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VIEW AND REVIEW

ABSTRACT 
Background: Active games based on virtual reality have been widely used in the rehabilitation of many clinical conditions. However, studies 
on the use of Xbox/Kinect are rare, and technology application in stroke treatment is not clear yet. Objective: To verify the outcomes (O) 
analyzed in randomized controlled trials (C; S) that investigated the use of Xbox/Kinect (I) in patients with stroke (P). Methods: This is a 
systematic literature review that meets PRISMA standards and the eligibility criteria according to the PICOS strategy. The search procedure 
was performed by two researchers. The research strategy was repeated in case of divergence. Effect size was calculated by Cohen’s formula 
and Hopkins rank. The risk of individual bias was assessed using PEDro Score and Higgins Classification. Results: The main outcomes were 
postural balance and activities of daily living, with four studies addressing these variables. However, only one study showed the effect of 
Xbox/Kinect intervention on balance as large, as in two other studies evaluating manual dexterity and depression, respectively. Conclusion: 
The greater use of Xbox/Kinect in treating patients after stroke is in recovery of balance and motor function, and the evidence support its 
application. These findings enable the use of virtual reality technology through Xbox/Kinect in rehabilitation programs, focusing on postural 
balance and motor skills. However, conclusive results are still not possible. Therefore, caution in the use of this technology is required.
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RESUMO 
Introdução: Jogos ativos baseados em realidade virtual têm sido amplamente utilizados na reabilitação de muitas condições clínicas. 
No entanto, estudos sobre a utilização do Xbox/Kinect são raros, e não está clara a aplicabilidade da tecnologia no tratamento de pacientes 
que tiveram acidente vascular cerebral. Objetivo: Verificar os desfechos (O) analisados em ensaios clínicos randomizados e controlados 
(C; S), que investigaram a utilização do Xbox/Kinect (I) em pacientes que tiveram acidente vascular cerebral (P). Métodos: Trata-se de uma 
revisão sistemática da literatura que atende aos padrões do PRISMA e aos critérios de elegibilidade, de acordo com a estratégia PICOS. 
O procedimento de busca foi realizado por dois pesquisadores e, em caso de divergência, a estratégia de busca foi repetida. O tamanho do 
efeito foi calculado por meio da fórmula de Cohen e da escala de Hopkins. O risco de viés individual foi analisado utilizando o escore PEDro 
e a classificação de Higgins. Resultados: Os principais desfechos foram o equilíbrio postural e as atividades de vida diária, com quatro 
estudos abordando essas variáveis. No entanto, apenas um estudo mostrou o efeito da intervenção com Xbox/Kinect sobre o equilíbrio como 
sendo grande, assim como em dois outros artigos que avaliaram destreza manual e depressão, respectivamente. Conclusão: A utilização 
mais comum do Xbox/Kinect no tratamento de pacientes que tiveram acidente vascular cerebral acontece na recuperação do equilíbrio e 
da função motora, e as evidências apoiam o seu uso. Esses achados permitem o uso da tecnologia de realidade virtual por meio do Xbox/
Kinect em programas de reabilitação, com foco no equilíbrio postural e nas habilidades motoras. Porém, resultados conclusivos ainda não 
são possíveis, o que exige cautela no uso dessa tecnologia.

Palavras-chave: Realidade Virtual; Acidente Vascular Cerebral; Reabilitação.
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Active games based on virtual reality (exergames) have 
been often used in the prevention of falls of older people1 
and in the rehabilitation of patients with several patho-
logical conditions2. Despite most commercial devices have 
not been designed for rehabilitation, they have been effec-
tive on several treatments. These activities require wide 
movements3, stimulate balance4 and motor coordination5, 
and are double tasks6, with effects upon physical and cog-
nitive skills.

