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Abstract: Background: Osteoarthritis (OA) is a common health condition that often requires procedures like
total hip arthroplasty (THA). Rehabilitation plays a crucial role in managing OA, especially in supporting
recovery and improving outcomes following THA. Given the rising demand for THA and the significant
impact of OA on mobility and quality of life, effective rehabilitation strategies are essential. This study
investigates the impact of virtual reality (VR) therapy on the psychological and functional outcomes of female
patients undergoing rehabilitation post-THA. Methods: This pilot randomized controlled trial was conducted
with 24 female patients aged 60 and older. Participants were randomized into two groups: a control group
receiving 4-week standard rehabilitation and an experimental group receiving standard rehabilitation plus VR
therapy. Psychological and functional statuses were assessed using the Hospital Anxiety and Depression Scale
(HADS), Perception of Stress Questionnaire (PSQ), and various functional tests before and after the
intervention. Results: The experimental group showed significant improvements in psychological outcomes,
with a 53% reduction in overall HADS scores and a 43% reduction in PSQ scores. Functional improvements
were also observed, with significant increases in Tinetti Test, Barthel Index, and Rivermead Motor Assessment
scores. In contrast, the control group showed no significant changes in psychological parameters and less
pronounced functional improvements. Conclusions: VR therapy effectively enhances psychological well-being
and functional recovery in women undergoing rehabilitation post-THA. These findings suggest that
integrating VR therapy into standard rehabilitation protocols could improve outcomes and should be
considered in future rehabilitation strategies.

Keywords: digital health interventions; virtual therapeutic garden; elderly women; VRET;
osteoarthritis

1. Introduction

Rehabilitation is a crucial aspect of healthcare for managing both acute and chronic conditions.
It encompasses a range of interventions aimed at reducing the impact of these conditions by
addressing physical disabilities and limitations. By alleviating pain and improving physical function,
rehabilitation enables individuals to engage more fully in meaningful life roles, including
employment. This enhanced participation, in turn, yields significant health, social, and economic
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benefits [1]. Given the global aging population and the increasing prevalence of noncommunicable
diseases, rehabilitation is now recognized as an essential health service [2].

Osteoarthritis (OA), the most common form of arthritis worldwide [3], is characterized by
cartilage degeneration in joints, osteophyte formation, subchondral sclerosis, and weakening of the
surrounding muscles [4]. These pathological changes result in pain, functional limitations, and
disability, imposing a significant burden on individuals and society. The primary symptoms of OA
include joint pain, stiffness, and restricted range of motion. The condition commonly affects multiple
joints, particularly the hips, knees, hands, feet, and spine [5].

The demand for total hip arthroplasty (THA) is rising. In 2022, a total of 64,694 hip replacement
surgeries were performed across Poland under agreements with the Polish National Health Fund
(NFZ). This accounts for a significant 61% of all such operations conducted during that period.
According to data collected by the NFZ, the three main reasons for primary hip replacement surgery
were primary bilateral coxarthrosis, femoral neck fractures, and other primary coxarthroses. In the
case of secondary hip replacement, the most common cause was mechanical complications related to
internal joint prostheses [6].

Persistent pain (PP) is the defining symptom of osteoarthritis, the most prevalent form of
arthritis. This pain prompts individuals to seek medical care and significantly contributes to
functional limitations and a diminished quality of life. Consequently, lower extremity OA is widely
recognized as the leading cause of mobility impairment in older adults [7]. PP lasting more than six
months, along with long-term physical or mental conditions, is linked to poorer psychological well-
being. The negative impact on psychological health is especially pronounced when mental conditions
or multiple pain sites are involved, potentially affecting the individual's overall health status. As a
result, it is essential to evaluate psychological well-being in those living with PP and chronic
conditions. Additionally, there is a critical need to develop clinical strategies aimed at supporting
individuals burdened by chronic conditions, PP, and diminished psychological well-being [8].
Unfortunately, psychological evaluation and intervention have not yet become standard practice in
orthopedic rehabilitation in Europe, despite strong evidence linking physical pain to mental well-
being.

Gender is a key determinant of health, significantly affecting the power and control individuals
have over various health determinants, such as socioeconomic status, roles, social rank, access to
resources, and treatment within society. Consequently, gender plays a crucial role in determining
susceptibility and exposure to various mental health risks. Numerous studies across different nations
have shown that women are approximately twice as likely as men to develop symptoms of
depression and anxiety. This heightened reactivity in women compared to men has been attributed
to differences in biological responses, self-concepts, and coping styles [9,10].

