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Introduction: Local treatment of venous leg ulcers is often a prolonged and
painful process. The latest recommendations from the European Wound
Management Association emphasize a holistic approach to patient care,
integrating pharmacological and non-pharmacological methods.

Objective: The aim of the study was to assess the impact of virtual reality (used
during wound cleansing procedure) on the quality of life of patients with venous
leg ulcers.

Methods: The randomized controlled trial included 60 patients with venous leg
ulcers, who were randomly divided into two groups. The experimental group was
exposed to virtual reality during wound cleansing, while the control group did not.
Patients’ quality of life was analyzed with the WHOQOL-BREF questionnaire.

Results: At a follow-up assessment conducted 7 days post-treatment, patients in
the experimental group reported significantly higher ratings of overall quality of
life—across multiple domains—as well as individual perceptions of health,
compared to those in the control group.

Conclusion: Virtual reality can serve as a supportive therapy in the treatment of
venous leg ulcers, acting as a non-pharmacological tool to reduce pain, improve
quality of life, and positively influence patients” attitudes toward treatment.

KEYWORDS
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1 Introduction

The problem of hard-to-heal wounds is a global issue. The presence of wounds,
particularly hard-to-heal ones, significantly affects patients’ quality of life. As society
ages and faces growing health challenges such as cardiovascular diseases, diabetes,
obesity, infections, and antibiotic resistance, it is predicted that hard-to-heal wounds
will become a major clinical, social, and economic challenge. Wound treatment requires
a holistic approach, as well as the involvement of multidisciplinary clinical teams
(Harding, 2022).
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The exact prevalence of hard-to-heal wounds in many European
countries remains unclear due to the complexity of disease
classification systems (such as the International Statistical
Classification of Diseases and Related Health Problems-ICD-10)
and inadequate epidemiological surveillance. Without national
wound registries, epidemiological and treatment cost estimates
are often extrapolated from data from industrialized countries
with comprehensive statistics (Lazarus et al., 1994).

Venous leg ulcers occur most often in elderly individuals with
chronic venous insufficiency. Due to the lack of a systematized
registration process, it is not possible to provide exact data related to
its epidemiology (Probst et al., 2023). In Poland, there are also no
precise statistics regarding the status of hard-to-heal wounds. In the
largest epidemiological study conducted in Poland so far, which
included 40,095 patients of family doctors, active venous ulcers were
detected in 0.55% of respondents, while the presence of active or
healed ulcers was found in 1.52% of individuals. Therefore, it is
necessary to conduct continuous research and establish a common
methodological strategy to determine the exact scale of the problem
(Jawien et al., 2011).

Patients with hard-to-heal wounds often suffer from persistent
pain, stress, depression, and anxiety about an uncertain future,
which can lead to social exclusion. Due to pain, limited mobility,
and the need for ongoing medical care, they struggle to participate in
public and family life. Many are forced to leave their jobs and social
activities, leading to isolation and a decreased quality of life.
Additionally, access to specialized wound care clinics and
hospitals can be challenging for many patients (Kapp and
Santamaria, 2017; Finlayson et al., 2017).

When planning care for a patient with a hard-to-heal wound, it
is always necessary to consider not only physical limitations but also
economic status, education, access to medical facilities, living
conditions, and support from loved ones (Vogt et al., 2020). The
economic situation can directly impact treatment and rehabilitation,
as poor socio-economic conditions affect both access to healthcare
services and the ability to use them (Borges et al., 2018).

According to the World Health Organization (WHO), quality of
life is defined as the “individual perception by a person of their life
position in the cultural context and value system in which they live,
and in relation to tasks, expectations, and standards determined by
environmental conditions” (WHOQOL Group, 1995). This definition
presents a holistic approach, including health, social, and economic
aspects. In the treatment process of venous leg ulcers, attention is
often focused solely on the wound itself, whereas for many patients,
whose wounds have a poor prognosis, improving quality of life
becomes more important (Olsson and Friman, 2020). Quality of
life questionnaires provide essential information about the domains
of life that deteriorate and allow for the overall monitoring of a
patient’s quality of life, helping to implement necessary interventions
to improve it (Savadkoohi et al., 2023).

