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ABSTRACT

Background: The multifidus muscle, the most medially located back muscle and the largest muscle 
that spans the lumbosacral junction provides dynamic stability to the spinal column. Virtual reality and 
core stabilization exercises are commonly used for balance training in musculoskeletal conditions. The 
knowledge regarding the effective implementation of these training protocols in patients suffering from 
chronic low back pain (LBP) is insufficient.

Objective: The purpose of the present study is to investigate the efficacy of virtual reality versus 
stabilization exercises on lumbar multifidus muscle function among patients with low back pain.

Design: Randomized, double-blind controlled study.

Participants: Sixty LBP participants were divided into three groups in a 1:1:1 ratio, 20 in each group 
(control group, stabilizing exercises, and virtual reality rehabilitation system). All three groups received 
training three days per week throughout the Six-week treatment session.

Outcome Measures: Pain evaluation by the visual analog scale (VAS), Level of functional impairments 
by Oswestry Disability Index and Accuracy of lumbar repositioning measurement by Biodex system were 
measured at baseline and after Six weeks.

Results: Six weeks following treatment, pain severity, functional limitations and discomfort levels 
significantly decreased in both the VRG and STG groups. The STG group and the VRG group showed a 
noticeably greater improvement in their capacity to precisely realign the lumbar region (p<.001)

Conclusion: Mixing stability exercises and virtual reality into training regimens is a more successful 
approach than conventional exercise programs for enhancing pain management and functional 
impairments. Additionally, virtual reality improved lumbar repositioning accuracy slightly more for 
people with persistent low back pain than stability training.

Keywords: Chronic Low Back Pain; Core Stabilization Exercise; Virtual Reality Exercises; Biodex System; 
Oswestry Disability Index

Abbreviations: LBP: Low Back Pain; VAS: Visual Analog Scale; VRG: Virtual Reality Game; ODI: Oswestry 
Disability Index
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Introduction
Low back pain (LBP) is still a significant concern for the public. 

Health concerns in affluent nations despite advances in our under-
standing of spinal illnesses. The issue is significant because of its so-
cioeconomic and psychological implications and the shortcomings of 
many suggested preventive or cure measures (Almazrou [1,2]). Up 
to 75% of people will experience low back discomfort at some point 
with some extent of functional difficulties (De Souza, et al. [3]). With 
its distinct stabilizing function, the multifidus muscle, which spans 
the lumbosacral junction and is medially in the back, gives the spinal 
column dynamic stability (Zwambag [4]). It is crucial to remember 
that people with low back pain may have a multifidus muscle prob-
lem, which includes critical structural alterations such as atrophy and 
the replacement of muscular tissue with fatty infiltrates (Shahidi, et 
al. [5]). A lack of proprioception and abnormal recruitment patterns 
are two further motor control deficiencies noted (Chua, et al. [6,7]). 
Several studies have linked Multifidus muscle atrophy to LBP in both 
acute and chronic stages (Maas [8]). This muscle loss is not due to 
atrophy from lack of usage; multifidus activity is reflexively inhibited 
(Masse-Alarie [9]). Atrophy of the spinal muscles can lead to insta-
bility and recurrent back problems (Masse-Alarie [10]). Appropriate 
lumbosacral position sensing depends on the multifidus muscles’ 
muscle spindles. Lower back pain (LBP) sufferers typically have a less 
accurate and exact sense of their position than healthy individuals. 

Multifidus muscle atrophy may result in muscle spindle dysfunc-
tion, which can limit muscle spindle input and impair STG mental sta-
bility and spinal proprioception (Crawford, et al. [11,12]). Computer 
technology, virtual reality (VR), employs sensory feedback to provide 
users with an experience that mimics real-life activities and events. 
People can improve their motor abilities in a fashion that mimics the 
real world by using a three-dimensional virtual environment (Park, 
et al. [13]). Virtual reality systems are well known for their distinc-
tive qualities of interactivity and immersion. Utilizing several sense 
channels, such as sight, hearing, and touch, requires interaction. The 
degree of interaction with the virtual environment, on the other hand, 
is related to immersion (Coburn, [14,15]). To influence the cognitive 
processes involved in motor control, one needs a sense of “degree of 
presence,” or awareness of one’s existence in a certain scenario. Vir-
tual reality technology makes the development of interactive training 
regimens that target various muscles, joints, coordinated movements, 
or the complete body easier (Levac, et al. [16,17]). There is currently 
a dearth of research on how VR affects the function of the multifi-
dus muscles in people with LBP. Even though much research has been 
done, the best course of action for treating persistent LBP and the val-
ue of different physical therapy are still debatable. A various physical 
therapy methods for treating LBP have also been conducted without 
the superior of one technique on the others (Ahmed [18-20]). This 
study compares the effects of lumbar stabilizing exercises and virtual 
reality on the multifidus muscles and the lumbar spine’s ability to ac-