Standard care for adults who have undergone THA for end-stage osteoarthritis includes
postoperative rehabilitation aimed at optimizing function, reducing pain, and resuming normal
activities of daily living (ADL). An expert consensus on optimal rehabilitation practices following
THA strongly recommends engaging in therapeutic exercises for 4 to 8 weeks, with a frequency of
three to five sessions per week [11]. Rehabilitation programs are multifaceted, comprising various
components such as resistance exercises and gait training. These interventions can begin at various
stages after surgery, be provided at different frequencies and intensities, and be administered by a
range of personnel in various settings. Furthermore, they can be customized to fit individual, social,
and financial circumstances, as well as responses to surgery and rehabilitation. While rehabilitation
following THA is generally effective, it is still uncertain which specific interventions or components
are most beneficial and should be standardized in practice to achieve the best clinical outcomes and
reduce the risk of avoidable complications or joint failures [12].

Following THA, physiotherapy treatment typically includes passive and active mobilizations
immediately after surgery, cryotherapy, and exercises aimed at enhancing the functionality and
strength of the knee joint [13]. However, traditional physiotherapy approaches, which often involve
passive and analytical exercises, may be perceived by patients as monotonous and lacking in
motivation, as they do not actively engage the patient in their rehabilitation. Additionally, the high
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socio-economic costs associated with these treatments can prevent some patients from continuing
with the same regimen [14].

Virtual reality (VR) is a technological innovation that allows users to fully immerse themselves
in a simulated environment, providing a sense of presence through multimodal stimuli [15]. The use
of VR-based rehabilitation in orthopedic surgery, particularly for THA and total knee arthroplasty
(TKA), has significantly increased [16]. Various VR-based protocols have been suggested for post-
operative rehabilitation following TKA and THA [17]. Despite this, no studies have assessed the
effectiveness of these VR-based interventions in alleviating stress, anxiety, or depression symptoms
in osteoarthritis patients after undergoing TKA or THA. Therefore, the primary aim of the study was
to determine the impact of virtual therapy on the psychological and functional state of patients
participating in rehabilitation after total hip arthroplasty. We hypothesize that VR therapy
significantly enhances both the psychological and functional states of patients, with a positive
correlation between improvements in these two parameters.

2. Materials and Methods

2.1. Study Design, Setting and Participants

In accordance with the participant recruitment guidelines for pilot randomized trials outlined
by Julious (2005) and Whitehead et al. (2015), we consecutively enrolled 24 female patients
undergoing rehabilitation after hip arthroplasty at St. Hedwig Hospital in Trzebnica, Poland [18,19].
The recruitment period spanned from March to August 2023. The study was accepted by the Bioethics
Committee at the Wroclaw Medical University (119/KB/2023). The protocol was registered in the
ClinicalTrials.gov database (NCT06506760).

2.2. Interventions

Patients from both groups participated in a standard rehabilitation program following hip
arthroplasty, lasting four weeks as an inpatient regimen. The program included kinesitherapy with
two-hour daily gait training sessions, occupational therapy for 30 minutes each day, and
physiotherapy treatments such as laser therapy, cryotherapy, magnetic field therapy, and
electrotherapy, which were individually tailored to meet each patient's specific needs.

Additionally, patients in the experimental group participated in eight VR therapy sessions (2
times a Week), supplementing the standard rehabilitation. Each VR session lasted up to 20 minutes.
The VR therapy was conducted using the VRTierOne medical device by Stolgraf® (Stanowice,
Poland). This device was equipped with HTC VIVE VR goggles and an HTC VIVE controller that
tracked the movements of the dominant wrist. The use of VRTierOne aimed to transport patients into
a calm, virtual world, enabling relaxation and helping to soothe emotions. Each therapeutic session
began at a gate through which patients entered a garden. With each session, the garden dynamically
developed, becoming increasingly vibrant. In the middle of each therapeutic session, a mandala
appeared in the garden, which the patients were tasked with coloring. The VR therapy was based on
the principles of Ericksonian psychotherapy, utilizing metaphors, hypnosis, and symbolism.
Additionally, the background of the VR therapy consisted of relaxation music, which changed as the
therapy progressed. A detailed description of the VR therapy principles has been described in
previous works [15,20,21].

