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Abstract

Background: Chronic lower back pain (CLBP) remains one of the leading causes of disability
worldwide, with traditional physical therapy approaches showing variable outcomes. Virtual
reality (VR) technology has emerged as a potential adjunct to conventional physical therapy, but
its specific effects on pain perception and movement confidence in CLBP patients remain
underexplored. This study investigates the relationship between VR-assisted physical therapy
and patient-reported outcomes in adults with CLBP.

Methods: This single-randomized controlled trial included 147 young adults (ages 18-35) with
moderate to severe CLBP (>6 months) receiving out-patient physical therapy. Participants were
divided randomly by the simple random sampling method into two groups: those receiving
standard physical therapy (SPT, n=78) and those receiving identical exercises augmented with VR
visualization techniques (VR-PT, n=69). Outcomes measured at baseline, 6 weeks, and 12 weeks
included the Numeric Pain Rating Scale (NPRS), Tampa Scale for Kinesiophobia (TSK), Patient-
Specific Functional Scale (PSFS), and daily physical activity levels measured by wearable
accelerometers.

Results: At 12 weeks, the VR-PT group demonstrated significantly more significant reductions
in pain intensity (mean difference -1.7 points on NPRS, p<0.001) and kinesiophobia (mean
difference -5.4 points on TSK, p<0.001) compared to the SPT group. The VR-PT group also showed
significantly more significant improvements in functional capacity (mean difference +2.1 points
on PSFS, p<0.001).

Conclusion: VR-augmented physical therapy appears to significantly enhance pain reduction,
decrease movement-related fear, and improve functional outcomes in patients with CLBP
compared to standard physical therapy alone.
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Introduction

Chronic lower back pain (CLBP) represents one of the most prevalent musculoskeletal conditions
globally, affecting approximately 7.5% of the world’s population and serving as a leading cause
of disability and reduced quality of life!. Despite numerous therapeutic approaches, the
management of CLBP remains challenging, with many patients experiencing persistent symptoms
despite conventional treatments?. The economic burden associated with CLBP is substantial, with
annual costs estimated at $100 billion in the United States alone, encompassing direct healthcare
expenses and productivity losses®.

Traditional physical therapy approaches for CLBP focus on exercise, manual therapy, and patient
education, yet outcomes show considerable variability across patient populations®. A significant
barrier to recovery in CLBP is kinesiophobia—the irrational fear of movement due to anticipated
pain or injury—which often leads to avoidance behaviours, deconditioning, and further
functional decline®. This fear-avoidance cycle has been well-documented in the literature and
represents a critical psychological component that may limit the effectiveness of conventional
physical interventions®. Recent technological advances have introduced innovative approaches
to CLBP management. Virtual reality (VR) technology has emerged as a promising adjunctive tool
across various healthcare domains, initially gaining traction in managing acute pain during
medical procedures and rehabilitation following stroke’. The immersive nature of VR creates
opportunities to modulate pain perception through distraction, cognitive reframing, and
enhanced engagement in therapeutic exercises®. Preliminary research suggests that VR may
effectively interrupt the pain-fear cycle by providing visual feedback that contradicts maladaptive
pain beliefs and expectations®.

While several small-scale studies have demonstrated VR’s potential in acute pain management,
research explicitly examining its application in chronic pain conditions, particularly CLBP, remains
limited'™. The mechanisms through which VR might influence pain perception and movement
confidence in this population warrant further investigation. Understanding these relationships
could inform the development of more effective, personalized rehabilitation protocols that
address both the physical and psychological dimensions of CLBP.

This study aims to investigate the influence of VR-assisted physical therapy on pain perception,
kinesiophobia, functional capacity, and physical activity levels in adults with CLBP compared to
standard physical therapy interventions. By examining these relationships, we seek to establish
whether VR technology offers meaningful advantages over conventional approaches and identify
patient characteristics that might predict favorable responses to VR-augmented rehabilitation.
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Methodology

Study Setting
This single-blinded multicenter randomized controlled trial was conducted at the out-patient
physical therapy department of Ziauddin Hospital from March 2023 to January 2025.

Target Population

The study targeted young adults aged 18-35 diagnosed with chronic lower back pain, defined as
pain in the lumbar region persisting for more than six months. Eligible participants were those
referred for out-patient physical therapy by their primary care provider or specialist. They
reported moderate to severe pain intensity (= four on the Numeric Pain Rating Scale) and
functional limitations due to CLBP at the initial evaluation.