curately realign pain levels, and functional limitations in people with 
chronic lower back pain.

Methods
Design of the Trial

Using a computer random table method, the study divided the 
participants evenly among the three groups in a 1:1:1 ratio. The re-
search was randomized, controlled, and double-blinded. There were 
60 participants, 20 in each of the three groups (control group, stabi-
lizing exercises, and virtual reality rehabilitation system). Study par-
ticipants were selected from the University of Hail physical therapy 
Clinics. The research underwent approval from the Departmental Sci-
entific Ethics Committee. Additionally, it adhered to the comprehen-
sive reporting standards of the unified standards for reporting trials 
(CONSORT), ensuring full transparency. A physical therapist from the 
department evaluated to determine participant eligibility.

Participants

Participants had to provide their consent and sign an informed 
consent form authorized by an ethics committee to be eligible for 
the study. The selection criteria comprised those between the ages 
of 30 and 50 who had been dealing with persistent lower back pain 
for more than three months and who graded their pain on a visual 
analog scale (VAS) as being between four and eight. A person was not 
considered eligible for the study if they had severe musculoskeletal, 
neural, somatic, or psychiatric disorders, was recovering from spinal 
surgery, was abusing alcohol or drugs, was taking part in other weight 
and balance-training programs, had deformities or other soft tissue 
injuries or bone fractures.

Patient Participation

Through a study information form, the researchers sent the 60 
patients who were initially chosen thorough instructions and infor-
mation regarding the trial’s goals, design, intervention techniques, 
outcome metrics, length, and potential risks and benefits.

Interventions

With The Ethics Committee’s Approval, the VRG, STG, and control 
groups will undergo Six- week rehabilitation programs. A physiother-
apist with five years of expertise and a good skill set completed the 
recovery process. The study excluded ten people who chose not to 
participate, eleven with joint problems, four who applied for surgery, 
and seven who reported significant pain (VAS score greater than 8). 
Participants in the study utilized a device that encouraged balance 
exercises to strengthen their core muscles and increase their stability. 
They were given one-on-one instructions while seated on how to use 
the virtual reality game (VRG). The participants’ balance was tested 
in this position, which also helped them become accustomed to the 
game’s rules. A shooting game was present in the recent study. The 
game was played on a display screen while participants sat on a vir-
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tual platform. Following the signs, they moved their trunks forward, 
backward, and left to right to control the game. Participants were 
urged to move their spines as much as possible while staying with-
in their discomfort thresholds. The actions in the game were rated, 
and as they progressed in complexity, They have become increasingly 
challenging. Throughout gameplay, the difficulty level is influenced 
by five key factors: To increase or decrease the difficulty level of the 
game, you can adjust several parameters like the number of oppo-
nents, the throws angle, the shooting frequency, the flashing enemies 
occurrence, and the number of balls encircling the player. A training 
session lasts 30 minutes (Wi [21]). 

The STG group will perform lumbar stabilization exercises. The 
participants watched training films and were given time to practice 
the exercises before starting the workout. Students completed 15 
reps in three sets with a 30-second. Break between each set and a 
60-sec. Break between rounds under the supervision of a monitor 
(O’Sullivan [22,23]). The control group, under observation, received 
traditional training for their abdominal muscles. This required ag-
gressively working the deep abdominal muscles. The back muscles 
(Erector Spinae, Transverses Spinalis, and inter-spinal muscles) were 
also exercised. 10-15 repetitions of these workouts were done each 
day. They also performed stretching exercises that targeted specific 
muscle groups, including the lumbar extensors, hip flexors, and ham-
strings. Each of these 10-second stretching sessions was done three 
times. All three groups received training three days per week through-
out the Six-week treatment session. Each participant received a com-
forting 20-minute hot pack therapy, followed by a 5- minute contin-
uous ultrasound treatment at a frequency of 1 Mhz and 1.5 W/cm². 
This effective treatment will surely enhance your recovery journey. 
The supervising therapist decided upon exercises that went beyond 
the established protocol and noted in a logbook (Shahbandar [24]).

