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Abstract

This study aimed to compare the effectiveness of a combined virtual reality and
mindfulness treatment with a short-term mindfulness intervention in reducing pain
catastrophizing among individuals with spinal cord injury. The study was conducted in
two phases. The first phase involved content validation of the combined virtual reality and
mindfulness treatment protocol, while the second phase employed a quasi-experimental
pretest—posttest design with a control group and a two-month follow-up. Five psychology
experts familiar with cognitive-behavioral interventions and virtual reality were
purposively selected for the content-validation phase. In the second phase, the population
comprised individuals with quadriplegic spinal cord injury attending rehabilitation and
supportive centers in Fars Province. Forty-five eligible participants were selected through
purposive sampling and randomly assigned to three groups: combined virtual reality and
mindfulness treatment (n=15), short-term mindfulness intervention (n=15), and control
(n=15). Both experimental groups received eight 14-minute intervention sessions,
whereas the control group received no intervention. Pain catastrophizing was assessed
using the Pain Catastrophizing Scale developed by Sullivan et al. Data were analyzed
using repeated-measures analysis of variance and Bonferroni post-hoc tests. Repeated-
measures analysis demonstrated a significant main effect of time on pain catastrophizing
(F=27.918, p<0.001, n*=0.333) and a significant time X group interaction (F=4.409,
p<0.001,71?>=0.191). A significant between-group difference was also observed (p<0.001).
Bonferroni comparisons indicated significant reductions in pain catastrophizing from
pretest to posttest and from pretest to follow-up in both intervention groups (p<0.05),
whereas posttest-to-follow-up  differences were nonsignificant (p>0.05), indicating
maintenance of treatment effects. Moreover, the combined virtual reality and mindfulness
treatment produced a significantly greater reduction in pain catastrophizing than the short-
term mindfulness intervention (p<0.05). Both interventions effectively reduced pain
catastrophizing in individuals with spinal cord injury, and their effects were maintained
at follow-up. However, the combined virtual reality and mindfulness treatment
demonstrated greater effectiveness, suggesting that this multimodal approach may
represent a useful intervention for psychological and rehabilitation programs targeting
pain-related maladaptive cognitions in individuals with spinal cord injury.

Keywords: Spinal cord injury; Pain catastrophizing; Virtual reality; Mindfulness;
Combined treatment; Short-term mindfulness intervention.
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EXTENDED ABSTRACT

Introduction

Spinal cord injury (SCI) is a severe neurological condition associated with persistent motor, sensory,
autonomic, psychological, and social consequences that extend well beyond the initial neurological
impairment. Individuals with SCI frequently experience substantial restrictions in independence, participation,
mobility, and quality of life, while the long-term process of recovery requires adaptation not only to physical
disability but also to major psychological and social changes (Ferber & Anderson, 2025; Snell et al., 2025).
Recent evidence further indicates that traumatic SCI is associated with an increased vulnerability to psychiatric
disorders and other mental health problems, highlighting the need for rehabilitation programs that address
psychological as well as physical outcomes (Li et al., 2025). Among the most persistent complications of SCI
is chronic pain, which is shaped not only by nociceptive and neuropathic processes but also by cognitive and
emotional responses to pain. Pain catastrophizing is particularly important in this regard and is characterized
by rumination about pain, magnification of its threat, and feelings of helplessness in coping with painful
experiences. In individuals with SCI and other chronic pain conditions, greater pain catastrophizing has been
associated with more severe pain-related difficulties, impaired daily functioning, anxiety, depressive
symptoms, and other adverse outcomes (Craig et al., 2020; Gnall et al., 2024; Hearn et al., 2025).
Consequently, interventions that modify maladaptive attentional, cognitive, and emotional responses to pain
may be especially valuable in SCI rehabilitation. Mindfulness-based interventions have received increasing
attention because they train individuals to direct attention intentionally toward present-moment experience
while observing thoughts, emotions, and bodily sensations in a nonjudgmental manner. Evidence suggests that
mindfulness can reduce maladaptive cognitive engagement, enhance acceptance, improve emotional
functioning, and reduce psychological symptoms across different clinical populations (Bernstein et al., 2012;
Lietal., 2023). In people with SCI, mindfulness-based approaches have shown promise for improving health
and wellbeing and reducing pain-related and emotional difficulties (Bhattarai etal., 2024; Reilly etal., 2025).
Previous studies have also demonstrated that mindfulness-based cognitive therapy and related acceptance-
oriented approaches can reduce pain catastrophizing in patients with SCI and other chronic medical conditions
(Jahangiri et al., 2024; Kashefimehr et al., 2022; Mozaffari et al., 2024). Brief mindfulness interventions
may be especially useful in clinical rehabilitation because they require less time and may improve feasibility
and adherence while still influencing attention and acceptance processes (Gao & Zhang, 2023; Rahl et al.,
2017). Nevertheless, conventional mindfulness exercises may be challenging for patients who experience
difficulty sustaining attention because of persistent pain, intrusive thoughts, fatigue, or environmental
distractions. Virtual reality (VR) offers a potential method for overcoming some of these limitations by
creating immersive, controlled, and multisensory environments capable of directing attention and increasing
engagement in therapeutic exercises (Manshei, 2021; Maples-Keller et al., 2018). VR has increasingly been
incorporated into SCI rehabilitation, with preliminary evidence suggesting benefits for physical training,
cognitive rehabilitation, and treatment engagement (Kang et al., 2024; Maggio et al., 2023; Pourjafari et al.,
2021). More specifically, combining VR with mindfulness may facilitate focused attention, reduce distraction,
enhance the sense of presence, and make mindfulness practice more concrete and experientially engaging.
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Studies have demonstrated the feasibility of VVR-assisted mindfulness training in both clinical and nonclinical
settings (Chandrasiri et al., 2020; Flores et al., 2018; Gomez et al., 2017). Integrated VR and mindfulness
interventions have also shown favorable effects on anxiety, worry, mindfulness, and cognitive flexibility
compared with brief mindfulness alone (Foroughi et al., 2024; Masoumi et al., 2024, 2025). Despite these
developments, direct evidence comparing an integrated VR-—mindfulness treatment with a brief mindfulness
intervention for pain catastrophizing in individuals with SCI remains limited. Therefore, the present study
aimed to compare the effectiveness of an integrated virtual reality and mindfulness treatment with a brief
mindfulness intervention in reducing pain catastrophizing among individuals with spinal cord injury.
Methods and Materials