Quality of life questionnaires have been used for a long time
among patients with hard-to-heal wounds (Eckert et al., 2023).
There are many general and specific tools for assessing quality of life
in patients with non-healing wounds, differing in length and
complexity, which is why various studies aim to develop a
standardized quality-of-life tool for patients with hard-to-heal
wounds (Krupova and Pokornd, 2020). In one of these studies,
an assessment of quality of life was conducted in patients included in
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the Comprehensive Chronic Wound Treatment Program during
their first and last visit to the clinic (after 4 weeks). Implementation
goal of this program is not only the treatment of hard-to-heal
wounds but also prevention and education for patients and their
families. The study utilized WHOQOL-BREF and Wound QoL as
tools for collecting data on quality of life. After 4 weeks, higher mean
values of quality of life assessment were found in all domains (Pytlak
et al, 2023). The development and implementation of wound
treatment strategies, which focus on improving health-related
quality of life and effectively reducing costs for this patient
group, is a challenge for modern healthcare systems worldwide
(Olsson et al., 2019).

Successful wound treatment depends on multiple factors,
including dressings, compression therapy,
physiotherapy,
management. It is proven, that stress, sleep disorders, poor

proper nutrition
education, smoking cessation, and pain
nutrition, and depression also directly impact the inflammatory
response, thereby hindering wound healing (Moffatt et al., 2009).
However, pain management remains one of the most overlooked
aspects of wound care. Many patients experience severe pain,
especially during dressing changes, and while nonsteroidal anti-
inflammatory drugs (NSAIDs) are often the first choice, escalating
pain frequently leads to the use of narcotics (Szkiler et al., 2024).

Pharmacological treatment should follow the World Health
Organization (WHO) analgesic ladder. NSAIDs have a ceiling
effect beyond which they cause adverse effects without additional
pain relief. Furthermore, prolonged use of NSAIDs, corticosteroids,
anticoagulants, aspirin, or other blood thinners can delay wound
healing (Szkiler et al., 2024). Indeed, many patients report that the
painkillers they receive are insufficient, and the wound dressing
change procedure is stressful, negatively affecting their daily
functioning (Herberger et al., 2011).

Differences in pain perception between women and men have
been observed in numerous studies in recent years, with women
showing increased pain sensitivity. Many biopsychosocial
mechanisms contribute to differences in pain perception between
genders, including sex hormones, genetic factors, and coping
strategies for pain (Bartley and Filingim, 2013). A multicentre
study found that women with hard-to-heal wounds have a lower
quality of life compared to men (Reinboldt-Jockenhofer et al., 2021).

The longer the pain lasts, the higher the probability of structural
changes in the brain, particularly atrophy of grey matter. The
consequences of these changes may include: difficulties in
establishing social interactions, sleep problems, and an increased
risk of depression. People prone to catastrophizing experience
greater difficulties in rehabilitation, avoid movement, which can
lead to deep vein thrombosis or pneumonia. There is also a high
probability that such patients will want to take higher doses of
painkillers. Additionally, stress causes excessive cortisol secretion,
and its increased level may limit glucose absorption by muscles.
Untreated pain contributes to an increase in cortisol levels, which, in
turn, begins to destroy muscles, leading to muscle mass loss and
delaying the wound healing process (Lalkhen, 2021).

All in all, pain significantly worsens patients’ quality of life.
Recognizing this, the European Wound Management Association
released a document, Holistic Management of Wound-Related Pain,
advocating for the integration of non-pharmacological methods
alongside standard pharmacotherapy (Holloway et al., 2024). One
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such approach is virtual reality, which serves as a distraction tool by
engaging both vision and hearing. This immersive technology
creates the illusion of being in a relaxing and familiar virtual
environment, reducing stress and pain during medical procedures
such as wound cleaning and dressing changes (Spyrka et al., 2024).

