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Abstract
Aim The aim of this systematic review was to understand the exergames that can be applied to the pre-frail and frail elderly 
people, to evaluate whether these games have a positive impact on physical outcomes in pre-frail and frail older adults, and 
to explore userʼs subjective feelings and compliance.
Methods PubMed, EMBASE, CINAHL, Web of Science, and the Cochrane Library were searched until January 15, 2019. 
Only randomized controlled trials published in English for human beings were eligible. The review included studies which 
examined the effects of exergames on physical outcomes, feasibility and/or subjective feelings of pre-frail and frail older 
adults. Two researchers assessed the risk bias of all articles independently using the Cochrane collaboration’s tool for assess-
ing risk of bias.
Results Seven randomized controlled trials with 243 pre-frail and frail older adults met inclusion criteria and were included 
in this review. Results of the studies were heterogeneous. Physical outcomes (included muscle strength, balance ability, 
mobility function, gait and falls), subjective feeling outcomes, feasibility, attendance and some other functional outcomes 
were reported.
Conclusion Exergames improved balance and mobility function of frail elderly, and it showed a tendency to increase muscle 
strength when combined with resistance training. As far as the limited evidence was concerned, exergames were feasible 
and generally accepted by participants.

Keywords Exergame · Frail elderly · Balance ability · Mobility function · Systematic review

Introduction

Frailty is a complex geriatric syndrome resulting from the 
decline of multiple organ system function characterized by 
decreasing muscle strength, endurance and physiological 

function [1]. Senior people in a state of frailty is vulnerable 
to increase the risk of adverse events such as fall, hospitali-
zation, disability, even dying, when subjected to disturbance 
of internal and external environment [2, 3], threatening 
the quality of life of the elderly. As a result, it becomes an 
important public health concerns and undoubtedly places an 
additional burden on public health expenditure and caregiv-
ers [4]. Therefore, it is urgent to find efficacious, feasible, 
and economic interventions to prevent or retard frailty to 
avoid or reduce the adverse events and maintain or improve 
quality of life of frail older adults [1, 5].

In the past few years, physical exercise, nutritional sup-
plementation, cognitive training and comprehensive inter-
ventions in clinical trials in older persons have been repeat-
edly validated as effective interventions to alleviate frailty, 
especially physical exercise [2, 6–10]. Exercise has been 
recommended as an intervention to restore muscle strength 
and agility to pre-frail older persons, as well as decrease 
the risk for falling [11, 12]. Theou et al. systematically 
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reviewed the effect of exercise interventions on frailty, the 
pooled evidence indicated that exercise had a positive impact 
on some physical determinants and on all functional out-
comes [13]. Another systematic review was conducted to 
evaluate the effectiveness of multi-domain interventions in 
(pre)frail elderly on frailty, functional, and cognitive sta-
tus, results showed that these interventions could enhance 
muscle strength and physical functioning, thereupon then 
improved frailty status [4]. But at the same time, the study 
also left question about how to improve the adherence rate. 
Poor adherence and insufficient exercise intensity could seri-
ously dent the effectiveness of the interventions [14].

Exergame (also known as virtual reality training) is an 
emerging product used for video games that is also a form of 
exercise which relies on sensor technologies (cameras, body 
sensors, and hand held remotes) in such a way that users are 
required to ‘move’ to fully interact and best experience dur-
ing the game [15, 16]. Exergame enables players to improve 
their motor and cognitive functions in the course of per-
forming game tasks [17, 18]. Thus, it has several advantages 
compared to conventional or other exercises. First, exergame 
can train balance ability well, especially it has the advantage 
of providing step training which has been proved to be a 
powerful strategy to prevent a fall if persons lose their bal-
ance [19, 20]. Second, these games are interactive which can 
attract player’s interest, they also can give real-time imme-
diate performance feedback to the players [19].Therefore, 
players can adjust their body at any time according to sys-
tem feedback to control balance, which cannot be achieved 
by traditional training. Third, the simplicity of the games 
enables the elderly who are inconvenient to go out to have 
fun and exercise training at home without loss of medical 
monitoring which can reduce health system costs [21, 22]. 
Most importantly, the immersion of exergame makes people 
devote themselves to the game environment and increase the 
entertainment of training [23], which might increase adher-
ence of rehabilitation training. In recent years, exergaming 
technologies have been used as an assessment and treatment 
tool in rehabilitation of Parkinson’s disease, stroke and other 
functional impairment diseases [24–28].