The study was conducted in two consecutive phases. The first phase focused on content validation of the
integrated virtual reality and mindfulness treatment protocol, whereas the second phase employed a quasi-
experimental pretest—posttest design with a control group and a two-month follow-up. In the first phase, five
psychology experts who were familiar with cognitive-behavioral interventions and virtual reality technology
were purposively selected to evaluate the treatment package in terms of scientific appropriateness,
organization, clarity of instructions, technical adequacy, duration, audiovisual quality, and therapeutic
relevance. Agreement among experts was evaluated using Cohen’s kappa coefficient. In the second phase, the
statistical population consisted of individuals with quadriplegic spinal cord injury attending rehabilitation and
supportive centers in Shiraz, Fars Province, between August 2024 and February 2025. Forty-five eligible
participants were selected through purposive sampling and randomly assigned to three groups of 15
participants each: an integrated virtual reality and mindfulness group, a brief mindfulness group, and a control
group. Inclusion criteria were age between 16 and 45 years, confirmed diagnosis of quadriplegic SCI by a
medical specialist, at least two years since injury, no psychoactive substance use, and absence of acute
psychiatric disorders. Withdrawal from participation, absence from more than two sessions, or development
of severe medical conditions such as epilepsy or migraine constituted exclusion criteria. Pain catastrophizing
was assessed at pretest, posttest, and two-month follow-up using the 13-item Pain Catastrophizing Scale, which
evaluates rumination, magnification, and helplessness on a five-point response scale and yields a total score
ranging from 0 to 52, with higher scores indicating greater catastrophizing. The internal consistency coefficient
obtained for the total scale in the present study was 0.852. The integrated treatment group received eight
individual 14-minute sessions combining 360-degree VR environments, including “floating on the river” and
“pebbles in the lake,” with guided mindfulness exercises entitled “observing images and sounds” and “wise
mind.” Participants used a VR Box 2 headset, and each session also included a brief muscular relaxation
exercise. The brief mindfulness group received eight 14-minute sessions without VR; each session consisted
of seven minutes of the “observing images and sounds” meditation and seven minutes of the “wise mind”
exercise delivered through audio recordings. The control group received no psychological intervention during
the study period and remained on a waiting list. Ethical principles, including informed consent, confidentiality,
anonymity, and voluntary withdrawal, were observed. Statistical analyses were conducted using SPSS version
26. Assumptions were examined through the Shapiro—Wilk test, Levene’s test, and Mauchly’s test of
sphericity. Repeated-measures analysis of variance was then used to examine time, group, and time-by-group
effects, followed by Bonferroni post hoc comparisons. Statistical significance was set at 0.05.

