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Effects of core stability exercise combined
with virtual reality in collegiate athletes
with nonspecific low back pain: a
randomized clinical trial
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Abstract

Background: Nonspecific low back pain (LBP) in collegiate athletes is shown to be accompanied by poor core
endurance. Consequently, trunk muscle stabilization exercises for lumbar instability are widely used. Virtual reality
(VR) training can activate the cerebral cortex and enhance the cortex to control balance and improve motion
function. The purpose of the study was to assess the effect of combined core stability exercises (CSE) and VR
training in improving body balance and function in collegiate male athletes with nonspecific low back pain (LBP).

Results: The post-values of the experimental group were significantly higher than that of the control group for the
dynamic balance in anterior (p = 0.031), posterolateral (p = 0.034), and posteromedial (p = 0.037) directions.
Moreover, there was a significant difference in the post-values of both groups regarding reducing the Micheli
Functional Scale in favor of the experimental group (p = 0.012).

Conclusions: CSE training plus virtual reality is more effective than CSE training alone in improving total body
balance and dysfunction level in collegiate male athletes with nonspecific LBP. It is recommended that clinicians
consider CSE combined with VR to maximize the improvement in overall body balance when developing rehabilitation
programs for collegiate athletes with nonspecific low back pain.

Trial registration: Pan African Clinical Trial Registry, PACTR201907749053096. Retrospectively registered on 15 April
2019. https://pactr.samrc.ac.za/Researcher/ManageTrials.aspx
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Background
Nonspecific low back pain (LBP) is identified as low
back pain which is not due to a known specific path-
ology. Pain is located below the costal margin and above
the inferior gluteal folds, with or without leg pain [1]. It
is the most costly among athletic populations [2].
The lumbar segment instability and decreased muscle

control are important factors in LBP. Consequently,

trunk muscle stabilization exercises for lumbar instabil-
ity are widely used in a clinical setting [3]. Spinal stabil-
ity is obtained from simultaneous activities of the trunk
muscles, and active simultaneous contractions are neces-
sitated to improve the spinal stability of LBP patients
with unstable lumbar segments [4].
Strengthening exercises of the abdominal, trunk, and

pelvic floor muscles are required to improve LBP [5].
Core stability exercises (CSE) have become one of the
fitness trends that broadly used exercises for LBP. It im-
proves athletic performance, prevents injuries, and alle-
viates LBP [6].
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There is evidence of increased fatigue, decreased
cross-section, and fatty infiltration of the paraspinal
muscles in patients with nonspecific LBP [7]. So, pro-
longed exercise programs targeting the trunk muscles in
patients with nonspecific LBP have shown to increase
the cross-sectional area of the muscle which plays a
major role in spinal function [8].
Virtual reality (VR) technology is being used for its

capability benefit as a therapeutic intervention for re-
storing coordinated movement patterns. VR training can
activate the cerebral cortex and enhance the cortex to
control balance and improve motion function [9]. This
technology provides the most appropriate, individualized
motor learning pattern. Similarly to computer games,
VR rehabilitation exercises are important in terms of pa-
tient motivation [10].
Bezerra et al. [11] concluded that virtual environment

considers a promising tool for the assessment and dur-
ing the training of healthy subjects. Also, Trost et al.
[12] found that the VR technology has been effectively
applied to acute pain treatment, and recent reviews have
suggested their potential usefulness in chronic pain. It is
reported that the virtual walking combined with physio-
therapy decrease pain and kinesiophobia and enhance
function in patients with LBP [1].
The previous studies either investigated the effect CSE

on the muscle activity, balance [13], and spinal proprio-
ception [14] or examined the effect of CSE combined
with traditional physiotherapy for patients with neuro-
logical impairments [15] or CLBP [16].
Recently, nonspecific LBP in collegiate athletes is

shown to be accompanied by poor core endurance. So,
there is a lack of experimental works that examined the
effect of CSE combined with VR on balance and spinal
dysfunction in athletes with nonspecific LBP [17].
Therefore, the purpose of this trial was to investigate

the effect of CSE training combined with VR on balance
and function in collegiate male athletes with nonspecific
LBP. We hypothesized that the addition of VR to CSE
training would improve the body balance and the dys-
function level in young athletes with nonspecific LBP
compared to CSE training alone.

