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1 INTRODUCTION
Amputation of the lower limb is a surgical procedure that is
permanent and can be due to trauma or dysvascular causes.
Loss of balance, reduced quality of life and phantom limb
pain are the fundamental problems that an amputee of lower
limb extremity deals with. (1)

From 2007-2013, there were 310 lower limb amputation in
JPN Apex Trauma Centre. Surprisingly, the numbers rose
to 92 in 2017. In the year 2017&2018, the total no. of am-
putation cases increased to 412. Among them, there were
272 cases of lower limb amputations. (2)

Loss of balance is due to the altered centre of gravity
upon loss of a limb. (3) Limitations posed by body func-
tion and structure, thereby hindering participation in daily
work activities affect the quality of life. Environmental and
personal factors further influence these factors. (4)

The standard rehabilitation is training through conven-
tional exercises, which include weight-shifting exercises, dy-
namic balance exercises, stool stepping, braiding and gait
exercises (5). These exercise programs are used to prevent
vascular disease in people with amputation and their adap-
tation to amputation. Whatever the time of initiation of
exercise is, it contributes to the physical as well as psy-
chosocial wellbeing in general. It improves walking balance,
circulation problems, control of prosthesis and energy con-
sumption. (6)

Regaining functional mobility, developing independence,
and improving the quality of life is of utmost importance.
For this, physiotherapy, the use of a prosthesis, and reha-
bilitation become necessary. (7)

The fundamental requirement of gait is postural stabil-
ity (PS). PS is achieved by gaining control over the centre
of gravity, which is achieved by weight-bearing exercises
while wearing the prosthesis which focuses on hip abductor
strengthening. (2)

Although many advances have been made in the design-
ing of the prostheses, the conventional therapy remains to
be the primary training regime of the rehabilitation after
lower limb amputation. Although effective, they lack vari-
ability in movements and obliqueness to perform at home,
thus calling for the need for a rehabilitation centre right
from the beginning to the very end. Moreover, these exer-
cises are monotonous and tiresome. So, we decided to use
virtual reality in training the amputees. Also, it is difficult
for amputees to visit the rehabilitation centre for the com-
plete treatment regime due to the limitations of institutional
and financial constraints.

The potential advantages of VR in rehabilitation have
been among the top stories for some time now. They serve
as a means to provide stimulation and enjoyment to the
patient in the process of rehabilitation. (8, 9, 10)

Virtual reality is an interactive system in which the user
is provided with a virtual world, and the user gets an illusion
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of entering into it. Gaming systems that are commercially
available like Xbox Kinetic have the capability of providing
virtual reality to the user. The gameplay offers various cir-
cumstances during which the activity of the player during is
quite similar to the conventional exercises of standard reha-
bilitation regime, thus strengthening the hip abductors to
control the centre of gravity, a key component of achieving
postural stability and balance. These activities provide an
entertaining and distracting environment to the user, thus
changing the focus of the patient. These gaming sessions re-
sult in an enjoyable experience for the user, and the patient
forgets about his/her injury. (11)

Biodex Balance System is a balance measuring system
that is reliable and frequently tested to assess the standing
balance, which is an assessment of the ability to maintain
the centre of gravity and the ability of the person to move
freely by deviating from the centre of gravity within a zone.
(13)

This study aimed to assess the effectiveness of Virtual
Reality Therapy in combination with Conventional Ther-
apy for improving balance in Traumatic Lower Limb Am-
putees. We hypothesized that virtual reality could be used
as a therapeutic adjunct in improving the balance of am-
putees. Also, it would lead to an improvement in the qual-
ity of life and reduction in phantom limb pain. Hence, the
specific objectives of the study were 1) to compare the ef-
fectiveness of Virtual Reality Therapy against the Conven-
tional therapy on limits of stability and postural stability
among lower limb amputees, 2) to compare the effectiveness
of Virtual Reality Therapy against the conventional ther-
apy on pain and quality of life among lower limb amputees,
3) to compare the effectiveness of Virtual Reality Therapy
against the conventional therapy on phantom limb among
lower-limb amputees 4) to study the correlation of limits of
stability, postural stability, phantom limb, pain and quality
of life.

2 MATERIALS AND METHODS
Study Design & Setting

This protocol describes a Parallel open-label random-
ized control trial. The participants were randomized to ei-
ther receive the Virtual Reality Therapy in addition to
the conventional therapy (VRT-CT) or to receive the con-
ventional therapy (CT). Ethical approval was obtained
from the AIIMS Ethical Committee, New Delhi (Ref.
no. IECPG/110/30.12.2015, RT-39/27.01.2016). One of the
data collection tools of the study is WHOQOL-BREF
and to use this, permission was obtained from WHO on
1st November 2015. The intervention was conducted from
15.02.2016 to 18.12.2018 in the physiotherapy unit of the
JPN Apex Trauma Centre by an experienced physiothera-
pist.