Virtual reality, as a non-pharmacological method of pain relief, has
already been used in the treatment of burns (Smith et al., 2022), in the
rehabilitation of burn patients (Lan et al., 2023), and as an educational
and training tool in medicine (Izard et al., 2018). It has been observed
that virtual reality helps improve both physical and mental functioning
(Riches et al., 2023). This is particularly important in modern times,
with the occurrence of various pandemics, such as COVID-19, bringing
significant changes to most aspects of life, and patients themselves being
more exposed to stress, low mood, and negative effects related to
physical and mental health (Siani and Marley, 2021).

Using an appropriate application and introducing the patient
into a state of relaxation can not only alleviate pain symptoms but
also create a positive attitude toward treatment. For many years,
scientists have been studying the relationship between positive
thinking, quality of life, disease prevention, and treatment.
Numerous studies indicate a beneficial impact of a positive
attitude on health, and patients with such an attitude are less
vulnerable to stress and illness (Ismail, 2023).

However, in the available literature there is no study showing the
impact of virtual reality on the quality of life of patients with venous
leg ulcers. Therefore, this study is original, and the results can be
subject to international discussion. Virtual reality may become an
essential element in the treatment process of venous leg ulcers,
positively influencing all domains of life. VR has also the potential to
be used during dressing changes, as emphasized by EWMA
(European Wound Management Association) in recent document
concerning palliative wound care.

2 Materials and methods
2.1 Research group

The randomized controlled trial included 60 patients with venous
leg ulcers, randomly assigned to an experimental or control
group. Patients in the experimental group used virtual reality
goggles during mechanical wound cleaning, while those in the
control group underwent the procedure without virtual reality (VR).

The study was conducted at three different medical centres:
Surgical Outpatient Clinic of Krapkowice Health Centre, Surgical
Outpatient Clinic and Healthcare Centre of Jan Pawel II District
Hospital in Wloszczowa, Wound Treatment Clinic of Specialist
Hospital of priest B. Markiewicz Subcarpathian oncology Centre
in Brzozowo.

The data were collected between July and October 2023.

2.2 Inclusion and exclusion criteria
Inclusion Criteria:

o A wound that has been treated unsuccessfully for more
than 3 months
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FIGURE 1
One of the scenes from the guided meditation VR application.

o A wound with an area of up to 20 cm?
o A wound in the proliferative phase of healing
« Signed informed consent to participate in the study

Exclusion Criteria:

Patients with claustrophobia
Patients with epilepsy or schizophrenia

Patients who had undergone cataract surgery or other eye
procedures

o Patients with a history of stroke currently undergoing
neurological treatment

Patients with wounds on other stage of healing than
proliferative

Patients who did not provide informed consent

Patients with complete hearing loss

2.3 Research tools

2.3.1 Virtual reality

The study used Oculus Meta Quest 2, a stand-alone virtual
reality headset that does not require a computer connection. The
Guided Meditation VR application, available on the Meta Quest
platform, allowed patients to immerse themselves in a chosen virtual
setting, such as a beach or mountains (Figure 1).

The headset includes a communication module along with the
built-in SNAPDRAGON XR2 processor, internal memory, battery,
speakers, microphone, and two motion-tracking controllers. It is
equipped with an adjustable head strap, as well as customizable
interpupillary distance (IPD) and image sharpness settings. The
Quest 2 headset is particularly well-suited for individuals whose
pupillary distance ranges from 56 to 70 mm, which is typical for 95%
of the adult population. Each display offers a resolution of 1832 x
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1,920 pixels, yielding a combined total resolution of 3,664 x
1,920 pixels.

Virtual reality equipment isolates the user from the real world.
Patients wore VR goggles and noise-cancelling headphones, which
blocked hospital sounds and replaced them with immersive sound
effects and relaxing music. The displayed visuals responded to head
movements, enhancing the sensation of being in a different
environment and increasing the

distracting effect during

the procedure.