Exergame was an acceptable method for improving bal-
ance performance as well as functional mobility outcomes 
in healthy community dwellers [16]. A systematic review 
[29] was conducted to investigate the effect of Virtual Real-
ity (VR) Training on balance and gait ability in patients 
with stroke, synthesized evidence showed that VR training 
was more effective for improving balance or gait ability in 
patients with stroke compared with balance or gait train-
ing without VR. A similar conclusion had been reached 
in another systematic review which assessed the effects of 
wii-based games on the balance function of independently 
functioning older adults [30]. However, there is no system-
atic review of the effect of exergame on the frail elderly, 

and it is not clear whether exergame is feasible and bring 
positive effect to frail elderly. Therefore, the purpose of this 
study is to:

1. Preliminarily evaluate whether exergame has a positive 
impact on physical outcomes in the pre-frail and/or frail 
elderly.

2. Explore userʼs subjective feeling and compliance.

Method

The review was conducted and reported in accordance with 
the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines.

Search strategy

An electronic literature search was conducted in PubMed, 
EMBASE, CINAHL, Web of Science, and the Cochrane 
Library from inception of the database until January 15, 
2019. The literature search was limited to articles published 
in English, and excluded animal experiments. We also man-
ually retrieved the references, citations and other relevant 
articles of the authors from the first search to guarantee 
the comprehensiveness of retrieval. Selected search terms 
(free term and subject term if possible) were combined with 
Boolean conjunction (OR/AND) and applied on three steps. 
Details were shown in Table 1.

Table 1  Steps and terms of the literature search process

Search steps Search types

#1 (((((((((((((((((((“Frail Elderly”) OR Frail*) 
OR “Frail Individual*”) OR “Frail People”) 
OR “Frail Person”) OR “Elderly, Frail”) 
OR “Frail Elders”) OR “Elder, Frail”) OR 
“Elders, Frail”) OR “Frail Elder”) OR “Func-
tionally-Impaired Elderly”) OR “Elderly, 
Functionally-Impaired”) OR “Functionally 
Impaired Elderly”) OR “Frail Older Adults”) 
OR “Adult, Frail Older”) OR “Adults, Frail 
Older”) OR “Frail Older Adult”) OR “Older 
Adult, Frail”) OR “Older Adults, Frail”) OR 
“Frail Adult*”

#2 ((((((((((((((((((((“Virtual Realit*”) OR “Real-
ity, Virtual”) OR Kinect) OR Nintendo) OR 
Wii) OR X-box) OR play-station) OR “play 
station”) OR “Dance dance revolution”) OR 
Avatar) OR exergam*) OR exer-gam*) OR 
videogam*) OR video-gam*) OR “video-
based game”) OR “computer-based game”) 
OR “interactive computer game”) OR “health 
game”) OR “commercial game”) OR “com-
puter feedback training”) OR “game-based 
training”

#3 #1 AND #2
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Eligibility criteria

Full-text articles published in a peer-reviewed journal were 
eligible. The inclusion criteria that the eligible studies had 
to meet are as follows:

Types of participants The subjects were frail or/
and pre-frail elderly people 
aged ≥ 65 years without neu-
rological, orthopedic, cardiac 
conditions and/or other chronic 
diseases. Classification in 
terms of frail status should be 
according to an operationalized 
definition

Types of interventions Intervention was exergame which 
was defined as a term used 
for video games and was also 
a form of exercise that relied 
on technology that tracked 
body movement or reaction. 
The exergame device could be 
commercial off-the-shelf or self-
designed program

Types of outcomes The study was required to report 
physical outcomes and/or sub-
jective feelings of users as the 
primary or secondary outcome

Types of study Randomized controlled trails with 
pre-post testing were eligible 
with at least one control group 
that either did not receive any 
intervention and/or received a 
traditional intervention

Study selection and data extraction

Identification of potentially relevant papers based on title 
and abstract was conducted by two reviewers independently. 
Afterwards, preliminary eligible articles were downloaded 
and to be read full text according to the inclusion criteria. 
If divergences arose during the screening process, they 
negotiated with each other, and if they were still unable to 
deal with, the third reviewer resolved the discrepancy and 
made the final decision. Data extraction was also done by 
two independent researchers following a unified form. The 
extracted information included author and year, country, 
study design, participants (included frailty status, gender and 
age), sample size, frailty diagnostic tool and details of inter-
ventions (included duration and frequency, interventions of 
experimental group and control group, outcome measures, 
results and exergame devices). The manner to deal with dif-
ferences was the same as above.