Eligibility Criteria
Inclusion criteria
• Community-dwelling adults between 18-60 years of age.
• Both male and female patients

• Unilateral Lower-limb amputees
• Patients with traumatic lower limb amputation
• Patients who can follow verbal commands
• Medically stable patients
• Patients who can wear the prosthesis for 45-60 min
Exclusion criteria
• Patients with known neurological disorders
• Patients with circulatory disorders
• Patients with a spinal deformity
• Patients who have uncontrolled diabetes
• Patients under Psychiatric Medication

The protocol used is described elsewhere (reference). A
Parallel open-label randomized control trial among trau-
matic lower-limb amputees to either receive the Virtual
Reality Therapy in addition to the conventional therapy
(VRT-CT) or to receive conventional therapy (CT). The
intervention was conducted in the physiotherapy unit of
the JPN Apex Trauma Centre by an experienced physio-
therapist. There were 50 participants in each group. Block
randomization method was used. The information about the
intervention which the enrolled participant will receive was
in the concealed envelope.

Outcomes were assessed at baseline (time of joining) and
at the end of three weeks, six weeks and nine weeks of enrol-
ment. There were twelve sessions in three weeks’ duration.
Each session was of 30 minutes each. The intervention was
of three weeks, and follow-ups were till nine weeks.

The primary outcome was stability, both in terms of lim-
its of stability, i.e., to move and control their centre of
gravity within their base of support, and the overall sta-
bility (Postural stability test), which is the ability to main-
tain the centre of balance. These outcomes were assessed
by the Biodex Stability System (BSS) scoring. Its assess-
ment is reliable, as many studies have been done to test
its reliability. The Limit of Stability test challenge patients
to move and control their centre of gravity within their
base of support. The platform is static in this test. Dur-
ing each test trial, patients must shift their weight to move
the cursor from the centre target to a blinking target and
back to the centre as quickly as i.e. include forward, back-
ward, left, right, forward-left, forward-right, backward-left
and backward- right. The test is a good indicator of dynamic
control within a normalized sway envelope. Poor control, in-
consistencies or increased times suggests further assessment
for lower extremity strength, proprioception, vestibular or
visual deficiencies. (12)

The postural stability test will measure the ability to
maintain the center of balance. The patient’s score on this
test assesses deviations from the centre; thus, a lower score
is more desirable than a higher score. To test this, the “Dy-
namic Balance test” of the Biodex Balance System was
used. In this test, the platform was unstable surface (level 8,
1 being the most stable and 12 being the least stable). The
protocol is as follows: Test Duration: 20 seconds; Stability
Level: 8 (extent of instability of the platform, range is from
static (0 to 12); Stance: Two Legs. The score ranges from
0-20. (12)
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There were two secondary outcomes measures in the
study- pain and quality of life.

Phantom limb Pain
Phantom limb pain assessment was done by the Numeric

Pain Rating Scale (NPRS).
Quality of life (QoL)
The quality of life was assessed by WHO-BREF scale.

Experimental group
(VRT+CT)

Control group
(conventional
therapy)

Inter-
vention

(VRT) Seven games

1. 1.
2. 2.
3. 3.
4. 4.
5. 5.
6. 6.
7. 7.
+ conventional therapy

1. 1.
2. 2.
3. 3.
4. 4.
5. 5.

Inter-
vention
dura-
tion

3-4 min session for each
game in 30 min session

30 minute each.

Fre-
quency

3 weeks consisting of 12
sessions (weekly 4 times)

3 weeks
consisting of 12
sessions (weekly 4
times)

Intervention Group
The VR therapy was provided by the use of Microsoft X-

Box 360 KineticTM using seven games viz. River rush 20,000
leaks, Target kick, Super saver, One bowl roll, Rally Tally
(Table tennis), Boxing. The intervention protocol was as
follows- The participants were familiarized with the games
by a trial session of 1-2 min per game on the first day be-
fore the beginning of the actual intervention. At the starting
of each game, the participant, i.e., the player, followed the
instruction of the X-Box 360 for calibration of its motion
sensor. The participants were then asked to play the seven
games in 30 min session (total duration of VR therapy).
There was a 3-4 min session for each game. The VRT inter-
vention was given for 3 weeks in 12 sessions, 4 sessions per
week on weekdays as per the participants’ convenience.

Control Group
Patients in the control group were treated with conven-

tional therapy only. The therapy comprised of traditional
prosthetic training consisting of weight-shifting, dynamic
balancing activities, stool stepping, braiding, gait exercises,
and climbing/descending the stairs. The participants were
asked to perform Forward-backward and side to side weight
shifting exercises to experience the orientation of the centre
of mass over the base of support. Single limb balance exer-
cises (stool-stepping) was recommended to increase weight
bearing on the prosthesis, while advancing the sound limb.
Forward and backward stepping with the sound and pros-
thetic limb, sidestepping and braiding was taught to pa-
tients. To improve prosthetic leg control, balance, and co-
ordination, braiding was recommended. Participants were

trained for three weeks consisting of 12 sessions of 30 minute
each, 4 times in weekdays as per the participant’s conve-
nience.

