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Abstract

Background: Adequate pain relief, early restoration of breathing, and rapid mobilization pose a clinical challenge in patients
with blunt chest trauma. Virtual reality (VR) has the potential to achieve these 3 interrelated treatment objectives with enhanced
self-efficacy and autonomy of patients and limited support by clinicians.

Objective: This study aimed to assess the effectivity of breathing and physical exercises using VR on the pulmonary recovery
of patients with blunt chest trauma at the ward.

Methods: A pilot randomized controlled trial was performed. The control group received usual physiotherapy consisting of
protocolized breathing exercises (8 times daily for 10 minutes) and physical exercises (2 times daily for 10 minutes). The VR
group was instructed to perform these exercises using VR. The primary outcome was vital lung capacity at day 5 or earlier at
discharge. Secondary outcomes were patient mobility (time standing, lying, and sitting), clinical outcomes (length of hospital
stay, pulmonary complications, transfer to intensive care unit, and readmission within 30 days), pain, activities of daily living,
patient-reported outcome measures (satisfaction and quality of recovery). Patient experiences and barriers and facilitators toward
implementation were assessed through interviews.

Results: The study was prematurely ended due to enrollment failure combined with poor protocol adherence to exercises in
both groups. A total of 27 patients were included, of which 19 patients completed 3 or more days. Vital lung capacity at 5 days
(or last measurement) was equal between groups with 1830 (SD 591) mL and 1857 (SD 435) mL in the control and VR groups,
respectively. No marked differences were observed in secondary outcomes. Patient interviews showed positive attitudes toward
the use of VR, describing that visualization of the exercises helped patients to perform the exercises correctly and to continue the
exercises for a longer duration. Also, patients experienced the immersiveness of VR as an analgesic. However, patients did not
experience added value over usual care and reported that better integration in treatment and the hectic hospital environment could
improve the use of the VR exercises.

Conclusions: The suitability of patients to use virtual reality therapy (VRx) in a hospital (trauma) ward setting is lower than
generally expected. Effective application of VRx requires professional guidance and needs thorough alignment with clinical
practice. For future research, we recommend to chart adherence to study protocol before designing a VR clinical trial.
Patient-reported experiences need to be prioritized in evaluating VR acceptance, usability, and effectiveness. In line, we recommend
performing a systematic analysis (eg, using the technology acceptance model) on the acceptance before pilot or main effectiveness
studies. Finally, the eligibility of patients and exclusion of patients due to the inability to use VRx should be routinely reported.

Trial Registration: ClinicalTrials.gov NCT05194176; https://tinyurl.com/2bzh4tzx
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Introduction

Blunt chest trauma comprises over 10% of all trauma patients
presenting to emergency departments worldwide and is the most
frequent injury (44.5%) in patients with multiple traumas [1-3].
The most frequent injuries are rib fractures, pneumothorax, and
pulmonary contusion [2,4]. Chest trauma is associated with high
risk (>10%) of pulmonary complications such as pneumonia,
acute respiratory distress syndrome, and need for ventilatory
support [5-7]. Mortality after blunt chest trauma is 4%-20%,
with pneumonia being the most important risk factor [1,6,8].

Management is mainly focused on the prevention of these
pulmonary complications. The most important pillars herein
are adequate pain relief, breathing exercises, and rapid
mobilization [6]. These treatment objectives are interrelated
and commonly addressed in care bundles. Care bundles
evidently improve clinical outcomes and decrease intensive care
unit (ICU) and hospital length of stay [9,10]. Inadequate pain
control can result in restricted ventilatory function and reduced
mobility, both adding to a higher risk of complications.
Currently, multimodal analgesics (different combinations of
epidural analgesics, opioids, nonsteroidal anti-inflammatory
drugs, and so on) are recommended for pain relief [11]. Epidural
and systemic opioids are the most frequently used modalities
[10]. However, especially opioids can have deleterious side
effects such as sedation and hypoventilation, which directly
negatively affect pulmonary function recovery. In addition, side
effects, such as nausea and dizziness, can refrain patients from
physical activity [12]. As a result, effective pain control without
disrupting pulmonary recovery remains a challenge in daily
clinical practice. Furthermore, physiotherapists play an
important role in the prevention of complications, supporting
patients with breathing and physical exercises. Breathing
exercises are delivered by physiotherapists and address the
active cycle of breathing technique and deep breathing [9,13].
Physical exercises mainly focus on maintaining and restoring
the active range of motion of the trunk and limbs and restoring
independence in functional activities [13]. Higher levels of
physical exercise are associated with better functional outcomes
and reduced length of hospital stay, whereas inactivity can result
in general deconditioning and subsequent complications [14].
Previous reports show that hospitalized trauma patients spend
between 53%-57% of the time lying in bed, despite interventions
to improve physical activity [15,16]. Besides promoting general
activity, physical exercises specifically aim at maintaining and
restoring the active range of motion of the trunk and limbs and
independence in functional activities [13].

Therapeutic virtual reality (VR) has the potential to address the
3 treatment objectives (pain relief, adequate breathing, and rapid
mobilization) in blunt chest trauma [17-19]. The ability of VR
to immerse a person in another world presents various
opportunities, including the reduction of acute pain and
procedural pain, helping patients to relax and breathe normally,
and motivating them to engage in more physical exercise

[17,20,21]. VR has proven effective for reducing procedural
pain by distracting patients from the painful experience through
an immersive and playful environment [20]. Exergaming,
gaming that requires physical exercise, has shown to improve
patient adherence and physical fitness [18]. Furthermore, virtual
reality therapy (VRx) in a hospital setting has shown to reduce
pain, anxiety, and possibly length of stay [22]. Another
advantage of VRx is the few side effects, which are usually mild
and transient [23].

In this study, the primary aim was to assess the effectivity of
breathing and physical exercises using VR on the pulmonary
recovery of patients with blunt chest trauma at the ward. Our
hypothesis was that patients would experience faster pulmonary
recovery due to a better execution of the exercises with use of
VR. Secondary aims were to assess patient mobility, clinical
outcomes, pain, and patient-reported outcomes and experiences.
Assessment of patient experiences, attitudes, and expectations
is relevant because VR treatment for this indication is new and
not routine at hospital wards.

Methods

Design
This was an open-label randomized controlled trial conducted
between March 2022 and January 2023 at Radboud University
Medical Center, Nijmegen, the Netherlands. The trial is reported
according to the CONSORT (Consolidated Standards of
Reporting Trials) guidelines for randomized trials (Multimedia
Appendix 1) [24].

Ethical Considerations
Ethical approval was obtained by the Research Ethics
Committee of the Radboud University Medical Centre, the
Netherlands (Commissie Mensgebonden Onderzoek
Arnhem-Nijmegen, NL80011.091.21). Eligible patients were
approached by their treating physician or nurse and received
verbal and written information about the study. A member of
the research team answered any additional questions and
obtained informed consent. All participants received a unique
research ID linked to their personal details. The participants’
data were securely stored on the institution’s server, and access
to the specific folders was restricted to the researchers involved
in the study. The study data were stored using only the research
ID, with no personal identifiers, in Castor Electronic Data
Capture (Amsterdam, the Netherlands). Participants received
no reimbursement. This trial was conducted according to the
principles of the Helsinki Declaration and in accordance with
Dutch guidelines, regulations, and Acts (Medical Research
involving Human Subjects Act, WMO).

Participants
The study population comprised of patients aged 16 years and
older, with no upper age limit, who had a blunt chest trauma
and were directly admitted to the trauma and orthopedic ward
from the emergency department. The study included all genders
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to account for potential variations in pulmonary mechanics.
Exclusion criteria were (1) neurotrauma with Glasgow Coma
Scale of 13 and lower; (2) history of dementia, seizures, and
epilepsy; (3) significant hearing or visual impairment which is
not corrected; (4) headwounds or damaged skin with which
comfortable and hygienic wear of head-mounted display (HMD)
is not possible; (5) stay at ICU during current hospital admission
for reasons other than observation or a duration of 48 hours or
longer; and (6) erect position in bed is not possible or allowed.
Patients were recruited on the first day of their admission.
Patients were subsequently randomized (1:1) to the VR group
or control group using computer-generated block randomization.