2.3.2 Life quality questionnaire
Patients completed on study inclusion the WHOQOL-BREF
questionnaire, which evaluates quality of life across four domains:

1. Physical health (daily activities, energy, pain, mobility) - D1
health
concentration) — D2

2. Psychological (self-esteem, emotions, memory,

3. Social relationships (personal relationships, social support,
sexual activity) — D3

4. Environment (financial resources, healthcare access, safety,

recreation, transport) — D4

The WHOQOL-BREF questionnaire was developed based on
the WHOQOL-100 questionnaire, which was created in the early
1990s at the request of the WHO as a universal research tool for
assessing quality of life. It consists of 26 questions. Additionally, the
WHOQOL-BREF includes items analyzed separately: the individual
overall perception of quality of life (WHO 1) and the individual
overall perception of health (WHO 2).

Patients repeated the WHOQOL-BREF questionnaire in a
follow-up visit after 7 days. Additionally, the following data were
analyzed: sex, age, education, marital status, source of income, place
duration of ulcer

of residence, socio-economic conditions,

and wound area.

2.4 Research procedure—wound
debridement

All patients underwent Doppler ultrasound to assess lower limb
blood flow and exclude ulcers of non-venous origin.

Patients were also carefully analyzed for inclusion and exclusion
criteria. In particular, it was ensured that the wounds were at the
same stage of healing in both groups and that there was no difference
between groups in terms of the wound initial condition. Moreover,
Clinical, Etiological, Anatomical, Pathophysiological classification
(CEAP scale) of ulcers was performed in all patients included in
the study.

During dressing changes, patients lay on an examination couch
in a semi-upright or semi-seated position in a room maintained at
23°C with 40% humidity. In experimental group, they were given
basic instructions on using the VR headset, and the lens spacing was
adjusted for optimal clarity. Patients were then fitted with the
headset and given 5 minutes to acclimate before the dressing
change began. Patients in control group underwent dressing
change procedure without VR headset application.

In both groups the wound was cleaned using an antiseptic
solution containing 0.1% polyhexanide and poloxamer 188,
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followed by mechanical debridement with a sterile Volkmann
spoon. After debridement a copper wound dressing (MedCu
Technologies Ltd.) was applied for 7 days.

2.5 Statistical analysis

The statistical analysis was carried out using the Statistica
13.3 TIBCO software from StatSoft, while the database and
graphical presentation of results were prepared in Microsoft Excel.
Both parametric and non-parametric tests were used for variable
analysis. The choice of parametric test was conditioned by meeting its
basic assumptions, i.e., the conformity of the distributions of the
examined variables with the normal distribution, which was verified
using the Shapiro-Wilk test. To assess differences in the average level
of a numerical variable in two populations, the Student’s t-test for
independent variables was used (Table 1), or alternatively, the Mann-
Whitney U test if parametric assumptions were not met (Tables 3-5).
A statistical significance level of p < 0.05 was adopted.

3 Results

No statistically significant differences were found between the
groups in terms of age, gender, marital status, source of income,
education, place of residence, source of income, ulcer surface area,
and ulcer duration among the respondents from the two
groups (Table 1).

According to CEAP scale, most patients suffered from
superficial vein system active ulcers and venous reflux (Table 2).

The changes of values (measurement II-measurement I)
obtained in the assessment of quality of life in the periods before
and 7 days after wound cleansing were recorded (Table 3).

Positive results (measurement II > measurement I) indicated an
improvement in the quality of life of patients in the period after
wound cleansing. Negative results (measurement II < measurement
I) indicated a deterioration in their quality of life after wound
cleansing. These results were marked respectively in yellow
(positive) and blue (negative).

In the group (using VR), a
improvement was obtained in each of the domains. It could be

experimental significant
due to the fact, that VR technology created a sense of safety and
relaxation, improving patient comfort during wound care. The least
significant improvement was noted in domain D3 (social
relationships), but it is still clinically significant.

In contrast, in the control group, improvement was noted only
in the environmental domain (D4). In other domains, negative
values were obtained, indicating a deterioration in patients’ quality
of life. However, the absolute values of these negative changes in the
control group are much smaller than the values of positive changes
in the experimental group, so this deterioration may not have been
clinically significant.

