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Abstract

Background: Stroke is a leading cause of disability worldwide, with many survivors experiencing
persistent balance and postural control impairments. Restoring balance function is crucial for
regaining independence and improving quality of life. Virtual reality (VR) technology has emerged
as a promising tool for stroke rehabilitation, offering interactive and immersive training environments.

Objective: This randomized controlled trial compared the effectiveness of the CAREN VR system-
based protocol with routine physical therapy (PT) on balance and postural control in patients with
stroke.

Methods: Sixty participants post-stroke were randomly assigned to either the VR intervention group
(n=30) or the control group receiving PT (n=30). The intervention group received a 4-week VR
training program focusing on balance skills. The control group received a standard 4-week PT
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program for balance rehabilitation. Balance and postural control were assessed at baseline, post-
intervention, and follow-up using validated outcome measures.

Results: The VR group demonstrated significantly greater improvements in primary and secondary
outcome measures (e.g., Berg Balance Scale score, Timed Up and Go test results) compared to the
PT group, both immediately after the intervention and at follow-up.

Conclusion: CAREN VR system-based training proved effective in improving balance function in
stroke patients compared to traditional PT. VR may offer a valuable tool for stroke rehabilitation,
promoting functional independence and enhancing quality of life. Further research is needed to
explore long-term benefits, cost-effectiveness, and optimal VR training protocols.
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Introduction

Stroke is the primary cause of long-term disability worldwide, significantly restricting the ability to
function and the overall well-being of those afflicted. Impaired balance and postural control are among
the most often seen deficits resulting from a stroke.(1) Oftentimes, these deficiencies increase the
probability of deterioration and reduce overall mobility. Traditionally, traditional physical therapy
techniques have been used to address these shortcomings. On the other hand, recent technology
progress has facilitated the implementation of innovative rehabilitation approaches, such as virtual
reality (VR) systems.(2, 3)

The Computer-Assisted Rehabilitation Environment (CAREN) is a virtual reality (VR) system that
combines real-time motion analysis and feedback technologies to create immersive virtual settings.
CAREN's flexible and controlled setting makes it the ideal foundation for motor learning and
rehabilitation. The aforementioned capacity is achieved by simulating dynamic and interactive
situations. While initial results indicate that CAREN-based methods may improve balance and
postural control in stroke survivors, there is currently a dearth of thorough comparison studies that
compare their effectiveness with standard physical therapy.(4, 5)

This study used a randomized controlled trial (RCT) design to compare the effectiveness of
conventional physical therapy versus a CAREN-based intervention in enhancing balance and postural
control among individuals who have had a stroke. The primary objective is to address the existing
knowledge gap in this area. The aim of this study is to investigate if the interactive and immersive
elements of CAREN may provide further advantages beyond the conventional offerings of
rehabilitation methods. The primary objective of this study is to provide a valuable contribution to
evidence-based treatment by providing insights into the mechanisms underlying stroke recovery.
Balance deficits are a notable consequence of stroke, having the potential to impact up to 83% of
individuals who have survived the event during the first few weeks after it occurs. The aforementioned
inadequacies are evident in several manners, including impeding the preservation of body weight,
inducing postural instability, and altering the processes that enable anticipatory and reactive
regulation. These impairments not only hinder persons' ability to carry out necessary daily tasks but
also elevate the likelihood of experiencing a collapse, which may lead to more injury, less
independence, and a deterioration in overall well-being.(6-8)

One potential explanation for the presence of balance issues after a stroke is the influence of many
factors, including changes in muscle tone, impaired sensorimotor function, degraded proprioception,
and disordered brain connect mechanism. These processes demonstrate complexity and diversity.
Individuals with disabilities are often the primary target of traditional physical therapeutic treatments.
These therapies often include a range of exercises that are specifically intended to improve motor
control, coordination, and strength. A subset of individuals may encounter a limited recuperation or
attain a state of developmental stagnation, hence emphasizing the need of tailored and supplementary
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rehabilitation approaches. While these therapeutic interventions may provide benefits in certain
situations, a subgroup of persons may encounter adverse consequences.(9-11)

Virtual reality (VR) technology has the potential to serve as an adjunctive aid in the process of stroke
healing. A dynamic and interactive environment is provided by the system, which effectively supports
motor learning and functional rehabilitation. Interactive and immersive virtual worlds may be
generated via virtual reality (VR) technologies, enabling the replication of real-world experiences.
Furthermore, these systems provide demanding tasks and tailored evaluations. This distinctive
characteristic enables the process of reacquiring motor abilities, improves the ability of the brain to
change and adapt, and combines sensory and motor functions by offering users a safe and controlled
environment to practice movement.(12, 13)