While both participants and intervention providers were aware of the group assignments
throughout the trial, no deviations from the planned intervention were observed, given the trial's
context.

2.3. Outcome Measures

Participants completed a custom questionnaire to collect basic sociodemographic data, including
age, body mass, height, BMI, education level, and marital status. The study assessed both
psychological and functional status through evaluations conducted at two time points: prior to the
intervention (week 0) and upon its completion (week 4).
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The primary outcome measure was the Hospital Anxiety and Depression Scale (HADS), which
detects depressive and anxiety states [22]. It consists of 14 questions, with 7 each related to anxiety
and depression. Higher scores on the HADS indicate higher levels of anxiety and/or depression, with
cut-off scores of 8 and above on each subscale suggesting elevated anxiety or depression, and scores
above 10 indicating a pathological state.

Secondary outcome measures included assessments of psychological status using the Perception
of Stress Questionnaire (PSQ), Generalized Self-Efficacy Scale (GSES), and Visual Analog Scale (VAS)
for pain. The PSQ measures generalized stress levels through three components: Emotional Tension,
External Stress, and Intrapsychic Stress, with overall scores ranging from 21 to 105 points [23]. A
subscale cut-off score of 20 points suggests a borderline average result, with higher scores indicating
greater tension or stress. The GSES assesses the general sense of self-efficacy, evaluating whether
patients can anticipate coping strategies for daily problems and adapt to stressful situations [24].
Scores below 25 suggest low self-efficacy, while scores above 30 indicate high self-efficacy. The VAS
for pain assessment ranges from 0 to 10, where 0 indicates no pain and 10 indicates the greatest
possible pain [25].

Functional evaluations included the Tinetti test, Barthel Index (BI), Rivermead Motor
Assessment Gross Function Subscale (RMA-GF), and Short Physical Performance Battery (SPPB).
Tinetti's Short Scale, a simplified version of the Performance-Oriented Mobility Assessment (POMA),
evaluates a patient's gait and balance through tasks such as sitting to standing, standing still for 5
seconds, walking 3 meters, turning 180 degrees, and maintaining a sitting position [26]. Each task is
rated on a 3-point Likert scale, with total scores ranging from 0 to 15, where higher scores indicate
better functional mobility. The BI analyzes patients' ability to perform daily living activities,
awarding points on a scale from 0 to 10 for each activity, with a maximum score of 100 points [27].
Higher scores indicate better functional status, while lower scores indicate greater limitations in daily
activities. The RMA-GF was used to assess patient mobility, modified to exclude the 10-meter run
and jumping tasks due to hip arthroplasty contraindications [28]. The test included 11 tasks, with
each correctly performed task earning one point, ranging from sitting independently to walking 40
meters and climbing stairs. Higher scores, up to a maximum of 11, indicated greater functional
capabilities and lower disability. The SPPB assesses the physical fitness of older adults and consists
of three different types of physical activities: balance maintenance, gait speed, and chair rising [29].
A maximum score of 12 points can be achieved, and a low score may suggest potential mobility issues
in the near future, possibly leading to the need for hospitalization or long-term care.

2.4. Data Analysis

Statistical analysis was conducted using JASP software, version 0.18.3 (University of
Amsterdam, Netherlands). Descriptive data for categorical variables were presented as frequencies
and percentages. For continuous variables, the mean and standard deviation (SD) were calculated.
Group characteristics were compared using the Chi-square test and the unpaired ¢-test. The Shapiro-
Wilk test confirmed that the distribution of the obtained results was close to normal. The effects of
the intervention between groups were evaluated using analysis of variance (ANOVA) supplemented
by unpaired t-tests for independent groups (between-group effects) and dependent groups (within-
group effects). The relationship between changes in psychological and functional parameters was
examined using Spearman's rank correlation coefficient. Values of p < 0.05 were considered
statistically significant.