Measures of Results
The outcome measures were assessed at baseline and again Six 

weeks later.

a)	 Evaluation of Pain

The visual analog scale (VAS) is a 10 cm line with 0 representing 
no pain and 10 representing the worst pain. It was used to ask pa-
tients to rate how much pain they perceived. They were told to draw 
a mark on the line where their level of pain was.

b)	 Level of Functional Impairments

To assess functional disability, we employed the Oswestry Dis-
ability Index. Ten multiple- choice questions about back discomfort 

and everyday activities are included. Each question has six potential 
answers and a maximum score of 5. Based on a few chosen state-
ments, the ultimate score is determined. Score overall: (5 questions 
answered) x 100%. The degree of disability is determined using a 
scale from 0 to 50. The score reflects the severity of the condition, 
with higher scores indicating more profound impairment. Scores 
between 20% and 40% indicate significant disability, whereas those 
between 0 and 20% suggest mild disability. Scores between 40% and 
60% indicate severe disability, and those between 60% and 80% in-
dicate crippling disability. Lastly, an 80% to 100% score denotes bed 
rest for the patient (Fairbank [25,26]).

c)	 Accuracy of Lumbar Repositioning Measurement

Knee blocks, leg pads, thigh straps, pelvic brace, lumbar pad, and 
force application straps were used to position the person in the Bio-
dex system. The head was supported on a flexible rest while straps 
restrained the torso. The spinal range of motion created a neutral spi-
nal posture at 30 degrees of lumbar flexion. We asked participants to 
bend their backs as far as possible to determine the range of motion. 
For consistency, the dynamometer was adjusted at zero degrees. Par-
ticipants were instructed to recall and replicate a 30° position in a 
practice trial. We ran this test thrice and calculated the mean devia-
tion each time (Wilson [27]).

Statistic Evaluation

We used Levene’s test to measure the participant’s demographics 
to confirm the study’s consistency. We showed the mean and standard 
deviation for the outcome data. We used SPSS software to conduct re-
peated measures and one-way ANOVA tests to determine significant 
changes within groups, with a statistical significance level of P 0.05. 
(IBM SPSS Statistics, V 23).

Results
Participants

Thirty-two people were dropped from the initial pool of 82 vol-
unteers, leaving 60 who were qualified for the study. Each set of 20 
participants in the VRG, STG, and control groups was evenly divided. 
One study participant withdrew from the VRG and control groups, 
preventing the study from using the “intention to treat” analysis 
strategy. All participants’ data, including age, height, weight, and BMI, 
were assessed and recorded before the study. One-way ANOVA was 
used to calculate and compare the mean and standard deviation data. 
The study’s homogeneity was validated as no significant changes (p > 
0.05) were found in the studied traits across the three groups (Table 
1).
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Table 1: Information about the VRG, STG, and control groups’ demographics.

Items
Group (CG) Group (STG) Group (VRG) Comparison

Mean ±SD Mean ±SD Mean ±SD F-value P-value S

Age (yrs) 43.65 ± 4.9 42.8 ±5.64 42.35 ±4.51 0.34 0.71 NS

Weight (Kg) 78.3 ± 7.75 80.2 ±11.56 79.4 ±10.87 0.17 0.84 NS

Height (cm) 167.7 ± 6.97 169.4 ±8.53 168.4 ±6.56 0.26 0.76 NS

Pain Rating Scale (VAS)

The VRG, STG, and control groups did not significantly differ in 
pain severity during the resting period, according to the VAS analysis 
(p > 0.05). However, all three groups experienced significantly less 

pain after six weeks of training with various procedures (p 0.001) 
(Tables 2 & 3). According to the Bonferroni post hoc test and graphi-
cal display, VRG & STG pain levels were less severe than the CG’s (Fig-
ure 1). The research also showed a tendency for gains in the VRG and 
STG categories.