Exergames have gained popularity with Nintendo Wii 
launching in 20067. Interaction between the user and the 
games takes place through a wireless control and a force 
platform, which allow converting the movements into 
game commands, and most of the times the user is rep-
resented by an avatar8. Several investigations have been 
approaching the therapeutic application of exergames, with 
positive results in several capacities of healthy subjects and 
in the treatment of patients with physical disabilities, such 
as stroke, vestibular disorders, other balance alterations, 
orthopedic problems, among others9.

The Xbox 360 Kinect, launched in 2009, has also been 
used as a therapy. This Microsoft console eliminated users’ 
direct contact with the hardware, and the movements are 
digitally captured through an infrared camera that enables 
subject’s interaction with the virtual environment through 
their body image10. This console increased the odds of vir-
tual reality in the rehabilitation. However, scarce studies 
use this technology in specific neurological treatments, as 
in patients with stroke. The most significant results were 
found in the improvement of physical functions, physical 
activity levels, and cognition11,12.

The post-stroke patient’s disability varies depend-
ing on the region of the injury in the central nervous sys-
tem. These  sequelae might be motor, speech, language 
and/or cognitive deficits. Hemiparesis is common, which 
might result in the impairment of tonus, reflex and volun-
tary movements, postural balance and gait, hence causing 
damage in activities of daily living13. Therefore, the use of 
exergames is a viable strategy, because not only it is recre-
ational, but it also stimulates cognitive functions and pro-
motes movement through game interaction.

The use of Nintendo Wii in the rehabilitation of patients 
with stroke has been well documented in literature9,14-19. 
Findings on this device and its effects show, mainly, the 
improvement of postural balance and motor functions. 
Meanwhile, rare studies have been investigating the use 
of Xbox/Kinect, especially in the treatment of stroke2,12,17,20 
in physical and mental rehabilitation. Consequently, this 
systematic review aims to analyze, according to the PICOS 
strategy, publications (C; S) that addressed the treatment 
of patients with stroke (P) using the Xbox/Kinect (I), in 
order to identify the main findings, assessment methods, 
and games (O).

METHODS

Type of investigation
The present study is a systematic literature review that 

meets the patterns of the Preferred Reporting Items for 
Systematic Review and Meta-Analyses (PRISMA)21.

Eligibility criteria
Original studies published until October 2018 in English, 

Portuguese or Spanish were included. Inclusion criteria were 
used in the search, according to the PICOS22: P — subjects 
with stroke sequelae; I — treatment with Xbox Kinect; C — 
comparison group(s); O — considering the aim of the present 
study, letter O from the acronym PICOS has not been a limit-
ing eligibility factor; S — randomized clinical trials.

Strategy of paper search
Papers have been researched on PubMed, PEDro, Scopus, 

Cochrane, Web of Science and Grey literature databases. 
This  procedure was conducted between June and October, 
2018. No author was contacted, because all data were avail-
able in the articles. For each database, combinations of 
keywords and English words were used, considering that 
Portuguese and Spanish written works presented an abstract 
section. Keywords as “hemiplegia”, “stroke”, “cerebrovascular 
accident”, “brain vascular accident”, “paresis”, “monopare-
sis”, “hemiparesis”, “Xbox” and “Kinect” were used and they 
should appear on the title, abstract or keywords of papers.

Table 1 shows the research strategy in each database. 
Search procedure was performed by two browsers (TBXR; 
GCM), and the research strategy was repeated in case of 
divergence (Table 1).

Criteria for paper selection 
Selection started by excluding duplicates in databases. 

Then, titles and abstracts of the remaining papers were ana-
lysed. Articles that did not meet the objective of the review, 
e.g. did not include post-stroke patients who had not per-
formed treatment with Xbox and Kinect, without compari-
son groups and did not present randomized controlled trials 
(Figure 1), were not included.

Data collection
Selected papers were read according to the designed 

steps. General information of each paper was extracted and 
tabulated to identify details, objectives, variables, assess-
ment tools, and main results.

Risk of individual bias
The PEDro scale23 was applied to classify the mentioned 

papers according to an accurate methodology to evidence 
possible bias. This is an 11-item scale allocating one point 
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Table 1. Strategy of search and quantity of papers found per database.

