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Study Design: Pilot randomized controlled trial.
Purpose: To compare the efficacy between virtual reality intervention (using Nintendo Wii) along with conventional occupational 
therapy and conventional occupational therapy alone in improving upper limb function in patients with spinal cord injury (SCI).
Overview of Literature: The use of virtual reality has gained importance in the rehabilitation sector over the last few years. 
Nintendo Wii has the potential to encourage upper limb function while engaging in an interesting activity, which is important 
in long-term interventions, such as the treatment of SCI.
Methods: Overall, 22 patients with SCI participated in the study. They were randomly assigned to two groups. Group I received 30 
minutes of virtual reality intervention (using Nintendo Wii) and 30 minutes of conventional therapy, whereas group II received conven-
tional therapy only for 30 minutes. Both groups received therapy 3 days a week for 4 weeks. One hand of each patient was identified 
as the target hand based on the inclusion criteria. All patients were assessed at baseline, 2 weeks and 4 weeks (post-intervention), 
and 6 weeks (follow-up). The functional ability of the target hand was assessed using the Capabilities of Upper Extremity (CUE) ques-
tionnaire. Gross motor dexterity was assessed using the Box and Block Test (BBT). The level of independence in activities of daily liv-
ing was assessed by the Spinal Cord Independence Measure-Self Report and quality of life by the World Health Organization Quality 
of Life-BREF.
Results: After 4 weeks of intervention, there was no significant difference in improved hand function between the groups. 
Mean scores were higher for group I than for group II, with a higher percent change (31.5% in CUE questionnaire and 51.7% in 
BBT) in group I.
Conclusions: Virtual reality along with conventional therapy produces similar results in upper limb function as does conventional 
therapy alone.
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Introduction

Spinal cord injury (SCI) is a devastating state of disability 

encountered in today’s health care environment [1]. It is 
a low incidence, high cost impairment requiring tremen-
dous changes in an individual’s lifestyle [2]. The extent of 
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an individual’s impairment varies according to the level 
of lesion and location and severity of injury [3]. Approxi-
mately half of all patients with SCI have tetraparesis due 
to cervical injury [1].

Spinal cord injuries at the cervical level have a higher 
prevalence than those at the thoracic and lumbar levels 
[4]. One of the most distressing aspects of SCI at the cer-
vical level is the impairment of arm and hand function, 
and this has a great impact on the level of independence 
[5]. The rehabilitation program, duration of hospital stay, 
and degree of independence depend, to a great measure, 
on the impaired function of upper limbs. Therefore, the 
extent and severity of impaired upper limb function in 
tetraplegia is of critical significance for independence [6].

These deficits in hand functions are primarily the re-
sults of the damage to descending motor pathways, which 
are responsible for fine control of the hand and finger [7]. 
Injury to the cervical spinal cord adversely affects the arm 
and hand function to a varying degree depending on the 
level and severity of injury. Recovery of function after SCI 
chiefly depends on the preservation of some anatomic 
connections and physiologic reorganization of the brain 
and spinal cord [8]. Factors that regulate recovery in trau-
matic SCI include baseline neurological level, baseline 
motor strength, and whether the injury is neurologically 
complete or incomplete [9]. Most of the recovery occurs 
within the first 6 months, with the greatest rate of change 
occurring within the first 3 months. Motor strength im-
provement continues during the second year, but at a 
slower pace and to a smaller degree [9,10].

Intensive task-specific training may augment hand 
function in people with tetraplegia. It is believed that 
therapy provides the damaged spinal cord with excita-
tion from the sensorimotor cortex along with intensive 
sensory input from the periphery. Neural bombing in this 
kind on the damaged spinal cord promotes neural plastic-
ity and may provide the critical stimulus required to elicit 
neurophysiologic and structural reorganization of the rel-
evant pathways [11].

The recovery of function, both spontaneously and sec-
ondarily, to intense rehabilitative treatments, is sustained 
by plasticity and rewiring of the injured brain in adults. 
Activation of this mirror-neuron system, including the 
frontal, parietal, and temporal lobes, can encourage cor-
tical reorganization, thereby contributing to functional 
recovery. Virtual reality- (VR-) based neuro-rehabilitation 
is a novel technology that allows users to interact in three 

dimensions with a computer-generated setting (a virtual 
world), thereby engaging the mirror-neuron system [12].