Intervention
All patients from both groups received care according to the
existing guideline [25]. Similarly, pain management was
according to the World Health Organization guidelines for acute
pain in adults [26]. Once daily, the control group received usual
physiotherapy consisting of breathing and physical exercises.
Breathing exercises include deep breathing, huffing, and
coughing following the active cycle of breathing technique.
Patients were instructed by the physiotherapist and received a
leaflet with written instructions. Physical exercises include
practice of functional movement (eg, activities of daily living)
and exercises for range of motion of the trunk and limbs.
Patients were instructed to perform breathing exercises 8 times
daily for 10 minutes and to extend these exercises 2 times daily
with (sitting) physical exercises for an additional 10 minutes.

The VR group was instructed to perform the breathing exercises
using the VR intervention 8 times daily for 10 minutes and to
extend these exercises 2 times daily with (sitting) physical
exercises using VR for an additional 10 minutes. For all VR
exercises an HMD, the PICO Neo 3 (Pico) was used. The
commercially available apps SyncVR Fit and SyncVR Relax
& Distract (SyncVR Medical) were used. This selection of apps
was made in consultation with physiotherapists and nurses to
ensure that the games were suitable and beneficial for the
patients. This collaborative approach aimed to choose games
that would effectively address the therapeutic objectives of pain
relief, adequate breathing, and rapid mobilization. SyncVR Fit
contains breathing exercises that are comparable to the exercises
in usual physiotherapy care but can be performed in a virtual
environment. The physical VR exercises consist of several
games through which patients are challenged to reach out to
objects while involving their arms, head, and trunk. Once daily,
the exercises were performed under the supervision of a
physiotherapist, the other sessions were unsupervised. SyncVR
Relax & Distract contains several mindfulness and relaxing
exercises to support in coping with pain and anxiety. Patients
were allowed to use these at their own discretion in addition to
the prescribed exercises with a maximum of 30 minutes per VR
session to prevent side effects.

In both groups, a research team member visited the patients
twice daily to perform measurements. At these moments,
patients were encouraged to perform the exercises in attendance
of the research team member. In the VR group, this was
primarily to detect any technological difficulties and lower the

bar for patients to use the VR headset. The control group was
visited accordingly to prevent bias.

Outcome Measures
Primary outcome was the vital lung capacity (in mL), measured
using an incentive spirometer (IS; Voldyne [Teleflex Medical]),
on day 5 of the study or the last measurement between 3 and 5
days. Incentive spirometry was chosen over usual spirometry
despite lower reliability because transferring patients to a
spirometer at least once daily would have required significant
logistical support and funding. In addition, it would have
imposed an additional burden on both patients, who were
sometimes quite ill, and the already busy personnel. To ensure
consistency in the measurements, a standardized protocol was
followed, which included recording the best score out of 3
attempts. Secondary outcomes were patient mobility, analgesics
use, clinical outcomes, pain, activities of daily living,
patient-reported outcome measures, safety outcomes, and
barriers and facilitators toward implementation. Patient mobility
was defined as the percentage of time spent lying, sitting, and
moving measured using a wearable activity monitor (activPAL3
[Pal Technologies Ltd]). The type and dosage of analgesics used
were extracted from patient files for the first 5 days of the study.
Opioid use was calculated and reported as oral morphine
equivalent. Clinical outcomes included the length of hospital
stay (in days), pulmonary complications during admission,
transfer to ICU, and readmission within 30 days. Pain was
assessed during breathing exercises using a visual analog scale
(VAS) with 0 being no pain and 10 being extreme pain.
Activities of daily living were measured using the powerlessness
in daily living (PDL) questionnaire, with lower scores
representing more independence in activities of daily living
[27]. Patient-reported outcomes and experiences comprised the
Quality of Recovery-15 (QoR-15) questionnaire [28], modified
treatment satisfaction questionnaire (MTSQ) [29], and
semistructured interviews regarding patients’ satisfaction and
experiences with VR. Reasons for withdrawal and side effects
during VRx were registered as safety outcomes. Barriers and
facilitators were derived from the semistructured interviews and
patient diaries in which patients reported on treatment adherence,
technical problems, and feedback on the VR exercises.

Study Procedures
The duration of the study for patients was 5 days from the
moment of inclusion on the first day of their admission or less
when the patient was discharged earlier. After randomization,
participants in the intervention group received instructions from
a research team member on how to use the VR intervention,
and a supervised training session was performed. If needed,
additional technical support was provided by the research team.
Patient characteristics were extracted from electronic patient
files and additional characteristics were asked upon inclusion.
A wearable activity monitor was installed on the first day. At
baseline IS, VAS pain score, and PDL score were measured.
During days 2-5, daily IS, VAS pain score during breathing
exercises, PDL score, and patient mobility were registered for
both groups. IS was measured twice daily following a
standardized procedure. Patients were instructed to register the
frequency of pulmonary and physical exercises in a daily diary
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as well as to fill out the quality of recovery questionnaire and
any experienced side effects (open-ended question). On day 5,
participants received the treatment satisfaction questionnaire.
Patients in the intervention groups that used the VR intervention
at least once were asked on day 5 to participate in a short
semistructured interview with the predetermined topics, such
as experiences with VR regarding efficacy and barriers and
facilitators using VR from patients’ perspectives. After 5 days,
participants in the VR group were allowed to choose to continue
the VR intervention or to return to usual care. Patients were
followed up for 30 days after discharge to register clinical
outcomes such as late complications. In Multimedia Appendix
2, all study procedures are schematically presented.

Sample Size
The calculated needed sample size was 63 patients per group.
This calculation was based on the primary outcomes measure
vital lung capacity. The mean outcome of the control group was
set on 1250 cc and SD was set on 500 cc based on the literature
[30]. The mean outcome of the VR group was based on an
expected 20% (clinically relevant) improvement, resulting in
1500 cc. An α of .05 and β of .20 were applied.

Statistical Analyses
Quantitative analyses were done using IBM SPSS Statistics
(version 25). Qualitative analyses were done using Atlas.ti
(version 23.0.7; Lumivero). Descriptive statistics were used to
present quantitative data. For effectivity outcomes, only patients
who completed at least 3 study days were eligible for evaluation.
No significance was calculated due to the low number of
participants. For safety outcomes (eg, side effects), all patients
were evaluated. Mobility data derived from the activPAL
devices are automatically checked for validity by built-in
algorithms following the validation criteria of PAL technologies
[31]. This validity is indicated per measurement day, meaning
that all measurements for a given day are regarded as either

valid or invalid. This applies uniformly to all mobility measures,
including standing, lying or sitting, and walking. Only valid
wear days were evaluated.

The content of the interviews was transcribed ad verbatim and
analyzed in Atlas.ti (version 23) using inductive thematic
analysis. To minimize bias, 2 independent researchers with a
background in medicine performed thematic analysis.
Transcripts were coded according to the predefined main topics.
Identified codes were categorized into themes and discussed
until a consensus was reached.

Results

Overview
Between March 2022 and February 2023, a total of 129 patients
were screened for eligibility and 27 patients were recruited
(Figure 1). Reasons for exclusion are described in Table 1. In
the VR group, 2 patients did not receive the intervention; 1
patient withdrew before the intervention was started, and 1
patient was excluded on day 2 due to previously unrecognized
cognitive impairments. In the VR group, 5 patients did not
complete 3 days; 1 patient stopped early because he found the
exercises too time demanding, 1 patient stopped because she
was unable to follow study protocol, and 3 patients in the VR
group were nonevaluable due to discharge before completing
3 study days. In total, 19 patients were evaluable (completed 3
or more days) of which 7 in the intervention and 12 in the
control group. In total, 4 patients in the intervention group and
8 patients in the control group completed the full 5 days of the
study protocol. Majority of evaluable patients were male (15/19,
79%). The participants’ mean age was 60 years. Mean Injury
Severity Score was 15 (SD 7; Table 2). Adherence to exercises
was poor in both groups, with an average of performing
breathing exercises 2 times per day in the VR group and 3 times
per day in the control group (Table 3).

Figure 1. Study flowchart.
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Table 1. Reasons for exclusion of patients assessed for eligibility.

Patients excluded, nReason

78Based on exclusion criteria

33Stay at intensive care unit during current hospital admission, for reasons other than observation or a duration of
>48 hours

18Expected discharge within 24 hours (not able to comply with study protocol)

11Headwounds or damaged skin with which comfortable and hygienic use is not possible.