Methods
Participants
Fifty male collegiate athletes (football players) aged ran-
ging from 18 to 24 years old, who presented with non-
specific LBP, were recruited for this single-blind,
randomized clinical trial in which participants were ran-
domized to one of two treatment groups: experimental
group performed CSE while wearing Oculus Rift as a VR
system, and control group performed CSE without the
VR system. The sample size was calculated was using
the G*Power 3.1.9.2 software (Universities, Dusseldorf,

Germany). The effect size (ES) was 0.9 based on the p
value (0.05) and power of the test (0.80).
All participants signed an informed consent and

agreed with the study in advance. The study was per-
formed in accordance with the Declaration of Helsinki
and approved by the local institutional review board
(Approval No. P.T.REC/012/002039). The demographic
data of the participants are illustrated in Table 1.
Participants with the following inclusion criteria were

included in the current study: (1) orthopedist-confirmed
diagnosis of nonspecific LBP (2) having 2 or more epi-
sodes of LBP during the last year [17], (3) positive prone
instability test was eligible [18] and the prone instability
test has a sensitivity of 0.72 and is used to identify indi-
viduals who exhibit lumbar segmental instability with
poor muscular control [19], and (4) they were not en-
gaged in any treatment program during the study. Pa-
tients with nerve root manifestations; underlying
systematic or visceral disease; conditions such as anky-
losing spondylitis, spondylolysis, and spondylolisthesis;
previous low back surgery [20]; vestibular dysfunctions;
and lower extremity injury within the past month or
concussion within the past 3 months were excluded [21].
Recruitment took place in two steps: firstly, an orthopedic

specialist from the university hospital identified the poten-
tially eligible athletes and referred them to the Faculty of
Physical Therapy Biomechanics Lab. Secondly, the re-
searcher conducted another screening for criteria of patient’s
selection to make the final decision regarding eligibility. Pa-
tients who meet the eligibility criteria were given oral and
written information explaining the procedure and import-
ance of the study, and those who decided to contribute to
the study were assigned to one of the treatment groups.
Randomization was conducted using a computer-

generated random table, and opaque sealed envelopes
were used for the group’s allocation which is prepared
according to the patients’ total number. Randomization
and allocation were prepared by a statistician who was
not involved in the study before the beginning of the
study to ensure concealment of patient allocation.
The participants’ flow diagram throughout the differ-

ent steps of the trial is shown in Fig. 1.

Procedure
Star excursion balance test (SEBT) was utilized for dy-
namic balance evaluation as the primary experimental
outcome. SEBT was accomplished while participants
were standing on the dominant leg, and participants
were asked to reach as far as they could along a grid in
the anterior, posteromedial, and posterolateral directions
with the tip of the great toe of the non-stance limb. Par-
ticipant’s hands were held at the iliac crest during the
test. Six practices followed by 2-min rest and three test
trials were performed in each direction. The reaching
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distance of the grid was read and recorded manually,
and the average of the three test trials was calculated.
The order of reaching directions was randomized. The

test was rejected and then repeated if a participant failed
to maintain a unilateral stance, lifted or moved the
standing foot from the grid, or failed to return the reach-
ing limb to the starting position. For the assurance of ac-
curate analysis, the data of the reaching distance was
normalized by leg length to exclude the impact of the
leg length. The leg length was measured from the anter-
ior superior iliac spine most distal end to the most distal
end of the lateral malleolus on each limb [22]. SEBT reli-
ability ranged from 0.89 to 0.94. Reaching in the anter-
ior, posteromedial, and posterolateral directions has
excellent reliability. For the normalized maximum excur-
sion distances, the intraclass correlation coefficients (1,1)
ranged from 0.86 to 0.92 [23]. SEBT was performed be-
fore and after 6 weeks of intervention.