3. Results

3.1. Participants Characteristics

As illustrated in Figure 1, following an initial eligibility assessment, 24 women were randomly
allocated to one of two treatment groups. One patient from the experimental group did not finish the
intervention due to eyesight problems in VR.
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Figure 1. CONSORT flow diagram.
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The average age of patients in the experimental group was 71.91 years, which was 0.26 years
lower than that in the control group (Table 1). The average height in the experimental group was 0.35
cm higher than in the control group (experimental 161.27cm and control 160.92cm). The average body

mass of patients in the VR therapy group was 0.65 kg lower (experimental 74.18kg and control
74.83kg), and the average BMI was 0.38 lower than in the control group (experimental 28.69kg/m?
and control 29.07kg/m?). Among all patients, 5 had a normal BMI, 10 were overweight, and 8 were
obese. Regarding education, 11 patients had vocational education, 9 had secondary education, and 3
had higher education. In terms of marital status, 15 patients were married, 7 were widows, and 1 was

divorced. There were no statistically significant differences between the groups in the various

variables.

Table 1. Baseline characteristics of participants.

Variable Total Experimental Control Group p Value
Group
n 23 11 12 -
Age, years 72.04 (8.63)  71.91(10.18) 72.17 (7.40) 0.95
Body height, cm 161.09 (7.40)  161.27 (5.64) 160.92 (8.98)  0.91a
Body mass, kg 7452 (11.44)  74.18 (8.57) 74.83 (13.95)  0.900
Body mass index, kg/m?  28.88(5.02)  28.69 (4.38) 29.07 (5.73) 0.862
?gml (BMUI8.5-249) 15 1 74 2 (18.18) 3 (25.00)
Overweight (BMI 25— 0.59v
299, 1 (%) 10 (43.48) 6 (54.55) 4(33.33)
Obese (BMI > 30), 11 (%) 8 (34.78) 3(27.27) 5 (41.67)
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Education, n (%)

Primary/vocational 11 (47.83) 3(27.27) 8 (66.67)
Secondary 9 (39.13) 6 (54.55) 3 (25.00) 0.17v
Higher 3(13.04) 2 (18.18) 1(8.33)

Marital status, 1 (%)
Married 15 (65.22) 5 (45.46) 10 (83.33)
Divorced 1(4.35) 1(9.09) 0 (0.00) 0.14>
Widowed 7 (30.44) 5 (45.46) 2 (16.67)

BMI: body mass index; 2 unpaired t-test; ® chi-square test. Continuous variables are expressed as mean (standard
deviation).

3.2. Psychological State

As shown in Table 2, in the context of psychological state, statistically significant changes were
observed in all measured parameters between measurement points in the experimental group, except
for HADS-D (p = 0.16). The overall HADS score significantly decreased by 53% (from 12.55 to 5.91; p
= 0.03), while the anxiety component (HADS-A) significantly reduced by 58% (from 7.00 to 2.91; p =
0.01). The overall PSQ score significantly decreased by 43% (from 64.82 to 37.00; p < 0.001). Analysis
of the individual stress components measured by the PSQ showed significant decreases: a 52%
reduction in Emotional Tension (from 24.18 to 11.55; p < 0.001), a 31% reduction in External Stress
(from 19.73 to 13.55; p = 0.01), and a 43% reduction in Intrapsychic Stress (from 20.91 to 11.91; p <
0.01). The GSES questionnaire results indicate a significant increase in self-efficacy after the
intervention by 45% (from 26.73 to 38.82; p < 0.001). The analysis of the VAS scale results showed a
significant reduction in the pain experienced by patients by 84% (from 4.55 to 0.73; p <0.001).

Table 2. Results of psychological tests, including the statistical significance of differences between the
experimental and control groups.

Experimental Group (n =11) Control Group (n=12) p Value ?
HADS
Before 12.55 (5.87) 15.25 (8.49)
After 5.1 (4.74) 15.33 (6.67)
Change  -6.64;-52.90% (-12.28; -1.00) 0.08; 0.54% (-2.51; 2.67) 0.02
p Value? 0.03 0.95
HADS-A
Before 7.00 (2.65) 7.75 (8.49)
After 2.91 (2.84) 7.50 (3.92)
Change  -4.09; -58.44% (-7.07; -1.11) -0.25; -3.23% (-1.88; 1.38) 0.01
p Value? 0.01 0.74
HADS-D
Before 5.55 (4.06) 7.50 (4.52)
After 3.00 (3.19) 7.83 (3.86)
Change  [-2.55;-45.90% (-6.33; 1.24) 0.33; 4.44% (-1.08; 1.75) 0.12
p Value® 0.16 0.62
PSQ

Before 64.82 (17.60) 58.92 (21.37)
After 37.00 (5.68) 57.08 (17.12)
Change  -27.82;-42.92% (-38.83; -16.81) -1.83; -3.11% (-9.09; 5.42) <0.001
p Value® <0.001 0.59