In the pre-wound cleansing measurement, younger individuals
(under 60 years old) had a significantly higher quality of life
compared to older individuals (60 years and above) in somatic
domain - D1 (p = 0.045) and environmental domain - D4 (p = 0.048)
(Table 3). In Measurement II, significant differences were observed
only in the environmental domain (D4) (p = 0.045).
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TABLE 1 Characteristics of the research groups—the most important anthropometric and clinical features.

Research group Control group SUM (both groups) Significance (p)

Number of patients 30 30 60 —
Gender

Female 14 15 29 (48.3%) 0,796
Male 16 15 31 (51.7%)

Age (years) 50-75 (62.10) 53-74 (62.47) 62.28 + 6.2 0,821

Place of residence

City 19 16 35 (58.3%) 0,432

Village 11 14 25 (41.7%)

Marital status

Married 14 15 29 (48.3%) 0,284
Widowed 8 5 13 (21.7%)

Single 0 3 3 (5.0%)

Other 8 7 15 (25.0%)

Source of income

Disability pension 10 14 24 (40.0%) 0,519
Retirement pension 5 3 8 (13.3%)

Sickness allowance 15 13 28 (46.7%)

Other 0 0 0 (0.0%)

Ulceration surface in cm? range (mean) 10.6-19.1 (14.59) 10.2-18.7 (13.94) 14.26 + 2.31 0,279
Time of ulceration in months; range (mean) 3-12 (6.8) 3-11 (6.4) 6.6 + 2.34 0,513
Education

Vocational 9 8 17 (28.3%) 0,693
Secondary 15 18 33 (55.0%)

Higher 6 4 10 (16.7%)

Material and living conditions

Bad 3 2 5 (8.3%)

Satisfactory 10 14 24 (40.0%)

Good 16 12 28 (46.7%)

Very good 1 2 3 (5.0%) 0,621

p - test probability index (p-value) of Student’s t-test.

TABLE 2 Classification of patients according to the clinical, etiological, anatomical, pathophysiological (CEAP) scale.

CEAP clasiffication Experimental group (n) Control group (n)
CoEpAsa 3Pr 12 11
CoEpAsspisPr 4 5
CeEpAsapispisPr 8 7
CoEpAsiPr 6 7

Ap, lesions concerning the deep vein system; Ag, lesions concerning the superficial vein system; Cq - active leg ulcer; Ep, primary lesions; n - number of patients; P, venous reflux (axial or
perforating veins).
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TABLE 3 Analysis of the difference in quality of life between two measurements (measurement ll-measurement |).

Variable Group Number of Mean Standard (Mann-whitney U (Mann-whitney U
patients difference deviation test) Z-score Test)p-value

WHO1 Experimental 30 20.67 8.28 6.29 <0.001
Control 30 —-4.00 8.14

WHO2 Experimental 30 2333 13.98 5.85 <0.001
Control 30 -2.00 6.10

D1 Experimental 30 16.60 9.25 6.18 <0.001
Control 30 -2.93 5.45

D2 Experimental 30 18.23 9.95 6.42 <0.001
Control 30 —5.47 7.93

D3 Experimental 30 2.50 6.09 221 0.027
Control 30 -1.23 3.04

D4 Experimental 30 5.83 4.34 4.72 <0.001
Control 30 0.20 1.10

P - test probability index (p-value); Z-value of the Mann-Whitney U test; WHO, 1 - Individual overall perception of quality of life; WHO, 2 - Individual overall perception of personal health;
D1 - Physical domain; D2 - Psychological domain; D3 — Social domain; D4 - Environmental domain.

TABLE 4 Analysis of quality of life in the experimental group between two measurements (measurement ll-measurement |) — depending on age.