9Not able to comply with study protocol (eg, language)

4History of dementia, delirium, seizures, and epilepsy

3Glasgow Coma Scale ≤13

16Declined to participate

4Patient feels too sick

5Patient finds participation too burdensome

1Patient has too much pain

1Patient feels like having too less experience with technical devices

5Disinterest

8Other or unknown
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Table 2. Patient and disease characteristics.

Control groupVR groupCharacteristic

Evaluable (n=12)All (n=13)Evaluable (n=7)All (n=14)

56 (17)55 (16)62 (10)63 (10)Age (years), mean (SD)

9 (75)10 (77)6 (86)11 (79)Male participants, n (%)

Education, n (%)

4 (33)4 (31)3 (43)6 (43)ISCEDa 2b

5 (42)5 (39)2 (29)4 (29)ISCED 3-4c

0 (0)0 (0)1 (14)1 (7)ISCED 5-6d

3 (25)4 (31)1 (14)2 (14)ISCED 7e

0 (0)0 (0)0 (0)1 (7)Missing

Occupation, n (%)

2 (17)2 (15)0 (0)0 (0)Health care

5 (42)6 (46)3 (43)5 (36)Trade and services

0 (0)0 (0)0 (0)1 (7)Agriculture and nature

1 (8)1 (8)0 (0)0 (0)Media and communication

0 (0)0 (0)1 (14)2 (14)Education and culture

2 (17)2 (15)2 (29)4 (29)Engineering and construction

2 (17)2 (15)1(14)1 (7)Other

0 (0)0 (0)0 (0)1 (7)Missing

Smoking, n (%)

9 (75)10 (77)3 (43)5 (36)No

1 (8)1 (8)3 (43)4 (29)Yes

2 (17)2 (15)1 (14)4 (29)Stopped

1 (8)1 (8)0 (0)2 (14)History of pulmonary disease (yes), n (%)

4 (33)4 (31)1 (14)5 (36)Chronic pain (yes), n (%)

Trauma mechanism, n (%)

0 (0)0 (0)1 (14)2 (14)Motor vehicle accident

2 (17)2 (15)3 (42)3 (21)Fall from height

0 (0)0 (0)0 (0)2 (14)Motorcycle >20 km/h

6 (50)6 (46)1 (14)3 (21)Bike accident >20 km/h

2 (17)2 (23)1 (14)2 (14)Bike accident <20 km/h

1 (8)1 (8)1 (14)2 (14)Domestic fall

1 (8)1 (8)0 (0)0 (0)Other

Type of chest trauma, n (%)

12 (100)13 (100)7 (100)14 (100)Rib fracture

3 (25)4 (31)4 (57)8 (57)Pneumothorax

2 (17)2 (15)2 (29)2 (14)Hemothorax

2 (17)2 (15)0 (0)1 (7)Sternum fracture

1 (8)1 (8)3 (43)6 (43)Lung contusion

8 (67)—7 (100)—fConcurrent trauma, n (%)

1 (8)1 (8)4 (57)4 (29)Neurotrauma
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Control groupVR groupCharacteristic

Evaluable (n=12)All (n=13)Evaluable (n=7)All (n=14)

5 (42)5 (39)4 (57)7 (50)Upper extremity

2 (17)2 (15)0 (0)2 (14)Lower extremity

3 (25)3 (23)2 (29)5 (36)Internal organ damage

1 (8)1 (8)0 (0)3 (21)Pelvic damage

4 (33)4 (31)2 (29)3 (21)Spine

14 (6)13 (6)17 (8)19 (7)Injury Severity Score, mean (SD)

1 (8)1 (8)1 (14)1 (7)Operative management of chest trauma, n
(%)

Use ≥3 digital technologies, n (%)

10 (83)10 (77)4 (57)7 (50)Daily

12 (100)13 (100)6 (86)10 (71)Weekly

4 (33)5 (39)1 (14)1 (8)Experience with virtual reality (yes)

aISCED: International Standard Classification of Education.
bISCED 2: lower secondary.
cISCED 3-4: upper-secondary to postsecondary nontertiary education.
dISCED 5-6: short-cycle tertiary education, Bachelor’s, or equivalent level.
eISCED 7: master’s degree.
fNot applicable.

Table 3. Average number of breathing and physical exercises performed by patients who completed 3 or more study days.

Day 5, mean (SD)Day 4, mean (SD)Day 3, mean (SD)Day 2, mean (SD)Intervention group

VRa groupb

2 (2.8)2 (2.9)1.6 (2.1)2.6 (1.6)Breathing

0.8 (0.8)0.6 (1.2)1.1 (1.0)1.3 (0.7)Physical

Control groupc

2.1 (2.6)3.5 (3.2)3.8 (3.1)4.0 (2.5)Breathing

1.8 (2.1)1.3 (2.5)1.9 (2.3)1.4 (1.7)Physical

aVR: virtual reality.
bFor days 2-4, n=7; for day 5, n=5.
cFor days 2 and 3, n=12; day 3, n=10; and day 5, n=8.

Primary Outcome
Vital lung capacity at 5 days (or last measurement between day
3 and 5) was similar between groups with 1830 (SD 591) mL
in the control group and 1857 (SD 435) mL in the VR group.
The vital lung capacity over the days improved with an average
of 421 (SD 345) mL between day 1 and 3 in the VR group
followed by a decrease of 208 (SD 315) mL between day 3 and
5, which is likely due to early discharge of rapidly recovered
patients (Multimedia Appendix 3). In the control group, an
average improvement of 389 (SD 370) mL was observed
between day 1 and 3 with a further increase of 246 (SD 292)
mL between days 3 and 5.

Secondary Outcomes
Regarding the mobility data measured using activPal, 58%
(24/37; SD 36) of measurement days was valid in the control
group and 61% (13/21; SD 34) was valid in the VR group.
Mobility was similar between groups (Multimedia Appendix
3) with majority of time spent sitting (in bed) or lying. Patients
were standing or walking for only 3%-5% of the time in both
groups on all days. Analgesics use was similar between groups
(Multimedia Appendix 4). In both groups, there was a slight
improvement in the VAS pain score during breathing exercises
over the course of 3 to 5 days (Multimedia Appendix 3). For
the PDL questionnaire, a similar pattern was found as for vital
lung capacity with initial improved median scores in the VR
group from 9 (IQR 8-12) points to 5.0 (IQR 4-5) points between
day 1 and 3 and from 11 (IQR 4-15) to 4 (IQR 0-13) in the
control group within both groups worsening between day 3 and
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5 (Multimedia Appendix 3). Regarding the quality of recovery,
the control group scored median daily scores between 83.0 (IQR
76-97) and 99 (IQR 89-111) compared with 81 (IQR 57-111)
and 108 (IQR 67-110) in the VR group (Multimedia Appendix
3). Mean global satisfaction was 72.9 (SD 12.5) points on a
scale from 0 to 100 in the VR group versus 65.6 (SD 15.7) in
the control group. Median length of hospital stay was 5 days in
the VR group and 6 days in the control group. No pulmonary

complications, ICU admissions, or readmission within 30 days
were observed in both groups.

Interviews
A total of 6 patients of the VR group were interviewed—4 males
and 2 females. Mean age was 57 years. Interviews were
conducted face-to-face or by telephone. The interviews had a
median duration of 11.5 (range 5.5-14.5) minutes. In the
interviews, 5 themes were identified within the 2 main topics
(Table 4).

Table 4. Topics, themes, and quote examples from 6 patient interviews.