Quality assessment

The methodological quality assessment of the included rand-
omized controlled trials was accomplished by two research-
ers in accordance with the Cochrane collaborationʼs tool for 
assessing risk of bias which included six criteria: selection 
bias, performance bias, detection bias, attrition bias, report-
ing bias and other bias. The risk of each item was evaluated 
as low, high, and unclear.

Results

Study selection

A total of 362 articles were included through electronic and 
manual retrieval through five biomedical databases. Among 
them 84 articles were deleted by eliminating duplication, 
and 278 articles were identified for the titles and abstracts 
screening. Then, 20 full-text articles were remained to be 
assessed according to the prespecified eligibility criteria. 
One study was close to our inclusion criteria, but was even-
tually excluded after repeated finalization due to the inac-
curate inclusion criteria for the frailty [31]. Finally, 7 arti-
cles with 243 participants met the inclusion criteria to be 
qualitative synthesis [32–38]. The specific process is shown 
in Fig. 1.

Study characteristics

The characteristics of the studies are shown in Table 2. 
Three studies were conducted in Europe [34, 37, 38], three 
in America [32, 33, 36] and one in Hong Kong, China [35]. 
All studies had a randomized controlled trial design pub-
lished from 2010 to 2019. Studies included only frail [34, 
35, 37, 38], only pre-frail [32, 36], or both pre-frail and 
frail phenotype [33]. One study involved only women [32]. 
The average age ranged from 69.5 to 85.47 [32, 34]. The 
studies ranged in sample size from 20 to 60 [32, 35]. Four 
studies used Fried phenotype to define frailty [32, 33, 36, 
38], the remaining three studies used were Short Physical 
Performance Battery (SPPB) [34], Functional Ambulator 
Category (FAC) [35], and Dynamic Gait Index score (DGI) 
[37] separately.

Quality of studies

The risk of bias was assessed by the Cochrane collabora-
tion’s tool for assessing risk of bias. The specific results 
are shown in Fig. 2. In terms of selection bias, one study 
failed to report the process of randomization [36], most stud-
ies on allocation concealment were not clear [32, 34–36]. 
Only one study clearly illustrated the blind method [33]. 
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Blinding participants in the type of intervention was impos-
sible, because they were always involved in the intervention. 
The outcome data of the studies were reported in all studies. 
In one study, it was difficult to determine whether there were 
other biases due to insufficient information about the process 
involved in the experiment [36].

Outcomes

Interventions against frailty

Interventions implemented in the studies were in high het-
erogeneity as shown in Table 2. The duration of the inter-
vention varied between 2 weeks to 15 weeks [33, 36]. The 
frequency of the training sessions was two sessions per week 
[33, 37] and three sessions per week [32, 34–36]. Each ses-
sion lasts from 20 to 90 min. All trainings were collective 
and supervised, three studies reported the setting [33–35], 
the rest was not mentioned. Six studies consisted of two 
groups [32–35, 37, 38], and the other was divided into three 
groups [36]. The X-box 360 [32], Nintendo Wii [33, 35, 36], 
Fovea  Interactive® [38], the system manufactured by Person-
ics, Denmark [37] and a self-developed equipment named 
FRED game [34] were used to conducted interventions.

Physical outcomes

Muscle strength

Exergames were usually combined with (progressive) resist-
ance muscle strength training to enhance muscle strength. 
Two studies in the review reported muscle strength out-
comes using different measurements. In the study of San-
tos [32], muscle strength was one of the primary outcomes 
which was measured by the peak torque, average power and 
total work around the ankle and knee joints at both 60°/s 
and 180°/s. The results showed that both moderate exercise 
intensity group (MG) and vigorous exercise intensity group 
(VG) improved most indicators of muscle strength from pre- 
to post-training, and MG presented greater average power 
than VG for knee extensor (20%) and flexor muscles (23%) 
(p < 0.039). There was main time effect of peak torque at 
180°/s for knee ex tensor, flexor and plantiflexor muscles 
as well as average power and work on the knee flexor mus-
cles (p < 0.046). In another study by Hagedorn and Holm 
[37], knee extension and ankle dorsiflexion were assessed 
to evaluate changes in muscle strength. After 12-week exer-
cise, the muscle forces of both two groups were significantly 
improved after the exercise than before, especially the knee 
extension of the exergame group (p < 0.001).