Measurement | Measurement |l
Variable Age group Number of Mean (standard Mann-whitney Mean (standard Mann-whitney
(years) patients Deviation) U test Deviation) U test
WHO 1 <60 11 67.27 (18.49) Z=125p=0212 83.64 (17.48) Z =022 p = 0830
>60 19 60.00 (16.33) 83.16 (15.29)
WHO 2 <60 11 49.09 (16.40) Z = -0.06 p = 0.949 67.27 (16.18) 7 =-144 p = 0.149
>60 19 49.47 (13.93) 75.79 (12.61)
D1 <60 11 52.55 (15.75) Z =200 p = 0.045 64.36 (14.60) Z =030 p = 0.763
>60 19 43.11 (12.74) 62.47 (10.03)
D2 <60 11 62.55 (18.01) Z=095p = 0.344 79.18 (12.42) 7 =086 p = 0.389
>60 19 55.95 (17.02) 75.11 (12.23)
D3 <60 11 58.64 (21.11) Z=112p = 0263 61.45 (23.97) Z =136 p=0175
>60 19 50.05 (19.37) 52.37 (17.74)
D4 <60 11 7227 (17.44) Z =198 p = 0.048 76.73 (14.89) Z =200 p = 0.045
>60 19 5826 (14.55) 64.89 (12.70)

P - test probability index (p-value); Z-value of the Mann-Whitney U test; WHO, 1 - Individual overall perception of quality of life; WHO, 2 - Individual overall perception of personal health;
D1 - Physical domain; D2 - Psychological domain; D3 — Social domain; D4 - Environmental domain.

Overall analysis of the data suggest that quality of life remained
higher in younger individuals, but the differences are not always
statistically significant (Table 4).

The quality of life of patients in the pre-wound cleansing
measurement was significantly differentiated based on the
duration of their illness (p < 0.05). Patients who had been ill
for a shorter period (up to 6 months) always reported a higher
quality of life compared to those who had been ill for more
than 6 months.

In the post-wound cleansing measurement, significant
differences between the two groups (patients with disease

duration up to 6 months vs over 6 months) were observed in

Frontiers in Virtual Reality

psychological ~domain (D2), social domain (D3) and
environmental domain (D4) (p < 0.05) (Table 5).

However (independently of statistical significance) patients who
had been ill for a shorter period (up to 6 months) had a higher
quality of life compared to those who had been ill for more than

6 months (Table 5).

4 Discussion

In the treatment of hard-to-heal wounds, several factors may
affect patient adherence to medical recommendations. Quality of life
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TABLE 5 Analysis of quality of life in the experimental group between two measurements (measurement ll-measurement |) — depending disease duration.

Measurement | Measurement Il

Variable Mann-

whitney U test

Mean (standard
Deviation)

Mann-
whitney U test

Mean (standard
Deviation)

Number of
patients

Disease duration
(months)

WHO 1 <6 months 15 70.67 (14.86) Z=-249 88.00 (14.74) Z=-151
>6 months 15 54.57 (15.98) p = 0.013 78.67 (15.98) p = 0.130

WHO 2 <6 months 15 56.00 (11.21) 7 =-247 73.33 (12.34) Z=-0.21
>6 months 15 42.67 (14.86) p=0014 72.00 (16.56) p = 0836

D1 <6 months 15 55.20 (10.99) Z=-3.19 67.27 (11.24) Z =-1.89
>6 months 15 37.93 (12.24) p = 0.001 59.07 (11.00) p = 0.059

D2 <6 months 15 68.33 (14.96) Z = -3.05 81.80 (11.40) Z=-2.26
>6 months 19 48.40 (13.77) p = 0.002 71.40 (11.08) p = 0.024

D3 <6 months 15 65.13 (14.34) Z=-313 67.60 (15.38) Z=-3.13
>6 months 15 41.27 (18.08) p = 0.002 43.80 (17.77) p = 0.002

D4 <6 months 15 70.93 (14.15) Z=-261 75.47 (13.26) Z=-2.63
>6 months 15 55.87 (16.29) p = 0.009 63.00 (13.28) p = 0.008

p - test probability index (p-value); Z-value of the Mann-Whitney U test; WHO, 1 - Individual overall perception of quality of life; WHO, 2 — Individual overall perception of personal health;

D1 - Physical domain; D2 - Psychological domain; D3 - Social domain; D4 - Environmental domain.

questionnaires can assist in identifying potential barriers to
effective treatment.