QuotationsTopic and themes

Experienced effects of VRxa

Visualization helps to perform
exercises

• If you perform the exercises yourself, without virtual reality, you don’t know, for example, how long to inhale
and exhale. So you perform the exercises, but I think you never really perform it as you should. You proceed
much faster to the next step, so you will exhale much faster, and in the virtual reality exercises you see vi-
sually how fast you should inhale, how fast you should exhale, how long you need to keep going. You last
less without the VR glasses, not because you can’t but because you think it’s enough like this. [Woman,
56 years]

• Also if you have pain, you don’t really think about it, you just do what you’re asked to because you want
to score points. So you are completely into the game. You just do it and you have no sense of pain.
[Woman, 56 years]

• … also movements you don’t think of yourself. I have a broken clavicle and ribs and then you are mostly
focussing on that instead on moving, although there many more movements to make. [Man, 49 years]

VRx immerses patients in a
different world

• I really liked that. Sometimes it was very hectic in our room. At those times it was very nice to be able to
cut yourself off. [Woman, 64 years]

• I really felt locked up in there. Yes, when I look around me, I had the feeling like I was somewhere under-
water, I couldn’t really handle it. [Man, 55 years]

Barriers and facilitators toward the use of VRx

Easy to use VRb technology is
important

• I immediately understood, this way you turn it on. You put it on, you use it, you take it off and you turn it
off. You ask someone to charge it. Well yes, that is very user friendly. [Woman, 56 years]

• In other words, I have to get it, I have to turn it on. Those are way more actions than when I quickly get
that thing (points at incentive spirometer) […] And with those glasses.. I am not so technical, then you
have to look it all up, you have to connect it, see which program, for me it was way more effort. [Man, 55
years]

• Well, at least that you have some kind of score, in which you can improve yourself. [Man, 49 years]

Patients’ independence and
hospital environment influence
VR use

• When you have that thing (the VR headset) lying next to your bed, then it’s nothing much. But if you have
to call someone every time to hand you that thing.. And when you have that thing lying in your bed, it is
quite the box with equipment. [Man, 62 years]

• But well, those first two days there was so much going on, and the physiotherapist and the doctors and si-
multaneously the collapsed long and you know, it was just… I didn’t use it so much, let me put it this way,
I would have liked to use it more. [Woman, 64 years]

• Let’s say we provide patients with a VR headset to take home […] at home you have more quiet. Like I
said, in the hospital your life is organized by others. [Man, 62 years]

Better integration in usual care
might enhance efficacy

• …and yes, when the physiotherapist visited and I had to perform breathing exercises there, then I didn’t
use the glassed right after. So I waited a while then. [Woman, 64 years]

aVRx: virtual reality therapy.
bVR: virtual reality.

Topic: Experienced Effects of VRx

Visualization Helps to Perform Exercises

Patients described that visualization of the exercises helped
them to perform the exercises correctly and motivated to
continue the exercises for a longer duration. The scoring system

and gaming elements in the physical exercises motivated patients
to move.

VRx Immerses Patients in a Different World

Patients experienced the immersiveness of VR as an analgesic,
especially in the physical exercises. All patients experienced
that VRx took them away from the hospital environment and
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immersed them in a different world. For most patients, this was
a positive experience, and one felt locked up in the virtual world.

Topic: Barriers and Facilitators Toward the Use of VRx

Easy-to-Use VR Technology Is Important

The ease of use of the VR headset was the most important item
for patients and was experienced differently. Several patients
found the headset easy to use. However, some patients felt that
using the headset took more effort compared with conventional
exercises. For them, the experienced added value of the VR
exercises did not outweigh the experienced additional effort.
Integrated biofeedback in the VR exercises was mentioned to
increase added value.

Patients’Independence and Hospital Environment Influence
VR Use

Patients who could use the VRx independently mentioned this
as a facilitator to perform the exercises and appreciated to
perform the VR exercises at their preferred time. Patients who
could not use the headset independently, for example, because
the nurse needed to handover the headset, experienced this as
a barrier. The busy hospital ward was mentioned as a barrier.
Conversely, some patients used the VRx to escape from this
environment. Some patients would have liked to continue the
VR exercises at home as additional support to the standard
exercises at home.

Better Integration in Usual Care Might Enhance Efficacy

The software applications of the physical exercises could be
improved by adapting to the hospital environment. Some
exercises could not be adequately performed from a hospital
bed, which caused frustration. Some patients felt that the
exercises could be better integrated with physiotherapy care
and mentioned that some caregivers seemed not familiar with
the VRx.

Premature Ending of Study
This study was ended prematurely due to an insufficient rate of
accrual and operational futilities. At start of the study, the tail
of the COVID-19 pandemic caused a delay in inclusion rate
due to reduced bed capacity. After the first 3 months, the number
of screened patients caught up with the planned screening
numbers; however, the rate of accrual remained insufficient.
Based on the actual recruitment rate, 5 additional years of
recruitment would have been required to attain the necessary
number of participants (n=126). This urged a critical appraisal
of the inclusion procedure and consideration to expand the target
patient population to other wards. Simultaneously, it was noticed
during study conduct that adherence to the prescribed frequency
of breathing and physical exercises was low in both the VR and
control groups. This would result in a smaller effect of VRx
than expected and a smaller difference with the control group.
Consequently, the study would require a larger sample size to
obtain a significant difference, while it would be questionable
whether this difference would be clinically relevant. The low
adherence in the control group prompted us to audit the protocol
adherence at several wards with a comparable breathing exercise
protocol. Altogether, we drew the conclusion that it would
require an additional intervention to optimize protocol

adherence, which was considered unrealistic and inappropriate
in the current study.

Discussion

Principal Findings
The primary aim of this study was to assess the effectivity of
VR breathing and physical exercises on the pulmonary recovery
of patients with blunt chest trauma at the trauma ward. In this
small sample, we observed no differences in final vital lung
capacity between the VR group and control group. The pattern
of vital lung capacity increase seemed to differ between groups,
with the VR group reaching a higher capacity on day 3 than the
control group. A similar pattern was observed for the
independence in activities of daily living. Patients reported
outcomes on quality of recovery and satisfaction did not differ
between groups. Interviews demonstrated appreciation and
potential of VR exercises, although several barriers were
mentioned regarding feasibility and usefulness.

Despite a preceding audit of this patient group regarding
eligibility and sufficient numbers, the trial was prematurely
terminated due to enrollment failure. Enrollment failure is the
main reason for termination in 60% of prematurely terminated
trials [32,33]. A secondary reason for termination was poor
adherence to the clinical guideline in both the control group and
VR group with infrequent to no performance of breathing and
physical exercises in both groups. We considered this a major
drawback for continuation with this study protocol considering
mostly unsupervised and self-administered exercises in both
groups.

No conclusions can be drawn about the effectivity of VR
exercises on pulmonary recovery of patients with blunt chest
trauma due to the small obtained sample size. However, the
results can be interpreted as those of a pilot randomized
controlled trial, and several important lessons can be learned
for future VR studies in similar and different contexts. First,
the suitability of patients to use VR in a hospital (trauma) ward
setting might be lower than generally expected. Before initiation
of this trial, calculations were performed based on the hospital
registry of the year 2020 of patients who were admitted to the
hospital with blunt chest trauma for more than 24 hours and no
ICU admission. We estimated that 60% (146/243) of these
patients could be included based on a previous clinical study in
our hospital [34]. However, only 21% (27/129) of these patients
could be included in this trial. Main exclusion reasons were a
headwound, inability to comprehend the study protocol (eg,
language barrier), cognitive impairment, and delirium, together
accounting for 44% (45/102) of patients excluded. Another 24%
(24/102) declined to participate for various reasons such as
feeling too sick, disinterested, and finding participation too
burdensome. Especially, the proportion of patients excluded
due reasons related to inability to use a VR headset was
underestimated in designing this study. We did not investigate
impact of age as barrier or facilitator for using VRx. However,
contrary to what has been reported in literature, we did not
observe any noticeable resistance or lack of motivation among
older patients during the inclusion procedure or the intervention
[35]. In literature, it is rarely described how many patients are
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eligible for VR use and the reasons for exclusion, such as
inability to use a VR headset due to concomitant illness. For
example, 10,776 patients were assessed for eligibility in a study
of Wiechman et al [36] evaluating the effectiveness of VR for
pain and anxiety management in trauma patients and only 184
(2%) were included. Spiegel et al [17] showed an inclusion rate
of 23% in a general hospital population. In both studies, specific
reasons for exclusion are not mentioned and are generically
described as “not meeting inclusion criteria” and “declined to
participate.” Future research should specifically report on the
eligibility of patients and exclusion because of the inability to
use VR.

