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Abstract: (1) Background: Virtual reality (VR) is a useful device for rehabilitation therapy. The
purpose of this study was to examine the effect of virtual reality exercise program on sitting balance
with spinal cord injury; (2) Methods: 20 subjects who selected on the basis of the screening criteria
were divided into the experimental group (n = 10) who underwent the virtual reality exercise program
and rehabilitation therapy and the control group (1 = 10) who underwent a regular sitting balance
training program and a regular rehabilitation therapy. Each intervention consisted of a 30-min session
a day, three times a week, for eight weeks. In order to measure functions of the sitting balance, FSA
(force sensitive application) and LOS (limit of stability) were used before and after the treatment
intervention; (3) Results: We found significant differences for the FSA, LOS between pre-test and
post-test in the 2 groups; (4) Conclusions: The findings of this study suggest that virtual reality
exercise program can be applied as a useful approach for spinal cord injury patients.

Keywords: virtual reality system; spinal cord injury; sitting balance ability

1. Introduction

Spinal cord injury is caused by diseases or trauma of spinal nerve tissue. According
to the 2015 Needs Survey, although spinal cord injury could result from disease (9.8%),
its main cause was trauma (89.4%), such as traffic accidents, falls, plunges, and industrial
accidents [1]. It has been reported that among the quadriplegic patients with cervical
spinal cord injury, 39.5% had incomplete paralysis and 16.3% had complete paralysis, while
among the paraplegic patients with spinal cord injury at the T2 nerve or below, 21.7% had
incomplete paralysis and 22.1% had complete paralysis [2].

In particular, loss of motor and sensory functions and muscle weakness associated
with spinal cord injury impair patient’s sitting postural balance ability [3]. The sitting
balance ability in patients with spinal cord injury is an important goal of rehabilitation
because it plays an important role in maintaining an independent daily life [4]. Recently,
various virtual reality-based methods that enable patients to perform tasks according to
their rehabilitation purpose have been introduced to increase the patient’s interest and
participation in the treatment and to enhance their functional activity [5]. In virtual reality,
the user physically reacts while performing a given task, such as moving or manipulating
an object [6]. Visual feedback from virtual reality integrates the senses of subjects whose
vestibular sensation, somatosensory, and visual information are mixed up or it can be used
as sensory exercise training to improve the subject’s static and dynamic posture control,
thereby enhancing their trunk control and balance ability [7]. Several studies have reported
the benefits of virtual reality therapy; intensive sensory input around the damaged spinal
cord using the patient’s visual and auditory feedback from the virtual reality system along
with stimulation on the sensory motor cortex was shown to help restore the damaged
spinal cord and improve their balance activity [8,9]. In addition, game-based virtual reality
training was shown to increase patient’s concentration and motivation by arousing their
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interest in treatment and to help the patient recognize the degree of their performance
through accurate and rapid sensory feedback on the given tasks, enabling them to control
their movement effectively [10]. As described above, there is a possibility that the virtual
reality system can improve the balance ability of patients with spinal cord injury, but to
date, there are few cases linking sitting balance ability of patients with spinal cord injury
with the application of virtual reality system. Therefore, this study aimed to investigate the
effects of virtual reality-based balance training program on the sitting balance ability of
patients with spinal cord injury.

2. Methods
2.1. Participants

The criteria for selection were as follows: (1) Those who were diagnosed with paraple-
gia due to thoracic or lumbar spine injury more than 6 months ago. (2) Those who were
categorized as grades C and D of the standard neurological classification scale presented
by the ASIA (American Spinal Injury Association). (3) Those who can be maintained Inde-
pendent sitting position for more than 30 s. The criteria for exclusion were as follows: (1)
Those with hearing or visual impairment according to the medical record. (2) Those with
musculoskeletal diseases that might affect the experiment. (3) Those who failed to complete
the study schedule due to the subject’s personal reason. Ten subjects were recruited per
group from rehabilitation centers belonging to the Daegu medical center.