The Micheli Functional Scale (MFS) was used to assess
the level of dysfunction of athletes and pain intensity of
low back pain. The MFS is a 5-item questionnaire; its
components include a symptom question, 3 activity-
related questions (extension, flexion, and jumping), and
a visual analog scale (VAS) for pain intensity. The ques-
tionnaire is constructed to assess back pain symptoms and
smoothness or difficulty of performing different sporting
activities related to low back pain. Responses were calcu-
lated as follows: symptom question response (0–5 points)
and the 3 activity questions (extension, 0–4; flexion, 0–3;
jumping, 0–3) with a total of 15 points. The visual analog
scale is scored on 10 points on a 10-cm line. The global
score is calculated by adding MFS questionnaire responses
and VAS scores. This summation of the questioner equals
a maximum score of 25 [24].
This number is then multiplied by 4 with the total

scores ranging from 0 to 100. The lower the score, the less

Table 1 Demographic data of participants

Experimental group, n = 25 Control group, n = 25 p value

Age, years 20.86 ± 5.17 22.14 ± 2.58 0.075

Height, cm 173.44 ± 4.26 175.32 ± 4.30 0.127

Weight, kg 70.76 ± 4.43 73.16 ± 6.04 0.116

BMI, kg/m2 23.56 ± 1.79 23.85 ± 2.40 0.626

Data are presented as mean ± standard deviation; p < 0.05 means significant difference
p value probability level, n numbar

Fig. 1 Flow diagram of participant progress through the study. CSE, core stability exercises; SEBT, star excursion balance test; MFS, Micheli
Functional Scale
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dysfunction, as 0 scores indicate the least amount of dys-
function and 100 indicates the worse dysfunction [24].
The validity and reliability of the MFS questionnaire

were settled, and its reliability was excellent (α = 0.904).
There is a positive high correlation between MFS scores
and modified Oswestry LBP Disability Questionnaire
scores (r = 0.90) [24].
The control group was instructed to perform three CSE

5 days/week over a period of 6 weeks under the supervi-
sion of a certified physical therapist in the Biomechanics
Laboratory. The CSE was conducted for 20 repetitions
with 15 s hold for each exercise. The whole exercise set
was repeated twice with 3-min rest in between [25].
For the prone plank, the subjects assumed a front sup-

port position resting on the forearms with shoulders dir-
ectly over their elbows and legs are straight out behind.
Hips were lifted to a degree which makes the whole
body from the shoulders to the ankles leveled and sup-
ported only on forearms and toes. This position could
be maintained through the coactivation of both lower
abdominal and back muscles. For the side plank, the
subjects lay on each side as they balance on their fore-
arms with the shoulder directly above the elbow and legs
are straight. The pelvis was lifted so that the whole body
was balanced on the forearm and feet. The body formed
a straight line, and the oblique muscles should be felt
down the side of the trunk working to maintain the pos-
ition. For the Superman plank, subjects laid on their
stomach with arms straight over the head. Both arms

and legs were lifted off the ground and kept in this pos-
ition for the holding period [14] (Fig. 2).
The experimental group performed the same CSE pro-

gram of the control group while wearing Oculus Rift DK2
as a means for VR (Fig. 2). The Oculus Rift is a lightweight
headset, which is developed by Oculus VR (Facebook
Technologies LLC, CA, USA) to allow its user to feel like
they are actually in a game and could look at any direc-
tion. The screen displays two images adjacent to each
other, one for each eye. The combination of lenses is
placed above the screen, enabling the zoom in-out and re-
shaping the picture for both eyes, thereby creating stereo-
scopic 3D images. The image was adjusted according to
the wearer’s head motions which were detected by the
embedded sensors in the Rift devices [26]. Two games
were selected, one for each exercise set: NoLimits 2 Roller
Coaster and Euro Truck 2 simulations. In addition to be-
ing enjoyable for most of the participants, both games re-
quire frequent head motions and quick direction changes
which facilitate activation of the core muscles. A super-
vised familiarization session was allowed before the start
of the 6-week intervention period.