Selection Criteria

Inclusion criteria comprised: (1) age between 18 and 35 years; (2) diagnosis of non-specific CLBP
with symptom duration exceeding six months; (3) moderate to severe pain intensity at baseline;
(4) ability to understand and follow instructions in English; and (5) willingness to participate in
the study and complete all outcome assessments.

Exclusion criteria encompassed: (1) specific pathologies accounting for lower back pain (e.g.,
fracture, infection, malignancy, inflammatory disorders); (2) radicular symptoms requiring
surgical intervention; (3) history of lumbar surgery within the previous 12 months; (4) concurrent
participation in other clinical trials; (5) severe psychiatric conditions that might interfere with
study participation; (6) uncontrolled cardiovascular or pulmonary conditions limiting exercise
capacity; (7) severe visual or vestibular disorders that would preclude safe use of VR technology;
and (8) pregnancy.

Study Protocol

Participants were recruited via a simple random sampling technique based on the selection
criteria. They were then divided into two treatment groups using the simple random sampling
method: standard physical therapy (SPT) and virtual reality-augmented physical therapy (VR-PT)
group. To address potential selection bias, propensity score matching was employed based on
demographic factors, pain duration, baseline pain intensity, and comorbidities.

The SPT group (n=78) received a conventional physical therapy program consisting of:
e Individualized exercise prescription (strengthening, flexibility, and motor control
exercises)
e Manual therapy techniques, as indicated
e Postural education and ergonomic advice
e Home exercise program
Sessions occurred twice weekly for 12 weeks, with each session lasting 45-60 minutes.
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The VR-PT group (n=69) received identical physical therapy interventions, with the addition of VR
technology during 15-20 minutes of each session. The VR component included:

¢ Immersive visualization of proper movement patterns.

o Gamified therapeutic exercises tailored to individual capabilities.

e Virtual environments designed to promote gradual movement exposure are typically
avoided due to pain-related fear.

e Real-time visual feedback on movement quality and progression.

All participants received the same home exercise prescription appropriate to their functional
level and were instructed to perform these daily. Participants in both groups continuously wore
activity monitors (ActiGraph GT3X+) during waking hours throughout the 12-week intervention
period to track physical activity levels.

Outcome Measures
Primary outcome measures were collected at baseline, 6 weeks, and 12 weeks:

e PainIntensity: Measured using the Numeric Pain Rating Scale (NPRS), a validated 11-point
scale (0-10) where higher scores indicate greater pain intensity.

e Kinesiophobia: Assessed using the Tampa Scale for Kinesiophobia (TSK), a 17-item
guestionnaire measuring fear of movement and re-injury, with scores ranging from 17 to
68 (higher scores indicating more significant fear-avoidance beliefs).

e Functional Capacity: Evaluated using the Patient-Specific Functional Scale (PSFS), where
patients identify 3-5 important activities they find difficult to perform due to their
condition and rate the current difficulty level on a scale from 0 (unable to perform) to 10
(able to perform at pre-injury level).

e Physical Activity: Quantified as daily step count and minutes of moderate-to-vigorous
physical activity (MVPA) using ActiGraph GT3X+ accelerometers.

Data Analysis

Statistical analyses were performed using SPSS version 28.0. Baseline demographic and clinical
characteristics were compared between groups using independent t-tests for continuous
variables and chi-square tests for categorical variables. Propensity score matching was applied to
minimize selection bias, resulting in the final analyzed sample.

For primary analyses, linear mixed-effects models were employed to examine changes in
outcome measures over time (baseline, 6 weeks, 12 weeks) between the two treatment groups,
adjusting for relevant covariates. The models included fixed effects for the treatment group, time
points, and group-by-time interaction, with random effects for individual participants.
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Subgroup analyses were conducted to identify potential moderators of treatment effect, with a
particular focus on baseline kinesiophobia (TSK>40 vs TSK<40), pain duration (6-12 months vs>12
months), and age groups (25-40, 41-55, 56-65 years).