Fig. 1  Flow diagram of litera-
ture search
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Balance and mobility functions

After exergame balance training, the frail elderly improved 
balance, and mobility functions. Sit to Stand (STS), Time 
Up and Go test (TUG), Mini-Balance Evaluation Systems 
Test (Mini-BESTest), and Berg Balance Scale (BBS) were 
commonly used to test balanced capacity. Walking test 
was measured to evaluate gait speed. In the study of San-
tos [32], after 12 weeks training, only TUG performance 
significantly improved (p < 0.001) in MG, among the out-
comes of TUG, STS and 10 m Walk test. In addition, there 
was main time effect for the speed during the 10 m-Walk 
test (p < 0.003) after two-way mixed model ANOVA. But 

in study of Hagedorn and Holm [37], the TUG test showed 
no training increased improvement in two groups, and the 
STS outcome was improved in the traditional balance 
training group (TB), while the exergame group showed 
significant improvement in 6-min walk test from 298 to 
333 m (p < 0.05). There was no significant improvement 
in other balance and gait test results, such as one-legged 
balance, BBS, tandem test, and Dynamic Gait Index score 
between the two groups. Only one item (eyes closed, foam 
mat) of modified clinical test of sensory interaction and 
balance (MCTSIB) showed significant improvement in TB 
(p < 0.05). Another study [33] used balance function and 
gait as secondary outcomes. Significant improvement was 

Fig. 2  Quality of included 
studies
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seen on the Mini-BESTest and FGA in the EG compared 
with the CG (p < 0.05). Short Physical Performance Bat-
tery (SPPB) is a comprehensive measurement of physi-
cal function by measuring strength, dynamic balance and 
mobility function. In Mugueta-Aguinaga’s study [34], after 
nine physical activity sessions using the FRED game for 3 
weeks, it was noted that the results from the study group 
increased whereas those from the control group decreased 
in SPPB scores. Another comprehensive measurement tool 
named Senior Fitness Test (SFT) including chair stands, 
time up and go, arm curls, sit and reach, steps, back 
scratch, and 6-min walk was used in Daniel’s study [36], 
and there was improvement on several of the measures 
of SFT containing chair stands, arm curls, steps, 6-min 
walk, sit and reach, and the time up and go. One study 
was conducted by Kubicki [38] to explore the effects of a 
two-dimensional virtual reality game program on the rapid 
arm movement and posture control of the frail older adults 
by assessing the hand kinematics and centre-of-pressure 
(CoP) displacement parameters of pre- and post-training. 
After training, hand movement time in the experimental 
group was significantly shorter than that before the training 
(before 1.95 ± 0.68 s, after 1.34 ± 0.47 s). The CoP mean 
velocity in the experimental group was significantly higher 
than that before the training (before 0.024 ± 0.01 m s−1, 
after 0.031 ± 0.022 m s−1).

Falls

Four studies of the review reported falls-related results. The 
Fall Efficacy Scale-International (FES-I) and Activities-Spe-
cific Balance Confidence Scale (ABC) were usually used to 
assess the degree of fear of falling. There was no significant 
effect on FES-I in study of Gomes [33]. In the pilot study 
after 12 weeks balance training [37], the scores of the FES-I 
in both groups decreased, but there was no statistical signifi-
cance. Similarly, another study [36] also showed that there 
was no significant difference between the changes of ABC 
before and after Wii Fit balance training (p = 0.3). One study 
[35] compared Wii Fit training and conventional balance 
training with Physical Profile Assessment (PPA) and the fall 
incidence as the primary outcomes. The results showed that 
Physical Profile Assessment (PPA) scores improved and fall 
incidence decreased significantly in both groups after the 
intervention, but the subjects in the Wii Fit training group 
showed significantly greater improvement in both outcome 
measures (p < 0.01).