Database Search Number of papers found

PubMed hemiplegia OR hemiparesis OR paresis OR monoparesis OR stroke OR cerebrovascular 
accident OR brain vascular accident AND Xbox AND Kinect 18

PEDro

Stroke AND Kinect 8

Stroke AND Xbox 7

Hemiplegia AND Xbox 1

Hemiplegia AND Kinect 1

Paresis AND Xbox 0

Paresis AND Kinect 0

Hemiparesis AND Xbox 0

Hemiparesis AND Kinect 0

Cerebrovascular AND Xbox 0

Cerebrovascular AND Kinect 0

Brain vascular AND Xbox 0

Brain vascular AND Kinect 0

Scopus hemiplegia OR hemiparesis OR paresis OR monoparesis OR stroke OR cerebrovascular 
accident OR brain vascular accident AND Xbox AND Kinect 10

Cochrane hemiplegia OR hemiparesis OR paresis OR monoparesis OR stroke OR cerebrovascular 
accident OR brain vascular accident AND Xbox AND Kinect 17

Web of Science hemiplegia OR hemiparesis OR paresis OR monoparesis OR stroke OR cerebrovascular 
accident OR brain vascular accident AND Xbox AND Kinect 31

Figure 1. Flow diagram of papers preferred reporting items.
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to each. The first one is not considered. The items are: 1 — 
Eligibility criteria were specified; 2 — Subjects were randomly 
allocated to groups; 3 — Allocation was concealed; 4  — 
Groups were similar at baseline regarding the most impor-
tant prognostic indicators; 5 — There was blinding of all 
subjects; 6 — There was blinding of all therapists who admin-
istered the therapy; 7 — There was blinding of all assessors 
who measured at least one key outcome; 8 — Measures of at 
least one key outcome were obtained from more than 85% of 
the subjects initially allocated to groups; 9 — All subjects for 
whom outcome measures were available received the treat-
ment or control condition as allocated or, where this was not 
the case, data for at least one key outcome were analysed by 
“intention-to-treat”; 10 — The results of between-group sta-
tistical comparisons are reported for at least one key out-
come; 11 — The study provides both point and variability 
measures for at least one key outcome.

The Higgins visual scale24 was also used to classify stud-
ies. This is a validity evaluation of the studies included in the 
systematic review. It is an eight-item scale that attributes 
studies qualitative studies (uncertain risk, low risk and high 
risk of bias). The items are: 1 — Random sequence genera-
tion; 2 — Allocation concealment; 3 — Blinding of partici-
pants and personnel; 4 — Blinding of outcome assessment; 
5 — Incomplete outcome data; 6 — Selective reporting; 7 — 
Other sources of bias. The graph in Figure 2 presents the 
result of each item for all the studies.

This stage was merely for rating and was conducted by 
only one researcher expert in the scale.

Data analysis
A quantitative approach was conducted through effect 

size estimation, using the Microsoft Excel® software, with 
Cohen’s formula25 and Hopkins classification26 for differences 
between means25, scoring the effects as trivial (0‒0.19), small 
(0.2‒0.5), moderate (0.6‒1.1), high (1.2‒1.9), very high (2.0‒3.9), 
almost perfect (>4), and perfect (infinite). Cohen’s effect size 
is calculated according to the sample size, mean and stan-
dard deviation of both (Experimental and Control) groups25. 
Hopkins classification allows us to measure the magnitude of 
the observed effect26. Interventions conducted in the studies 
of this review have also been analyzed, by comparing experi-
mental and control groups on session duration and games 
used in each study.

RESULTS

A total of 93 papers was collected from databases, and 
eight were selected for analysis (Figure 1). Boxes 1 and 2 dis-
play extracted and tabulated data of each study.

Data of each paper were extracted and tabulated to iden-
tify details regarding the objectives, assessment tools, main 
findings, and conclusions (Table 2).