Statistical analysis
Statistical Analysis was carried out using STATA 12.0

(state corp LLC, Texas,USA ). Data was presented as num-
ber (%) or mean SD/median (min-max) as appropriate.
The baseline categorical and continuous variables were com-
pared between the groups using chi-square. Fisher’s exact
test and student’s ‘t’ test were used for independent groups
respectively.

Intention -to- analysis was carried out for both primary
and secondary outcomes. The difference in means (of LOS
and PS) between the groups were compared using t-test for
independent samples and reported as difference in difference
(95% CI). The change in primary outcome (LOS & PS) at
3 weeks from baseline was tested using paired t – test in
each group repeatedly.

For the outcomes which weren’t in normal distribution,
wilcoxon rank sum test was used to compare between the
groups and signed rank test was used for within group com-
parison. Generalized estimating equation was used to assess
the change in LOS and PS over a period of time (0, 3, 6,
and 9 weeks).

The p- value less than 0.05 were considered statistically
significant.

3 RESULTS
Participants

The demographic details are mentioned in table 1. There
were 50 patients recruited in each of the VRT-CT and CT
group. The mean age in VRT-CT group was 33.4±12.8 and
in CT group was 34.8±10.5. In both the groups, there were
90% males (n=45) and 10% females (n=5). 88% of the par-
ticipants had either above knee or below knee amputation
in both the groups. The rest comprised of the knee and hip
disarticulation. 58% of the amputations were of right leg
and 42% were of left leg in VRT-CT group and the CT
group comprised 50 % each of the right and left amputees.

Primary outcomes of Postural Control: Limits of
Stability

In both the groups, there was significant improvement
after the 3 weeks regime. In each movement case, there was
significant improvement after three weeks when compared
with baseline. Moreover, comparison between VRT-CT and
CT group showed that the VRT-CT group has significant
higher scores in each of the eight movements as well as over-
all score.

The overall stability in the VRT-CT group at baseline
was 21.3±5.1 and 62.5±3.3 after three weeks intervention.
In the CT group, the overall stability was 21.6±4.6 at base-
line and 32.2±4.7 at the end of three weeks. Upon compar-
ison among the VRT-CT and CT group, there was a sig-
nificant improvement in VRT-CT group. (Table 2) (Graph.
1)

There were eight individual components of the Limits
of Stability namely Forward Stability, Backward Stability,
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Table 1. Baseline Characteristics Between the two 
Groups (n=50)

Baseline Characteristics VRT+CT
(n=50)

CT
(n=50)

P-
value

Age 33.4 ±
12.8
(18-60)

34.8 ±
10.5
(20-59)

0.544

Gender
Male
Female

45(90%)
05(10%)

45(90%)
05(10%)

1.00

Amputation Level
Below Knee
Knee Disarticulation
Above Knee
Hip Disarticulation

22 (44%)
1 (2%)
22 (44%)
5 (10%)

22 (44%)
3 (6%)
22 (44%)
3 (6%)

0.732

Limb
Right
Left

29 (58%)
21 (42%)

25 (50%)
25 (50%)

0.422

Data Presented as number(%)

Leftward Stability, Rightward Stability, Forward-Left Sta-
bility, Forward-Right Stability, Backward-Left Stability and
Backward-Right Stability. There was no difference between
the baseline values of any of the individual component in
both the groups. Upon reassessment after three weeks train-
ing in both the groups there was significant improvement in
VRT-CT group in all of the components and also in CT
group. Moreover, upon comparison between the VRT-CT
and CT group, the VRT-CT group showed significant im-
provement in every individual component. (Table 2) (Graph
2-9)

We also tested if the improvement in balance sustained
after the training. So, we checked if the improved balance
was sustained after the completion of training. So, the as-
sessment of Limits of Stability was also done at two different
time points, at the end of 6th and 9th weeks, from the day
of start of the training.

The increased stability was maintained till the end of 9
weeks in both the groups. The maintenance of improved
stability was observed in all the components of Limits of
Stability including overall stability. (Table 3)

Figure 1. Limits of Stability (Overall Index)

Primary Outcomes of Postural Control: Postural
Stability

Figure 2. Limits of Stability (Forward)

Figure 3. Limits of Stability(Backward)

Figure 4. Limits of Stability (Left)
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Table 2. Improvement in limits of stability after the intervention in both the groups

Limits of Stability VRT+CT
(n=50)

CT
(n=50)

Difference in Difference between
two groups (95%Confidence
Interval)

P-Value a

Overall
Baseline
3 Weeks
P-Value b
Difference (95%CI)

21.3 ± 5.1
62.5 ± 3.3
< 0.001
41.2 ± 3.5

21.6 ± 4.6
32.1 ± 4.7
< 0.001
10.2 ± 2.3

-0.36 (-2.3, 1.6)
30.5 (28.9, 32.1)
30.9 (29.7, 32.0)

0.712
< 0.001
< 0.001

Forward
Baseline
3 Weeks
P-Value b
Difference (95%CI)