Subjective feeling outcomes

Two studies conducted questionnaires on experience feel-
ings of users. One study [33] applied a game satisfaction 

questionnaire that consists of 17 questions divided into five 
domains (perception of the games, motivation, protocol, 
safety, the perception of the training). 100% participants 
thought the Nintendo Wii Fit Plus™ games were very good 
and safety, and 83% answered that games were very moti-
vated. Talking about the arrangement of the game, 74.7% 
participants said that the number of attempts was suitable, 
but the intervention time could have more sessions (58.1%). 
Majority of participants understood and enjoyed the tasks 
of the games, and were willing to continue practicing as 
a form of exercise and recommend it to others. In another 
study [32], they used Feeling Scale to assess the average 
of affective responses of subjects when playing exergames. 
This scale was composed of life enhancement, physical per-
formance, tasks, pleasure and health prevention subscales, 
when examining the perceived benefit at post-training period 
for the groups exercising at moderate and vigorous intensi-
ties, positive affect and pleasure were reported only when 
subjects in moderate exercise intensity group (p = 0.028).

Feasibility and attendance

Feasibility was assessed through participants’ performance 
in the games, measured by the score participants achieved. 
Two studies reported game scores. In one study in which 
participants played 10 Nintendo Wii Fit Plus games, par-
ticipants improved their scores in all 10 games (p < 0.05), 
and presented few adverse events during the practice [33]. 
In study using self-developed games FRED [34], the mini-
mum increase was from 6 to 7, and 60% of subjects from 
the study group obtained a score of ≥ 10 points at the end 
of the study. The minimum increase was from 6 to 7. The 
degree of compliance with and adherence to the game were 
confirmed by 100% attendance of the sessions. In another 
study, twenty-three participants were recruited but only 21 
completed, because two participants dropped from the con-
trol group due to personal crises unrelated to the study [36].

Discussion

It was obvious that there was notable incongruousness in 
the outcome measures used within the included studies, so 
that it was not possible to conduct a meta-analysis, but to 
sum up the existing evidence in the form of a total. This 
review summarized the effects of several different forms 
of exergames on the functional outcomes in the pre-frail 
and/or frail elderly, and explored the feasibility, acceptance 
and participants’ compliance of exergaming training. We 
found that exergames played an active role in improving 
the balance and functional mobility outcomes of frail older 
adults comparing with traditional physical activity training 
or with daily activities. Additionally, there was a tendency 
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to increase muscle strength by combining exergames with 
resistance training. Although only seven original articles 
were included, this study had certain predictability and pros-
pects for future research.

The most discussed indicators were balance and mobil-
ity function, which was consistent with the original inten-
tion of game design [16]. A total of five studies [32–34, 
36, 37] involved 137 participants with balance and mobility 
function as outcome measures were included in our review. 
In summary, all evidence from the results came together to 
show a positive effect. Previous studies had explored and 
reviewed the effects of similar interventions on balance and 
mobility function in healthy older or patients with other 
functional impairments [16, 39, 40], mainly concentrated 
in the past 5 years. The studies included in these reviews 
were not exactly the same in terms of interventions (e.g., 
virtual reality interventions include Nintendo Wii™ games, 
or some other exergames), control interventions (no treat-
ment, standard training, or other alternative exercise-based 
training), subjects (from young to old in a state of health or 
balance function damaged) and duration (from 2 weeks to 
20 weeks) and frequency of exercises (from 1 session per 
week to 5 sessions per week), the length of each session var-
ied from 10 to 60 min. Moreover, the results of these studies 
were inconsistent. One systematic review [39] evaluated the 
effect of Nintendo Wii™ exergames on older adults with 
chronic disease. The conclusion was that the Wii exergames 
were safe and feasible to encourage older adults with chronic 
disease to take part in exercise with the potential to improve 
physical function, cognition, and psychosocial outcomes. 
Similar results were found by Vicky Booth et al. [40] when 
valuated whether virtual reality interventions were effective 
at improving balance in adults with impaired balance. But 
no significant difference was found from the pooled results. 
This may be because the study included a wide range of 
subjects including patients aged 16 years and older with 
impaired balance function, different groups of people may 
have different responses to exergames, which may offset 
some of the effects when pooling the results, while subjects 
of this review were relatively consistent, and the results of 
our study could not be merged, but could only draw a rela-
tively exergame-favored conclusion on the whole. Another 
meta-analytical review [16] examined the effects of virtual 
reality training (VRT) on fall-risk relevant balance perfor-
mance and functional mobility in healthy seniors compared 
to alternative balance training programs (VT) and inactive 
control condition (CON). They found that VRT could be 
employed to improve balance performance and functional 
mobility in healthy community dwellers. On the contrary, 
meta-analyses revealed that the VRT was slightly less effec-
tive than VT. Sensitivity analysis indicated that the overall 
effect was attributed to the lower quality of several articles. 