PSQ Emotional Tension
Before 24.18 (7.52) 20.00 (7.91)
After 11.55 (2.84) 20.08 (5.73)
Change  -12.64;-52.26% (-18.02; -7.25) 0.08; 0.41% (-2.84; 3.01) <0.01
p Value? <0.001 0.95



https://doi.org/10.20944/preprints202410.1445.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 18 October 2024 d0i:10.20944/preprints202410.1445.v1

7
PSQ External Stress

Before 19.73 (5.69) 18.17 (6.90)
After 13.55 (2.02) 18.50 (5.81)
Change -6.18;-31.34% (-10.37; -2.00) 0.33; 1.83% (-1.43; 2.10) <0.01
p Value? 0.01 0.69

PSQ Intrapsychic Stress
Before 20.91 (6.69) 20.75 (7.46)
After 11.91 (3.62) 18.50 (6.46)
Change  -9.00; -43.04% (-11.88; -6.12) -2.25;-10.84% (-5.41; 0.91) <0.01
p Value? <0.001 0.15

GSES
Before 26.73 (7.24) 28.75 (6.59)
After 38.82 (1.33) 30.00 (6.37)
Change  [12.09; 45.24% (7.61; 16.57) 1.25; 4.35% (-2.36; 4.86) <0.001
p Value? <0.001 0.46
VAS

Before 4.55 (2.70) 4.00 (2.22)
After 0.73 (1.27) 2.67 (2.02)
Change  -3.82;-84.00% (-5.35; -2.29) -1.33; -33.33% (-2.36; -0.31) 0.01
p Value? <0.001 0.02

HADS: Hospital Anxiety (A) and Depression (D) Scale; PSQ: The Perception of Stress Questionnaire; GSES:
General Self-Efficacy Scale; VAS: Visual Analog Scale for pain assessment; 2 significance of the unpaired ¢-test;®
significance of the paired t-test. Values before and after are presented as mean values (standard deviation).
Change is expressed as the mean difference and percentage change, along with 95% confidence intervals.

Compared to the experimental group, no significant changes were observed between
measurements in the control group regarding psychological state (p > 0.05), except for the VAS scale
results (p = 0.02). Additionally, significant differences in intervention efficacy were observed between
the groups in all measured psychological parameters, except for HADS-D (p =0.12, Table 2), favoring
the intervention used in the experimental group. Furthermore, the ANOVA results indicating
significant group-by-time interactions with a high effect size (%> 0.14; Table 3) confirm the observed
difference in the effectiveness of the applied interventions between the groups concerning
psychological parameters.

Table 3. Results of repeated measures analysis of variance..

Variables Mean Square F Value p Value n%
Psychological parameters

HADS 129.57 6.13 0.02 0.23
HADS-A 42.33 6.61 0.02 0.24
HADS-D 23.78 2.69 0.12 0.11
PSQ 1937.57 19.75 <0.001 0.49
ET 464.27 22.27 <0.001 0.52
ES 121.81 10.83 <0.01 0.34
IS 130.75 12.04 <0.01 0.36
GSES 837.25 17.72 <0.001 0.46
VAS 17.72 9.27 0.01 0.31
Functional parameters

1T 29.61 13.61 0.001 0.39
BI 662.06 9.79 0.01 0.32
RMA-GF 12.10 9.50 0.01 0.31
SPPB 12.10 9.50 0.01 0.31
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HADS: Hospital Anxiety and Depression Scale (A for Anxiety, D for Depression); PSQ: Perception of Stress
Questionnaire; ET: Emotional Tension; ES: External Stress; IS: Intrapsychic Stress; GSES: Generalized Self-
Efficacy Scale; VAS: Visual Analog Scale for Pain Assessment; TT: Tinetti Test; BI: Barthel Index; RMA-GEF:
Rivermead Motor Assessment Gross Function Subscale; SPPB: Short Physical Performance Battery.