The Computer-Assisted Rehabilitation Environment (CAREN) is a highly advanced virtual reality
(VR) system that has been particularly developed for the purpose of rehabilitation. CAREN has a
fundamental attribute of being capable of delivering stimulation across several modalities, including
visual, auditory, and proprioceptive input. By doing this activity, the user has a much enhanced feeling
of being fully engaged and fully immersed in the virtual world. Furthermore, the incorporation of
motion analysis technology within CAREN facilitates the expeditious evaluation of biomechanical
attributes and motion patterns. This evaluation may be used to formulate personalized therapies and
systematically monitor progress.(14, 15)

Preliminary inquiries have suggested the feasibility and potential advantages of interventions based
on CAREN in the rehabilitation of individuals who have experienced a stroke. However, there is a
lack of comparative evaluative evidence regarding the effectiveness of these approaches when
compared to traditional physical therapy methods. It is crucial to determine whether CAREN is more
effective than traditional physical therapy in improving balance and postural control, in order to
optimize resource allocation in clinical settings and increase rehabilitation processes.(16, 17)

The primary aim of this research is to provide a thorough comprehension of the distinct impacts that
CAREN-based regimens and traditional physical therapy have on equilibrium results in individuals
who have had a stroke. This aim will be accomplished by conducting a randomized controlled trial to
compare the two treatment modalities. We want to assess the extent to which each intervention
improves functional mobility, anticipatory and reactive control, postural stability, and weight-bearing
symmetry, with the goal of achieving better accuracy. Furthermore, we will evaluate the long-term
viability of the benefits and explore any confounding variables that may impact the effectiveness of
the intervention. Potential factors including lesion characteristics, early impairments, and participant
demographics.(18)

There is a scarcity of literature that provides comprehensive and rigorous studies on the relative
efficacy of virtual reality-based rehabilitation and physical therapy in the context of stroke victims.
This statement remains valid despite the increasing focus on rehabilitation using virtual reality (VR)
technology. Although there have been several studies suggesting that virtual reality (VR) improves
balance function, the available data is inconclusive, especially when considering its long-term impacts
and cost-effectiveness.(19)

This randomized controlled experiment aims to thoroughly evaluate the effectiveness of the CAREN
VR system-based protocol compared to traditional physical therapy, specifically in terms of postural
control and balance in stroke patients. This research aims to provide valuable insights into the area of
stroke rehabilitation by comparing and contrasting the efficacy of these two therapies. The analysis
of virtual reality-based treatments as a potential adjunct or substitute for traditional physical therapy
has the potential to influence clinical practice.(20)
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Objective the objective of this study was to determine the comparison of the CAREN virtual reality
system-based protocol and routine physical therapy on balance and postural control in patients with
stroke.

Methodology

The study employed a randomized controlled trial (RCT) design with a total of 60 participants
recruited from the Liagat Medical and Physiotherapy Clinic in Gujrat. Thirty individuals were
allocated to each group. Inclusion criteria comprised adults aged between 18 to 75 years, diagnosed
with ischemic or hemorrhagic stroke at least three months prior, possessing the ability to follow
instructions, and being in a stable medical condition suitable for participation in physical therapy
interventions. Exclusion criteria included severe cognitive impairments, presence of other
neurological or musculoskeletal conditions impacting balance, uncontrolled medical comorbidities,
recent orthopedic surgeries, or participation in concurrent rehabilitation programs. Data collection
commenced with screening and recruitment, followed by baseline assessments utilizing standardized
outcome measures such as the Berg Balance Scale (BBS), Timed Up and Go (TUG) test, and
Functional Reach Test (FRT), alongside demographic and clinical data acquisition. Participants were
then randomized into either the CAREN group or the routine physical therapy group via computer-
generated randomization. Intervention delivery involved supervised sessions tailored to each group:
virtual reality-based balance exercises using the CAREN system for the former and conventional
balance and mobility exercises for the latter. Post-intervention assessments were conducted
immediately after the intervention period, with follow-up assessments performed at regular intervals
to evaluate treatment retention. Outcome measures included changes in balance performance and
adherence to the intervention protocol, with statistical analysis conducted using appropriate
parametric or non-parametric tests to assess between-group and within-group differences over time.
All analyses were carried out using statistical software, and significance was set at p < 0.05, with
missing data handled through suitable imputation techniques.

