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ABSTRACT

Post-surgical pain has been consistently reported in pediatrics as being difficult to manage
and limiting to surgical outcomes.1 Pain management of children is not ideal, and some chil-
dren unable to tolerate traditional pharmacological agents.2 Virtual reality (VR) is a new and
promising form of non-pharmacologic analgesia. This case study explored the use of VR anal-
gesia with a 16-year-old patient with cerebral palsy participating in a twice-daily physiother-
apy program following Single Event Multi-Level Surgery. Over 6 days, the patient spent half
of his physiotherapy sessions using VR and the other half without (order randomized). Tradi-
tional pharmacological pain management was administered throughout the trial. Using a
subjective pain scale (five faces denoting levels of pain), the patient’s overall pain ratings
whilst in the VR (experimental) condition were 41.2% less than those in the no-VR (control)
condition. This case report provides the first evidence that VR may serve as a powerful non-
pharmacologic analgesic for children following surgery.
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INTRODUCTION

MANY AVAILABLE PAIN RELIEF MECHANISMS are in-
adequate for children.2,3 Uncontrolled pain

can have serious psychological and physiological
consequences, and may lead to an increased risk of
morbidity and even mortality in children.4–6 Post-
surgical rehabilitation in young people can be ex-
tremely painful, and pharmacological analgesics are
often not able to control the pain. Non-pharmaco-
logical interventions can be used to reduce post-sur-
gical pain and therefore improve patient outcomes.

The benefits of using non-pharmacological anal-
gesics have been explored in the literature. For exam-
ple, electrotherapeutic agents such as transcutaneous
electrical nerve stimulation have been shown to be
effective in reducing pain of various origination.7,8

Watching a video,9 biofeedback,10 enhanced control
and parental participation,11 and mental imagery and
hypnosis10–12 are reported to have analgesic effects.
Cognitive behavioral strategies, especially distrac-
tion, significantly reduced pain reports in 85% of 47
studies that have been meta-analyzed.15,16 Virtual
reality (VR) is a promising new distractive tech-
nique that has been shown to be effective in reduc-
ing pain in adult and adolescent burns patients.17–20

VR creates the illusion that the user is immersed
in a virtual environment. A three-dimensional world
can be seen through the eyepieces, and the user can
interact with this world in two ways. First, by mov-
ing their head and neck, the user can “look around”
within the virtual world. Second, a hand-held trig-
ger allows the user to shoot at objects within the
computer-generated environment. VR is thought to
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be more beneficial as an analgesic than more sim-
ple forms of distraction (e.g., video movies, interac-
tive video games) due to the unusually large amount
of attention drawn into the virtual environment.21

Children with cerebral palsy (CP) who undergo
single event multi-level surgery (SEMLS) experience
high levels of post-surgical pain related to physio-
therapy treatments, despite standardized pharmaco-
logical analgesia. SEMLS involves a combination of
lower limb muscle lengthening, tendon transfers,
and osteotomies, and aims to improve the ambula-
tory function of patients with CP.22 Post-operative
physiotherapy is required twice daily, consisting of
stretching and strengthening exercises.

There is a paucity of experimental evidence
demonstrating the effectiveness of VR in children.
We report on a case study that explores the effec-
tiveness of VR analgesia on a young CP patient dur-
ing physiotherapy treatments after SEMLS.

MATERIALS AND METHODS

Project team

This project was an interdisciplinary collaboration
between the Allied Health Research Centre, the De-
partment of Computer and Information Sciences,
and the School of Physiotherapy of the University
of South Australia; and the University of Washing-
ton Human Interface Laboratory, Seattle.

Subject selection

One 16-year-old boy who had SEMLS in August
2002 at the Women’s and Children’s Hospital (Ade-
laide, Australia) was recruited for this study. The
study was approved by the Ethics Committees of the
University of South Australia and the Women’s and
Children’s Hospital. The patient gave consent, and
his parents provide written consent, to take part in
the study. The inability to use the VR equipment or to
complete the outcome tools were exclusion criteria.