Table 2: The results of the ANOVA for the three groups.
Variable Treatment SS MS F P- value S

Pain intensity Pre-Treatment Between 1.43 0.71

Groups

Within Groups 101.5 1.78 0.4 0.67 NS

Total 102.93

Post Treatment Between 319.43 159.71

Groups

Within Groups 92.5 1.62 98.42 0.0003 S

Total 411.93

Functional Pre-Treatment Between 24.45 12.22

disabilities Groups

level Within Groups 8447.45 148.2 0.08 0.92 NS

Total 8471.9

Post Treatment Between 12154.64 6077.32

Groups

Within Groups 4595.99 80.63 75.37 0.0004 S

Total 16750.63

lumbar Pre-Treatment Between .184 .092

repositioning Groups

accuracy Within Groups 131.703 2.311 0.04 0.96 NS

Total 131.887

Note: SS to The sum of Squares, MS to Mean Square, P to Probability, S to Significance, and NS to Non-Significant are abbreviations used in statistics.

Table 3: Post hoc analysis of the three groups.
Post Treatment Mean difference P value S

Pain intensity

CG compared with Group STG 4.35 0.0004 S

Group CG compared with Group VRG 5.3 0.0002 S

Group STG compared with Group VRG 0.95 0.02 S
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Functional disabilities level

Group CG compared with Group STG 23.44 0.0003 S

Group CG compared with Group VRG 34.06 0.0002 S

Group STG compared with Group VRG 10.62 0.0004 S

lumbar repositioning accuracy

Group CG compared with Group STG 3.01 0.0001 S

Group CG compared with Group VRG 1.56 0.0004 S

Group STG compared with Group VRG 1.45 0.0004 S

Note: P refers to probability, and S to significance.

Level of Functional Disabilities

Using the Oswestry Disability Index (ODI), we looked at the se-
verity of functional limitations experienced during movement for the 
VRG, STG, and control groups (Tables 2 & 3). After the 6-week inter-
ventions, however, we saw substantial statistical differences (p 0.001) 
between the groups that were not present in the baseline data (p > 
0.05). For the VRG and STG groups, we discovered stronger evidence 
of improvement in the level of functional limitations in the post hoc 
Bonferroni test (Figure 2).

Precision of Lumbar Repositioning

An examination of the effectiveness of lumbar repositioning 
before and after a 6-week intervention is presented in (Tables 2 & 
3). The initial data did not show any differences between the three 
groups that were statistically significant (p > 0.05). However, from 
the pre- intervention to the post-intervention, all groups significantly 
improved in every area (p 0.001). The post hoc Bonferroni test con-
firmed that the VRG group showed a larger tendency toward improve-
ment (Figure 3).

Figure 2.

Figure 3: Lumbar Repositioning Accuracy.
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Discussion
This study examined the effects of classical training, VRG, STG, 

and functional limitations in individuals with persistent LBP. The 
study measured pain severity and functional limitations using VAS 
and ODI, and the results were reliable and consistent. Prior investi-
gations suggested tissue damage or injury was the reason also found 
that participants reported higher degrees of pain intensity and func-
tional impairments before training (Bozorgmehr, et al. [28,29]). The 
paraspinal muscles become less active, the spine becomes unstable, 
and the trunk becomes unbalanced. Additionally, the role of biolog-
ical plasticity showed the link between pain and functional limita-
tions in those with CLBP (Hodges, et al. [30]). This study found that 
functional limitations and discomfort levels significantly decreased in 
both the VRG and STG groups. The paravertebral muscles were given 
priority during the exercises to accomplish this improvement. Mus-
cle weakness is typical in people with spinal pain and lumbar disc 
herniation, making it difficult to maintain stability while moving or 
in still situations. The central nervous system may overcompensate 
for this deficit by inducing paraspinal muscular spasms to improve 
strength (Masse-Alarie, et al. [9,10]). Unfortunately, as stated by Fryer 
[31], this spasm can result in nociceptor stimulation, impaired muscle 
circulation, and metabolite accumulation, leading to increased pain 
and more disruption of microcirculation. It has been demonstrated 
that VR stimulates the sensory system and improves motor function, 
Improving the strength of muscle groups (Wi [21]). 