Among the 21 recruited patients, 1 patient were excluded due to sudden deterioration
in his health condition. The remaining 20 patients were randomly assigned using computer
generated table of random numbers to an experimental group that will receive VR therapy
(n =10), and a control group that will receive general occupational therapy (n = 10). The
general characteristics of the subjects are shown in Table 1. All participants provided
informed consent prior to taking part in the study, and all experimental procedures were
approved by the Institutional Review Board of the Daegu University.

Table 1. Characteristics of subjects.

General o Virtual Reality Therapy Group _
Characteristics Division (1 = 10) Control Group (1 = 10) p

S Male 9(90.0) 4(40.0) 0.061

ex Female 1(10.0) 6(60.0)
Age (years) 55.1 +10.41 53.7 + 6.55 0.341
. Thoracic Spine Injury 10(66.7) 11(73.3) 0.690

Lesion type Lumbar Spine Injury 5(33.3) 4(26.7)

. C 7(70.0) 6(60.0)
ASIA Impairment Scale D 3(30.0) 4(40.0) 1.00
Time since SCI 16.5 + 4.66 17.4 +5.12 0.414

ASIA: American Spinal Injury Association.

2.2. Procedure and Interventions

This study was designed as a single-blinded, randomized controlled study. A single
blind method was applied to eliminate the error by not knowing the subject’s treatment.
The experimental and control groups received general occupational therapy consisting of
five 30-min sessions per week for 8 weeks. The experimental group received additional
30 min of VR balance training, while the control group received additional 30 min of
general rehabilitation during each session over the same time period. General rehabilitation
therapy comprised for improving sitting balance anterior weight shifting on sitting balance
training [11], Balance Exercise on the Unstable Surfaces [12], reaching task training on
sitting position for spinal cord injury [13].

The Bio Rescue (RM Ingenierie, Rodez, France), which was the virtual reality device
used in this study for the static and dynamic balance, composed of a platform, software,
and monitor. The platform (610 mm x 580 mm x 10 mm) is very thin, and is equipped
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with approximately 1600 pressure sensors. The platform safely and accurately measures
the length and area of the center of pressure (COP) in both buttocks of an individual and
then transmits the measured data to the computer software. COP is the outcome of the
inertial forces of the body and restoring equilibrium forces of the postural control system.
Subjects can move freely in the real world while manipulating the virtual objects in a 3D
virtual world. To improve the symmetry of weight-bearing, movement, and left/right
sitting balance of patients, a total of 3 functional movement programs were applied—the
“rally driving”, “air balloon”, “downhill ski”. The degree of difficulty in the movement
program varied from stage 1, very easy, to stage 5, very difficult, which depended on
the condition of patients. Patients received appropriate audiovisual feedback from the
monitor and speaker while performing the exercise game. In this study, the program was
administered with the patient sitting on the platform with the monitor placed at 1-1.5 m in
front of him. Three types of movement programs, which were appropriate for the condition
of each patient, were applied for 10 min each, for a total of 30 min (Figure 1).

Figure 1. BioRescue system.

2.3. Measurements

Assessments were made by an experienced occupational therapist who was blinded
to the group assignment and did not take part in the general rehabilitation therapy. Sitting
balance ability was measured by Force Sensitive Application and Limit of Stability.

FSA (FSA, Vistamedical, Winnipeg, MB, Canada) comprises of a seat-sized pressure-
sensing mat that contains 256 individual piezo-resistive sensors in a 16 x 16 grid. The
changes in resistance which result from the different pressures on the sensors are interpreted
by the interface module which is connected to a laptop running the FSA software. Data
representing the sensor pressure can be displayed as colour-coded maps of pressure
distribution, 3-dimensional grids and numeric output parameters. Pressure was measured
by comparing the mean pressure distribution value of the left and right of the ischial
tuberosity area of 3 x 3 cm around the center of pressure [14].