27.7 ±7.9
62.1 ± 3.1
< 0.001
34.3 ± 5.7

28.8 ± 7.2
34.5 ±4.8
< 0.001
5.7 ± 4.2

-1.12 (-4.1, 1.9)
27.4 (25.9, 29.0)
28.5 (26.6, 30.6)

0.460
< 0.001
< 0.001

Backward
Baseline
3 Weeks
P-Value b
Difference (95%CI)

28.6 ± 3.2
44.2 ± 2.5
< 0.001
15.6 ± 2.5

28.4 ± 2.4
33.1 ± 6.0
< 0.001
4.5 ± 4.8

0.14 (-0.9, 1.3)
11.2 (9.4, 13.1)
11.1 (9.6, 12.6)

0.806
< 0.001
< 0.001

Right
Baseline
3 Weeks
P-Value b
Difference (95%CI)

26 ± 8.2
62.0 ± 3.4
< 0.001
36.0 ± 6.0

25.7 ± 6.6
34.0 ± 6.0
< 0.001
8.2 ± 4.0

0.3 ( -2.7, 3.2)
28.1 (26.1, 30.0)
27.8 (25.7, 29.8)

0.8513
< 0.001
< 0.001

Left
Baseline
3 Weeks
P-Value b
Difference (95%CI)

26.2 ± 6.1
63.1 ± 4.3
< 0.001
36.9 ± 5.9

25.2 ± 6.7
32.0 ± 7.0
< 0.001
6.8 ± 3.1

1.0 (-1.5, 3.6)
31.6 (28.5, 33.5)
30.1 (28.2, 32.0)

0.419
< 0.001
< 0.001

Forward- Right
Baseline
3 Weeks
P-Value b
Difference (95%CI)

27.5 ± 7.1
62.0 ± 3.3
< 0.001
34.5 ± 4.9

28.2 ± 5.5
34.7 ± 4.4
< 0.001
6.4 ± 3.2

-0.8 (-3.3, 1.7)
27.2 (25.7, 28.8)
28.0 (26.4, 29.7)

0.526
< 0.001
< 0.001

Forward - Left
Baseline
3 Weeks
P-Value b
Difference (95%CI)

27.8 ± 5.6
62.7 ± 4.4
< 0.001
35.0 ± 5.7

28.5 ± 5.9
33.9 ± 6.5
< 0.001
5.4 ± 2.9

-0.8 ( -3.1, 1.5)
28.8 (26.5, 31.0)
29.6 (27.7, 31.4)

0.499
< 0.001
< 0.001

Backward-Right
Baseline
3 Weeks
P-Value b
Difference (95%CI)

27.1 ± 7.1
61.8 ± 3.6
< 0.001
34.7 ± 4.8

27.9 ± 5.8
34.9 ±5.8
< 0.001
7.0 ± 2.9

-0.8 (-3.4, 1.8)
26.9 (24.9, 28.7)
27.7 (26.1, 29.3)

0.529
< 0.001
< 0.001

Backward - Left
Baseline
3 Weeks
P-Value b
Difference (95%CI)

27.4 ± 5.8
62.7 ± 3.4
< 0.001
35.3 ± 4.7

27.7 ± 6.5
33.9 ± 7.3
< 0.001
6.2 ± 2.6

-0.3 (-2.7, 2.1)
28.8 (26.5, 31.0)
29.1 (27.6, 30.6)

0.808
< 0.001
< 0.001

P<0.05, statistically significant, Data presented as mean ± SD, aP-value for between the groups and b within the group.

There was a significant improvement in terms of Postu-
ral Stability both the groups. The overall Postural Stability
showed a significant decrease in score (a lower score means
increase in Postural Stability) 13.7 (9.5-15.5) vs. 4.3 (2.2-
7.5) (p< 0.001) in VRT-CT group and 13.7(8.7- 15.3) vs.
9(6.3- 11.5) in CT group (p< 0.001) after the 3 weeks inter-
vention. When compared between the VRT-CT group and
CT group, (Table 4) (Graph 10)

However, upon comparison between the two groups,
VRT-CT group had significant improvement in overall Pos-
tural stability (4.3 (2.2-7.5) vs. 9 (6.3- 11.5); p<0.001). Also,
there was significant improvement in the VRT-CT group in
case of Anterior/Posterior Index score (4.2 (2.1-7.4) vs. 8.6
(3.7-11.4); p<0.001) and Medial/Lateral Index score (0.4

(0.2-3.2) vs. 1.6 (0.3-5.1)); p<0.001) (Table 4). (Graph 10-
12)

Upon assessment of the individual components of the
Postural Stability, there was significant decrease (means
improvement in balance) in Anterior/ Posterior Index and
Medial/Lateral Index after 3 weeks training. Moreover, like
LOS, the postural stability (PS) results were maintained at
the end of three weeks (Table 5).