Design of sessions

A within-subject design was used, ensuring that
the patient acted as his own control. For each phys-
iotherapy session, the patient spent half of the ses-
sion (approximately 10 min) using VR in addition
to usual pharmacologic analgesics (the experimen-
tal condition), and the other half using the usual
pharmacologic analgesics alone (the control condi-
tion). The order of the application of the VR in each
treatment session was randomized. VR was used in

addition to the usual analgesic routine employed at
the Women’s and Children’s Hospital for SEMLS
patients, as follows:

� In the first 72 h post-operatively, analgesia consists
of an epidural local anaesthetic and opioid mixture
(ropivacaine 2 mg/mL and fentanyl 2 mcg/mL).

� In the second 72 h, the patients are given long-
acting opioids (oxycodone, oxycontin).

� Paracetamol is used as analgesia thereafter.

The type, dosage, and timing of pharmacologies
were recorded at each treatment session.

Twice daily active physiotherapy sessions com-
menced on the second post-operative day and
consisted of knee range-of-motion and quadriceps
strengthening exercises as per the SEMLS post-
surgical protocol of the Women’s and Children’s
Hospital. Thus, the number of exercises performed
and the maximum range of motion achieved dur-
ing the sessions were determined by the protocol and
changed daily. The same physiotherapist performed
all treatment sessions. The physiotherapist admin-
istered the same treatment regime in both conditions
(with and without VR). The patient was positioned
in supine for all sessions.

Researchers attended all physiotherapy sessions
from post-operative day 2 to day 6 (when the patient
no longer reported pain during physiotherapy).

Outcome measurements

The patient was asked to rate his pain twice dur-
ing each physiotherapy session: after the VR and
the no-VR conditions. Pain was rated using a self-
reported FACES scale.23 The visual presentation of
the faces was altered to facilitate use of the scale
with the SEMLS population (Fig. 1). The FACES
scale included five drawings of faces that represented
increasing levels of distress and were presented to-

634 STEELE ET AL.

FIG. 1. The FACES scale used to measure the level of
pain experienced by the patient during the VR (experi-
mental) and no VR (control) conditions.



gether with a number (from 1 to 5) associated with
each drawing. The patient was instructed to point
to the picture that indicated the amount of pain
that was experienced during the most recent condi-
tion. Interviews were also conducted with the par-
ents and physiotherapist following each session to
obtain their perceptions of VR analgesia.

The knee flexion range achieved in each condi-
tion was measured using a goniometer applied using
strict placement criteria.

Experimental condition

The patient initially wore a Kaiser Electro-Optics
ProView 60 head-mounted display (HMD). This pro-
vided him with a 60° diagonal field of view (FOV)
of the virtual environment. The ProView was cho-
sen for its large FOV compared to other HMD units,
with the aim of increasing the user’s sense of pres-
ence in the virtual environment. A Polhemus 3Space
tracker provided position and orientation data re-
garding the patient’s head. The tracker’s sensor com-
ponent was mounted on the HMD, and its source
component was mounted on an adjustable tripod
placed behind the patient’s bed. This helmet sys-
tem proved to be inappropriate to use in the supine
position required by the SEMLS post-surgical pro-
tocol. Therefore, after treatment session 3, a more
appropriate helmet was employed. The replacement
helmet was a Daeyang Cy-Visor (Fig. 2). The Cy-
Visor was capable of a similar resolution to the orig-
inal helmet, but has a smaller FOV. The Cy-Visor
was held on the patient’s head by a single adjustable
leather strap, allowing it to be used when lying down
with minimal discomfort to the patient. This hel-
met was well received by the patient.

A game developed by the School of Computer
and Information Science, University of South Aus-
tralia, was used for this study. Figure 3 shows an
image taken from this game. The patient could in-
teract with the virtual world through movements
of his head, which aimed a virtual gun, and through
a hand-held trigger (Fig. 2), which could be used to
shoot at virtual creatures. Patients were led through
a single level of the game, providing 5 min of play
per repetition. This level was continuously repeated
for the duration of the therapy session.

Patient history

The patient had a history of right-sided hemiple-
gia. He also had a right-sided hemianopia. A trial
with the VR equipment showed that the visual de-
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FIG. 2. Researcher wearing the Daeyang Cy-Visor hel-
met. Inset shows the hand-held trigger device.

FIG. 3. An image of the virtual environment experienced by the patient.



fect did not impact his ability to effectively partici-
pate in the study. His operation included a femoral
de-rotation osteotomy, quadriceps tendon trans-
location, and releases of the Achilles and hamstring
tendons.