This may lessen discomfort and functional limitations. VR can has-
ten motor learning using real-time feedback to guide players through 
activities and swiftly advance to the next level in games (Tieri [17]). 
Additionally, by modifying the environment, VR games can adjust how 
painful they seem (Papadopoulos, et al. [15]). Gamers’ attention, con-
centration, memory, and working ability can all be improved, as well 
as their fear of movement (Jung [32,33]). These results differ from the 
study by Danneels, et al. [34], but are in line with other investigations. 
Compared to the control group, the group who underwent lumbar 
stabilization exercises, or STG, showed a considerable improvement 
in their capacity to precisely realign their lumbar spine. The exer-
cises’ impact on the lumbar spine’s neuromuscular control system, 
resolving multifidus muscle dysfunction, and addressing proprio-
ceptive deficits are responsible for this improvement. Exercises for 
lumbar stabilization are designed to retrain the muscles that support 
the spine, improving motor abilities and spinal STG mental support 
and control. These exercises are crucial for enhancing the precision 
of lumbar positioning and resolving position sense impairments in 
the proprioception system’s peripheral and central components by 
treating multifidus muscle dysfunction. These exercises, which target 
the multifidus muscle specifically, cause it to contract independent-
ly from other trunk muscles, increasing its mass and cross-sectional 
area, which enhances the accuracy of the lumbar position and sensory 
units (Ahmed [18-20]). 

Deficits in lumbar position sensation may result from changes in 
the lumbosacral spine’s posture, frequently seen in people with low-
er back pain. Such modifications may impair muscular coordination, 
resulting in inaccurate body position perception. Muscle atrophy can 
also result in morphological alterations that have an additional neg-
ative effect on the sensorimotor cortex. Fortunately, lumbar stability 
exercises and skilled motor training can improve lumbar position ac-
curacy. In patients with deficiencies, these activities improve proprio-
ception because they cause a higher plastic change in the motor cortex 
than strength training does. Therefore, in patients with propriocep-
tion impairments, the remodeling of the motor cortex through skilled 
motor training may be related to improved lumbar position accuracy 
(Hlaing [35-37]). Compared to the STG group, the VRG group showed 
a noticeably greater improvement in their capacity to precisely re-
align the lumbar region. The benefits of VR therapy are credited for 
this improvement. VR-induced biomechanical modifications are hy-
pothesized to physiologically affect how sensory information enters 
the central nervous system. The signaling capabilities of neurons in 
paraspinal tissues responsive to mechanical or chemical stimuli can 
also be impacted by changes in biomechanics between vertebral STG 
ments. These changes in sensory input can alter neural integration by 
directly changing reflex activity or impacting central neural integra-
tion within motor neuronal pools. 

Ultimately, modifications to sensory input may result in modifi-
cations to efferent somatomotor function. VR alters how paraspinal 
tissues send sensory impulses into the brain to improve physiologi-
cal function (Levac [13,16,17,21,33]). This study has the advantage of 
providing real-time, accurate clinical analysis for people with CLBP. 
However, it is crucial to consider some restrictions. First, the results 
were difficult to extrapolate due to the small sample size. The data 
interpretation did not consider other measurements like the range 
of motion and muscle strength. Lastly, follow-up measurements that 
could have offered insightful information over a long period were not 
carried out. Recent studies have shown that using VRE and STG in 
clinical settings has been quite helpful in treating CLBP, demonstrat-
ing their potency in identifying and reducing pain. However, further 
investigation is required to identify the neurochemical pathways and 
physical mechanisms behind the beneficial effects of virtual reality 
and stability exercises on CLBP.

Conclusion
The findings of this study suggest that mixing stability exercis-

es and virtual reality into training regimens is a more successful 
approach than conventional exercise programs for enhancing pain 
management and functional impairments. Additionally, virtual real-
ity improved lumbar repositioning accuracy slightly more for people 
with persistent low back pain than stability training.
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