Second, the setting in which VRx is applied should be
thoroughly charted before conducting research or implementing
VR. Although a physiotherapist and nurse were involved in the
design of this study to ensure alignment with daily practice,
adherence to protocolled exercises was unexpectedly low. A
study of Martin et al [37] in postoperative patients showed that
26% of patients failed to use IS correctly and 38% denied ever
using IS. This is consistent with our study in which on different
days 33% (4/12) to 63% (5/8) of the patients in the control group
used IS 2 times or less, which were likely the supervised
exercises for measuring vital lung capacity. Martin et al [37]
reported that following a brief educational intervention by a
physician, 74% of patients were more confident to use IS during
the remainder of their care. In our study, patients were
encouraged and educated once daily by a physiotherapist to
perform the breathing exercises, however adherence was still
low. Literature shows that self-management and patient
participation in the hospital can improve treatment adherence
[38]. The intervention in this study was meant to engage patients
in their treatment, however this did not result in improved
treatment adherence. Generally, VR is considered appropriate
as self-management tool for patients [39]. In this study, patients
acknowledged this potential, but the intervention did not result
in improved treatment adherence. It has been argued that VRx
still requires professional guidance [40,41]. This professional
guidance might even be of greater importance in a hospital
environment, since patients have trouble using VRx
independently due to illness and comorbidity. Nurses may play
an important role in giving education, counseling, facilitating,
and enhancing taking responsibility [42]. However, a high
workload and contradicting patient expectations are factors that
complicate patient engagement [43,44]. The low adherence in
our study might imply that the hospital environment, including
patients and caregivers, needs reorganization to allow the
transferring of care possibilities to patients and supporting
patients in acquiring the self-management skills needed for VRx
[45]. Better education and training of both caregivers and
patients could enhance successful implementation of
interventions such as VR [40,45,46]. We cannot rule out that
results are different for a setting with close monitoring by
caregivers, for example, high care unit or highly disciplined
patient groups such as injured military personnel.

Third, several identified barriers should be overcome to ensure
successful deployment of VR on the hospital ward. The barriers
were identified by interviewing patients focused on their user
experiences. Over the last decade, collecting patient experiences

has been emphasized as a starting point for improving patient
care in general [47]. This study illustrates how experiences can
reshape new innovations like VRx for blunt chest trauma.
Patients mentioned the perceived usefulness relative to the
system usability as important reason for low adherence and as
a main barrier to self-managing the HMD and the different apps.
As described in the Technology Acceptance Model designed
by Sagnier et al [48], the intention to use a given technology is
predicted by the perceived usefulness and the perceived ease
of use. It was clear from reported experiences that the perceived
usefulness did not outweigh the perceived ease of use in the
interview group. Although many feasibility studies report on
the acceptability of VRx, a systematic analysis of the acceptance
of VR is rarely performed [48]. Furthermore, in feasibility
studies, acceptability is defined by a variety of different outcome
variables such as a sense of involvement, comfort, wish to use
VR again in the future, withdrawal from study, and satisfaction
[49-52]. A systematic analysis, for example, using the
Technology Acceptance Model, may add to the knowledge
derived from pilot and feasibility studies in medical VR. Another
barrier was the busy hospital ward, albeit that some purposively
took on the VR device to escape from the busy environment
and pursue quietness and privacy. A similar finding was reported
for VR postoperative pain management [53]. The results
underline the different values of patients regarding the use of a
digital technology and prompt the alignment of outcome
measures regarded as relevant in the design and evaluation of
a VR intervention [54,55].

The relevance of this study lies in underlying causes for early
termination, the critical appraisal of the study setting and
standard treatment in the control group, and the yield of the
patient reported experiences from the interviews. Main lesson
was the misassumption that patients adhere to the instructions
in the hospital protocol for breathing and physical exercises and
that physiotherapists, nurses, and physicians check protocol
compliance. A preceding pilot study might have exposed
inadequate compliance as well as the overestimation of eligible
patients. However, we doubt such a pilot study would have
revealed the barriers regarding integration of VR in the clinical
workflow and the controversies in perceived usefulness between
patients.

Recommendations
Several recommendations can be made for research and
implementation of clinical VR from the appraisal of our
findings. First, adherence to study protocols should be charted
before designing a VR clinical trial. This may be accomplished
by “shadowing” clinician-patient interaction and patient’s
functioning and well-being [56]. Simultaneously, data can be
obtained for integration of VR treatment in the daily workflow
and additional training of staff [40,46]. Second, individual
patient reported experiences and values need to be prioritized
in evaluating VR acceptance, usability, and effectiveness [53].
In line, we recommend to perform a systematic analysis on the
acceptance before pilot or main effectiveness studies [48]. Third,
eligibility of patients and exclusion of patients due to the
inability to use VRx should be routinely reported.
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Conclusion
This clinical trial of self-administered VR treatment for blunt
chest trauma had to be terminated prematurely due to enrollment
failure and limited protocol compliance to breathing and

physical exercises in both groups. Suitability of trauma patients
to use VRx at a hospital ward was overestimated despite
previous audit of potentially eligible study participants. Hospital
setting, standard care, and patients’perceptions of VR treatment
seem important determinants for success in clinical VR research.

Acknowledgments
No funding was received for the execution of this study.

Data Availability
The datasets generated during and/or analyzed during the current study are available from the corresponding author on reasonable
request.

Authors' Contributions
TDG, MdV, IGMS, HvG, and VMAS conceived the study and were responsible for study design and methodology. TDG and
NS executed the study and collected the data. TDG managed the data and performed quantitative data and statistical analyses.
TDG and NS performed qualitative data analysis. All authors contributed to data interpretation, writing, reviewing, and editing
the manuscript. HvG and VMAS supervised the whole study process including the writing of this manuscript.

Conflicts of Interest
None declared.

Multimedia Appendix 1
CONSORT (Consolidated Standards of Reporting Trials) checklist.
[PDF File (Adobe PDF File), 67 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Schedule of study procedures and measurements.
[PDF File (Adobe PDF File), 67 KB-Multimedia Appendix 2]

Multimedia Appendix 3
Outcome variables per day for patients who completed three or more study days.
[PDF File (Adobe PDF File), 121 KB-Multimedia Appendix 3]

Multimedia Appendix 4
Analgesics use on consecutive study days for patients who completed three or more study days, presented as number (percentage).
[PDF File (Adobe PDF File), 70 KB-Multimedia Appendix 4]

References

1. Battle CE, Hutchings H, Evans PA. Risk factors that predict mortality in patients with blunt chest wall trauma: a systematic
review and meta-analysis. Injury. 2012;43(1):8-17. [doi: 10.1016/j.injury.2011.01.004] [Medline: 21256488]

2. Chrysou K, Halat G, Hoksch B, Schmid RA, Kocher GJ. Lessons from a large trauma center: impact of blunt chest trauma
in polytrauma patients-still a relevant problem? Scand J Trauma Resusc Emerg Med. 2017;25(1):42. [FREE Full text] [doi:
10.1186/s13049-017-0384-y] [Medline: 28427480]

3. Bardenheuer M, Obertacke U, Waydhas C, Nast-Kolb D. [Epidemiology of the severely injured patient. a prospective
assessment of preclinical and clinical management. AG polytrauma of DGU]. Unfallchirurg. 2000;103(5):355-363. [doi:
10.1007/s001130050550] [Medline: 10883594]

4. Lin FCF, Li RY, Tung YW, Jeng KC, Tsai SCS. Morbidity, mortality, associated injuries, and management of traumatic
rib fractures. J Chin Med Assoc. 2016;79(6):329-334. [FREE Full text] [doi: 10.1016/j.jcma.2016.01.006] [Medline:
27025223]

5. Van Vledder MG, Kwakernaak V, Hagenaars T, Van Lieshout EMM, Verhofstad MHJ, South West Netherlands Trauma
Region Study Group. Patterns of injury and outcomes in the elderly patient with rib fractures: a multicenter observational
study. Eur J Trauma Emerg Surg. 2019;45(4):575-583. [FREE Full text] [doi: 10.1007/s00068-018-0969-9] [Medline:
29905897]

JMIR Serious Games 2024 | vol. 12 | e54389 | p. 11https://games.jmir.org/2024/1/e54389
(page number not for citation purposes)

