementioned literature selection process. 
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3.2 Characteristics of Included Studies 

 Table 3.2 Outline of  the characteristics of included studies. 

 

3.3 Setting of Studies 

  A total of fifteen included studies have been selected. They were all 

published between 2014 and 2020 and include fourteen RCTs and single-

case-report. Of the fourteen RCTs, ten were from Korea (22,43–47,53–56), 

two from Switzerland (57,58), one from Iran (59), and one from Greece 

(42). The case-report was from the United States (60).  

 

3.4 Characteristics of Participants 

A total of 572 subjects were included in the selected RCTs and 2 

subjects were included in the case report. All participants suffered from AFI 

or ankle-sprain. The ankle-sprains were chronic and the recurrent incidents 

happened more than once (n=13). Two studies did not have more than one 

ankle-sprain involved (57,58). The mean age of subjects recruited in the 

studies ranged from 15-64. The percentage of female to male subjects varied 

between studies, with a majority of male subjects in the RCTs, while two 

females in the case-report.  

 

3.5 Characteristics of Interventions    

  Virtual-reality was used across the studies in this review, involving 

the Nintendo Wii Fit , the Xbox (Microsoft, Redmond, WA, USA) and 

head-mounted-device, with games that focused on balance (Table 3.1) . 

Treatment was either completed under supervision or with a home 

rehabilitation program. The duration of interventions ranged from 20 

minutes to 30 minutes and from 2-3 per week, lasting for 2-10 weeks. 

However, one RCT study did not state the details of treatment duration (59).  
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Table 3.1. Game type 

 

Studies Devices  Games type 

(43–47,55,56,59–

61). 

Nintendo Wii Fit  Slalom skiing 

Slalom snowboarding 

Penguin sliding 

Table-tilt balance. 

Bubble 

Tightrope walking 

(42) Xbox (Microsoft, 

Redmond, WA, 

USA)  

Rally ball 

Reflex ridge 

River rush 

2000 leaks 

(55) Head -mounted 

device (VR box, 

Max, China) 

Virtual reality funambulism( Yi 

Wang, China) 

Virtual reality traffic bike racing( 

Babloo Games, United Arab 

Emirates) 

Subway Surf Race  Virtual reality 

2017 (Daisy Daisy, USA)  

 

3.6 Characteristics of Comparators 

 All included studies (n=15) utilising virtual-reality as the experimental 

group, whilst strength exercise or traditional therapy as the control group. 

  

3.7 Characteristics of Outcome Measures and Effect Size    

All studies referred to in this review (n=15) used different outcome 

measures. Moreover, none of them included all four outcome measures 

together (balance, strength, function and pain). All the included studies used 

reliable and valid outcome measurement tools. All outcome measures are 

shown in table 3.2. For the effect-size of all outcome measures, see 

Appendix 6. 

 

3.9 Outcome Assessment Tools and Effect Size  

In terms of balance tools, 9 of the 15 included studies used different 

measurement tools such as the biodex balance system (BSS), bio-rescue, Y-

balance, G-jump, star excursion balance test (SEBT), error scoring system 
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(ESS), and biodex isokinetic dynamometer (BID). They all showed 

significant differences between groups with a multiple effect-size. The BBS, 

Bio-rescue, Y-balance and BID measurements found a large effect-size d 

>0.8  (22,43, 44, 46, 48, 54, 56, 57). One RCT study used G-jump, showing 

a medium effect-size d>0.5 (56). Furthermore, the SEBT and ESS 

measurements were used by one-case report study (60), with no indication 

of effect-size because they used a diagram. 

In terms of functional tests, 7 of the 15 included studies used 

different measurement tools such as functional performance tests (FPT), 

foot and ankle ability measure (FAAM), Cumberland ankle instability tool 

(CAIT), temporal-spatial gait parameters (TGP)  and kinematic gait 

parameters (KGP). Some studies (n=5) showed significant differences 

(P<0.05) (43,46,47,59,60). However, two studies (57,58), showed no 

significant differences between groups. The FPT,  CAIT and KGB 

measurement found a large effect-size of d>0.8 (44,47,48, 59. 60), while 

TGP measurement showed medium effect-size d >0.5 (59). The FAAM 

measurement showed a small effect-size d>0.2 in one RCT study (57). 