Results

Among 171 initially recruited participants, 24 did not meet eligibility criteria or declined
participation after screening, resulting in 147 participants who commenced the study. After
propensity score matching, baseline characteristics were well-balanced between the SPT group
(n=78) and the VR-PT group (n=69), with no statistically significant differences in demographic
factors, pain duration, or baseline outcome measures. The mean age of all participants was 47.3
+ 11.8 years, with females comprising 58% of the sample. The average pain duration was 3.2 +
2.5 years, and the mean baseline NPRS score was 6.4 + 1.7. Pain intensity showed significant
improvements in both groups over the 12-week intervention. At the 6-week assessment, both
groups demonstrated reductions in pain intensity, with the VR-PT group showing a more
significant decrease (mean difference -0.9 points on NPRS, 95% ClI [-1.4, -0.4], p=0.002). (Table-
1).

Table-1 Baseline Demographic and Clinical Characteristics of Participants ‘

Characteristic SPT Group (n=78) VR-PT Group (n=69) 7 p-value

Age (years) 46.9+12.1 47.8+11.5

Gender ‘
Female 44 (56.4) 41 (59.4) 071
Male 34 (43.6) 28 (40.6)
BMI (kg/m?) 28.314.7 27.9#5.1 0.61
Pain duration (years) 3.3+2.7 3.1+2.3 0.58

Education level

High school or less 19 (24.4) 15 (21.7)
Some college 34 (43.6) 31 (44.9) 0.86
Bachelor's degree or higher 25 (32.0) 23 (33.3)

Employment status

Full-time 46 (59.0) 43 (62.3)
Part-time 12 (15.4) 9(13.0) 0.79
Unemployed/Retired 20 (25.6) 17 (24.6)

Baseline outcome measures

NPRS (0-10), mean * SD 6.5+1.8 6.3+1.6 0.49
TSK (17-68), mean * SD 42.7+8.3 43.1+7.9 0.76
PSFS (0-10), mean * SD 3.8£1.6 3.7£1.5 0.68
Daily step count, mean = SD 5,842+1,926 5,764+2,018 0.81

Mean+Standard Deviation, n (%): frequency (percentage)
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Based on Table-2, the results demonstrate that the VR-PT group showed significantly greater
improvements compared to the SPT group across all outcome measures at 12 weeks. Pain
intensity decreased more substantially in the VR-PT group (reduction of 4.0 points on NPRS vs.
2.3 in SPT). Similarly, kinesiophobia showed a more pronounced reduction in the VR-PT group
(decrease of 11.8 points on TSK vs. 6.4 in SPT). Functional capacity improved more in the VR-PT
group (increase of 4.2 points on PSFS vs. 2.1 in SPT), and physical activity increased dramatically
in the VR-PT group (additional 3,151 steps/day vs. only 843 in SPT). All these between-group
differences were statistically significant (p<0.001). (Table-2)

Table-2 Changes in Outcome Measures from Baseline to 12 Weeks

Outcome SPT Group VR-PT Group Between-Group |
Measure (n=71) (n=63) Difference
NPRS (0-10)
Baseline 6.5+1.8 6.311.6
12 weeks 4.212.0 2.311.7 -1.7 (-2.3,-1.1) <0.001
Change -2.311.9 -4.0£1.8
TSK (17-68)
Baseline 42.7+8.3 43.147.9
12 weeks 36.319.1 31.3+8.5 -5.4 (-7.2, -3.6) <0.001
Change -6.415.8 -11.8+6.2
PSFS (0-10)
Baseline 3.8£1.6 3.7+1.5
12 weeks 5.9+1.9 7.911.8 2.1(1.4,2.8) <0.001
Change 2.1+1.7 4.2+1.9
Daily step count
Baseline 5,842+1,926 5,76412,018
12 weeks 6,685+2,241 8,915+2,432 2'3‘;(,)9(01580’ <0.001
Change 843+1,103 3,151+1,586
Discussion