VR is a computer-based, interactive, multisensory simu-
lation environment that occurs in real time. It presents us-
ers with opportunities to engage with what appears to be 
real world objects and events. It has the potential to create 
motivating and fun environments and to develop a range 
of skills and task-based techniques that can sustain partic-
ipant interest and motivation. This results in better move-
ment outcomes for rehabilitation purposes, demonstrat-
ing a greater range of functional improvements, including 
both active and passive upper limb joint range of motion, 
and a transfer of therapy gains into the activities of daily 
living (ADL) [13]. Systems such as Nintendo Wii encour-
age players to use natural actions and movements to play 
games. Wii is very flexible with respect to the movements 
that are needed to play the game, thereby offering the pa-
tient an opportunity to work on the affected upper limb 
with reasonable success, all the while benefiting from the 
visual feedback that the console offers.

The use of Nintendo Wii in upper limb rehabilitation is 
well documented in patients with stroke. However, there 
has been limited research regarding the use of VR for up-
per limb rehabilitation in patients with SCI. Therefore, the 
present study was designed to determine the effectiveness 
of Wii rehabilitation in upper limb functioning in patients 
with SCI and to identify its utilization as an adjunct to 
conventional occupational therapy program.

Materials and Methods

The study was approved by the Institutional Review Board 
of Indian Spinal Injuries Center, New Delhi, India and is 
registered with the Clinical Trials Registry under number 
CTRI/2016/11/007448. Written informed consents were 
obtained from the subjects.

1. Patient and study design

This was a pilot, randomized, single-blinded, parallel 
group trial comprising 22 patients with cervical SCI. This 
study was conducted at the Indian Spinal Injuries Centre 
in New Delhi during September 2015–March 2016 and 
included all patients with cervical SCI from the inpatient 
as well as the outpatient department of the hospital. Pa-
tients were included if they were aged 18–55 years (either 
male or female), had complete or incomplete motor pa-
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ralysis due to SCI at the neurological level of C5–C8 [11], 
were at least 6 months post SCI [11], had undergone reha-
bilitation for 4–8 weeks, had the ability to hold a 2.54-cm 
block of Box and Block apparatus with the thumb, were 
alert and medically stable, and were able to read and un-
derstand either the English or Hindi language.

Patients were excluded if they were unable to follow 
commands, had any other type of neurological injury af-
fecting the target upper limb [11], had uncorrected vision, 
had pain in the affected upper limb restricting upper limb 
movement [13], had a pacemaker or implantable cardio-
verter-defibrillator device, or had a history of seizures [12]. 
A patient was considered to have withdrawn from the trial 

either when the consent was revoked or when the patient 
could not be contacted.

Prior to the intervention, baseline characteristics, in-
cluding demographics (age, sex), educational status, time 
since injury, level of injury, and dominant and target 
hand, were collected. The demographic and clinical char-
acteristics of the patients are presented in Table 1.

One hand of each patient was identified as the target 
hand on the basis of the inclusion criteria. In conditions 
where both hands met the criteria, the hand having better 
grip and pinch strength was identified as the target hand.

2. Clinical evaluation

The following outcome measures were evaluated at base-
line, 2 weeks and 4 weeks (post-intervention), and 6 weeks 
(follow-up): the Capabilities of Upper Extremity (CUE) 
questionnaire (score of 1–7) for functional ability of the 
target hand and the Box and Block Test (BBT) for gross 
motor dexterity. The Spinal Cord Independence Measure–
Self Report (SCIM-SR) was used to assess the level of 
independence in ADL, and quality of life was assessed us-
ing the World Health Organization Quality of Life-BREF 
(WHOQOL-BREF) by a blinded assessor who was not 
involved in the administration of the study intervention.

3. Protocol

After screening the patients according to the inclusion 
and exclusion criteria and obtaining the informed con-
sent, the baseline assessment was performed and the pa-
tients were randomly allocated to either of the two groups, 
i.e., the experimental group (group I) or the control group 
(group II), by fixed random allocation method. The al-
location ratio was 1:1. The patients in group I received a 
treatment program comprising 12 interventional sessions 
(NWii and conventional therapy [CT]) of 60 minutes, 3 
days a week for 4 weeks. The NWii was calibrated before 
each training session. The patient was asked to hold the 
Wiimote in their target hand to control play. When neces-
sary, they were allowed to stabilize the Wiimote using the 
other hand. For patients with a weak grasp, the Wiimote 
was strapped to their hand by either a glove or with a 
crepe bandage.