According to the research conducted by Domingues et al. (2016)
and Vieira and Aratjo (2018), which used two different tools to
assess quality of life in patients with hard-to-heal wounds, most
respondents had a low education level and a low family income.
Both low education levels and low family income can contribute to
longer treatment times and impact patients” quality of life. For most
families, income is focused on meeting basic needs such as food,
clothing, and education, while additional treatment costs can affect
their living conditions. Additionally, patients with low education
levels may have difficulty understanding how to follow self-care
guidelines (Oliveira et al., 2013). Our findings revealed that the
majority of participants had completed secondary education - 55%.
However, 28.3% had vocational education, which may have
their
guidelines and instructions.

impacted level of comprehension regarding clinical

Hard-to-heal wounds affect all spheres of life, particularly the
professional activity of patients, whose absence from work becomes
so significant that they are forced to transition to early disability
pension or retirement (Szewczyk et al., 2015). Research undertaken
by Szewczyk et al. demonstrated that, 52% of patients received a
disability pension, 85.7% of respondents had to temporarily give up
work, and venous leg ulcers were the main reason for early
retirement (Szewczyk et al., 2007). Chase’s study, using the SF-36
questionnaire, showed, in turn, that venous leg ulcers cause longer
absences from professional activity (Chase et al., 2000). Our
experiment confirmed that the primary source of income for
most patients was a disability pension or sickness allowance
(Table 1). This financial limitation may hinder the treatment
process, especially if patients are required to purchase specialized
dressings more frequently. In our study, we applied in all 60 patients
anon-adherent copper wound dressing that could be maintained on
the wound for up to 7 days at any stage of the healing process
(Melamed and Borkow, 2023; Borkow and Melamed, 2025).

Age, gender, marital status, and duration of illness are also
factors analyzed to determine correlations between them and the
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quality of life of patients. The aging society is at risk of developing
hard-to-heal wounds, as there is a negative relationship between the
wound healing process and age (Wicke et al., 2009). In a study
conducted in primary healthcare in Singapore among patients with
hard-to-heal wounds, the average age of patients was 61.2 years (Zhu
et al., 2022), while in other studies, such as in Germany it was
65.3 years (Blome et al., 2014), and in Brazil it was 61.0 years (Vogt
et al, 2020). Throughout our study, we identified, the average
patient’s age was 62.28 years, which is a similar value to studies
conducted by other researchers. A negative impact of age on the
domain of vitality and mental health was observed in a study
conducted in Brazil, where the SF-36 quality of life questionnaire
was used (Dantas et al., 2022). The present study observed that
younger individuals, under the age of 60, had a significantly higher
quality of life-particularly in the somatic and environmental
domains-compared to older individuals aged 60 and
above (Table 4).

Many patients with venous leg ulcers experience discomfort due
to the existing wound, and this feeling is further intensified by
exudate and wound odor. This often leads to withdrawal and
limitation of social contacts. Ironically, although social contacts
become rarer, patients become increasingly dependent on their
families for care (Hareendran et al, 2005). According to
empirical findings, individuals who are separated or divorced
have been shown to experience a diminished quality of life,
especially regarding physical and emotional functioning (Dantas
et al,, 2022). Family support turns out to be essential in the wound
healing process and significantly impacts patients’ quality of life
(Lamotte et al., 2022). In our study, the majority of patients were
married (Table 1), which could have translated into support and
assistance with wound care and adherence to recommendations,
such as the use of compression therapy, which is a necessary element
in the treatment of venous leg ulcers.

The duration of illness also plays an important role in the quality
of life of patients with hard-to-heal wounds. An investigation
performed by Zhu et al. showed a worsening in the range of
motion among patients who had been ill for more than
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6 months (Zhu et al., 2022). Other studies have also noted a decline
in quality of life among patients who had been ill for more than
6 months (Hopman et al., 2014; De Oliveira et al., 2019). Similarly,
our findings revealed that patients with a shorter illness duration (up
to 6 month) reported a higher quality of life compared to those who
had been ill for more than 6 months. Thus, our experiment
confirmed significant differences between the two groups in the
psychological, social, and environmental domains (Table 5).