Groenveld et alJMIR SERIOUS GAMES

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=games_v12i1e54389_app1.pdf&filename=04b9a99b8979b009d0fb3ccb6f96a297.pdf
https://jmir.org/api/download?alt_name=games_v12i1e54389_app1.pdf&filename=04b9a99b8979b009d0fb3ccb6f96a297.pdf
https://jmir.org/api/download?alt_name=games_v12i1e54389_app2.pdf&filename=cc39c23a604cd241153ef495647bc909.pdf
https://jmir.org/api/download?alt_name=games_v12i1e54389_app2.pdf&filename=cc39c23a604cd241153ef495647bc909.pdf
https://jmir.org/api/download?alt_name=games_v12i1e54389_app3.pdf&filename=b2a84b2983143399b253d03ef1092482.pdf
https://jmir.org/api/download?alt_name=games_v12i1e54389_app3.pdf&filename=b2a84b2983143399b253d03ef1092482.pdf
https://jmir.org/api/download?alt_name=games_v12i1e54389_app4.pdf&filename=68585079e5a2dfdf2bde1c2f86df7ba8.pdf
https://jmir.org/api/download?alt_name=games_v12i1e54389_app4.pdf&filename=68585079e5a2dfdf2bde1c2f86df7ba8.pdf
http://dx.doi.org/10.1016/j.injury.2011.01.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21256488&dopt=Abstract
https://sjtrem.biomedcentral.com/articles/10.1186/s13049-017-0384-y
http://dx.doi.org/10.1186/s13049-017-0384-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28427480&dopt=Abstract
http://dx.doi.org/10.1007/s001130050550
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10883594&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1726-4901(16)00038-1
http://dx.doi.org/10.1016/j.jcma.2016.01.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27025223&dopt=Abstract
https://europepmc.org/abstract/MED/29905897
http://dx.doi.org/10.1007/s00068-018-0969-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29905897&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


6. Martin TJ, Eltorai AS, Dunn R, Varone A, Joyce MF, Kheirbek T, et al. Clinical management of rib fractures and methods
for prevention of pulmonary complications: a review. Injury. 2019;50(6):1159-1165. [doi: 10.1016/j.injury.2019.04.020]
[Medline: 31047683]

7. Abid A, Ahmad T, Thapaliya P, Dawani S, Sikander N, Mazcuri M. Morbidity and mortality among patients sustaining
chest injury due to blunt force - the difference between young and elderly. J Ayub Med Coll Abbottabad. 2020;32(4):512-516.
[FREE Full text] [Medline: 33225654]

8. Horst K, Hildebrand F. Focus on chest trauma: implications from clinical and experimental studies. Eur J Trauma Emerg
Surg. 2020;46(1):1-2. [FREE Full text] [doi: 10.1007/s00068-020-01310-7] [Medline: 32067054]

9. Kourouche S, Buckley T, Munroe B, Curtis K. Development of a blunt chest injury care bundle: an integrative review.
Injury. 2018;49(6):1008-1023. [doi: 10.1016/j.injury.2018.03.037] [Medline: 29655592]

10. Unsworth A, Curtis K, Asha SE. Treatments for blunt chest trauma and their impact on patient outcomes and health service
delivery. Scand J Trauma Resusc Emerg Med. 2015;23:17. [FREE Full text] [doi: 10.1186/s13049-015-0091-5] [Medline:
25887859]

11. Galvagno SM, Smith CE, Varon AJ, Hasenboehler EA, Sultan S, Shaefer G, et al. Pain management for blunt thoracic
trauma: a joint practice management guideline from the eastern association for the surgery of trauma and trauma
anesthesiology society. J Trauma Acute Care Surg. 2016;81(5):936-951. [doi: 10.1097/TA.0000000000001209] [Medline:
27533913]

12. Benyamin R, Trescot AM, Datta S, Buenaventura R, Adlaka R, Sehgal N, et al. Opioid complications and side effects. Pain
Physician. 2008;11(2 Suppl):S105-S120. [FREE Full text] [Medline: 18443635]

13. Aswegen HV, Reeve J, Beach L, Parker R, Olsèn MF. Physiotherapy management of patients with major chest trauma:
results from a global survey. Trauma. 2019;22(2):133-141. [doi: 10.1177/1460408619850918]

14. Seeger JPH, Koenders N, Staal JB, Hoogeboom TJ. Effects of general physical activity promoting interventions on functional
outcomes in patients hospitalized over 48 hours: a systematic review and meta-analysis of randomized controlled trials. Int
J Environ Res Public Health. 2021;18(3):1233. [doi: 10.3390/ijerph18031233] [Medline: 33573098]

15. Koenders N, Potkamp-Kloppers S, Geurts Y, Akkermans R, Nijhuis-van der Sanden MWG, Hoogeboom TJ. Ban
bedcentricity: a multifaceted innovation to reduce sedentary behavior of patients during the hospital stay. Phys Ther.
2021;101(7):pzab054. [FREE Full text] [doi: 10.1093/ptj/pzab054] [Medline: 33564890]

16. Mudge AM, McRae P, McHugh K, Griffin L, Hitchen A, Walker J, et al. Poor mobility in hospitalized adults of all ages.
J Hosp Med. 2016;11(4):289-291. [doi: 10.1002/jhm.2536] [Medline: 26797978]

17. Spiegel B, Fuller G, Lopez M, Dupuy T, Noah B, Howard A, et al. Virtual reality for management of pain in hospitalized
patients: a randomized comparative effectiveness trial. PLoS One. 2019;14(8):e0219115. [FREE Full text] [doi:
10.1371/journal.pone.0219115] [Medline: 31412029]

18. Condon C, Lam WT, Mosley C, Gough S. A systematic review and meta-analysis of the effectiveness of virtual reality as
an exercise intervention for individuals with a respiratory condition. Adv Simul (Lond). 2020;5(1):33. [FREE Full text]
[doi: 10.1186/s41077-020-00151-z] [Medline: 33292807]

19. Sween J, Wallington SF, Sheppard V, Taylor T, Llanos AA, Adams-Campbell LL. The role of exergaming in improving
physical activity: a review. J Phys Act Health. 2014;11(4):864-870. [FREE Full text] [doi: 10.1123/jpah.2011-0425]
[Medline: 25078529]

20. Mallari B, Spaeth EK, Goh H, Boyd BS. Virtual reality as an analgesic for acute and chronic pain in adults: a systematic
review and meta-analysis. J Pain Res. 2019;12:2053-2085. [FREE Full text] [doi: 10.2147/JPR.S200498] [Medline:
31308733]

21. Tashjian VC, Mosadeghi S, Howard AR, Lopez M, Dupuy T, Reid M, et al. Virtual reality for management of pain in
hospitalized patients: results of a controlled trial. JMIR Ment Health. 2017;4(1):e9. [FREE Full text] [doi:
10.2196/mental.7387] [Medline: 28356241]

22. Delshad SD, Almario CV, Fuller G, Luong D, Spiegel BMR. Economic analysis of implementing virtual reality therapy
for pain among hospitalized patients. NPJ Digit Med. 2018;1:22. [FREE Full text] [doi: 10.1038/s41746-018-0026-4]
[Medline: 31304304]

23. Saredakis D, Szpak A, Birckhead B, Keage HAD, Rizzo A, Loetscher T. Factors associated with virtual reality sickness in
head-mounted displays: a systematic review and meta-analysis. Front Hum Neurosci. 2020;14:96. [FREE Full text] [doi:
10.3389/fnhum.2020.00096] [Medline: 32300295]

24. Schulz KF, Altman DG, Moher D, CONSORT Group. CONSORT 2010 statement: updated guidelines for reporting parallel
group randomised trials. BMJ. 2010;340:c332. [FREE Full text] [doi: 10.1136/bmj.c332] [Medline: 20332509]

25. Major trauma: assessment and initial management. In: National Institute for Health and Care Excellence (NICE). London.
National Clinical Guideline Centre (UK); 2016.

26. Berben SAA, Kemps HHLM, van Grunsven PM, Mintjes-de Groot JAJ, van Dongen RTM, Schoonhoven L. [Guideline
'Pain management for trauma patients in the chain of emergency care']. Ned Tijdschr Geneeskd. 2011;155(18):A3100.
[Medline: 21771359]

27. van Dijk GC. Care of people who are powerless in daily living (PDL care). In: A Theoretical Approach. Groningen.
University of Groningen; 2008.