Balance has been assessed in three of the eight studies 
using the Berg Balance Scale (BBS). Lee et al.28 observed a sig-
nificant improvement in Xbox and Control groups, both in 
post-training and follow-up, although there were no signifi-
cant differences between groups with trivial and small effects 
(p=0.000/p=0.003; ES: 0.10/0.22). Park et al.30 have also found 
significant improvements in both groups (p<0.05) and a dif-
ference between them (p<0.05), with moderate effect (ME: 
0.65). Malik and Masood31 have had great improvements 
in both groups (p=0.00), with a significant difference in the 
Experimental Group (p=0.001), with very large effect (ES: 
2.1). Song and Park32 used biofeedback to verify the weight 
distribution between lower limbs and to determine balance 
skill. Both groups have shown an improvement (p<0.05) 
with a significant difference in the group with Xbox training 
(p<0.05) and small effect (ES: 0.40). Stability limits have been 
assessed in two studies through Functional Reach Test (FRT) 
and biofeedback. Lee et al.38 have shown no improvements 
in FRT in intra and inter-groups tests (p=0.187/p=0.442; ES: 
0.18/0.55). Song and Park32 have presented an improvement 
in the anterior (ES: 0.51; p<0.05) and the posterior (ES: 0.37; 
p>0.05) limits of stability, as well as significant differences in 
the Experimental Group (p<0.05). Both studies diverge on the 
results, despite their small effect size.

Mobility/gait has also been evaluated in three studies 
through Timed Up and Go (TUG), 10-meters Walking Test 
(10mWT), and other walking tests. Lee et al.28 assessed simul-
taneously gait and a cognitive task (calculation) and have found 
a reduction in time performance for the group with Xbox train-
ing (p=0.009; ES: 0.03/0.00). However, both between and inter 
groups presented a difference on the trivial effect. Park et al.30, 
with the same tests, have shown an improvement in both 
groups (p<0.05), and the Experimental Group presented signif-
icant differences (p<0.05), with trivial effect on TUG (ES: 0.13) 
and small on 10 mWT (ES: -0.25). In Song and Park study32, 
both groups presented a time reduction in performance on 
TUG and 10 mWT (p<0.05), in which the Experimental Group 
had a significant difference (p<0.05), but with a small to mod-
erate effect (ES respectively: -0.34; -0.79).

Functional independence and activities of daily liv-
ing were assessed in four of the eight studies. Lee et al.28 
used Modified Barthel Index (MBI) (p=0.494/p=0.575; ES: 
0.15/0.04) and Activities-specific balance confidence scale 
(ABC) (p=0.963/0.528; ES: 0.22/0.07), with no differences 
between them and inter/intra groups. The other authors 
used Functional Independence Measure (FIM). Afsar et al.27 
have found no differences in both groups after the inter-
vention (p=0.40 and p=0.95) nor between them (p>0.677). 
Türkbey et al.29 presented significant improvements in 
both groups (p=0.018) without differences between them 
(p>0.05), with a small effect size (ES: 0.32). Lee33 observed 
significant differences in both groups after the intervention 
(p<0.05), but none between groups (p>0.05) and a small 
effect size (ES: 0.36).
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Authors Objective Variables Instruments Results

Ikbali Afsar et al.27

To evaluate the effect 
of Xbox Kinect training 

added to standard 
rehabilitation on upper 
limb motor functions of 

sub-acute stroke patients

Motor function of 
upper limbs; motor 
development; gross 

motor skill; and activities 
of daily living

Fugl-Meyer assessment 
Upper extremity (FMA-
UE); Brunnstrom stage 

recovery (BSR); Box 
and Block test (BBT); 

Functional Independence 
Measure (FIM)

Significant improvements 
in both groups in post-

training in all the variables. 
The improvements on the 

Brunnstrom Stage of upper 
extremity, FMA-UE and BBT 

were significantly higher in the 
Experimental Group, but not in 
the Brunnstrom stage of Hand, 