Therapy included playing the Wii Sports Resort game 
of Table Tennis, Swordplay Speed Slice, Bowling, and 
Cycling. The NWii training session lasted for 30 minutes 

Table 1. Demographic and clinical characteristics of the patients in-
cluded in the study

Characteristic Group I (n=12) Group II (n=10)

Age (yr) 23.7±5.2 33.9±7.1

Sex

Male 11 (92) 10 (100)

Female 1 (8) 0

Neurological level

C5 5 (42) 6 (60)

C6 6 (50) 3 (30)

C7 1 (8) 1 (10)

ISNCSCI gradea)

ASIA-A 1 (8) 4 (40)

ASIA-B 6 (50) 3 (30)

ASIA-C 2 (17) 2 (20)

ASIA-D 3 (25) 1 (10)

Spinal cord injury type

Complete 1 (8) 4 (40)

Incomplete 11 (92) 6 (60)

Time since injury (mo) 15.2±11.2 10.2±5.7

Dominant hand

Right hand 12 (100) 10 (100)

Left hand 0 0

Target hand

Right hand 6 (50) 9 (90%)

Left hand 6 (50) 1 (10%)

Values are presented as mean±standard deviation or number (%). 
Group I: Nintendo Wii virtual reality group and group II: conventional 
therapy group.
ASIA, American Spinal Injury Association.
a)International standard for neurological classification of spinal cord 
injury grade.
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(excluding set-up time). Along with the NWii interven-
tion, the patients also received 30 minutes of conventional 
hand therapy and strength training. After the final therapy 
session, satisfaction and perceived functional improve-
ment with Wii-based movement therapy were rated on a 
scale of 10 using a visual analog scale.

The patients in group II or in the control group also un-
derwent 12 interventional sessions of 30 minutes, 3 days a 
week for 4 weeks. They received the traditional hand ther-
apy protocol only. This included strength training of the 
target upper limb (active or active assisted movements) 
and functional tasks such as reaching, moving checkers, 
grasping and releasing objects, and manipulating and ro-
tating objects.

4. Statistical analysis

Statistical analysis was performed using SPSS ver. 16.0 
(SPSS Inc., Chicago, IL, USA). Analysis was done for 20 
patients (11 in group I and nine in group II) who com-
pleted the study. Repeated measures analysis of variance 
(ANOVA) was performed to check the within group 
analysis, and an independent sample t-test was performed 
to check the between group analysis among the baseline, 
2 weeks, 4 weeks, and 6 weeks scores for CUE question-
naire, BBT, SCIM-SR, and WHOQOL-BREF. Statistical 
significance was set at p≤0.05 with a 95 % confidence in-
terval.

Results

From September 2015 to March 2016, 50 potential can-
didates diagnosed with cervical SCI were identified as 
being able to participate in the study; of them, 28 patients 
were excluded for not meeting the criteria. Therefore, 22 
patients (44%) were evaluated. Of them, 12 patients were 
randomized to group I and 10 patients were randomized 
to group II via computer-generated random allocation. 
One patient dropped out of group I after the first 2 weeks 
of treatment, and one patient dropped out of group II 
after the baseline assessment. Finally, 20 randomized pa-
tients (11 in group I and nine in group II) were subjected 
to further follow-up and analysis (Fig. 1).

Mean age was 28.32±7.93 years (range, 18–47 years). 
The patients in group I were younger (mean age, 
23.67±5.19 years) than those in group II (mean age, 
33.9±7.09 years). Out of the 22 patients included in the 

study, 21 (95%) were male and one (5%) was a female.
Mean t ime from SCI onset to enrol lment was 

12.89±9.29 months (range, 6–46 months). Mean time 
since injury was 15.17±11.22 months and 10.15±5.71 
months in group I and group II, respectively. Overall, 15 
patients were treated for their right hand and seven for 
their left hand.

The between group analysis through an independent 
t-test showed no significant improvement in CUE ques-
tionnaire, BBT, SCIM-SR, and WHOQOL-BREF scores. 
However, mean scores in the VRWii group were higher 
than those in the control group, whereas the within group 
comparison using repeated measures ANOVA showed 
significant improvement in both groups for CUE ques-
tionnaire, BBT, and SCIM-SR scores. WHOQOL-BREF 
scores did not show any significant change in either of the 
groups.

Statistically significant improvements were seen in CUE 
questionnaire, BBT, and SCIM-SR scores in group I. Sta-
tistically significant improvement was not seen in WHO-
QOL-BREF in group I. Statistically significant improve-
ment was not seen in group II for CUE questionnaire, 
SCIM-SR, and WHOQOL-BREF scores. However, BBT 
showed significant improvement in the control group.