JMIR Serious Games 2024 | vol. 12 | e54389 | p. 12https://games.jmir.org/2024/1/e54389
(page number not for citation purposes)

Groenveld et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.injury.2019.04.020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31047683&dopt=Abstract
http://jamc.ayubmed.edu.pk/index.php/jamc/article/view/7883/2971
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33225654&dopt=Abstract
https://europepmc.org/abstract/MED/32067054
http://dx.doi.org/10.1007/s00068-020-01310-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32067054&dopt=Abstract
http://dx.doi.org/10.1016/j.injury.2018.03.037
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29655592&dopt=Abstract
https://sjtrem.biomedcentral.com/articles/10.1186/s13049-015-0091-5
http://dx.doi.org/10.1186/s13049-015-0091-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25887859&dopt=Abstract
http://dx.doi.org/10.1097/TA.0000000000001209
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27533913&dopt=Abstract
http://www.painphysicianjournal.com/linkout?issn=1533-3159&vol=11&page=S105
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18443635&dopt=Abstract
http://dx.doi.org/10.1177/1460408619850918
http://dx.doi.org/10.3390/ijerph18031233
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33573098&dopt=Abstract
https://europepmc.org/abstract/MED/33564890
http://dx.doi.org/10.1093/ptj/pzab054
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33564890&dopt=Abstract
http://dx.doi.org/10.1002/jhm.2536
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26797978&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0219115
http://dx.doi.org/10.1371/journal.pone.0219115
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31412029&dopt=Abstract
https://advancesinsimulation.biomedcentral.com/articles/10.1186/s41077-020-00151-z
http://dx.doi.org/10.1186/s41077-020-00151-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33292807&dopt=Abstract
https://europepmc.org/abstract/MED/25078529
http://dx.doi.org/10.1123/jpah.2011-0425
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25078529&dopt=Abstract
https://europepmc.org/abstract/MED/31308733
http://dx.doi.org/10.2147/JPR.S200498
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31308733&dopt=Abstract
https://mental.jmir.org/2017/1/e9/
http://dx.doi.org/10.2196/mental.7387
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28356241&dopt=Abstract
https://doi.org/10.1038/s41746-018-0026-4
http://dx.doi.org/10.1038/s41746-018-0026-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31304304&dopt=Abstract
https://europepmc.org/abstract/MED/32300295
http://dx.doi.org/10.3389/fnhum.2020.00096
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32300295&dopt=Abstract
https://europepmc.org/abstract/MED/20332509
http://dx.doi.org/10.1136/bmj.c332
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20332509&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21771359&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


28. de Vlieger JCN, Luiting WH, Lockyer J, Meyer P, Fleer J, Sanderman R, et al. Validation of the dutch translation of the
quality of recovery-15 scale. BMC Anesthesiol. 2022;22(1):243. [FREE Full text] [doi: 10.1186/s12871-022-01784-5]
[Medline: 35915438]

29. Atkinson MJ, Sinha A, Hass SL, Colman SS, Kumar RN, Brod M, et al. Validation of a general measure of treatment
satisfaction, the treatment satisfaction questionnaire for medication (TSQM), using a national panel study of chronic disease.
Health Qual Life Outcomes. 2004;2:12. [FREE Full text] [doi: 10.1186/1477-7525-2-12] [Medline: 14987333]

30. Butts CA, Brady JJ, Wilhelm S, Castor L, Sherwood A, McCall A, et al. Do simple beside lung function tests predict
morbidity after rib fractures? Am J Surg. 2017;213(3):473-477. [doi: 10.1016/j.amjsurg.2016.11.026] [Medline: 27894507]

31. Validation criteria. Technologies P. 2023. URL: https://kb.palt.com/articles/mora/ [accessed 2023-07-27]
32. Williams RJ, Tse T, DiPiazza K, Zarin DA. Terminated trials in the clinicalTrials.gov results database: evaluation of

availability of primary outcome data and reasons for termination. PLoS One. 2015;10(5):e0127242. [FREE Full text] [doi:
10.1371/journal.pone.0127242] [Medline: 26011295]

33. National Instute of Health. Division of AIDS (DAIDS) Site Clinical Operations and Research Essentials (SCORE) Manual:
Premature Termination or Suspension of a Clinical Trial. National Institute of Health. Oct 2, 2023. URL: https://www.
niaid.nih.gov/sites/default/files/score-premature-termination-or-suspension-of-clinical-trial.pdf [accessed 2024-08-24]

34. Lier EJ, Smits ML, van Boekel RLM, Vissers KCP, Maandag NJG, de Vries M, et al. Virtual reality for postsurgical pain
management: an explorative randomized controlled study. Surgery. 2024;176(3):818-825. [FREE Full text] [doi:
10.1016/j.surg.2024.06.011] [Medline: 38987093]

35. Lier EJ, de Vries M, Steggink EM, Ten Broek RPG, van Goor H. Effect modifiers of virtual reality in pain management:
a systematic review and meta-regression analysis. Pain. 2023;164(8):1658-1665. [FREE Full text] [doi:
10.1097/j.pain.0000000000002883] [Medline: 36943251]

36. Wiechman SA, Jensen MP, Sharar SR, Barber JK, Soltani M, Patterson DR. The impact of virtual reality hypnosis on pain
and anxiety caused by trauma: lessons learned from a clinical trial. Int J Clin Exp Hypn. 2022;70(2):156-173. [FREE Full
text] [doi: 10.1080/00207144.2022.2052296] [Medline: 35348435]

37. Martin TJ, Patel SA, Tran M, Eltorai AS, Daniels AH, Eltorai AEM. Patient factors associated with successful incentive
spirometry. R I Med J (2013). 2018;101(9):14-18. [Medline: 30384513]

38. Weingart SN, Zhu J, Chiappetta L, Stuver SO, Schneider EC, Epstein AM, et al. Hospitalized patients' participation and
its impact on quality of care and patient safety. Int J Qual Health Care. 2011;23(3):269-277. [FREE Full text] [doi:
10.1093/intqhc/mzr002] [Medline: 21307118]

39. Prey JE, Woollen J, Wilcox L, Sackeim AD, Hripcsak G, Bakken S, et al. Patient engagement in the inpatient setting: a
systematic review. J Am Med Inform Assoc. 2014;21(4):742-750. [FREE Full text] [doi: 10.1136/amiajnl-2013-002141]
[Medline: 24272163]

40. Smits M, Ludden GDS, Verbeek PP, van Goor H. Responsible design and assessment of a SARS-CoV virtual reality
rehabilitation programme: guidance ethics in context. Journal of Responsible Innovation. 2022;9(3):344-370. [doi:
10.1080/23299460.2022.2076986]

41. Groenveld TD, Smits MLM, Knoop J, Kallewaard JW, Staal JB, de Vries M, et al. Effect of a behavioral therapy-based
virtual reality application on quality of life in chronic low back pain. Clin J Pain. 2023;39(6):278-285. [FREE Full text]
[doi: 10.1097/AJP.0000000000001110] [Medline: 37002877]

42. Otter CEM, Keers JC, Smit J, Schoonhoven L, de Man-van Ginkel JM. 'Nurses' self-management support to hospitalised
patients: a scoping review. J Clin Nurs. 2023;32(9-10):2270-2281. [doi: 10.1111/jocn.16242] [Medline: 35118738]

43. (AZW) AZeW. Werknemers- en werkgeversenquête zorg en welzijn. 4e kwartaal 2022. 2023. URL: https://www.azwinfo.nl/
publicaties/azw-werknemersenquete-zorg-en-welzijn-4e-kwartaal-2022/ [accessed 2023-08-17]

44. Tobiano G, Marshall A, Bucknall T, Chaboyer W. Patient participation in nursing care on medical wards: An integrative
review. Int J Nurs Stud. 2015;52(6):1107-1120. [doi: 10.1016/j.ijnurstu.2015.02.010] [Medline: 25769475]

45. Sahlsten MJM, Larsson IE, Plos KAE, Lindencrona CSC. Hindrance for patient participation in nursing care. Scand J
Caring Sci. 2005;19(3):223-229. [doi: 10.1111/j.1471-6712.2005.00336.x] [Medline: 16101850]

46. Halbig A, Babu SK, Gatter S, Latoschik ME, Brukamp K, von Mammen S. Opportunities and challenges of virtual reality
in healthcare – A domain experts inquiry. Front. Virtual Real. 2022;3(12):e1001940. [FREE Full text] [doi:
10.3389/frvir.2022.837616] [Medline: 26701262]

47. Sibley M, Earwicker R, Huber JW. Making best use of patient experience. J Clin Nurs. 2018;27(23-24):4239-4241. [doi:
10.1111/jocn.14504] [Medline: 29752838]

48. Sagnier C, Loup-Escande E, Lourdeaux D, Thouvenin I, Valléry G. User acceptance of virtual reality: an extended technology
acceptance model. International Journal of Human–Computer Interaction. 2020;36(11):993-1007. [doi:
10.1080/10447318.2019.1708612]