Quality of Life
The quality of life measured by the WHOQOL-BREF

scale showed that there was a significant difference in the
quality of life in the VRT-CT group as compared to the
CT group after the three weeks intervention (Graph 13-16).
At the baseline, the WHOQOL-BREF score for VRT-CT
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Table 3. Maintenance of the improved stability

Limits of Stability VRT+CT CT Difference (95% Confidence
Interval)

P- Value*

Overall
Baseline
3 Weeks
6 Weeks
9 Weeks

21.3 ± 5.1
62.5 ± 3.3
62.8 ± 3.0
62.4 ± 3.2

21.6 ± 4.6
32.1 ± 4.7
32.8 ± 4.2
32.7 ± 4.5

-0.36 (-2.3,1.6)
30.5 (29.0, 32.1)
29.8 (28.4, 31.3)
29.7 (28.1, 31.2)

0.711
<0.001
<0.001
<0.001

Forward
Baseline
3 Weeks
6 Weeks
9 Weeks

27.7 ± 7.9
62.1 ± 3.1
62.0 ± 2.4
62.2 ± 2.4

28.8 ± 7.2
34.5 ± 4.8
35.2 ± 4.6
35.2 ± 4.4

-1.12 (-4.1,1.8)
27.5 (25.9, 29.0)
26.9 (25.5, 28.3)
27.0 (25.6, 28.4)

0.457
<0.001
<0.001
<0.001

Backward
Baseline
3 Weeks
6 Weeks
9 Weeks

28.6 ± 3.2
44.2 ± 2.5
44.8 ± 2.2
45.2 ± 3.8

28.4 ± 2.4
33.1 ± 6.0
34.9 ± 6.6
34.9 ± 5.9

0.14 (-0.9,1.3)
11.3 (9.4, 13.0)
9.8 (7.8, 11.8)
9.9 (7.8, 11.9)

0.805
<0.001
<0.001
<0.001

Right
Baseline
3 Weeks
6 Weeks
9 Weeks

26 ± 8.2
62.0 ± 3.4
62.1 ± 3.5
62.0 ± 3.3

25.7 ± 6.6
34.0 ± 6.0
35.0 ± 6.0
35.2 ± 6.2

0.28( -2.6, 3.2)
28.1 (26.2, 29.9)
27.2 (25.3, 29.1)
26.9 (24.9, 28.9)

0.850
<0.001
<0.001
<0.001

Left
Baseline
3 Weeks
6 Weeks
9 Weeks

26.2 ± 6.1
63.1 ± 4.3
63.3 ± 3.3
62.9 ± 3.0

25.2 ± 6.7
32.0 ± 7.0
33.2 ± 6.2
33.7 ± 6.6

1.04 (-1.5, 3.5)
31.2 (28.9, 33.4)
29.9 (27.9, 31.8)
28.8 (26.8, 30.9)

0.415
<0.001
<0.001
<0.001

Forward- Right
Baseline
3 Weeks
6 Weeks
9 Weeks

27.5 ± 7.1
62.0 ± 3.3
62.3 ± 3.1
62.3 ± 3.0

28.2 ± 5.5
34.7 ± 4.4
35.5 ± 4.5
36.7 ± 4.7

-0.8 (-3.3, 1.7)
27.2 (25.7, 28.8)
26.9 (25.4, 28.5)
25.8 (24.3, 27.5)

0.523
<0.001
<0.001
<0.001

Forward - Left
Baseline
3 Weeks
6 Weeks
9 Weeks

27.8 ± 5.6
62.7 ± 4.4
63.3 ± 3.3
63.2 ± 3.8

28.5 ± 5.9
33.9 ± 6.5
34.2 ± 6.5
35.0 ± 6.8

-0.78( -3.1, 1.5)
28.8 (26.6, 31.0)
28.9 (26.9, 30.9)
27.8 (25.6, 29.9)

0.496
<0.001
<0.001
<0.001

Backward-Right
Baseline
3 Weeks
6 Weeks
9 Weeks

27.1 7.1
61.8 ± 3.6
61.9 ± 3.6
61.9 ± 3.5

27.9 ± 5.8
34.9 ± 5.8
35.8 ± 5.9
36.6 ± 6.1

-0.8 (-3.4, 1.8)
26.9 (25.0, 28.7)
26.3 (24.3, 28.2)
25.6 (23.6, 27.6)

0.526
<0.001
<0.001
<0.001

Backward - Left
Baseline
3 Weeks
6 Weeks
9 Weeks

27.4 ± 5.8
62.7 ± 3.4
62.7 ± 3.1
62.6 ± 3.0

27.7 ± 6.5
33.9 ± 7.3
35.1 ± 6.5
35.2 ± 6.5

-0.3 (-2.7, 2.1)
28.8 (26.6, 31.0)
27.4 (25.3, 29.4)
26.9 (24.9, 28.9)