Total SCI patients screened (n=50)

28 Patients excluded as per 
criteria

Nintendo Wii virtual reality 
group: group I (n=12)

Patients completed all 12 
therapy sessions (n=11)

Patients completed 6-week 
follow-up (n=11)

1 Patient discontinued 
after 2 weeks of therapy

1 Patient discontinued 
after baseline assessment

Conventional therapy group: 
group II (n=10)

Patients completed all 12 
therapy sessions (n=9)

Patients completed 6-week 
follow-up (n=9)

22 Patients included and 
randomized

Fig. 1. Flow of subjects through the trial.
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Fig. 2 shows the average percentage change in the 
pre-intervention and post-intervention scores of CUE 

questionnaire and BBT for group I and group II. The 
raw scores of patients from CUE questionnaire and BBT 
indicates that Nintendo Wii along with conventional 
therapy (group I) had a greater percentage change from 
pre-intervention to post-intervention (31.5±29.7 for CUE 
questionnaire and 51.7±56.2 for BBT) than conventional 
therapy alone (group II: 11.8±20.2 for CUE questionnaire 
and 41.7±70.9 for BBT) (Table 2).

Feedback on Nintendo Wii gaming from patients who 
completed the study: When asked to rate their satisfaction 
with Wii-based therapy, the patients were highly satisfied, 
with a mean score of 8.17±1.2 (range, 6–10) on the Visual 
Analog Scale. No adverse effects were reported by any pa-
tient, although the problem encountered during the inter-
vention was the difficulty in holding the Wii mote due to 
poor grasp (seven patients). This problem was overcome by 
strapping either by bandage or gloves, as mentioned earlier.

 Group I: 31.5, 51.7
 Group II: 11.8, 41.7
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Fig. 2. The average percentage change of group I and group II from 
pre-intervention to post-intervention. CUE, Capabilities of Upper Ex-
tremity; BBT, Box and Block Test.

Table 2. Pre- and post-intervention CUE and BBT scores of both group I and group II

Group
CUE scores BBT scores

Pre-intervention Post-intervention (4 wk) Pre-intervention Post-intervention (4 wk)

Group I

52 52 10 13

124 96 37 38

184 193 22 22

66 100 2 6

136 143 49 52

119 146 13 21

97 170 41 56

66 127 11 20

142 172 23 33

161 193 26 35

112 146 7 12

Group II

174 172 19 20

124 161 30 36

83 111 11 13

100 75 32 32

120 165 4 5

126 130 23 23

169 172 43 45

91 97 8 10

100 120 12 12

Group I: Nintendo Wii virtual reality group and group II: conventional therapy group.
CUE, Capabilities of Upper Extremity; BBT, Box and Block Test.
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Discussion

The aim of this pilot, randomized, controlled trial was to 
investigate the effects of an intensive and repetitive VR 
program combined with CT on upper limb function in 
patients with subacute and chronic complete and incom-
plete tetraplegia. We compared the results obtained after 
12 treatment sessions over a period of 30 days between 
two groups: group I and group II. The findings of the 
study showed that VR added to conventional therapy pro-
duced similar functional changes in upper limb function 
as did conventional therapy alone. However, a high level 
of satisfaction was seen in patients using VR.

The sample in our study comprised tetraplegics, both 
complete and incomplete. Significant differences were not 
found between the two treatments in terms of the out-
come measures.

The findings of this study were consistent with those 
reported by Dimbwadyo et al. [14] in 2016 that VR along 
with conventional therapy produces similar results in up-
per limb function when compared to only conventional 
therapy. In the present study, the small sample size (N=22) 
may have contributed to the absence of statistical sig-
nificance between the two groups. Although statistically 
significant differences in the effectiveness between the two 
groups were not found, the patients in group I had im-
proved upper extremity motor function ability, which was 
seen by a greater percent change from pre-intervention to 
post-intervention in CUE questionnaire and BBT scores.

This result demonstrated that Nintendo Wii in combi-
nation with conventional therapy could be equivalent to 
conventional rehabilitation for improving upper extrem-
ity motor functions, which is consistent with the results 
of Gustavo et al for stroke rehabilitation, representing 
the VRWii gaming technology as a safe, feasible, and 
potentially effective alternative to facilitate rehabilitation 
therapy and promote recovery [15].

VR gaming allows users to interact with a computer-
simulated environment and receive near real-time feed-
back on performance [15]. Rehabilitation is an essential 
component to any program aimed at improving motor 
function in patients with SCI [16]. Researches have shown 
that neuroplasticity is enhanced by repetitive, high-inten-
sity, task-specific activities [16,17], which is due to corti-
cal reorganization and rewiring in the brain [16,18]. VR 
Nintendo Wii shows practice-dependent improvement of 
the functional ability of the target hand through real-time 

visual biofeedback and allows patients to undergo task-
specific, high-intensity, repetitive activities that mimic 
real world activities in a safe environment. Not only this, 
it allows for the modification of difficulty levels based on 
the patient’s deficit, allowing for greater neuroplasticity 
and patient recovery [17].