However, in single-case-report study (60), the effect-size was not available, 

because they used a diagram. 

In terms of strength tools, 3 of the 15 included studies used the BID 

measurement tool, with two RCT‘s of the studies finding a significant 

improvement (54,55). However, one RCT research (44) found no significant 

differences. All three studies showed a large effect-size of d>0.8. In terms of 

pain tools, 2 of the 15 included studies used the visual analog scale (VAS) 

measurement and discovered significant improvement in one-case-report 

(60). The effect-size was not available because the author used a diagram. 

However, in on RCT study (57), there was no significant improvement (P ≥ 

0.292) and the effect-size was small d>0.2. 

 

3.10  Follow Up Period 

Two RCTs conducted a follow-up after 6 months and 1 year 

respectively, which were longest follow ups (57,58). However, twelve RCTs  

(22,42–47,53–56,59) and one-case report did not conduct a lengthy follow-
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up after treatment therapy, as they only measured within the baseline and at 

the end of the treatment. 

 

3.11 Missing Data/Dropouts 

Twelve RCT‘s studies and one-case-report did not have any 

dropouts. However, dropouts occurred in two RCTs (57,58), with 

explanations given 

Table 3.2. Findings of included studies, viewing outcome measures, and 

brief description. 

Authors  Outcomes  Outcome 

measurement 

Brief description 

1-  (45) 

2-  (22) 

3- (42) 

 

 

 

 

Balance  

Biodex Balance 

System 

A- All studies 1, 2, 3, 4, 5, 6, 7, 8 ,9 and 10 

in the all measurements showed a significant 

difference between  and within groups. 

B- Studies 1, 2 and 6 measured static and 

dynamic ranges from 1 to 8 degree for 

anterior-posterior and medial-lateral 

movement. 

C- Studies 3 and 7 measured the limit of 

stability. However, study 3 has an additional 

measure which was the stability index. 

D-  Studies 4 and 5 measure the surface 

area and the whole path length. However, 

study 4 has an additional measure which was 

the limit of stability. 

E- Study 7 uses only a measure of the limit 

of stability. 

F- Study 9 used the tool to measure ankle 

proprioception. 

G- Study 10 used two measurement for 

balance. 

4- (56) 

5- (53) 

6- (55) 

7- (47) 

Bio-rescue 

8- (55) Y-balance 

9- (43) Biodex isokinetic 

Dynamometer 

10- (60) Star excursion 

balance test. 

Error scoring 

system. 

1- (44) 

2- (55) 

3- (54) 

 

Strength 

Biodex isokinetic 

Dynamometer 

A- Study 1 showed no significant 

differences, however within groups shoed 

significant differences.  

B- Studies 2 and 3 showed significant 

differences between and within groups, 

C- Studies 1, 2 and 3  measure the ankle 

strength for plantarflexion, dorsiflexion, 

inversion and eversion. 

1- (57)  Visual analog A- Studies 1 and 2 showed significant 
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2- (60) Pain  scale (VAS) improvement within groups. However, there 

were no significant differences between the 

groups in study 1, while study 2 showed 

significant differences. 

1- (59)  

 

Movement 

impairment  

Functional 

Performance Tests 

A- Studies 2 and 8 showed no significant 

differences, however within groups showed  

significant differences. 

B- Studies 1,3, 4, 5, 6 and 7 showed 

significant improvement between and within 

groups. 

C- All different measurement tools used for 

studies 1-8 were to measure ankle function. 

2- (57)  

3- (60) 

Foot and ankle 

ability measure 

4- (43) 

5- (47) 

6- (46) 

Cumberland ankle 

instability tool 

(CAIT) 

7- (56) G-jump  

8- (58) Temporal-spatial 

gait parameters. 

Kinematic gait 

parameters.  