Dynamic balance was examined using the LOS test with the BioRescue system (RM
Ingenierie, Rodez, France). In the LOS test, the subjects moved the COP in 8 directions (left,
right, front, back, left front, left back, right front, and right back) to the furthest possible
extent while they stood on the support base. The sway area generated by the COP was
divided into the surface areas of the 4 directions (left, right, front, and back) and entire
area [15,16]. Data collection is the average of three repeated measurements. Three minutes
of rest was allowed after every set.
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2.4. Statistical Analysis

The collected data were analyzed using SPSS version 21.0 (IBM Corp., Armonk, NY,
USA). Independent t-test was used for comparison of initial pre-treatment FSA and LOS
scores between the two groups. Paired t-test was performed for comparison between the
experimental and control groups with respect to changes in pre- to post-treatment FSA and
LOS scores, while an Independent t-test was performed for comparison of the magnitude
of change between the experimental and control groups. p value < 0.05 was considered
statistically significant.

3. Results

There was no significant difference between the experimental and control groups with
respect to pre-treatment FSA and LOS scores (p > 0.05; Table 2). Both the experimental and
control groups showed a statistically significant increase in post-treatment FSA and LOS
scores as compared to the pre-treatment scores (p < 0.05; Table 3). Intergroup comparisons
showed a statistically significant increase in scores of all assessments in the experimental
group as compared to the control group (p < 0.05; Table 4).

Table 2. Comparison of the baseline in the two groups.

Mean + SD p
Virtual Reality Therapy Group Control Group
FSA Left (mmHg) 107.00 £ 12.75 110.47 £ 12.56 0.548
FSA Right (mmHg) 126.44 +12.33 115.66 £+ 11.59 0.059
LOS (mm?) 2784.00 + 1720.65 2460.00 + 1571.18 0.665
SD: standard deviation. FSA: force sensitive application, LOS: limit of stability.
Table 3. Changes in parameters before and after treatment.
Virtual Reality Therapy Group (Mean + SD) CONTROL Group (Mean =+ SD)
Before Treatment After Treatment p Before Treatment After Treatment p
FSA Left (mmHg) 107.00 & 12.75 127.99 £+ 8.58 0.001 ** 110.47 + 12.56 118.40 +10.25 0.011*
FSA Right (mmHg) 126.44 + 12.33 136.36 + 16.06 0.037 * 115.66 + 11.59 123.20 +£5.92 0.067 *
LOS (mm?) 2784.00 +1720.65  5562.60 +2129.70  0.000 **  2460.00 + 1571.18  3632.20 £+ 1929.87  0.001 **
SD: standard deviation. FSA: force sensitive application, LOS: limit of stability, * p < 0.05, ** p < 0.01.
Table 4. Comparison of the differences after treatment in the two groups.
Mean + SD p
Virtual Reality Therapy Group Control Group
FSA Left (mmHg) 20.99 £ 13.92 793 £7.90 0.036 *
FSA Right (mmHg) 9.92 +12.84 7.54 +11.44 0.026 *
LOS (unit: mm?) 2778.60 + 914.30 1172.20 £ 734.62 0.048 *

SD: standard deviation. FSA: force sensitive application, LOS: limit of stability, * p < 0.05, ** p < 0.01.

4. Discussion

For patients with spinal cord injury, restoring their normal sitting posture is one of
the factors associated with satisfaction with their quality of life and is also one of the main
goals for these patients [17]. Lowered sitting balance ability not only can induce pressure
sores and torso malformations, but also can interfere with independent daily life [18].

Patients with spinal cord injury are recommended to use their remaining sensory and
motor skills to restore the individual’s new dynamic and static balance abilities [19]. In
this study, virtual reality game training that can induce torso movement and stability was
applied in order to restore the balance ability of individual patients with spinal injury, and
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then the effects of such training on the patient’s static and dynamic balance abilities in a
sitting posture were investigated.