All patients in both the groups gained improved func-
tional use of the target arm and hand during both testing 
and in ADL. Furthermore, the patients reported a high 
level of satisfaction, resulting in greater adherence to the 
treatment on the patient’s part. The success of Wii-based 
movement therapy has been demonstrated previously in 
patients in the early subacute period (<3 months) after 
stroke [19]. However, its application in patients with SCI 
is limited. The Wii and Wii Sports Resort were used with-
out modifications. The result obtained from our study 
suggests the following benefits of using the Nintendo Wii 
as part of the rehabilitation process: it provides increased 
motivation leading to greater adherence to treatment; the 
patient receives positive feedback seeing results in the 
form of scores and moving to higher levels of difficulty. It 
also allows the individual to learn new self-improvement 
strategies [19], which was reflected by the feedback scores 
of the patients who underwent Wii-based therapy and 
also by the consistent improvement in their scores while 
playing the games. It expedites interest and motor learn-
ing, promoting motivation through the in-built commen-
tary, prizes, visual and verbal cues, and tapping into pa-
tients’ competitive nature and their desire for interaction, 
thereby further facilitating compliance and motivation 
[20]. The patients work with functional movements that 
are to be performed at a specific time determined by a vi-
sual stimulus, which further leads to visual-motor integra-
tion. Being fairly inexpensive, Nintendo Wii can be used 
on a long-term basis as an adjunct to outpatient rehabili-
tation tool or even at home to address the leisure needs of 
patients, even in those with high levels of injury [19,21]. 
The automated nature of stimulus delivery within the 
virtual environment enables the therapist to focus more 
on providing maximum physical support to the patient, 
when needed, without being distracted by the complexity 
of the task and withdrawing their support as the function 
improves [22].

This study extended the use of Wii-based movement 
therapy in the functional ability of the target hand in sub-
acute and chronic SCI. The functional ability of the target 
hand increased in therapy (as was seen by improvement 
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in scores while playing the games) as well as in the real 
world (improvement in CUE questionnaire, BBT, and 
SCIM-SR scores) in patients with subacute as well as in 
patients with chronic SCI. Furthermore, improvements 
were seen at follow-up, i.e., data collected at 6 weeks, and 
the improvements remained the same in the rest, albeit 
four patients, suggesting that there may be sustenance of 
therapeutic benefit following Nintendo Wii therapy.

While improvements have been seen in upper limb 
function after VR treatment along with conventional 
therapy in subacute and chronic stroke patients, the evi-
dence of its application in tetraplegia is still very limited. 
Therefore, we believe that our study adds to the limited 
evidence for VR-based therapy for upper limb function 
in patients with tetraplegia. The results indicate that par-
ticipation in Nintendo Wii activity adds to the functional 
gains. However, the results do not determine which type 
of intervention was more beneficial in positively impact-
ing functional skills and upper extremity function.

The treatment and rehabilitation period for tetraplegia 
are long, expensive, and exhausting. As a rehabilitation 
supplement, VR has shown several motivating factors, 
such as perceived control, curiosity, exploration, competi-
tion, and social interaction. It provides a more engaging 
treatment for people with tetraplegia within the context 
of therapeutic goals and decreasing therapist support. VR 
use does not replace conventional rehabilitation, rather it 
adds a dimension of enjoyment by offering an opportunity 
for socialization and leisure. It acts like rudimentary “bio-
feedback,” as the patients see how they respond to specific 
stimuli. It allows patients to track their progress within 
the game’s scoring system and monitor their performance 
on a day-to-day basis.

The results of this study do not negate the addition of 
Nintendo Wii into rehabilitation; they provide important 
guidelines for future researches in this area. Therefore, we 
infer that adding VR-based movement therapy to tradi-
tional rehabilitation strategies may be useful in increasing 
the dosage of therapy and for augmenting patient’s en-
gagement and motivation during the process.

However, the limitations of our study deserve comment. 
This was a pilot study with a small sample size. Because 
most of the patients in this study were incomplete, a 
group of patients with complete cervical SCI should be in-
cluded in future studies to determine the influence of the 
injury in the effectiveness of VR treatments. Moreover, 
only traumatic cases of SCI were included in the study. 

Thus, the results cannot be generalized to non-traumatic 
cases. Lastly, the duration of the intervention was short (12 
sessions in 4 weeks).

Conclusions

In summary, this study constitutes the initial step in the 
understanding of the potential benefits of VR interven-
tion. However, it requires more randomized clinical trials 
with larger sample size and follow-up. It also needs to be 
independently compared to conventional therapy to fi-
nally ascertain its effectiveness and validation.
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