 

3.12 Quality Assessment of Included Studies 

3.12.1 Risk of Bias in Included RCT’s 

  The results of the quality assessment for the included RCTs are 

shown in Table 3.4 and Figure 3.2.  

Random Sequence Generation 

  Three studies had a low risk-of-bias as they reported random 

sequence generation, with two studies using an electronically generated 

block randomization list (57,58). The other used a sealed envelope with an 

enclosed number (42). Eleven RCT‘s studies (22,43,44,46,47,53–56,59,62) 

had an unclear risk-of-bias as they reported that participants were 

randomized with no information of the procedure of randomization. 

Allocation Concealment 

  Two RCT‘s (57,58) studies had a low risk-of-bias as the 

concealment procedures were stated clearly. The twelve RCT‘s remaining 

studies (22,42–44,46,47,53–56,59,62) had an unclear risk-of-bias as there 

was no allocation concealment reported by any of the studies. 

Blinding of Participants and Personnel  

  Two RCT‘s studies (57,58) had high risk-of-bias as the patients were 

aware of the treatment. All twelve RCT‘s studies (22,42–44,46,47,53–
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56,59,62) had an unclear risk-of-bias as they did not report any information 

regarding this.  

Blinding of Outcome Assessment 

  A total of three RCT‘s studies (42,57,58) had a low risk-of-bias. The 

remaining eleven RCT‘s studies (22,42–44,46,47,53–56,59,62) had an 

unclear risk-of-bias as there was insufficient information to make a 

judgment. 

Incomplete Outcome Data 

  Twelve RCT‘s studies (22,42–44,46,47,53–56,59,62) had a low risk-

of-bias as no missing data was reported. However, two RCT‘s studies 

(57,58) had a high risk-of-bias.  

Selective Reporting 

 Twelve included studies (22,42–47,53–56,59) had a low risk-of-bias as 

the authors reported outcome measurement and the P value, whereas the 

remaining two RCT‘s studies (57,58) had an unclear risk-of-bias, as there 

was insufficient information with which to make a judgment. 

Other Bias  

 Nine studies had a low risk-of-bias (42,43,45,53–58), whereas the 

remaining five studies had an unclear risk-of-bias(44,46,47,54,59). 

3.12.2 JBI Scale in The Case Report 

The outcome ratings for JBI are present in Table3.3. There was one-

case-report study (60), which had a high score 7/8. The domain of item 8, 

‗adverse events (harm) or unanticipated events‘ was considered to have been 

‗no‘, while others were ‗yes‘. 

Table 3.3. characteristics of JBI 

Major Components (60) 

1.patient‘s demographic characteristics Yes 

2.patient‘s history Yes 

3.current clinical condition of the patient Yes 

4.diagnostic tests and results Yes 

5.the intervention or treatment procedure Yes 

6.post-intervention condition Yes 

7.adverse events (harm) or unanticipated events No 

8.provide takeaway lessons Yes 

Total number of ‘yes‘ 7/8 
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3.13  Summary of Results 

  Overall, the results showed that the virtual-reality group had 

statistically significant improvement (p< 0.05)  in most of the outcomes 

compared to the other group in the majority of the included studies (n=12) 

(22,42,43,45–47,53–56,59,60).  

  Nonetheless, three RCT‘s studies provided contrary evidence that 

demonstrated that there were no significant differences (p >0.05) between 

the virtual-reality group and control group using two measurements: 

functional and pain in two RCT‘s  studies (57,58), while the other study 

used strength measurement (44).  The most used measure was the balance 

outcome, which showed significant differences with large effect-size where  

RCTs were employed (n=9) (22,42,43,45–47,53,55,56) and for the single-

case-report no effect-size available, because they used diagram (60). Pain 

outcome was only used in one RCT study (57) and one-case-report (60).  

  Because the control selection of bias was relatively not well 

conducted before the trials took place, the RCTs under review were deemed 

to be moderate risk-of-bias.  It is acknowledged that the 'blinding' of 

patients and researchers is integral to the decrease of bias within such 

research, but this presents seemingly insurmountable challenges in terms of 

maintaining overall blindness throughout the entire process.  