3.3. Functional State

Statistical changes were observed in all measured parameters between the measurement points
in the experimental group (Table 4). After the intervention, the Tinetti Test score significantly
increased by 200% (from 3.27 to 9.82; p < 0.001). The same trend was observed in other functional
tests: the Barthel Index score increased by 66.7% (from 55.91 to 93.18; p < 0.001), the RMA-GF test
score increased by 131.9% (from 4.27 to 9.91; p < 0.001), and the SPPB test score increased by 143.2%
(from 3.36 to 8.18; p < 0.01). Similarly, in the control group a significant increase in functional
parameter outcomes was observed after the intervention (p <0.001 for Tinetti, Barthel, RMA-GF tests,
and p <0.01 for the SPPB test). Additionally, significant differences in intervention efficacy between
the groups were observed across all measured functional parameters, except for SPPB (p = 0.10, Table
4), favoring the intervention applied in the experimental group.

Furthermore, the results of the analysis of variance (ANOVA) indicating significant interactions
between group and measurement point with high effect size (7% > 0.14; Table 3) confirm the observed
difference in the efficacy of the interventions applied between the groups concerning functional
parameters.

Table 4. Functional test results, including the statistical significance of differences between the
experimental and control groups.

Experimental Group (n =11) Control Group (n=12) p Value ?
T
Before 3.27 (2.72) 3 (2.49)
After 9.82 (0.41) 6.33 (2.35)
Change  6.55;199.97% (od 4.73; 8.36) 3.33; 111.10% (2.51; 4.16) 0.001
p Value? [0.001 <0.001
BI
Before 55.91 (19.34) 53.33 (19.23)
After 93.18 (7.51) 75.42 (17.38)
Change  37.27; 66.67% (28.47; 46.08) 22.08; 41.41% (15.66; 28.5) 0.01
p Value? [0.001 <0.001
RMA-GF
Before 4.27 (2.76) 4.17 (2.66)
After 9.91 (1.04) 7.75 (2.22)
Change  5.64; 131.9% (4.35; 6.92) 3.58; 85.99% (2.8; 4.37) 0.01
p Value? [0.001 <0.001
SPPB
Before 3.36 (3,17) 2.25(2.09)
After 8.18 (3.46) 4.75 (2.90)
Change  #4.82;143.22% (2.08; 7.55) 2.50; 111.11% (1.19; 3.81) 0.10
p Value? 0.01 <0.01

TT: Tinetti Test; BI: Barthel Index; RMA-GF: Rivermead Motor Assessment Gross Function Subscale; SPPB: Short
Physical Performance Battery. Values before and after are presented as means (standard deviation). The change

is expressed as the mean difference and percent change, along with 95% confidence intervals.

3.4. Correlations

Figure 2 shows the correlation between changes in psychological parameters and changes in
functional parameters. Significant correlations were observed between the differences in
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psychological parameters and the following test results: SPPB (ranging from 0.43 to 0.74), BI (ranging
from 0.42 to 0.60), and TT (ranging from 0.54 to 0.59). For the change in RMA-GF scores, a significant
correlation of 0.43 was observed only with the change in GSES scores. All significant correlations
were positive, suggesting that larger differences between measurements in psychological parameters
correlated with greater differences in functional parameters, and vice versa.

ATT - 0.142 0.269 -0.017 0.391 0.351 0.275 0.306

A Bl — 0.19 0.384 -0.021 0.418" 0.451* 0.231 0.327

A RMA-GF 54 0.083 0.173 -0.024 0.22 0.214 0.175 0.316 0.434* 0.251

A SPPB - | 0.432° 0.492" 0.269 0.353
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Figure 2. Correlation heatmap. * p < 0.05; ** p < 0.01; ** p < 0.001. HADS: Hospital Anxiety and
Depression Scale (A for Anxiety, D for Depression); PSQ: Perception of Stress Questionnaire; ET:
Emotional Tension; ES: External Stress; IS: Intrapsychic Stress; GSES: Generalized Self-Efficacy Scale;
VAS: Visual Analog Scale for Pain Assessment; TT: Tinetti Test; BI: Barthel Index; RMA-GEF:
Rivermead Motor Assessment Gross Function Subscale; SPPB: Short Physical Performance Battery.

4. Discussion

Previous research indicates that individuals with long-term and comorbid psychological
conditions, such as depression, fear, or anxiety, tend to experience poorer healthcare outcomes,
including longer treatment durations and higher hospitalization rates [30]. This is likely due to factors
such as an increased risk of additional physical health issues and limited socioeconomic resources,
which can impede the independence of individuals whose mental health needs are not adequately
addressed in the community. However, there is limited scientific evidence on how psychological
needs affect healthcare outcomes in the context of inpatient orthopedic rehabilitation. Exploring this
impact could help reduce unnecessary costs and resource consumption within healthcare services
and identify areas where clinical best practices may need to be reviewed.