FIM and FMA

Lee et al.28

To investigate the effects 
of training with Xbox 

Kinect associated with 
the standard strength 

training, resistance, gait, 
and activities of daily 
living in balance skill

Balance; stability 
limit; mobility and 

double task; functional 
independence; activities 

of daily living; quality 
of life

Berg balance scale,
Functional reach test,

Timed up and go-
cognitive (TUG-cog); 

Modified Barthel Index; 
Activities-specific 

balance confidence 
scale (ABC); Stroke 

Impact Scale

Significant improvements on 
BBS and TUG-cog in both groups, 

although without significant 
differences between groups. 
The other tests presented no 

significant differences

Türkbey et al.29

To evaluate both the 
feasibility and security 
of Xbox Kinect in upper 

limb training

Dexterity; motor 
function; functional 

independence; muscle 
tone; motor recovery

Box and Block test (BBT); 
Wolf motor Function 

test (WMFT); Functional 
Independence Measure 

(FIM); Modified Ashworth 
Scale (MAS); Brunnstrom 

motor recovery stages 
(BMRS)

Significant improvements 
only on BBS and TUG-cog 
in both groups, although 

without significant differences 
between them. No significant 

differences have been found in 
the other tests

Park et al.30

To assess the effects 
of additional training 
of virtual reality with 
Xbox Kinect on motor 

recovery of lower limbs 
in stroke patients with 

chronic hemiplegia

Motor recovery;  
balance; gait

Fugl-Meyer lower 
extremities assessment 
(FMA-LE); Box and Block 

test (BBT); Timed Up 
and Go (TUG); 10-meter 
Walking Test (10 mWT)

Improvements on FMA-LE, 
BBT, TUG and 10 mWT after 
intervention on both groups. 
Only FMA-LE presented no 

differences between groups

Malik and 
Massod31

To compare the results 
of balance with virtual 

reality and task-
oriented training in 

stroke patients

Balance and mobility Berg Balance Scale 
(BBS)

Significant improvement on both 
groups after the interventions, 
and significantly better on the 

Experimental Group

Song and Park32

To determine training 
effects with virtual 
reality games over 

balance and gait skill, 
as well as psychological 

characteristics

Weight distribution 
ratio; anterior limit of 

stability; posterior Limit 
of stability; gait skill; 

mental health

Biofeedback analysis 
system; Timed Up and 

Go (TUG);
10-m walking test;
Beck Depression 

Inventory and 
relationship change 
scale (psychological)

Both groups have shown 
significant improvements in all 
variables after the intervention, 

although with significant 
differences between groups

Lee33

To investigate the 
effects of training with 

Xbox Kinect on strength 
and muscle tone, and 

activities of daily living

Muscle strength; muscle 
tone; activities of 

daily living

Manual Muscle test; 
Modified Ashworth 
Scale; Functional 

Independence Measure 
(FIM)

Significant improvements 
on strength of shoulder and 
elbow flexion-extension and 

FIM scores of the Experimental 
Group. Control Group has shown 

improvements on strength of 
elbow extension and FIM. No 
significant differences were 

found between groups

Sin and Lee34

To investigate the effects 
of additional training 
with Xbox Kinect on 
upper limb function

Active amplitude of 
movement, motor 

function; manual dexterity

Active range of motion 
(ROM); Fugl-Meyer 

Assessment (FMA); Box 
and Block Test (BBT)

Both groups have shown 
significant improvements on 

active amplitude of movement 
of shoulder flexion, extension 
and abduction, elbow flexion, 
wrist flexion and extension, 