0.807
<0.001
<0.001
<0.001

Datapresented as mean ± SD
VRT+CT:(Baseline, n= 50; 3 weeks, n=50; 6 weeks, n=49 and 9 weeks, n=46)
CT:(Baseline, n= 50; 3 weeks, n=50; 6 weeks, n=45and 9 weeks, n=42)
*P< 0.05, statistically significant

group was 9.4 ± 2.2 and for CT group was 8.6 ± 1.8 (p =
not significant). Upon three weeks intervention, the scores
increased to 20.9 ± 3.2 in VRT-CT group and 14.6 ± 2.3 in
CT group (p = <0.001). Upon follow-up of the patients at
six- and nine-weeks interval, this difference was maintained.
The scores at the end of six and nine weeks for VRT-CT
and CT group were 27.4 ± 3.2 vs, 18.2 ± 2.0 and 31.9 ±
2.0 vs, 19. 8 ± 3.0 respectively. (Table 6) (Graph 13-16)

Phantom pain scale
The phantom pain scale was measured with Numeric Pain

Rating Scale. The scores ranged from 1-10, 1 being no pain

at all and 10 for the worst pain sensation. The assessment
of phantom pain at baseline and at the end of interven-
tion/training regime showed that the VRT-CT group has
significant reduction in phantom pain as compared to CT
group as shown in Table 7 (reduction from 8 to 3 in VRT-
CT group vs. 8 to 6 in CT group) (Graph 17). The was a loss
of follow-up of 1 patient at the end of six weeks assessment
and three more patients at the end of nine weeks assess-
ment. The phantom pain didn’t increase at both these time
points after the three weeks intervention/training regime
in both the groups and VRT-CT group had significantly
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Figure 5. Limits of Stability (Right)

Figure 6. Limits of Stability (Forward- Right)

Figure 7. Limits of Stability(Forward- Left)

lesser phantom pain at the end of six weeks and nine weeks
as compared to the CT group (3 vs. 6 and 2 vs. 5) (Graph
17).

4 DISCUSSION
Amputation is a permanent surgical interventions which is
done to save the life of a person either to prevent necrosis
from spreading, as in the case of gangrene, or if the tissue

Figure 8. Limits of Stability (Backward- Right)

Figure 9. Limits of Stability (Backward- Left)

Table 4. Improvement in Postural stability after 
thein-tervention in both the groups

Postural Stability VRT+CT
(n=50)

CT
(n=50)

P-
Value
a

Overall
Baseline
3 Weeks
P-Value b

13.7(9.5-
15.5)
4.3(2.2-7.5)
< 0.001

13.7(8.7-
15.3)
9(6.3- 11.5)
< 0.001

0.795

<
0.001

Anterior/Posterior
Index
Baseline
3 Weeks
P-Value b

11.5(7.6-
21.1)
4.2(2.1-7.4)
< 0.001

11.8
(7.0-13.9)
8.6(3.7-11.4)
< 0.001

0.790

<
0.001

Medial/Lateral
Index
Baseline
3 Weeks
P-Value b

6.3(2-10.8)
0.4(0.2-3.2)
< 0.001

6.2(1.1-9.0)
1.6(0.3-5.1)
< 0.001

0.895

<
0.001

Data presented as median (min-max); VRT+CT:(Baseline, n=
50; 3 weeks, n=50; 6 weeks, n=49 and 9 weeks, n=46) and
CT:(Baseline, n= 50; 3 weeks, n=50; 6 weeks, n=45 and 9 weeks,
n=42) and *P<0.05, statistically significant
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Figure 10. Postural stability(Overall Index)

Figure 11. Posturalst ability (Anterior -Posterior Index)

Figure 12. Posturalst ability (Medial- Lateral Index)

Table 5. Quality of Life (WHOQOL-BREF)

WHOQOL-
BREF

VRT+CT CT Difference
(95%
Confidence
Interval)

P-
Value*

Physical
Health
Baseline
3 Weeks
6 Weeks
9 Weeks

9.4 ±
2.2
20.9 ±
3.2
27.4 ±
3.2
31.9 ±
2.0

8.6 ±
1.8
14.6 ±
2.3
18.2 ±
2.0
19. 8 ±
3.0

0.8 (.0, 1.6)
6.3 (5.2,
7.4)
9.2 (8.2,
10.3)
12.2 (11.1,
13.2)

0.035
<
0.001
<
0.001
<
0.001

Psychologi-
cal Health
Baseline
3 Weeks
6 Weeks
9 Weeks

6.7 ±
2.5
13.9 ±
1.7
19.1 ±
2.8
22.6 ±
2.9

6.8 ±
0.9
9.4 ±
1.9
12.1 ±
2.3
13.4 ±
2.6

-0.1 (-0.6,
0.3)
4.5 (3.8,
5.2)
7.0 (6.0,
8.1)
9.2 (8.1,
10.3)

0.508
<
0.001
<
0.001
<
0.001

Social Rela-
tionship
Baseline
3 Weeks
6 Weeks
9 Weeks

9.6 ±
2.5
9.9 ±
2.3
10.4 ±
2.4
11.3 ±
2.9

9.3 ±
2.3
9.6 ±
2.4
9.7 ±
2.6
9.8 ±
2.6

0.3 (-0.7,
1.2)
0.4 (-0.6,
1.3)
0.6 (-0.3,
1.6)
1.5 (0.5,
2.4)