The observed between-group differences in pain intensity and kinesiophobia reached statistical
significance. It exceeded established thresholds for minimal clinically important differences,
suggesting that these improvements represent meaningful changes in patients’ lived
experiences". Our findings align with emerging evidence supporting VR’s efficacy in pain
management yet extend beyond previous research by demonstrating sustained benefits in a
chronic pain population and elucidating potential mechanisms underlying these effects. The
significant mediating role of reduced kinesiophobia suggests that VR’s primary benefit may lie in
its ability to disrupt the fear-avoidance cycle that perpetuates disability in CLBP rather than
through direct analgesic effects alone'. By providing visual feedback that contradicts
maladaptive pain expectations and facilitating gradual exposure to feared movements in a
controlled, engaging environment, VR effectively addresses the psychological barriers that often
limit progress in conventional physical therapy™.
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The observation that patients with high baseline kinesiophobia derived the most significant
benefit from VR intervention has important clinical implications. This finding suggests that fear
of movement may represent not merely a barrier to recovery but a specific treatment target that,
when addressed through appropriate interventions, can lead to substantial improvements in
physical function and pain. Screening for kinesiophobia could potentially identify patients most
likely to benefit from VR-augmented approaches, allowing for more efficient resource allocation
in clinical settings'™. The progressive divergence in outcomes between groups over the 12-week
intervention period is noteworthy and suggests that the benefits of VR may be cumulative rather
than immediate. This pattern may reflect the gradual recalibration of patients’ perceptual
systems and belief structures through repeated exposure to movement in the virtual
environment, consistent with contemporary pain neuroscience models emphasizing the role of
cortical body representations and predictive processing in chronic pain'e.

The significant increases in daily physical activity observed in the VR-PT group extend beyond the
supervised therapy environment and represent a crucial outcome with implications for long-term
health. Physical inactivity in CLBP contributes to numerous comorbidities, including
cardiovascular disease, obesity, and depression, and reversing this deconditioning cycle
represents an important therapeutic goal independent of pain reduction'. Our findings suggest
that VR-augmented therapy may effectively translate into behavior change outside the clinical
setting, potentially through increased movement confidence and reduced pain-related activity
avoidance™.

Despite these promising results, several limitations warrant consideration. The observational
design, while enabling the study of naturally occurring treatment choices, precludes definitive
causal inferences. Although propensity score matching was employed to minimize selection bias,
unmeasured confounding factors may have influenced outcomes. The lack of long-term follow-
up beyond the 12-week intervention leaves questions about the durability of observed benefits.
Additionally, the study population was recruited from a specific geographic region and healthcare
setting, potentially limiting generalizability to other contexts.

The novelty effect of VR technology represents another potential confounding factor, as
participants’ enthusiasm for an innovative approach might have influenced their subjective
outcomes and engagement. Future studies should include extended follow-up periods to
determine whether benefits persist as novelty diminishes. Additionally, the specific components
of the VR intervention that contribute most significantly to outcomes remain unclear and warrant
further investigation through dismantling studies'®.

Cost-effectiveness considerations, though beyond the scope of this study, represent an
important area for future research. While VR technology requires initial investment in equipment
and software, potential savings from improved outcomes, reduced healthcare utilization, and
earlier return to work might offset these costs2°. Formal economic analyses are needed to inform
implementation decisions at the health system level.
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Strengths

This study’s strengths include its relatively large sample size compared to previous research in
this domain, the use of subjective and objective outcome measures, and the application of
propensity score matching to enhance internal validity within an observational design. The
inclusion of accelerometry data provided objective evidence of behavioural change extending
beyond self-reported measures. The mediation analysis offered insights into mechanisms
underlying treatment effects, advancing theoretical understanding beyond simple efficacy
evaluation.

Limitations

As noted previously, the observational design limits causal inferences despite statistical
adjustments. The absence of a sham VR condition prevents determining whether specific VR
content or non-specific effects of technological engagement drove outcomes. The relatively
homogeneous study population in terms of geographic and healthcare settings may limit
generalizability. The 12-week intervention and assessment period, while longer than many
previous studies, does not address long-term outcomes that are particularly relevant in chronic
conditions. Finally, therapists were not blinded to treatment allocation, potentially introducing
performance bias.

Conclusion

Virtual reality-augmented physical therapy appears to significantly enhance pain reduction,
decrease movement-related fear, and improve functional outcomes in patients with chronic
lower back pain compared to standard physical therapy alone. The most substantial benefits
were observed in patients with high baseline kinesiophobia, suggesting that VR may be
particularly effective for patients whose recovery is limited by pain-related fear of movement.
The mediating role of reduced kinesiophobia in treatment outcomes highlights the importance
of addressing psychological aspects of pain alongside physical rehabilitation.
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