Statistical analysis
The data were found to be normally distributed as indicated
by normal histogram curves. Moreover, Shapiro-Wilk’s nor-
mality test was non-significant (p > 0.05). In addition, the re-
sults of Levene’s test revealed that there were no significant
differences between the variances of the tested groups of the

Fig. 2 Core stability exercises. a The Oculus Rift DK2 headset. b The prone plank with Oculus. c Superman plank with Oculus. d The side plank
with Oculus
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tested dependent variables (p > 0.05). Based on the previous
findings of the normality and homogeneity assumptions, the
parametric analysis was conducted.
Data were analyzed using SPSS version 20 (Armonk,

NY: IBM Corp.). Unpaired t test was used to compare
demographic variables of participants. Multi-way ana-
lysis of variance (MANOVA) was used to compare bal-
ance and Micheli Functional Scale of both groups, with
time as the within-participant factor (baseline measure-
ment vs. post-intervention measurement) and the group
as the between-participant factor (experimental vs. con-
trol). In case the F ratio was significant, the differences
between means were examined using the Tukey test.
Unpaired t test was used to compare the change score of
the tested variable between the groups. The level of sig-
nificance was set at 0.05 for all tests.

Results
There was no significant difference between both groups
in age, weight, height, and BMI (p > 0.05). Descriptive
statistics of the pre- and post-intervention values of bal-
ance and Micheli Functional Scale of the two groups is
illustrated in Table 2.
There was no significant difference between the pre-

intervention values of SEBT of both groups in the anter-
ior, posterolateral, and posteromedial directions (p =
0.386, 0.828, 0.843, respectively). The post-intervention
values of both groups were significantly higher than pre-
intervention values in the three directions (p = 0.001).
The post-intervention values of SEBT of the experimen-
tal group were significantly higher than the post-
intervention values of the control group in the three di-
rections (p = 0.031, 0.034, 0.037, respectively).
There was no significant difference between the pre-

intervention values of MFS of both groups (p = 0839).
Both groups’ post-intervention values were significantly
lower than the pre-intervention values (p = 0.001). The
experimental group’s post-intervention value of MFS
was significantly lower than the control group’s post-
intervention value (p = 0.012).
Analysis of the change scores shown that the experi-

mental group had significantly more changes in anterior,

posterolateral, and posteromedial directions of SEBT
and MFS (p = 0.001) compared with the control group,
as shown in Table 2.

Discussion
The hypothesis of the current study was confirmed by the
results which revealed that CSE using a VR system is more
effective in improving balance, reducing the spinal dys-
function than using CSE alone in athletes with nonspecific
LBP. The CSE is known to strengthen the deep core mus-
cles of the human body, such as the local spinal muscles,
the abdominal muscles, the hip muscles, and the pelvic
muscles, which generate all the power and motility of the
human body. In the athletes, strengthening these core
muscles would improve spinal movement and stability
and greatly help to improve athletic performance [27].
The improvement of balance and spinal functions in

both groups can be explained by the effect of CSE that
work to improve the coordination and control of the
trunk muscles and harmonize the physiological func-
tions by stimulating proprioception, which ultimately
improves balance sense, and postural maintenance abil-
ity [28]. It has been demonstrated that the CSE is effect-
ive in not only rehabilitating and preventing the LBP
[15], but also for improving balance [27]. However,
Aggarwal et al. [28] found that balance training, as well
as CSE training, leads to enhancement in both static and
dynamic balance in the recreationally active subjects.
The significant improvement in the three tested direc-

tions of the SEBT for both groups is supported by the
finding of Imai et al. [22]. It has been stated that CSE im-
proved both static and dynamic balance immediately [22].
Previous studies also showed that VR could improve

significantly pain and movement reproducibility with
training which indicates that VR-based programs could
produce significant proprioceptive and functional im-
provements [16, 29].
Moreover, the positive effect of the CSE on pain inten-

sity might be understood by the recent findings of
Paungmali et al. [30] who concluded that the CSE could
possibly influence the β-endorphin but not the plasma
cortisol level among nonspecific chronic LBP patients.

Table 2 The values of balance (cm) and Micheli Functional Scale (out of 100)

Experimental group, n = 25 Control group, n = 25

Pre-value Post-value Change score Pre-value Post-value Change score

Balance (anterior) 91.28 ± 18.05 102.64 ± 18.34* 11.36 ± 2.36 90.04 ± 13.98 92.40 ± 12.90*† 2.36 ± 3.03

Balance (posterolateral) 87.12 ± 13.75 96.08 ± 12.82* 8.96 ± 2.05 86.24 ± 14.73 87.44 ± 15.05*† 1.20 ± 1.04