Findings

The three groups were demographically comparable at baseline. No statistically significant differences were
found among the groups regarding sex, marital status, educational level, age group, or cause of injury.
Descriptively, the mean pain catastrophizing score in the integrated VVR—mindfulness group decreased from
21.46 at pretest to 14.13 at posttestand 13.53 at follow-up. In the brief mindfulness group, the corresponding
means decreased from 20.06 to 16.60 and 16.46, respectively. In contrast, the control group showed almost no
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change, with mean scores of 20.40 at pretest, 20.40 at posttest, and 20.53 at follow-up. Assumption testing
supported the use of repeated-measures analysis. Shapiro—Wilk tests were nonsignificant acrossall groups and
measurement occasions, Levene’s tests confirmed homogeneity of variances at pretest, posttest, and follow-
up, and Mauchly’s test indicated that the assumption of sphericity was satisfied (W=0.988, ¥*=0.66, df=2,
p=0.717). Repeated-measures analysis demonstrated a statistically significant main effect of time on pain
catastrophizing (F=27.918, p=0.001, n>=0.333), indicating that 33.3% of the variation in scores across the three
measurement occasions was associated with time. The time-by-group interaction was also significant
(F=4.409, p=0.001, n*>=0.191), demonstrating that the trajectory of change differed significantly across the
three groups. Furthermore, a significant between-group effect was observed (F=6.65, p=0.001, 1>=0.263),
indicating that 26.3% of the variance in pain catastrophizing was attributable to group membership. Bonferroni
comparisons showed that, in the integrated VR-mindfulness group, pain catastrophizing decreased
significantly from pretest to posttest (mean difference=7.33, p=0.019) and from pretest to follow-up (mean
difference=7.93, p=0.021), whereas the difference between posttest and follow-up was not significant (mean
difference=0.60, p=0.996). Similarly, in the brief mindfulness group, significant reductions occurred from
pretest to posttest (mean difference=3.46, p=0.001) and from pretest to follow-up (mean difference=3.60,
p=0.001), while the posttest-to-follow-up difference was nonsignificant (mean difference=0.133, p=0.997).
Thus, both interventions produced significant and sustained reductions in pain catastrophizing, although the
magnitude of improvement was greater in the integrated VVR—mindfulness group.

Discussion and Conclusion

The findings demonstrate that both brief mindfulness and integrated virtual reality—mindfulness interventions
can effectively reduce pain catastrophizing in individuals with spinal cord injury, with treatment gains
remaining stable over the two-month follow-up period. The effectiveness of brief mindfulness may be
explained by its capacity to modify the cognitive and attentional processes that sustain catastrophic
interpretations of pain. Persistent pain often promotes repetitive thinking, heightened monitoring of bodily
sensations, magnification of perceived threat, and helplessness. Mindfulness practice may interrupt this cycle
by teaching participants to observe pain-related thoughts and bodily sensations without immediately
evaluating, suppressing, or reacting to them. Repeated practice of present-moment attention may also
strengthen the ability to redirect attention away from repetitive catastrophic thinking, thereby reducing
rumination and emotional reactivity. The maintenance of improvement from posttest to follow-up suggests
that participants may have acquired transferable attentional and acceptance-based skills that continued to
influence their responses to pain after the formal intervention ended. More importantly, the integrated VR—
mindfulness intervention produced greater improvement than brief mindfulness alone. This advantage may be
attributed to the simultaneous engagement of multiple therapeutic mechanisms. Whereas mindfulness changes
how individuals relate to painful thoughts and sensations, VR creates an immersive sensory context that may
compete with pain-related stimuli for attentional resources, reduce environmental distraction, and facilitate
sustained engagement with mindfulness instructions. In an immersive setting, mindfulness may become less
abstract because participants are provided with structured visual and auditory stimuli that continuously anchor
attention to the present moment. This may be particularly advantageous for individuals with chronic pain who
find it difficult to maintain attention during conventional audio-based meditation. The combination of sensory
immersion, attentional guidance, relaxation, nonjudgmental observation, and acceptance may therefore
produce a stronger disruption of the cognitive-emotional cycle underlying pain catastrophizing. From a
rehabilitation perspective, the findings suggest that brief psychological interventions can be meaningfully
incorporated into SCI care without imposing lengthy treatment schedules. Brief mindfulness represents a
relatively accessible and low-cost option, whereas integrated VR—mindfulness may offer additional benefits
when appropriate technology and trained personnel are available. Overall, the present study supports the
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effectiveness of both approaches for reducing maladaptive pain-related cognitions and indicates that
integrating virtual reality with mindfulness may provide a particularly promising multimodal strategy for
improving psychological adaptation to chronic pain in individuals with spinal cord injury.
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