49. Birrenbach T, Bühlmann F, Exadaktylos AK, Hautz WE, Müller M, Sauter TC. Virtual reality for pain relief in the emergency
room (VIPER) - a prospective, interventional feasibility study. BMC Emerg Med. 2022;22(1):113. [FREE Full text] [doi:
10.1186/s12873-022-00671-z] [Medline: 35729502]

JMIR Serious Games 2024 | vol. 12 | e54389 | p. 13https://games.jmir.org/2024/1/e54389
(page number not for citation purposes)

Groenveld et alJMIR SERIOUS GAMES

XSL•FO
RenderX

https://bmcanesthesiol.biomedcentral.com/articles/10.1186/s12871-022-01784-5
http://dx.doi.org/10.1186/s12871-022-01784-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35915438&dopt=Abstract
https://hqlo.biomedcentral.com/articles/10.1186/1477-7525-2-12
http://dx.doi.org/10.1186/1477-7525-2-12
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14987333&dopt=Abstract
http://dx.doi.org/10.1016/j.amjsurg.2016.11.026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27894507&dopt=Abstract
https://kb.palt.com/articles/mora/
https://dx.plos.org/10.1371/journal.pone.0127242
http://dx.doi.org/10.1371/journal.pone.0127242
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26011295&dopt=Abstract
https://www.niaid.nih.gov/sites/default/files/score-premature-termination-or-suspension-of-clinical-trial.pdf
https://www.niaid.nih.gov/sites/default/files/score-premature-termination-or-suspension-of-clinical-trial.pdf
https://linkinghub.elsevier.com/retrieve/pii/S0039-6060(24)00391-X
http://dx.doi.org/10.1016/j.surg.2024.06.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38987093&dopt=Abstract
https://europepmc.org/abstract/MED/36943251
http://dx.doi.org/10.1097/j.pain.0000000000002883
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36943251&dopt=Abstract
https://europepmc.org/abstract/MED/35348435
https://europepmc.org/abstract/MED/35348435
http://dx.doi.org/10.1080/00207144.2022.2052296
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35348435&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30384513&dopt=Abstract
https://europepmc.org/abstract/MED/21307118
http://dx.doi.org/10.1093/intqhc/mzr002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21307118&dopt=Abstract
https://europepmc.org/abstract/MED/24272163
http://dx.doi.org/10.1136/amiajnl-2013-002141
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24272163&dopt=Abstract
http://dx.doi.org/10.1080/23299460.2022.2076986
https://europepmc.org/abstract/MED/37002877
http://dx.doi.org/10.1097/AJP.0000000000001110
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37002877&dopt=Abstract
http://dx.doi.org/10.1111/jocn.16242
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35118738&dopt=Abstract
https://www.azwinfo.nl/publicaties/azw-werknemersenquete-zorg-en-welzijn-4e-kwartaal-2022/
https://www.azwinfo.nl/publicaties/azw-werknemersenquete-zorg-en-welzijn-4e-kwartaal-2022/
http://dx.doi.org/10.1016/j.ijnurstu.2015.02.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25769475&dopt=Abstract
http://dx.doi.org/10.1111/j.1471-6712.2005.00336.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16101850&dopt=Abstract
http://dx.plos.org/10.1371/journal.pmed.1001940
http://dx.doi.org/10.3389/frvir.2022.837616
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26701262&dopt=Abstract
http://dx.doi.org/10.1111/jocn.14504
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29752838&dopt=Abstract
http://dx.doi.org/10.1080/10447318.2019.1708612
https://bmcemergmed.biomedcentral.com/articles/10.1186/s12873-022-00671-z
http://dx.doi.org/10.1186/s12873-022-00671-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35729502&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


50. Kelleher SA, Fisher HM, Winger JG, Miller SN, Amaden GH, Somers TJ, et al. Virtual reality for improving pain and
pain-related symptoms in patients with advanced stage colorectal cancer: a pilot trial to test feasibility and acceptability.
Palliat Support Care. 2022;20(4):471-481. [FREE Full text] [doi: 10.1017/S1478951521002017] [Medline: 35078545]

51. Jawed YT, Golovyan D, Lopez D, Khan SH, Wang S, Freund C, et al. Feasibility of a virtual reality intervention in the
intensive care unit. Heart Lung. 2021;50(6):748-753. [doi: 10.1016/j.hrtlng.2021.05.007] [Medline: 34217986]

52. Groenveld T, Achttien R, Smits M, de Vries M, van Heerde R, Staal B, et al. COVID Rehab Group. Feasibility of virtual
reality exercises at home for post-COVID-19 condition: cohort study. JMIR Rehabil Assist Technol. 2022;9(3):e36836.
[FREE Full text] [doi: 10.2196/36836] [Medline: 35858254]

53. Lier EJ, Smits MLM, de Vries M, van Goor H. Self-Administered virtual reality for postsurgical pain management: a
qualitative study of hospital patients' reported experiences. J Clin Med. 2023;12(21):6805. [FREE Full text] [doi:
10.3390/jcm12216805] [Medline: 37959270]

54. Smits M, Kim CM, van Goor H, Ludden GDS. From digital health to digital well-being: systematic scoping review. J Med
Internet Res. 2022;24(4):e33787. [FREE Full text] [doi: 10.2196/33787] [Medline: 35377328]

55. Smits M, van Goor H, Kallewaard JW, Verbeek PP, Ludden GDS. Evaluating value mediation in patients with chronic
low-back pain using virtual reality: contributions for empirical research in value sensitive design. Health Technol (Berl).
2022;12(4):765-778. [FREE Full text] [doi: 10.1007/s12553-022-00671-w] [Medline: 35505793]

56. Liberati EG. What is the potential of patient shadowing as a patient-centred method? BMJ Qual Saf. 2017;26(4):343-346.
[doi: 10.1136/bmjqs-2016-005308] [Medline: 27164848]

Abbreviations
CONSORT: Consolidated Standards of Reporting Trials
HMD: head-mounted display
ICU: intensive care unit
IS: incentive spirometer
MTSQ: modified treatment satisfaction questionnaire
PDL: powerlessness in daily living
QoR-15: Quality of Recovery-15 questionnaire
VAS: visual analog scale
VR: virtual reality
VRx: virtual reality therapy

Edited by A Coristine, C Prahm; submitted 08.11.23; peer-reviewed by S Sagar, G Souza; comments to author 19.06.24; revised
version received 24.08.24; accepted 09.10.24; published 09.12.24

Please cite as:
Groenveld TD, Smits IGM, Scholten N, de Vries M, van Goor H, Stirler VMA
Pulmonary and Physical Virtual Reality Exercises for Patients With Blunt Chest Trauma: Randomized Clinical Trial
JMIR Serious Games 2024;12:e54389
URL: https://games.jmir.org/2024/1/e54389
doi: 10.2196/54389
PMID:

©Tjitske D Groenveld, Indy GM Smits, Naomi Scholten, Marjan de Vries, Harry van Goor, Vincent MA Stirler. Originally
published in JMIR Serious Games (https://games.jmir.org), 09.12.2024. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work, first published in JMIR Serious Games, is properly
cited. The complete bibliographic information, a link to the original publication on https://games.jmir.org, as well as this copyright
and license information must be included.

JMIR Serious Games 2024 | vol. 12 | e54389 | p. 14https://games.jmir.org/2024/1/e54389
(page number not for citation purposes)

Groenveld et alJMIR SERIOUS GAMES

XSL•FO
RenderX

https://europepmc.org/abstract/MED/35078545
http://dx.doi.org/10.1017/S1478951521002017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35078545&dopt=Abstract
http://dx.doi.org/10.1016/j.hrtlng.2021.05.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34217986&dopt=Abstract
https://rehab.jmir.org/2022/3/e36836/
http://dx.doi.org/10.2196/36836
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35858254&dopt=Abstract
https://www.mdpi.com/resolver?pii=jcm12216805
http://dx.doi.org/10.3390/jcm12216805
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37959270&dopt=Abstract
https://www.jmir.org/2022/4/e33787/
http://dx.doi.org/10.2196/33787
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35377328&dopt=Abstract
https://europepmc.org/abstract/MED/35505793
http://dx.doi.org/10.1007/s12553-022-00671-w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35505793&dopt=Abstract
http://dx.doi.org/10.1136/bmjqs-2016-005308
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27164848&dopt=Abstract
https://games.jmir.org/2024/1/e54389
http://dx.doi.org/10.2196/54389
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