However, it was well accepted, perhaps it could be used as 
a supplementary method of training for the elderly owing 
to its attraction.

According to the recommendation from the American 
College of Sports Medicine and the American Heart Asso-
ciation [41], the elderly should participate in intensive mus-
cle training at least twice a week to maintain their health 
and independence. So, in addition to the balance function 
frequently studied, the maintenance of muscle strength is 
particularly important for the elderly, especially the frailty 
elderly. Two studies involved progressive resistance mus-
cle strength training [32, 37]. After exergaming training, 
both studies found that muscle strength of the subjects in 
experimental groups increased significantly compared to 
pre-treatment. Four studies measured gait speed as primary 
or secondary outcome [32, 34, 36, 37], and two of them 
showed that exergames had positive effects on gait of the 
frail elderly [36, 37]. One study improved the SPPB scores 
which included gait speed test, balance test and chair stand 
test, but it was unclear whether the gait speed had improved 
among the three tests [34]. Furthermore, the commonly used 
definition of frailty is the criterion of Fried, which consists 
of weight loss, weakness, exhaustion, slow gait, and low 
physical [3, 42]. Among the five diagnostic indicators of 
frailty, the effectiveness of exergames in other items besides 
muscle strength (weakness) and gait remains to be tested.

Frail constitution is the main factor for disability, espe-
cially easily caused by falls. Prevention of falls in the elderly 
can reduce the occurrence of adverse consequences, such as 
disability and long-term bedridden. Conventional strength, 
endurance and balance training have been shown to be effi-
cacious in reducing the incidence of falls in the frail elderly 
[43]. Four articles included in this study investigated the 
effects of exergames on the occurrence of falls and fear of 
falling [33, 35–37], one obtained significant positive results 
in fall occurrence [35], and one mentioned a reduction in 
falls, but no specific data were available [37]. The remain-
ing two articles [33, 36] only investigated the participants’ 
psychology and degree of fear of falling, and did not report 
the incidence of falling. Moreover, the probability of falling 
during a short training period was not very high, thus may 
not get satisfactory results. The effect of exergames on falls 
of the frail elderly remains to be further examined.

It was mentioned in Lenore Dedeyne’s review [4] that 
for the frail elderly, the optimal exercise frequency was at 
least three times a week with 30–45 min each session, last-
ing at least 5 months. However, in the including studies of 
this review, the duration varied from 2 weeks to 15 weeks, 
all less than 5 months, but the frequency of exercise and 
the length of each session were more appropriate. Only 
one study conducted a follow-up study on the physical out-
come, and the significant effect on balance function had been 
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maintained at 30 days after stopping the intervention, but the 
persistent effect of other studies was not clear.

Exergame had been shown feasible and safe in healthy 
older adults, and other patients with chronic disease [39, 44], 
which was in agreement with the results of our study. We 
also found that exergames were acceptable and feasible in 
improving the functional outcomes of the frail elderly. But 
before definitive conclusions can be drawn, more research 
is needed to prove its efficacy and safety [45].

At the same time, we found that with the development 
of the severe aging situation, experts in this field paid much 
more attention to the management of frailty. Protocols of 
exergaming interventions for the frail elderly were gradually 
emerging in recent years, besides the including studies of 
our review. Vojciechowski et al. [46] drafted a protocol that 
verified the effect of exergames on musculoskeletal function, 
nutritional status, and risk of falls in pre-frail older women 
compared with no training, routine physical training and 
exergames with isoenergetic supplementation. The primary 
outcomes would be muscle strength and architecture,body 
composition, functional mobility and risk of falls. Another 
protocol published on the U.S. National Library of Medicine 
in 2015 aimed to investigate the effectiveness of exergames 
associated with conventional physiotherapy in physical 
functioning in frail elderly compared to conventional physi-
otherapy with the SPPB, walking speed test, and Four Step 
Square Test as primary outcome measures. The study would 
last 12 weeks. The results of the above studies will give us a 
better understanding of the effect of exergames in the frailty 
elderly based on the known evidence in now, and provide 
guidance for the prevention, management and treatment of 
frailty.