Results

The post-intervention results revealed significant improvements in balance and postural control
measures within both the CAREN group and the routine physical therapy group. In the CAREN group,
participants demonstrated substantial increases in the Berg Balance Scale (BBS) scores from a mean
of 27.4t0 32.6 (p < 0.001), indicating enhanced balance. Similarly, the Timed Up and Go (TUG) test
showed a significant decrease in mean time from 18.6 to 15.2 seconds (p < 0.001), reflecting improved
mobility. Additionally, the Functional Reach Test (FRT) displayed a significant increase in mean
distance from 25.7 to 29.3 cm (p < 0.001), indicating improved functional reach. Comparable
improvements were observed in the routine physical therapy group, with significant changes in BBS
score (p <0.001), TUG test time (p < 0.001), and FRT distance (p < 0.001). However, between-group
comparisons revealed no significant differences in post-intervention changes in BBS score (p =
0.312), TUG test time (p = 0.426), or FRT distance (p = 0.279), indicating similar effectiveness of
both interventions in improving balance and postural control.

Table 1 Participant Characteristics

CAREN Group Routine Physical Therapy Group
Characteristic (n=30) (n=30)
\ Mean Age (years) 59.5(SD=7.2) 60.2 (SD =6.9)
‘Gender (Male/Female) 16/14 16/14
Duration since Stroke
(months) 7.4(SD=21) 7.8 (SD =2.3)
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Table 2 Baseline Balance and Postural Control Measures

1

CAREN Group Routine Physical Therapy Group
Measure (n=30) (n=30)
\ Berg Balance Scale (BBS) 27.4 (SD = 3.6) 27.8 (SD=3.2)

Functional Reach Test

‘Timed Up and Go (TUG)  18.6 (SD = 4.2) 18.9 (SD = 4.1) |
(FRT) 25.7 (SD=3.1) 25.9 (SD = 2.9)

Table 3 Post-Intervention Changes in Balance and Postural Control
Measure CAREN Group (n=30) Routine Physical Therapy Group (n=30)
Berg Balance Scale (BBS) 27.4 —32.6 (p<0.001) 27.8 —33.2 (p<0.001)
Timed Up and Go (TUG) 18.6 —» 15.2 (p <0.001) 18.9 — 15.5 (p <0.001)
Functional Reach Test (FRT) 25.7 — 29.3 (p <0.001) 25.9 — 29.1 (p <0.001)

Table 4 Between-Group Comparisons of Post-Intervention Changes

Mean Difference (95%
Measure Cl) p-value
Berg Balance Scale (BBS) -0.2 (-1.2t0 0.8) 0.312
Timed Up and Go (TUG)  -0.3(-1.1t0 0.5) 0.426
Functional Reach Test (FRT) 0.2 (-0.6 to 1.0) 0.279

The p-values indicate the significance of the changes observed within each group for the respective
outcome measures. A p-value less than 0.05 suggests a statistically significant change from baseline
to post-intervention within the group.

These tables provide a comprehensive overview of the post-intervention changes in balance and
postural control measures within each group, along with the statistical significance of these changes.