0.563
0.077
0.044
0.092

Environ-
mental
Health
Baseline
3 Weeks
6 Weeks
9 Weeks

11.8 ±
1.9
22.8 ±
2.9
30.7 ±
3.7
35.7 ±
3.8

11.6 ±
2.3
16.6 ±
2.7
19.9 ±
3.3
22.7 ±
3.4

0.2 (-0.7,
1.0)
6.2 (5.1,
7.3)
10.7 (9.3,
12.1)
13.5 (12.0,
14.9)

0.710
<
0.001
<
0.001
<
0.001

Data Presented as mean ± SD; Baseline vs 3 weeks:
VRT+CT,p<0.001 and CT, p<0.001, statistically significant;
VRT+CT : (Baseline,n= 50; 3 weeks, n=50; 6 weeks, n=49 and 9
weeks, n=46) and CT: (Baseline, n=50; 3 weeks, n=50; 6 weeks,
n=45 and 9 weeks, n=42) and *P< 0.05,statistically significant

Figure 13. Quality of Life (Physical Health)
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Figure 14. Quality of Life (Psychological Health)

Figure 15. Quality of Life (Social Relationships)

Figure 16. Quality of Life (Environment Health)

Table 6. Numerical Rating Scale for Phantom pain

Numerical Rating
Scale

VRT+CT CT P
Value

Baseline 50 8 (5-10) 50 8
(6-10)

0.784

3 weeks 50 3 (1-7) 50 6
(3-8)

<
0.001

6 weeks 49 3 (1-7) 45 5
(3-8)

<
0.001

9 weeks 46 2 (1-6) 42 5
(2-7)

<
0.001

Data presented as Median (Min – Max); Baseline vs 3 weeks:
VRT+CT, p<0.001 and CT, p<0.001, statistically significant.

Figure 17. Phantom Pain scale (NPRS)

is severely damaged from dysvascular disease and amputa-
tion of the lower limb leads to worse alteration in centre of
balance, thus making the amputee vulnerable to fall.

Physiotherapy and rehabilitation play a major role in
getting the amputee back to doing activities of daily ba-
sis. However, the monotonous nature of exercises and the
limited availability of the rehabilitation centres makes the
standard rehabilitation process difficult.

Amputation may lead to cortex remapping, a phe-
nomenon which is proposed to explain phantom limb pain.
This alteration occurs at the cortex level, both at so-
matosensory and motor level. (10)

The goal of rehabilitation is to improve the quality of
life of amputee. Apparently, the quality of life is used as a
measurement of outcome of rehabilitation. (9)

In the last few years, the advent of technology has led
our steps into a new era of Virtual Reality which seems
promising not only in field of entertainment, but also in
healthcare system by bringing in new advances in the field.

Virtual reality has opened doors for a new world in the
field of healthcare. Although mostly used in entertainment
business with the majority being the games, its full integra-
tion with the medical field is still in the process. Rehabil-
itation is one branch of medical field that had the benefit
of integrating virtual reality technology in healthcare in the
initial phase. Although not thoroughly studied, its results
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in the rehabilitation process are surprisingly good.
The use of virtual reality in rehabilitation as a thera-

peutic module gave birth to the Virtual Reality Therapy
(VRT).

In this study, we observed the effects of VRT in improv-
ing balance, quality of life and reduction in phantom pain
when used as an adjunct in addition to the conventional
rehabilitation alone.

Microsoft X-Box 360 is a commercially available gaming
console with a body sensor that allows the player to play
games in a virtual reality. These games urges the player to
use various movements, many of which uses similar muscle
and movements like in the exercises of the training regime
in conventional therapy. This gave us an idea to use the
X-Box 360 VR experience as an adjunct to see if helps in
attenuating the major problems faced by a lower-limb am-
putee.

The Objective of the study was to find out the effect of
Virtual Reality Therapy in improving balance and Quality
of life, and reducing phantom limb pain among the lower
limb amputees. Hundred patients who have undergone lower
limb amputation and coming for follow-up participated in
the study. 50 subjects (90% Male) with mean age differ-
ence of 33.4 ± 12.8 received the Virtual Reality Therapy
in addition to the conventional therapy (VRT-CT) and 50
subjects (90% Male) with mean age difference of 34.8 ± 10.5
received the conventional therapy (CT). Out of 50 subjects
who received Virtual Reality Therapy in addition to the
conventional therapy (VRT-CT), 22 were of below knee am-
putation, 1 was of Knee Disarticulation, 22 were above knee
amputation and 5 subjects were of Hip Disarticulation. The
level of amputation in conventional therapy group was be-
low knee amputation (22), Knee Disarticulation (3), above
knee amputation (22), Hip Disarticulation (3).

The participants in the VRT group were asked to play the
seven games viz. River rush 20,000 leaks, Target kick, Super
saver, One bowl roll, Rally Tally (Table tennis) and Boxing
(3-4 min session for each game) in for a duration of 30 min-
utes per session. Apart from the VRT, every participant was
treated with conventional therapy which comprised of tradi-
tional prosthetic training consisting of weight-shifting, dy-
namic balancing activities, stool stepping, braiding, gait ex-
ercises, and climbing/descending the stairs for three weeks
consisting of 12 sessions of 30 minutes each. The control
group received conventional therapy alone.