RESULTS

The research team attended nine treatment ses-
sions. Incomplete data sets were obtained from three
sessions for a variety of reasons (e.g., physiother-
apy treatment ceased due to difficulties with wound
management). These results have not been included
in this paper.

Results of the FACES scale support the hypothe-
sis that VR may have an analgesic effect (Fig. 4).
The average pain score difference between the VR
and no-VR condition across all sessions was 1.2 on
the FACES scale (standard deviation 1.1), with the
VR sessions repeatedly returning equal or lower
scores. Summing all responses over all treatment
sessions, the overall percentage reduction with VR
compared with non-VR pain scores was 41.2%.

Range-of-motion scores were within 5 degrees for
both conditions in all measurement sessions. The
error in taking goniometer readings is consistently
reported as being more than 5 degrees. Thus, it can
be assumed that range-of-motion findings did not
differ between conditions.

After each treatment session, the parent noted
decreased patient anxiety levels and increased mo-
tivation when the patient was using VR compared
to no VR: “The pain was not worrying him—he
seemed almost to participate more with the treat-
ment when the VR was on—almost like he wanted
to hurry up with the exercise so he could get back
to the game.” The parent also noted that she felt

less anxious when her son was in VR, since she
could see that he was more relaxed.

Although the therapist felt that whilst, at times,
she had to work harder to engage the patient in ac-
tive treatment during the VR condition (due to the
patient’s immersion in the game), overall VR was
beneficial in terms of decreasing patient anxiety and
therefore participating in an effective treatment.
For example, she stated, “Usually when we take the
Zimmer splint off at the start of the treatment the
patient is very anxious; however within the VR
condition this didn’t bother (the patient) at all.”

DISCUSSION

The results of this study support the findings of
Hoffman et al.17–20 and pioneer the use of VR as a
post-surgical analgesia for children. VR was used
throughout a series of physiotherapy treatment ses-
sions and, in all but one session, displayed anal-
gesic properties (the same pain score was given for
both conditions in one session) (Fig. 4). These re-
sults are consistent with some recent small sample
studies which showed that VR continued to reduce
pain in severe burn patients over multiple physio-
therapy treatment sessions.19,20 The results from this
case study thus underscore the potential value of
repeated administrations of VR analgesia for treat-
ing children in pain.

Suitability of equipment used, including the VR
program, influences the outcome of a study of this
nature. Changing the helmet in this study was nec-
essary to improve patient comfort and therefore in-
crease the patient’s attention to the VR. It was known
that the substitute helmet provided an inferior field
of vision compared with the original helmet; how-
ever, this was not mentioned in feedback from the
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FIG. 4. Level of pain experienced in the VR (exper-
imental) and no VR (control) conditions over re-
peated treatment sessions.



patient, nor is it apparent in the pain score results.
The relationship between visual image quality and
pain modification effect are not understood well and
should be the topic of further study.

Blinding of the physiotherapist to the VR condi-
tion could not be achieved in this study. Whilst the
physiotherapist’s knowledge of VR/non-VR appli-
cation could potentially have influenced the ther-
apy provided, the maximum range of knee flexion
achieved in each session was the same for both con-
ditions (as determined by the protocol), suggesting
that this did not occur.

There were some limitations of the present study.
The incomplete data set obtained may have de-
creased the accuracy of results. Little can be done to
avoid this in the future, since unforeseen circum-
stances that preclude data collection can and do
occur in hospital settings. In addition, although the
FACES outcome scales have been validated for use
with children,23,24 the scale used for this study had
not been validated for use with the CP population.
Also, non-specific treatment effects may have influ-
enced the results obtained in this investigation. The
contribution of factors other than effects of the VR
treatment itself should be investigated in future stud-
ies into VR analgesia. Finally, significant limitations
of the case study research design exist.25 Convincing
evidence of effectiveness of post-surgical VR anal-
gesia for children will require larger, more general-
izable, controlled studies. However, the results of
this case study are encouraging and provide sup-
port for the possible benefit of VR analgesia in the
hospital setting.

The present study shows the potential use of VR
as a non-pharmacological analgesia for pediatric
patients post-surgery. Further research should be
performed to determine the health benefits and cost
effectiveness of VR with a variety of patient popu-
lations to determine whether it is a viable and prac-
tical form of analgesia for hospitals to employ.
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