As the level of balance ability varies depending on the level or extent of injury of each
patient with spinal cord injury, the importance of evaluation tools that can clearly and
accurately assess the functional state of patients is being emphasized more than ever. The
FSA evaluation method can objectively measure the pressure distribution and the changes
in pressure center movement on the hips and thighs [14]. Through measuring pressure on
the hip, locations of uneven pressure distribution can be identified, and then the cause of
scoliosis and the balance ability of the body can be determined. When greater pressure is
applied to the tuberosity of the hipbone, the center of pressure for normal people is located
in the front, while for patients with a physical disability, it moves backward compared
to that of normal people. The limit of stability test(LOS) is a method of measuring total
travel distance while the subject moves their body weight in eight directions (forward,
backward, left, right, and diagonal) using a decompression platform, which is a BioRescue
device, to evaluate their static balance [16]. This method has been utilized as a useful tool
for evaluating sitting posture balance in patients with spinal cord injury, because it can
measure objective changes numerically. The FSA and LOS evaluation tools are considered
more objective than other evaluation tools in that they can measure exact numerical values
using computer software.

The virtual reality training program applied in this study required torso stability
and delicate movement rather than fast and muscular movement, so this program was
found to be effective in improving static and dynamic balance abilities [20]. In our study,
statistically significant improvements were seen in post-treatment FSA and LOS scores
when compared with the pre-treatment scores. In addition, the experimental group showed
a statistically improvement in the balance function when compared with the control group.
This is consistent with the results of Kizony et al. who reported that when a virtual reality
game program was applied to 13 patients with spinal cord injury in a sitting position, their
sitting balance ability was improved [21]. Khurana et al. also reported that after a four-
week game-based virtual reality training, the sitting balance ability of paraplegic patients
with spinal cord injuries at T6 and T12 levels was better than that of their counterparts
who received task-oriented training, which supports the results of the present study [22].
Roopchand et al. reported that after a six-week Wii sport training in patients with spinal
cord injuries at ASIA A neurological levels T4 and T12, the distance of their forward arm
extension increased, which was an indicative of improvement in their dynamic balance
ability [23]. Sengupta et al. reported that game-based VR training program improved trunk
postural control in patients with spinal cord injury [24].

Taken together, the combination of virtual reality training and conventional rehabilita-
tion therapy will help to improve the sitting balance ability of patients with spinal cord
injury and will become an important intervention method for treating patients with spinal
cord injury. This study has limitations in that it is difficult to generalize the result values
obtained from this study due to the mall sample size and the difference in performance
caused by different injury sites or individual balance ability was not considered in detail.
In the future, more research is necessary to supplement these limitations by including more
subjects and evaluating individual subjects according to their level of neurological damage
in order to find more personalized programs that match the level of need for each patient.

5. Conclusions

The results of this study showed that when VR therapy providing functional tasks
to the lower extremity was co-administered with general rehabilitation therapy, greater
improvement in lower extremity function was seen in spinal cord injury patients, as
compared to administering general rehabilitation therapy alone. Therefore, VR therapy
combined with standard rehabilitation therapy might be an ideal rehabilitation tool for
improving lower extremity function in spinal cord injury patients.



Healthcare 2021, 9, 183 60f7

Author Contributions: Conceptualization, M.-].L. and S.-M.L.; Data curation, M.-J.L.; Formal anal-
ysis, M.-].L.; Funding acquisition, S.-M.L.; Methodology, S.-M.L.; Project administration, S.-M.L.;
Resources, M.-].L.; Supervision, S.-M.L.; Writing—original draft, M.-].L.; Writing—review and editing,
S.-M.L. All authors have read and agreed to the published version of the manuscript.

Funding: This research was supported by the Daegu University Research Grant, 20190587.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and approved by the Institutional Review Board of Daegu University
(1040621-201601-HR-025-02).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  De Vivo, M.].; Krause, ].S.; Lammertse, D.P. Recent trends in mortality and causes of death among persons with spinal cord injury.
Arch. Phys. Med. Rehabil. 1999, 80, 1411-1419. [CrossRef]

2. Burke, D.A,; Linden, R.D.; Zhang, Y.P.; Maiste, A.C.; Shields, C.B. Incidence rates and populations at risk for spinal cord injury: A
regional study. Spinal Cord 2001, 39, 274-278. [CrossRef] [PubMed]