Training of both groups with prosthetics was initiated in
parallel bars with double arm support and progressed to sin-
gle arm support. When the amputee succeeds in performing
the activities without support, training was continued in an
open area.

In both groups, there were twelve sessions in three weeks
duration. In the VRT group, the VRT treatment was given
for 30 minutes in each of the 12 sessions, in addition to
the conventional therapy of 30 minutes. Then the follow-up
were taken at the end of 6th week and till 9th week from the
start of therapy to assess the retention of balance stability
after the VRT treatment.

Statistical analysis showed there was a significant differ-
ence in postural stability, limits of stability as assessed by

the Biodex Stability System (BSS) scoring, QOL assessed
by WHO-BREF scoring and in Phantom limb pain assessed
by the Numeric Pain Rating Scale (NPRS).

When compared, the VRT group showed significantly
better results compared to CT group (P < 0.001). The
changes in this highly significant result might because VRT
had a positive visual and auditory feedback with various
challenging modules providing the patient high physical and
cognitive demands in doing a task.

The effect of VRT was also studied in other studies and
positive results were observed.

In 2018, Thunyanoot P et al. studied the effect of VRT
on postural control and motor learning in ten subjects. The
training was for four weeks and intervention in the control
group was physical balance training whereas the virtual re-
ality group used game. They found that in the motor train-
ing, VR proved better than conventional exercises whereas
in postural analysis, both the training were equally good.
(14)

One of the first studies done to study the effect of VRT on
improving gait was described by Darter BJ and Wilken JM
in which a 24 year old patient having transfemoral amputa-
tion underwent a 3 week gait training intervention consist-
ing of 12 sessions. The session consisted of treadmill walking
with visual feedback in real-time. Improvements in pelvis
and hip motion and thus improvement in trunk was ob-
served after 3 weeks intervention. This case study showed
the potential of virtual reality in rehabilitation of amputees.
(15)

Since the amputee patients are dependent on cognitive
for their balance to some extent and further if any above-
mentioned balance challenges during an activity happens,
the demand on cognitive system increases. In such situ-
ations amputee faces high interference between cognitive
and motor system coordination which ends in loosing bal-
ance. Hence such cognitive based motor-based interaction
will help them to improve in their balance behaviour. (16)

Alexander C. H. Geurt et al, explained attention mech-
anism are highly important and impacts the balance au-
tomaticity post amputation, attentional mechanism is in-
volved in safely maintaining in early phase of skill acquisi-
tion to compensate the distorted sensory input and loss of
output structure at the side of amputee. Until a sensory mo-
tor strategy is formed the balance in amputee remains slow
and jerky and dependent on cognitive and visual feedback
which is immediate. (17)

The effect of virtual reality on improving balance in chil-
dren between 8-18 years having unilateral transfemoral or
van ness amputations was studied. Two games of Nintendo
Wii FIT balance was used. The therapy was of 20 mins/day,
4 days per week and of 20 days. The outcome was measured
in terms of Centre of pressure displacement and Community
balance and mobility scale. After the training, the Centre
of pressure displacements of amputees were closer to chil-
dren of same group without amputations and there was an
average increase in Community balance and mobility scale.
(13)

In a real-world gait, a host of other cognitively demand-
ing tasks may be concurrently performed, such as obstacle
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avoidance, route planning, uneven terrain negotiation, hold-
ing a conversation, may have impact on balance.

Although the studies mentioned above studied the effect
of VRT on amputations, the uniqueness of our study is that
we studied the Effect of VRT on balance, phantom limb pain
and quality of life together among lower limb amputees. We
had a distinct control group which had the intervention of
the standard rehabilitation program.

Our study has few limitations. To begin with, the bal-
ance was measured using a single platform, i.e. Biodex SD
balance system whereas balancing in day to day life situ-
ations is much more different and challenging for a lower
limb amputee. Also, there were no controls for the type
of amputation and prosthesis used. So, we couldn’t mea-
sure the improvement within a subset of a particular type
of amputation. Moreover, the weight of prosthesis was not
taken into consideration. Although we included those pa-
tients who were comfortable in wearing prosthesis for 45-60
mins, the duration of usage of prosthesis by the amputee
apart from the period of therapy was not considered in this
study. These factors could have hard impact on our results
as the higher duration of usage of prosthesis by the partic-
ipant will provide higher control over managing centre of
gravity and balance.

To conclude, Virtual Reality therapy is an effective tool
in training the integrated cognitive- motor domain to im-
prove balance QOL and Phantom limb Pain in lower limb
amputees. VR therapy can be extended as an adjunct ther-
apeutic tool along with conventional therapeutic regime in
lower limb amputees. Moreover, the overall improvement is
sustained for long period as evident by the assessment at the
end of 9th weeks (6 weeks after the end of training). [1–17]
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