Exergames are increasingly being used to compare 
with other interventions exploring their effects on some 
functional outcomes, especially balance function of the 
elderly. It is worth considering that, although the results 
of the randomized controlled trials showed the compara-
ble or slightly better effects of exergame than other inter-
ventions, we lack evidence on its potential of improving 
the functional status of the elderly, as well as the motion 
characteristics induced by exergame, which makes it dif-
ficult to explain the results of intervent studies and to draw 
conclusions about the effectiveness of exergame on exer-
cising and improving specific functions. Moreover, few 
of these games are designed specifically for the elderly, 
and fewer are designed specially for the rehabilitation 
training of the elderly. Therefore, it may not be negligible 
to explore how to design a game specially designed for 
the rehabilitation of the elderly and to explore the spe-
cific effects of exergames on them. As a result, it may not 
be enough to compare the effects of exergames only in 

randomized controlled trials for developers, as far as this 
goal is concerned. To inform exergame design for move-
ment quality, Skjaeret et al. conducted an observational 
study to explore game elements (physical space, graphics 
and sound, game mechanism, etc.) and the movement char-
acteristics (weight shift, step length, etc.) of the elderly 
when playing stepping exergame [47]. Results showed 
that different game elements might help stimulate specific 
motion characteristics, which was conducive to design for 
movement quality in exergames.

This review has the following limitations. First, only 
seven studies met the criteria and were included in this 
review. The limited number of articles limited the strength 
of the evidence, which made it difficult to draw definite 
conclusions and lead to a poor interpretation of the find-
ings. Second, inclusive researches were heterogeneous in 
exergaming interventions (different in game settings, fre-
quency and duration). As a result, the optimal intervention 
design to achieve the most obvious intervention effect was 
not yet clear. Third, there were some limitations in the out-
comes of this systematic review. Although studies used the 
same indicators as their outcomes, the measurement tools 
were different, which made it impossible to amalgamate 
the result data for meta-analysis.

The limited systematic review preliminarily verified the 
potential impact of exergames on the frail elderly. Further 
studies should pay more attention on the following points. 
First, it is better to combine exergames with resistance 
training, especially progressive resistance muscle strength 
training, to enhance the balance and mobility function of 
the frailty elderly as well as improve muscle strength at the 
same time. Second is in the premise of ensuring the safety 
of the participants, to explore the optimum design scheme 
(duration, frequency, intensity, game type etc.) through 
which one can get the strongest intervention effect. Third, 
there is insufficient evidence about the effects of exer-
games on the fear of falling, cognitive function and mood-
related outcomes of the frail elderly in this review, future 
studies could appropriately conduct the measurement of 
these indicators. Fourth, since frailty is caused by the 
decline in the function of the multiple organs, the health 
status of frail elderly is slightly worse in other areas, such 
as nutriture, than that of the healthy elderly or those with 
impaired balance function, interventions should therefore 
be multidisciplinary [4]. Future researches could try to 
combine exergames with interventions in other domain 
(e.g., nutrient supply) to explore whether it will get better 
effects. The last but not the least, more observational stud-
ies are needed to explore the relationship between differ-
ent game elements and movement characteristics to design 
appropriate rehabilitation exergames for the elderly.
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Conclusion

Exergames can be combined with progressive resistance 
muscle strength training to increase muscle strength for 
frail adults. In addition, participants can improve their bal-
ance and mobility function by participating in complex 
and dynamic human–computer interactive game tasks. In 
terms of game performance, exergames are feasible, and 
given the interaction and interest of the virtual game, it is 
universally recognized and acceptable for frail elderly. But 
effects of exergames on fear of falling, cognitive function, 
mood-related outcomes and other physical, psychological 
and social outcomes of frail elderly are not clear because 
of the limited studies. So far, there is limited evidence 
on the role of exergames in the treatment of frail elderly 
people. Therefore, more studies with more rigorous design 
are needed to enrich the data and evidence in this field, and 
the effectiveness on the unclear outcomes are waiting for 
further exploration.
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