3. Larson, C.A; Tezak, W.D.; Malley, M.S.; Thornton, W. Assessment of Postural Muscle Strength in Sitting: Reliability of Measures
Obtained with Hand-Held Dynamometry in Individuals with Spinal Cord Injury. J. Neurol. Phys. Ther. 2010, 34, 24-31. [CrossRef]

4. Sprigle, S.; Wootten, M.; Sawacha, Z.; Theilman, G. Relationships among Cushion Type, Backrest Height, Seated Posture, And
Reach Of Wheelchair Users With Spinal Cord Injury. J. Spinal Cord Med. 2003, 26, 236-243. [CrossRef]

5. Bryanton, C.; Bossé, J.; Brien, M.; McLean, J.; McCormick, A.; Sveistrup, H. Feasibility, Motivation, and Selective Motor Control:
Virtual Reality Compared to Conventional Home Exercise in Children with Cerebral Palsy. CyberPsychol. Behav. 2006, 9, 123-128.
[CrossRef]

6. Weiss, P.T.; Katz, N. The potential of virtual reality for rehabilitation. J. Rehabil. Res. Dev. 2004, 41, 0748-7711.

7. Adamovich, S.V.; Fluet, G.G.; Tunik, E.; Merians, A.S. Sensorimotor training in virtual reality: A review. Neurorehabilitation 2009,
25,29-44. [CrossRef] [PubMed]

8.  Crosbie, ].H.; Lennon, S.; Basford, ].R.; McDonough, S.M. Virtual reality in stroke rehabilitation: Still more virtual than real.
Disabil. Rehabil. 2007, 29, 1139-1146. [CrossRef] [PubMed]

9. De Miguel-Rubio, A.; Rubio, M.D.; Salazar, A.; Moral-Munoz, J.A.; Domenech, FR.; Camacho, R.; Lucena-Anton, D. Is Virtual
Reality Effective for Balance Recovery in Patients with Spinal Cord Injury? A Systematic Review and Meta-Analysis. J. Clin. Med.
2020, 9, 2861. [CrossRef]

10. Chan, C.L.F; Ngai, EK.Y.; Leung, PK.H.; Wong, S. Effect of the adapted virtual reality cognitive training program among Chinese
older adults with chronic schizophrenia: A pilot study. Int. J. Geriatr. Psychiatry 2009, 25, 643-649. [CrossRef]

11. Choe, H.S.; Min, D.K.; Ahn, J. Effects of anterior weight-shifting methods on sitting balance in wheelchair-dependent patients
with spinal cord injury. J. Phys. Ther. Sci. 2018, 30, 393-397. [CrossRef]

12.  Preuss, R.A; Grenier, S.G.; McGill, S.M. Postural Control of the Lumbar Spine in Unstable Sitting. Arch. Phys. Med. Rehabil. 2005,
86, 2309-2315. [CrossRef]

13. Aissaoui, R.; Boucher, C.; Bourbonnais, D.; Lacoste, M.; Dansereau, . Effect of seat cushion on dynamic stability in sitting during
a reaching task in wheelchair users with paraplegia. Arch. Phys. Med. Rehabil. 2001, 82, 274-281. [CrossRef] [PubMed]

14. Dey, Z.R.; Nair, N.R.; Shapcott, N. Evaluation of the Force Sensing Application pressure mapping system. J. Med. Eng. Technol.
2013, 37, 213-219. [CrossRef] [PubMed]

15. Moon, D.-C.; Kim, K.; Lee, S.-K. Immediate Effect of Short-foot Exercise on Dynamic Balance of Subjects with Excessively
Pronated Feet. J. Phys. Ther. Sci. 2014, 26, 117-119. [CrossRef]

16. Nichols, D.S. Balance Retraining After Stroke Using Force Platform Biofeedback. Phys. Ther. 1997, 77, 553-558. [CrossRef]
[PubMed]