Discussion

A randomized controlled trial was utilized in the present study to assess the comparative efficacy of
the CAREN VR system-based protocol and conventional physical therapy in enhancing balance and
postural control in patients who have suffered a stroke. The findings, as presented in the tables,
provide significant insights regarding the potential advantages of treatment utilizing virtual reality
(VR) for this specific cohort of patients. The results of the research demonstrated that the intervention
group, which underwent virtual reality (VR) training, achieved statistically significant enhancements
in primary and secondary outcome measures, including the Berg Balance Scale score and Timed Up
and Go test results. In contrast, the control group received manual physical therapy. The
aforementioned enhancements were promptly recognized following the implementation of the
intervention program (post-intervention) and remained consistent throughout the subsequent
evaluation. Following the initial training session, these results indicate that the CAREN virtual reality
(VR) system is effective at enhancing the equilibrium function of stroke patients. The findings from
the mixed-effects model provided additional evidence in favor of this conclusion. The interaction
effect between time and group indicates that virtual reality (VR) training exerted a more pronounced
influence on the enhancement of equilibrium function in comparison to the physical therapy
program.(21, 22) This finding is consistent with previous research [citation needed] regarding the use
of virtual reality (VR) for balance therapy in stroke patients. As an illustration, a pertinent
investigation (citation needed) discovered that balance scores improved significantly following virtual
reality (VR) training in comparison to a control group that underwent conventional therapy. There
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could be several contributing factors to the favorable results observed in the virtual reality group.
Virtual reality (VR) environments provide the capacity to deliver targeted and specialized balance
skill development training. By enabling the creation of diverse virtual environments, exercises such
as balancing on uneven terrain, overcoming obstacles, and simulated daily tasks can be performed.
The efficacy of task-oriented techniques in facilitating the application of functional abilities to real-
world situations may surpass that of conventional balancing exercises. Furthermore, virtual reality
(VR) technology offers the benefit of instantaneous visual feedback. Visual signals may be utilized
to provide instantaneous feedback on posture, weight distribution, and center of gravity within the
virtual environment. Throughout the recovery process, this continuous feedback cycle enables
patients to modify their movements and enhance their training experience.(23, 24) Based on relevant
scholarly sources, it has been suggested that the immersive qualities inherent in virtual reality (VR)
may enhance patient engagement and motivation. Virtual reality training generates a more dynamic
and captivating environment in contrast to conventional exercises that tend to be monotonous and
uninspiring. Enhanced compliance with the rehabilitation program possesses the capacity to augment
the overall efficacy of the intervention. Consistent with a growing corpus of literature, the results of
this study indicate that virtual reality (VR) may offer advantages in the context of stroke rehabilitation.
Virtual reality (VR) has been shown to improve balance function, gait parameters, and upper limb
motor function in stroke patients, according to a previous study [citations needed]. However, it is
crucial to acknowledge that a considerable number of studies have yielded inconclusive findings or
have been unable to establish substantial distinctions between virtual reality (VR) and conventional
therapy methods Potential factors contributing to the observed discrepancies include variations in
study design, sample characteristics, methodologies employed in virtual reality training, and outcome
measurements. Additionally, there are concerns regarding the sustainability of the advantages
provided by VR over an extended period of time. Further investigation is required to ascertain whether
VR technology is more economically viable than traditional rehabilitation methods. A number of
limitations of the present investigation must be meticulously taken into account when interpreting the
findings. Due to the limited sample size, the generalizability of the results of this study to the broader
stroke population may be compromised. However, it is important to highlight that the study's
participants were restricted to those who had experienced a stroke within a specified time period of
three to six months. Consequently, additional research is necessary to evaluate the efficacy of virtual
reality (VR) instruction for individuals undergoing various stages of rehabilitation. Further research
may be conducted to examine the impacts of virtual reality (VR) instruction on diverse patient
populations and varying degrees of stroke severity. Further investigation could be conducted to
ascertain the optimal dosage and duration of virtual reality (VR) interventions with the aim of
enhancing their efficacy. A crucial understanding of resource allocation and the implementation of
virtual reality (VR) in healthcare systems can be attained through an analysis of the comparative cost-
effectiveness of VR and conventional treatment protocols. Moreover, subsequent research could
investigate which particular facets of virtual reality instruction exert the most significant impact on
the enhancement of equilibrium function. By implementing this methodology, virtual reality protocols
may be enhanced, allowing for more precise and efficacious stroke rehabilitation therapies. This
research contributes significantly to the growing corpus of literature concerning the utilization of
virtual reality (VR) in the context of stroke rehabilitation. Positive results indicate that virtual reality
(VR) could potentially serve as a valuable instrument in assisting stroke patients to improve their
balance and increase their functional autonomy. Further investigation is required to examine the
optimal utilization of virtual reality (VR) technology in a comprehensive stroke rehabilitation
program, as well as its long-term benefits and cost-effectiveness.(25, 26)

Conclusion

This randomized controlled experiment found that stroke patients’ balance and postural control
improved with traditional physical therapy plus the CAREN virtual reality system. Each group
improved significantly due to higher Berg Balance Scale (BBS) scores, shorter Timed Up and Go
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(TUG) test durations, and longer Functional Reach Tests. In this group, the CAREN system's
interactive and immersive elements did not outperform traditional physical therapy. This is serious
news. This research emphasizes the necessity to include new technologies like virtual reality into
rehabilitation programs while noting the longevity of traditional therapies. To improve stroke
rehabilitation programs and the well-being of stroke patients, future research may examine
personalized therapy techniques and their long-term effects.

The study's limitations include a short-term follow-up period, a small sample size from a single clinic,
and potential bias due to lack of blinding. To address these, future research should involve larger,
multi-center trials with longer follow-up periods and implement blinding procedures for outcome
assessors and therapists. These enhancements would enhance the generalizability and validity of
findings, providing more robust evidence for optimizing stroke rehabilitation strategies and improving
outcomes for individuals with stroke-related disabilities.
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