Virtual reality (VR) enables users to immerse themselves in
virtual simulations of natural environments, thereby facilitating the
experience of the benefits associated with exposure to nature without
the necessity of physically visiting these locales. This technology
engenders a sense of presence that promotes profound relaxation
and concentrated attention, which are essential elements of
mindfulness practice (Riva, 2005). Indeed, our study using the
Guided Meditation VR application shows that virtual reality is
helpful in improving quality of life, and its effectiveness is
supported by research from other scientists. In particular, the use
of nature elements has a beneficial impact on mental health.

In research conducted by Ma et al. (2025), preliminary evidence
has been presented regarding the efficacy of brief virtual reality-
based mindfulness interventions in mitigating symptoms of
depression and anxiety among university students. A total of
forty-nine university students participated in this quasi-
experimental research, which involved assessments at three
distinct time points (pre-intervention, post-intervention and
follow-up). The results demonstrated that the intervention
produced an immediate and statistically significant reduction in
anxiety and depression symptoms, alongside improvements in
mindfulness, olfactory perception, chemosensory functioning, and
sensory imagery. Importantly, the observed decrease in symptoms of
depression and anxiety was sustained for 1 week following the
intervention (Ma et al, 2025). Our experiment confirmed that
exposure to virtual reality during wound cleansing had a positive
impact, as observed during the follow-up visit. In the experimental
group (using VR), a significant improvement was obtained in each of
the domains (Table 3).

The integration of mindfulness practices with exposure to natural
environments has been demonstrated to produce substantial
health, particularly

symptoms associated with anxiety, depression, and cognitive

enhancements in mental in mitigating
fatigue (Hanley et al., 2017). Natural settings have historically been
acknowledged as potent facilitators of mindfulness practices, chiefly
due to their capacity to promote cognitive restoration and enhance
emotional wellbeing. Consequently, specific natural scenes, including
oceans, flowers, rivers, and forests, are frequently incorporated to
support mindfulness practice (Ma et al., 2023). The WHOQOL-BREF
scale used in our study includes a question regarding the experience of
negative feelings such as depression, despair and anxiety
(D2 - Psychological health), which significantly impact the healing
process and cooperation with the patient. Our experiment confirmed
that the use of nature-based applications has potential in distracting
patients during painful procedures such as wound debridement.
Other numerous studies have also substantiated the efficacy of
virtual reality (VR)-based interventions in enhancing mental health
outcomes, particularly concerning anxiety and depression. For
Failla et al. (2022) identified that VR-enhanced

mindfulness interventions were linked to significant reductions in

example,
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symptoms of anxiety and depression. In a similar vein, Navarro-Haro
et al. (2017) demonstrated that VR-facilitated mindfulness could
augment mindfulness engagement by immersing participants in
These studies
underscore the potential of VR to not only replicate natural
surroundings but also to intensify the advantages of mindfulness

tranquil, nature-based virtual environments.

by providing users with a fully immersive and distraction-free
experience that fosters emotional regulation and cognitive restoration.

To sum up, a holistic approach to patients with venous leg ulcers
may be the key to effective treatment based on good cooperation
between patient and medical staff. In the present study, the collected
data allowed for the identification of obstacles in the treatment
process and the determination of the role of virtual reality in
improving quality of life across specific domains. So far, no
similar study has been conducted. Distraction through virtual
scenes such as forests or beaches during dressing changes may
prove to be crucial for patients with hard-to-heal wounds.

4.1 Conclusion

The present study confirmed that the use of virtual reality in
patients with venous leg ulcers can have a significant positive impact
on all life domains of these patients. We also proved that factors such
as age, education, and disease duration play some role in the success
of venous leg ulcers’ treatment.

Moreover, the results suggest that virtual reality can also
thereby
impacting their engagement, adherence to recommendations, and

influence the patient’s attitude toward treatment,
even shortening the wound healing time. Patients who experienced
distraction during treatment may stop associating primary
healthcare or hospitals with painful procedures and instead see
them as places where they can take a virtual journey each time,

steadily working toward wound healing.
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