17. Van Middendorp, ].J.; Hosman, A.].; Doi, S.A. The Effects of the Timing of Spinal Surgery after Traumatic Spinal Cord Injury: A
Systematic Review and Meta-Analysis. J. Neurotrauma 2013, 30, 1781-1794. [CrossRef] [PubMed]

18.  Minkel, J.L. Seating and Mobility Considerations for People with Spinal Cord Injury. Phys. Ther. 2000, 80, 701-709. [CrossRef]

19. Janssen-Potten, Y.J.; Seelen, H.A.; Drukker, J.; Spaans, F.; Drost, M.R. The effect of footrests on sitting balance in paraplegic
subjects. Arch. Phys. Med. Rehabil. 2002, 83, 642-648. [CrossRef] [PubMed]

20. Tak, S.; Choi, W.; Lee, S. Game-based virtual reality training improves sitting balance after spinal cord injury: A single-blinded,
randomized controlled trial. Med. Sci. Monit. 2015, 56, 53-59.

21. Kizony, R; Raz, L.; Katz, N.; Weingarden, H.; Weiss, P.L.T. Video-capture virtual reality system for patients with paraplegic spinal

cord injury. J. Rehabil. Res. Dev. 2005, 42, 595-608. [CrossRef] [PubMed]


http://doi.org/10.1016/S0003-9993(99)90252-6
http://doi.org/10.1038/sj.sc.3101158
http://www.ncbi.nlm.nih.gov/pubmed/11438844
http://doi.org/10.1097/NPT.0b013e3181cf5c49
http://doi.org/10.1080/10790268.2003.11753690
http://doi.org/10.1089/cpb.2006.9.123
http://doi.org/10.3233/NRE-2009-0497
http://www.ncbi.nlm.nih.gov/pubmed/19713617
http://doi.org/10.1080/09638280600960909
http://www.ncbi.nlm.nih.gov/pubmed/17613000
http://doi.org/10.3390/jcm9092861
http://doi.org/10.1002/gps.2403
http://doi.org/10.1589/jpts.30.393
http://doi.org/10.1016/j.apmr.2005.07.302
http://doi.org/10.1053/apmr.2001.19473
http://www.ncbi.nlm.nih.gov/pubmed/11239326
http://doi.org/10.3109/03091902.2013.765517
http://www.ncbi.nlm.nih.gov/pubmed/23631523
http://doi.org/10.1589/jpts.26.117
http://doi.org/10.1093/ptj/77.5.553
http://www.ncbi.nlm.nih.gov/pubmed/9149764
http://doi.org/10.1089/neu.2013.2932
http://www.ncbi.nlm.nih.gov/pubmed/23815524
http://doi.org/10.1093/ptj/80.7.701
http://doi.org/10.1053/apmr.2002.32437
http://www.ncbi.nlm.nih.gov/pubmed/11994803
http://doi.org/10.1682/JRRD.2005.01.0023
http://www.ncbi.nlm.nih.gov/pubmed/16586185

Healthcare 2021, 9, 183 70f7

22. Khurana, M.; Walia, S.; Noohu, M.M. Study on the Effectiveness of Virtual Reality Game-Based Training on Balance and
Functional Performance in Individuals with Paraplegia. Top. Spinal Cord Inj. Rehabil. 2017, 23, 263-270. [CrossRef] [PubMed]

23. Roopchand-Martin, S.; Bateman, S. An exploration of the concept of using the Nintendo Wii for balance training in patients with
paraplegia. N. Z. . Physiother. 2012, 40, 13.

24. Sengupta, M.; Gupta, A.; Khanna, M.; Krishnan, U.R.; Chakrabarti, D. Role of virtual reality in balance training in patients with
spinal cord injury: A prospective comparative pre-post study. Asian Spine J. 2020, 14, 51. [CrossRef] [PubMed]


http://doi.org/10.1310/sci16-00003
http://www.ncbi.nlm.nih.gov/pubmed/29339902
http://doi.org/10.31616/asj.2019.0013
http://www.ncbi.nlm.nih.gov/pubmed/31575113

	Introduction 
	Methods 
	Participants 
	Procedure and Interventions 
	Measurements 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