FMA and BBT. No significant 
improvements were found 

between groups on ADM wrist

Table 2. General data of selected studies.
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Motor function was evaluated by four studies. Afsar et al.27 
assessed upper limbs through Fugl-Meyer Assessment (FMA), 
with a significant improvement in both groups (p=0.04). 
However,  there was no significant difference between groups 
(p<0.57) and a and moderate effect (ES: 0.66). Park et al.30 evalu-
ated lower limbs through the same test, with significant improve-
ments in both groups (p<0.05), but without differences between 
groups (p>0.05) and moderate effect (ES: 0.37). Sin and Lee34 used 
the full version test and obtained significant improvements in 
both groups (p<0.05). The Experimental Group had a significant 
difference and moderate effect (p=0.041; ES: 1.06). Türkbey et al.29 
used Wolf Motor Function Test (WMFT) and have also obtained 
significant improvements in both Experimental (p=0.005) and 
Control (p=0.041) groups, besides a significant difference in the 
Experimental Group (p=0.014) and moderate effect (ES: 0.79) in 
the group that trained with Xbox Kinect.

Three studies assessed gross motor skill with the Box and 
Block Test (BBT). All the studies have shown that the Xbox 
group exhibited significant improvements in comparison 
with the Control Group. Afsar et al.27 have noticed a signif-
icant improvement (p=0.04) in both groups, significant dif-
ferences between groups (p=0.007) and prominence by the 
Experimental Group and large effect (ES: 1.58). Türkbey 
et al.29 have found a significant improvement in both the 
Experimental (p=0.005) and Control (p=0.025) Groups, sig-
nificant differences between groups (p=0.005) and the 
Experimental Group leading and a moderate effect (ES: 0.69). 
Sin and Lee34 obtained a significant improvement in the 
Experimental (p=0.001) and Control Groups (p=0.005); sig-
nificant differences between groups (p=0.043), mainly in the 
Experimental Group, and moderate effect (ES: 0.65). Table 3 
shows all data collection.

Table 3. Data on the intervention of Experimental and Control Groups.

Author
Intervention 

Experimental 
Group

Games
Number of 
sessions  

(time-min)

Intervention  
Control Group

Number of 
sessions  

(time-min)

Afsar  
et al.28

Standard 
occupational 

therapy + Xbox

Mouse Mayhem, Traffic 
Control, Balloon Buster, 

and Mathercising from Dr. 
Kawashima’s Body and Brain 

Exercise package

20 (90’), five 
times a week

Control of static and dynamic 
position, balance training, 

weight loss, functional training 
(activities of daily living), 

proprioceptive neuromuscular 
facilitation, neurodevelopmental 

treatment principles

20 (60’), five 
times a week

Lee  
et al.29

Standard therapy 
(as in Control 
Group) + Xbox

Darts; Golf; Bowling; Virtual 
smash; Light race; Space 

Pop; Rally Ball; Table Tennis; 
River rush

12 (90’), twice 
a week

Balance training, weight loss, 
postural transition, postural 

disturbances, cognitive-
motor training

12 (90’), twice 
a week

Türkbey 
et al.30

Standard therapy 
(as in Control 
Group) + Xbox

Bowling (Kinect sports), 
Mouse Mayen (Dr 

Kawashima’s body and brain 
exercise package)

20 (120’), five 
times a week

Passive and active exercises 
for ADM, stretching and 
muscle reinforcement, 

neurophysiological exercises, 
gait training and balance and 

functional activities

20 (60’), five 
times a week

Park  
et al.31

Standard therapy 
(as in Control 
Group) + Xbox

Boxing, table tennis,
and soccer from the Kinect 
Sports Pack; and golf, ski, 

and football from the Kinect 
Sports Pack 2

30 (30’), five 
times a week

Exercises for ADM, muscle 
reinforcement, functional 

training of balance and 
gait. Neurodevelopment 

treatment and proprioceptive 
neuromuscular facilitation

30 (30’), five 
times a week

Malik and 
Masood32

Task-oriented 
therapy (as in 

Control Group) 
+ Xbox

20,000
Water leaks, River rush and 

Reflex ridge

18 
(undetermined) 

three times 
a week

Lateral gait, gait with hip flexion, 
gait on different surfaces, 

transfer from sitting position to 
standing position; grip an object, 

anterior reach

18 
(undetermined), 

three times 
a week

Song and 
Park33

Kinect Sport, Kinect Sport 
Season 2, Kinect Adventure 

and Kinect Gunstringer

40 (30’), five 
times a week Training with cycle ergometer 40 (30’), five 

times a week

Lee34 Occupational 
therapy + Xbox

Kinect sports (Boxing 
and Bowling) and Kinect 

adventure (Rally Ball, 20,000 
Leaks, and Space Pop)