Balance (posteromedial) 84.24 ± 13.76 94.40 ± 12.95* 10.16 ± 1.43 83.44 ± 14.15 86.40 ± 13.39*† 2.96 ± 1.88

Micheli Functional Scale 47.16 ± 6.04 39.28 ± 5.98* − 7.88 ± 2.22 46.84 ± 5.01 43.44 ± 5.24*† − 3.40 ± 1.26

Data are presented as mean ± standard deviation
*Significant difference between pre- and post-values (p < 0.05)
†Significant difference between post-values (p < 0.05)
n numbar
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The mechanism of action of CSF for pain-relieving
might be attributed to an endogenous opioid mechanism
and not involved a stress-induced analgesia mechanism.
The superior results obtained by combining CSE and

VR in this study could be understood by the fact that the
simulation of a real environment is increasingly utilized to
restore motor function and enhance balance dysfunction
[31]. Bolton et al. reported that the balance control de-
pends on the central nervous system at multiple levels
[32]; the current finding was supported by Mao et al. [10]
as they have shown that the VR environment activates the
cortical and sub-cortical areas, thus enabling the cortex to
improve balance and motion function [10]. Moreover,
Basso Moro et al. [33] revealed that, when healthy individ-
uals performed an incremental swing balance task in a
semi-VR environment, the oxygenation increase in the
prefrontal cortex of both hemispheres.
Mao et al. [10] reported that VR technology has unique

advantages in the rehabilitation field compared to conven-
tional therapies. First, treatment is more interesting for
patients, and the sports favored by the patients in daily life
can be utilized as a training program. Second, patients can
perform usual training in any position on a wheelchair or
sitting as well as standing or walking; there is no need for
stabilized posture control. Third, the game system is inex-
pensive and easy to carry and operated at any place
Moreover, compared with proprioceptive neuromuscu-

lar facilitation training, VR training stimulates the body
and not only the involved limbs by enriching proprio-
ceptive information inputs [10]. The VR balance training
could induce more reasonable visual and proprioceptive
input and enhance postural stability, the reaction time,
balance, and walking function [32]. Therefore, VR bal-
ance games can be used as a potent and useful tool to
train adults with balance dysfunction [34]. In the same
context, Yilmaz Yelvar et al. [13] stated that integration
of virtual walking with the traditional physiotherapy re-
duces pain and kinesiophobia and improved function in
patients with sub-acute and chronic nonspecific LBP
which concurs with the current findings. VR-guided ex-
ercises may specifically enhance exercise effectiveness in
the younger population [35].
Kim et al. [36] studied the effects of a virtual reality-

based yoga program on the adult female with LBP, and
they found a positive effect on pain intensity and spinal
stability. Despite the difference in the sample criteria, their
results support the current findings. However, Eser et al.’s
[37] finding did not come along with the present results as
they failed to find a statistically significant difference be-
tween VR therapy and conventional therapy in lower ex-
tremity motor recovery and mobility training in stroke
patients. This may explain the differences in the reported
results as they were working on neurologically impaired
subjects

Transmission of motor task training to the real or vir-
tual environment is not yet fully determined. Todorov
et al.’s [38] results showed that subjects who underwent
the virtual environment training performed the task
much better than participants who practice the same
amount of training in a real environment. In contrast,
another study assessed VR exercise and real-world exer-
cise in a pick-and-place task and revealed improvement
in both groups, but those who exercised in the real
world task improved more [39].
Ther are some limitations present in this trial. Firstly,

this trial was delimited to male collegiate athletes, thus
limiting the generalizability of the results. Secondly, the
VR system that has been used is still in development. It
is recommended to conduct a further study using differ-
ent balance tests in bigger and different populations, in-
cluding women and older adults in order to generalize
the study findings. Moreover, further studies are needed
to determine the effect of the addition of the VR system
to CSE on the electromyography activities of the back
and abdominal muscles.

Conclusion
This study showed significant improvement in the over-
all body balance, pain intensity, and spinal dysfunction
when the CSE is conducted in combination with VR
compared to CSE alone. Therefore, it is recommended
that clinicians consider CSE combined with VR to
maximize the improvement in the overall body balance
when developing rehabilitation programs for collegiate
athletes with nonspecific low back pain.
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