To summarise, the overall quality assessment of the RCTs (n=14) 

under review shows some concerns (moderate quality), with one-case-report 

(60) scoring high on the JBI scale at 7/8, indicating a low risk-of-bias. 
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Table 3.4. Results of the risk of bias table according to the review 

authors' judgements about risk of each bias item for included studies 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.2. The risk of bias summary: review authors' judgements about risk of bias 

for each item, presented as percentages across all included studies. 
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Discussion 

4.1 Summary of Principle Findings 

The present review aimed to systematically synthesise existing 

evidence in order to uncover the advantages of virtual-reality with a goal to 

improve AFI. A total of fifteen studies satisfied the inclusion criteria and 

were included in this SR. All included trials investigated the effectiveness of 

virtual-reality for the AFI. 

In the literature, the virtual-reality program used for the treatment of 

the FAI involved one of the following devices; Nintendo Wii Fit , Xbox 

(Microsoft, Redmond, WA, USA) and head -mounted device. The Nintendo 

Wii Fit  is the most commonly applied treatment across studies in this SR. 

All included studies have investigated virtual-reality for AFI, regardless of 

device. There were thirteen studies  which used the Nintendo Wii Fit 

(22,43–47,53–55,57–60), one-study which used head-mounted-device (55) 

and one-study which used Xbox Kinetic (42). 

The intended results of this SR were balance, strength, function and 

pain, with one or more of these evaluated in the studies examined. The 

current section discusses the SR results and the consequences of these 

outcomes. In turn, the study's limitations are discussed, and suggestions for 

further research on the topic at hand are discussed. 

The results in all twelve studies showed that the virtual-reality group 

showed a statistically significant improvement (p< 0.05)  in most of the 

outcomes when compared to the other (control) group in the majority of the 

included studies (n=12). However, three RCT‘s studies found no significant 

differences (p>0.05) (44,57,58) 

Overall, regardless of the virtual-reality used in the included studies, 

this review has generated moderate evidence to suggest that significant 

differences exist between virtual-reality and other intervention in the 
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provision of balance, strength, pain and functional improvement. A total of 

fifteen studies support this finding, including five high-quality papers 

(22,42,57,58,60) and ten moderate-quality papers 

Furthermore, the outcomes of this SR showed that virtual-reality 

presented major disparities across groups. Virtual-reality is seemingly 

superior to strength exercise, traditional therapy, or no intervention. Of the 

fourteen RCTs studies examined, and these all  supported the notion of a 

different effect-size with the majority of large effect-size. In addition, one-

case-report was of high-quality, but the effect-size was not available 

because of the diagram used. 

With regard to balance measurements, all included RCT‘s studies 

used different measurements; the BBS tool used in two high-quality studies 

(22,42), while the Bio-rescue, Y-balance and BID used moderate-quality 

RCT‘s studies (44, 46, 47,48,54,56), and all showed a large effect-size. The 

G-jump measure tools were used by one moderate-quality study and showed 

a medium effect-size (56). The BESS and SEBT measure tools used by one-

case-report study showed significant differences but the effect-size was not 

available, because they used a diagram (60). The reader should take into 

consideration that different studies used different measurement tools for 

balance and that could be a source of bias due to the fact that different 

measurement tools can demonstrate different levels of  reliability and 

validity (63). In respect of other included studies (n=6) (44,46,54,57–59),  

balance was not included in their assessments, which was questionable 

because this outcome is considered a very important measurement in such 

populations (64). 

In terms of strength measurement, there were only three RCT 

(44,54,55) studies measured strength and all of them used BID. Two RCT‘s 

studies showed significant differences (54,55). However, the third RCT 

study (44) showed no significant differences, all three studies RCT‘s 

showed large effect-size. The reason for the differences in results between 

this study and the other two studies that showed significant differences 

could be attributed to the intensity of exercise program, as this was 

determined by different physiotherapists in the studies. In respect of other 
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included studies (n=12) (22,42,59,60,43,45–47,53,56–58), strength measure 

was not included in their assessments, which was questionable because this 

outcome is considered as a very important measurement in such populations 

(65). 