18 (60’), three 
times a week

Occupational therapy (without 
treatment description)

18 (30’), three 
times a week

Sin and 
Lee35

Standard 
occupational 

therapy + Xbox

Boxing and Bowling in the 
Kinect sports pack and 

Rally Ball, 20,000 Leaks, 
and Space Pop in the Kinect 

adventure pack

18 (30’), three 
times a week

Passive and active exercises 
for ADM, stretching and muscle 

reinforcement

18 (30’), three 
times a week
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Table 4. The PEDro Score.

Author (year) Score

Afsar et al.29 7

Lee et al.30 8

Türkbey et al.31 8

Park et al.32 7

Malik and Masood33 6

Song and Park 34 6

Lee35 7

Sin and Lee36 6

Six studies presented a training volume higher in the 
Experimental Group rather than in the Control Group, 
most of the times the double of time29,30,31,33,34. Four of the 
eight studies used bowling28,29,33,34, and only two33,34 used 
the same game battery, comprising 20,000 water leaks, 
bowling, boxing, rally ball and space pop. One study32 was 
unclear about the games used, despite citing the selected 
packages (Kinect Sports 1 and 2, Kinect Adventure and 
Kinect Gunstringer).

Although authors had presented data as significant, 
most of the results have shown a small effect on the inter-
vention with Xbox. The BBT conducted by Afsar et al.27 and 
the Beck Depression Inventory (BDI), in the study by Song 
and Park32 had a large effect, respectively (ES: 1.58; -1.42); 
The BBS by Malik and Masood31 had a very large effect (ES: 
2.1), as presented in Table 4. Results of tests conducted in 
all the above-mentioned studies have shown a significant 
improvement of balance skill, gait and patients’ motor 
function after the intervention that varied between 12 and 
40 sessions, twice to five times a week, with a duration of 
30 to 90 minutes.

Methodological rigour of studies has been assessed 
with the PEDro scale23 (Table 4), which shows scores 
between 6 and 8 points, and the Higgins visual scale24 
(Figure 2) that introduces studies presenting unclear and 
low risk of bias.

DISCUSSION

This systematic review shows the details of interventions 
with Xbox/Kinect in patients with stroke. Postural balance29,31-33, 
the ability to perform activities of daily living28,29,30,34, general 
motor function34, upper limb motor function28, lower limb motor 
function31, gross motor skill28,30,34, motor development28,30, gait31,33, 
quality of life29, muscle tone34, mobility32, amplitude of move-
ment34, strength33, and depression32 have been investigated. 
Despite the probable clinical application related by the authors, 
findings have not shown, individually, differences between the 
intervention with Xbox/Kinect and standard treatment with 
functional exercises and kinesiotherapy. This finding shows that 
there might be a likely resemblance between the intervention 
with Xbox/Kinect and standard rehabilitation, especially when 
analyzing the effect size between groups (small/large) in differ-
ent variables. The use of virtual reality-based games provides a 
multisensory retro feeding that improves motor refinement35-38, 
possibly through neuroplasticity mechanisms38,39. The improve-
ment of physical and cognitive functions varies and occurs at 
short and long terms on stroke patients1,11. Specifically, benefits 
of exergames include the increase of gait velocity, balance and 
mobility and motivation to treatment20. However, the guidelines 
from the American Heart Association and the American Stroke 
Association13 call the attention to the use of this technology in 
the rehabilitation of stroke patients. It presents B level, class IIb, 
in gait improvement and spatial orientation, and IIa class on 
upper limb movement practice. B level indicates that the stud-
ies have been conducted with limited populations and simply 
randomized or not. Class IIa indicates favorable recommenda-
tions to the procedure, with some opposite evidence, whereas 
class IIb indicates that the utility or effectiveness of the proce-
dure is less established and involves higher opposite evidence13.