Another issue is that the current rehabilitation outcome evaluations frequently focus only on
physical functionality. Additionally, there is a lack of research on the various methods used to
identify psychological needs. As a result, the impact of broader psychological factors on other
rehabilitation objectives remains uncertain. In our opinion, investigating these aspects is crucial for
assessing the necessity of psychological screening tools and for improving the identification of needs
and the achievement of rehabilitation goals.

Given the widespread psychological needs among women aged 65 and older with OA, the
potential influence of mood, stress, pain, and psychological adjustment on rehabilitation engagement
and outcomes, and the lack of standardized methods for assessing these needs, this study aimed to
evaluate the effects of virtual therapy on the psychological and functional status of patients
undergoing rehabilitation after THA. The study hypothesized that patients with identified
psychological needs would demonstrate poorer rehabilitation outcomes. Patients with osteoarthritis
who undergo surgery often participate in specialized inpatient rehabilitation programs to develop
the physical skills and knowledge required to manage the complex and diverse challenges they
encounter. Various personal factors —including gender, social support, pain intensity, obesity [31],
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balance, cognitive function, and physical ability [32] —as well as elements like accelerated
rehabilitation and preoperative physiotherapy [33], have been shown to influence both the
accessibility and outcomes of rehabilitation. Psychological well-being, in particular, plays a critical
role in rehabilitation success, as mental health challenges such as low mood, depressive symptoms,
and anxiety are closely linked to increased pain and poorer physical health [34-37].

As anticipated in the initial hypotheses, the current findings show notable improvements in all
assessed psychological outcomes for the experimental group after rehabilitation treatment with
supporting VR therapy. In contrast, the control group's psychological status remained unchanged,
and their HADS total score even significantly increased. These results align with our previous
research across various rehabilitation areas [15,38]. Individuals with psychological needs might take
longer to achieve similar rehabilitation outcomes. This could be because physical symptoms
associated with low mood, anxiety, or negative appraisals slow down their progress. For example,
low mood has been shown to increase pain levels, which can hinder participation and engagement
in rehabilitation. While there is less research on the impact of anxiety compared to depression on
rehabilitation outcomes, Le and Dorstyn note in a meta-analysis on patients with spinal cord injuries,
that ongoing fear of secondary life-threatening conditions, such as autonomic dysreflexia, may arise
during rehabilitation [39].

It is also probable, that patients with psychological problems might have a greater overall need
for rehabilitation. They could have more rehabilitation goals left to accomplish or might benefit from
a more personalized rehabilitation program that considers their psychological health. Integrating
psychological treatment with other therapies could help maximize their progress.

Ultimately, as hypothesized and consistent with Nguven et al. [40], women with identified and
treated psychological needs showed greater improvement in nearly all rehabilitation results.
Therefore, having an identified psychological need does not universally or inevitably result in poorer
rehabilitation outcomes. Early psychological screening can significantly enhance the effectiveness of
inpatient physiotherapy. Future research should investigate specific factors that contribute to
psychological needs, such as pre-existing mental health conditions or socio-demographic influences.

The study has several limitations that should be acknowledged. First, the relatively small sample
size of 24 female participants limits the generalizability of the findings, as results may not be
applicable to males or individuals from different demographic backgrounds. Additionally, the four-
week duration of the rehabilitation program may not capture the long-term effects of the
interventions, particularly for chronic conditions like osteoarthritis. Finally, all psychological
assessments relied on self-reported scales, which can introduce bias due to participants' subjective
perceptions and potential inaccuracies in self-assessment. Addressing these limitations in future
research could improve the robustness and applicability of the findings.

5. Conclusions

VR treatment presents itself as an effective therapeutic option for women 65+ recovering from
arthroplasty surgery and undergoing inpatient rehabilitation program, potentially becoming a
standard component of treatment. Incorporating VR therapy into traditional rehabilitation protocols
not only boosts patients' psychological well-being but also promotes better functional outcomes. It is
essential to evaluate the psychological well-being of individuals experiencing PP and chronic
conditions, and to create clinical strategies to aid those affected by these issues. Despite substantial
evidence connecting physical pain with mental health, psychological assessment and intervention
have not yet become standard practice in orthopedic rehabilitation in Europe.
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