With regard to function outcomes measures, the CAIT and FPT 

measurement tool used by four moderate-quality RCT‘s studies showed 

significant differences; all four RCT‘s studies showed a large effect-size 

(44,47,48, 60).  However, the FAAM, TGP and KGP measures tool used by 

two high-quality RCT‘s studies (58, 59) that showed no significant 

differences with large effect-size in TGP tool,  small effect size in FAAM 

tool and medium effect-size in KGP tool.  In contrast,  the single-case-report 

(60) showed significant differences and the effect-size was not available, 

due to the author using a diagram. The reason that the two RCT‘s studies 

(57,58) showed no significant differences could be due to the patients in 

these two studies being asked to practice the treatment at home without 

physiotherapist supervision, which may influence the effects of the 

treatment. Furthermore, the outcomes could be due to the dropout rate as the 

two RCT‘s studies (57,58) had missing data, while the other studies did not 

report missing data. The reader should take into consideration that different 

studies used different measurement tools for functionality and this may lead 

to  bias. 

  In respect of other included studies (n=8) (22,42,44,45,53–56), 

function was not included in their assessments, which was questionable 

because the World Health Organisation (WHO) recommended function as 

an outcome measure in such populations (66). 

  In terms of  the last outcome measure (pain), only two of the 

included studies involved this outcome measure , with both using VAS and 

being high-quality studies. One RCT study (57) showed no significant 

improvement with a small effect-size. However, single-case-report study by 

(60) showed significant differences with no availability for the effect-size 

due to the author using a diagram. The reason for the differences in results 

between the two studies could be attributed to the differences in research 

design and  to the dropout rate in the RCT study (57), which reported 
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missing data. In respect of other included studies (n=13) (22,42,58–60,43–

47,53,54,56), pain was not included in their assessments. 

  Referring back to the rationale of this SR, which was designed to 

investigate the effectiveness of virtual-reality for patients with AFI, a 

previous SR (67) conducted in this field looked at the effectiveness of 

virtual reality for orthopaedic rehabilitation in general. However, this SR 

did not include all previous studies for AFI. This SR is different since it has 

included all previous studies which investigated virtual-reality for AFI 

exclusively. 

  All of the included studies provided an informative abstract. 

Contents were well organised and placed under appropriate headings. 

Additionally, objectives were clearly stated, and the authors provided an 

overview of the methodology they employed, including clearly identifying 

populations, results and conclusions (68). Furthermore, the majority of the 

authors of the included studies (n=14) (22,42–44,46,47,53–59,62) 

conducted RCT's in an effort to minimise errors, reduce bias and achieve 

good-quality results. The  one-case report study (60) scored high-quality. 

Eleven included studies clearly explained that they had obtained ethical 

approval and informed consent, but in four studies (46,53,55,56,60) this 

issue was not addressed. Moreover,  it is important that researchers obtain 

both ethical approval and informed consent prior to conducting their 

research (69). 

  The sample-size calculation is a vital component of research 

methodology from both an ethical and scientific perspective (70). Therefore, 

it is necessary that the sample-size used in a study be justified through 

statistical power-calculation. As Moore et al. (1998) (71) explain, the 

effectiveness of a particular intervention on a small number of people may 

not be generalizable to a larger population. Unfortunately, the majority of 

the included studies (n=13) did not calculate statistical power prior to 

conducting their studies, meaning that their sample-size may have been too 

small (69). However, two studies calculate statistical power (57,58).  In 

addition, a lack of statistical power-calculation may introduce a type II 

experimental error. This error can lead to incorrect reporting of significant 
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variation between control and treatment groups, which in turn can result in 

the rejection of valid hypotheses (72).  

  It is important that the spectrum of patients in a study represent the 

full population of patients for whom the health intervention is designed. 