A systematic review17 has evidenced no advantage of the 
rehabilitation with exergames in relation to the standard 
therapy on upper limb mobility and activities of daily living. 
According to the authors, there is insufficient evidence to con-
clude on the use of virtual reality-based games on gait velocity 
and postural balance. These data corroborate partially with the 

Figure 2. Risk of BIAS according to the Higgins scale.
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effect size findings of the present study. Nevertheless, the stud-
ies present no discussion about the limitations on the use of 
Xbox/Kinect; therefore, we suggest that the use of this device 
in certain treatments (e.g. neurological patients) might be dif-
ficult due to the therapist’s impossibility to be closer to the 
patient’s body, as the digitalization of user’s body image suf-
fers interferences with another person’s presence. Maybe this 
might be one of the reasons for the scarce amount of investi-
gations on this device. In case of this interference, the sensor 
needs to be calibrated again as mentioned by Lee33.

All the studies assessed in this review presented argu-
ments in favor of exergames in the rehabilitation of these 
patients. Even though there was study heterogeneity, clini-
cal effects were observed and should be considered. A large28 
and moderate30,34 effect size has been found on the motor 
function assessed with the BBT on two studies that used this 
device. Furthermore, one of the studies presented depression 
with a large opposite effect32.

Balance presented an effect size from trivial to large29,31,32, 
which shows a great heterogeneity of results. This variability 
can also be observed in gait, which has presented an effect 
size varying from trivial to moderate29,31,33. Therefore, there 
are no consistent data to sustain the efficacy of rehabilitation 
with Xbox in many variables.

The largest effect size was found on postural balance, 
in the study where participants performed 18 intervention 
sessions, three times a week, using the games: 20,000 water 
leaks, reflex ridge, and river rush32. However, the duration of 
the treatment session was not mentioned. The largest num-
ber of sessions was 40, among all the studies analyzed with a 
30-minute duration, using Kinect Adventure, Kinect Sports 1 
and 2, and Kinect Gunstringer33. Authors have found a large 

effect of improvement on depression symptoms and moder-
ate effect on gait improvement33.

Limitations of the present study include the impossibil-
ity of a data meta-analysis, as studies present different vari-
ables and methods. On the other hand, the classification 
of volunteers through questionnaires and divergent tests 
hampers comparison of results. The use of different games 
does not allow the determination of which have influenced 
greater upon results, as although similar, they demand dis-
tinct skills and tasks. The small number of randomized and 
controlled studies published on this scope increases the dis-
parity of papers investigated herein, which reduces the pos-
sibility of an estimation of a grouped effect.

Other important limitations of the included studies 
were: lack of analysis regarding the injury location; number 
and type of sequelae. Furthermore, only one study analyzed 
depression31, and none of them verified anxiety symptoms, 
which could affect rehabilitation engagement negatively. 
Furthermore, these studies did not analyze comorbidities. 
Procedures of electromyography analyses were also not clear, 
which hindered the replication of these methods.

The use of Xbox/Kinect for the rehabilitation of stroke 
patients is a recent topic. The first controlled and random-
ized studies were published in 2013. Moreover, the stud-
ies here selected presented small samples, and the major-
ity comprised less than 30 volunteers. The greater use of 
Xbox Kinect with more significant results in the treatment 
of stroke patients was in the recovery of motor function and 
postural balance. Nevertheless, conclusive findings on these 
and other variables were not possible yet, which increases the 
necessity for caution with this device in the rehabilitation. 
Further investigation with larger samples is recommended. 
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