Nonetheless, the spectrum bias may be introduced by differences in 

demographic and clinical features (73). The studies included in the SR all 

exclusively include patients suffering from FAI. To explain the patient 

variation that appears in the included studies, it is necessary that all of the 

studies clearly indicate the age and gender of the patients involved. Notably, 

all included studies have more men than women, which may cause gender 

bias (74).  

  It is important when conducting research to perform initial 

assessments and to list baseline characteristics in order to provide a clear 

image of participants, levels of severity and differences between individuals 

in each group (75). All researchers in this SR carried out patient assessments 

and baseline recording prior to the study. 

 

4.2 Strengths of Review  

  Firstly, to the best of this author's knowledge, the current SR is the 

first of its kind  investigating the effectiveness of virtual-reality for AFI. 

Secondly, based on the design of this SR, specific questions were defined, 

and the relevant protocols were produced. The thorough searching strategy 

used was clearly and robustly conducted, and discussed with the supervisor 

and librarian. The eligibility criteria for studies were clearly defined as well. 

One of the strengths was also that two reviewers independently screened 

and assessed the quality of the included studies, and a health librarian was 

used to validate the search strategy. Any disagreement related to the study's 

suitability was resolved by discussion between researcher and supervisor 

until agreement was achieved.  

  Lastly, the other strength of this SR is that effect-sizes have been 

calculated. This is useful when trying to assist therapists consider the 

effectiveness of interventions and not only depending on the statistical 

significance of outcomes when making decisions. However, one-case-report 
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(60) study was not able to calculate effect-size due to the unavailable mean 

and standard deviation data. Most studies believed that virtual reality has a 

moderate to high effectiveness for the AFI. 

 

4.3 Limitations of Review  

  One of the limitations of this SR was that it included a low-quality 

study (case-report) in the synthesis and summary of evidence. Another 

limitation is that the overall quality assessment of included studies showed 

moderate results. This was most commonly due to the randomised bias, 

allocation concealment and evidence for generalisation. Also, the sample-

size in some of the included studies was relatively small. The majority of 

the included studies (n=13) (22,42–47,53–56,59,60), did not conduct power-

calculation, and they did not complete long follow ups.  

 

4.4 Clinical Implications 

  There are several clinical implications in relation to this study. 

Firstly, this SR provides clear evidence for clinicians regarding the 

effectiveness of virtual-reality for AFI. It also provides comprehensive 

knowledge about the condition as well as virtual reality. A further important 

implication is that this SR has critically appraised  the current evidence 

about virtual-reality for the treatment of AFI. Finally, based on the results of 

this SR, clinicians should include all four outcome measures discussed when 

virtual-reality is selected for AFI, in order to achieve best results. 

 

4.5 Recommendations for Future Research  

Further research should involve more RCTs with a larger sample-

size and higher-quality, in order to effectively assess the effectiveness of  

virtual-reality on AFI, thus investigating its benefits in clinical trials more 

efficiently. These studies should include all important outcome measures for 

AFI populations, which are balance, strength and functional. Finally, there 

is also a need to determine the most suitable form of virtual-reality to be 

offered to patients as standard. 
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5.1 Conclusion  

  The virtual-reality group showed a statistically significant 

improvement in most of the outcomes compared to the other group in the 

majority of the included studies (n=12). However, three RCT‘s studies 

found no significant differences (44,57,58). Studies varied in terms of 

quality and  most studies were of moderate-quality, but the author observed 

that there was no relationship between study quality and results, therefore 

virtual-reality can improve  FAI. In most studies, patients considered the 

virtual-reality experience to offer benefits, and to be effective. 

  Overall, regardless of the virtual-reality used in the included studies, 

this review has generated moderate evidence to suggest that there were 

significant differences between virtual-reality and other treatments in the 

provision of balance, strength, pain and functional improvement. However, 

clinicians and researchers should take into consideration the variation in 

quality of the included studies. Future studies are recommended to 

investigate the effect of virtual-reality on participation level with large 

sample-sizes and an adequate follow-up period.  
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