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Introduction: Phantom limb pain (PLP) occurs in approximately 75% of patients who undergo limb amputation. In identifying the etiopatho-
genic mechanisms, multidisciplinary approaches are increasingly important in explaining the causality based on neurological and psychologi-
cal factors. PLP has many negative effects on the amputee's physical and mental integrity, which is why a variety of treatments have been
conceived, whose effectiveness is rather limited. Objective: The purpose of this study is to evaluate the effectiveness of an immersive virtual
reality (IVR) intervention program using the mirror therapy principles in decreasing PLP. Method: Twenty participants suffering from PLP were
randomly assigned to one of the two intervention groups: IVR and kinesiotherapy, respectively. Pre- and post-intervention measurements were
performed both on pain level and on several psychological variables: depression and anxiety symptoms, pain catastrophizing, quality of life,
body representation and coping strategies. Results: Preliminary data show a significant pain relief in patients in the IVR group compared to
those in the kinesiotherapy group. Besides, significant improvement was found in the case of the patients in the IVR group, in terms of life qual-
ity improvement, reducing irrational pain catastrophizing-related thoughts and positive coping strategies (positive refocusing and reappraisal).
There were no differences identified between the two groups in terms of anxiety and depression symptoms. Despite expectations, patients in
the IVR group experienced a significant increase in one negative coping strategy: rumination. Conclusions: The results obtained are advocat-

ing the use of IVI intervention as a method phantom limb pain alleviation, with positive consequences on patients' life quality.
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Introduction
Limb amputation is a major loss and has a significant nega-
tive impact on the patient’s well-being: from loss of in-
dependence and restriction of daily activities to isolation,
mental health impairment and body image disturbances.
In addition, the amputee may experience sensations in the
severed limb, phantom limb pain and stump pain. In this
study, we will deal with the phantom limb pain, defined as
painful sensations referred to the absent limb [1, 2].

Several studies suggest that significant phantom limb
pain is rare [3, 4, 5]. On the other hand, many other stud-
ies show that 60-80% of amputees experience phantom
limb pain [6]. This lack of consistency between studies
may be explained, on the one hand, by the fact that PLP
incidence was assessed by taking into account only the
population that has actively sought medical assistance for
their phantom limb pain and, on the other hand, because
this type of pain is often underreported by patients, who
are generally convinced that pain in an amputated limb
only exists in their minds. Even two years after limb loss,
approximately 75% of amputees complain about pain in
their phantom limb [7, 8].

Phantom limb pain is a complex phenomenon, with
underlying theories evolving from mono-disciplinary ap-
proaches, based exclusively on neurological mechanisms,
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to complex approaches that include both neurological
mechanisms and psychological factors. Therefore, the need
for multidisciplinary interventions is becoming increas-
ingly stringent [9].

Specialized literature lists two primary levels at which
phantom limb pain relief interventions are performed:
pharmacological administration and psychological, be-
havioural and physical intervention [10]. Pharmacological
treatments use analgesics, antidepressants, neuroleptics,
anticonvulsants, opioids, muscle relaxants etc. Although
pharmacological interventions appear to be numerous, a
systematic review of the studies in this field shows that
there is limited evidence supporting their effectiveness in
PLP management [11]. On the other hand, where the
pain in the phantom limb is linked to several pathological
processes, including cortical changes, an intervention pro-
gram that includes physical, behavioural or psychological
components may prove more beneficial. Psychological in-
terventions address in particular the emotional factors in-
volved in the occurrence and persistence of the pain in the
phantom limb [12]. Cognitive-behavioural therapy and
hypnotherapy appear to provide encouraging evidence to
this effect [13]; however, in the absence of controlled clini-
cal trials and the fact that most results are based on case
studies only, there is no solid evidence supporting their ef-
fectiveness. On the other hand, behavioural interventions
have been given a particular attention, partly owing to their
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affordability and reduced costs. Kinesiotherapy, a thereapy
where patients make muscle toning movements, has prov-
en to have only limited effectiveness, with positive results
being rather recorded in patients with prosthetic limbs
[10]. Therefore, new behavioural interventions need to be
applied to patients who have not yet been prosthetized, but
who are experiencing pain in their phantom limb. Mirror-
box therapy is one of the most common interventions. The
therapy uses the principle of visual illusion to change am-
putee’s bodily representation and thus alleviate PLP.

The therapy uses a box containing a mirror. The ampu-
tee places his or her intact limb into the box, which allows
him/her to view a reflection of his/her anatomical limb in
the visual space occupied by his/her phantom limb, while
moving the intact limb to release tension in the phantom
limb. However, the mirror box presents a number of in-
herent limitations: the illusion is tentative, relaying on the
patient’s maintaining attentional focus on the reflected im-
age as opposed to the moving anatomical limb; otherwise,
a simple glance of the amputee at the missing limb would
compromise the illusion. Besides, the patient is forced to
remain in a restricted, fixed position and to move the ana-
tomical limb in a very narrow space [14]. The interven-
tions based on mirror therapy seem promising, although
most of its positive results come from case studies or single-
subject experiments [15, 16, 17].

The conclusion is that the literature highlights the need
for both controlled clinical trials and for improvement in
behavioural interventions, so as to overcome the limitations
presented by the mirror therapy. Therefore, this study uses
an immersive virtual reality intervention program (IVR)
based on mirror-box visual illusion principles. By using the
virtual space, the visual illusion is enhanced, because the
number of disruptors is limited and the movement space is
much wider [18].

In this context, our research aims at assessing the effec-
tiveness of an IVR-based intervention program in reducing
phantom limb pain. To this end, we have compared the ef-
fectiveness of this type of intervention with a standard be-
havioural program based on kinesiotherapy. Studies show
the higher effectiveness of the interventional programs
based on visual illusion compared to those based on physi-
cal exercise, for which reason the study did not include a
placebo or a waiting list type of control group.

Moreover, in order to draw a comprehensive picture of
the psychological mechanisms underlying the pain in the
phantom limb, measurements of psychological variables
were included: depression and anxiety symptoms, coping
strategies, pain catastrophizing, body image representation.
A series of studies show that depression symptomatology
is associated with pain intensity [19] and that depression
and anxiety symptoms persist several years after amputa-
tion [20]. Also, amputees tend to use negative cognitive and
emotional coping strategies, which have a negative impact
on the presence and intensity of pain [19, 21]. Furthermore,
a number of studies have drawn attention to the negative

effects of visual illusion and virtual reality therapies, seen
as triggers of distorted bodily representation, given that the
creation of an illusion of the amputated limb might exac-
erbate depression symptoms in amputees, causing them to
experience persistent phantom limb pain [22].

Method

Design

This study is a controlled clinical trial, based on two study
groups: an IVR intervention group and a kinesiotherapy
intervention group. The twenty participants were random-
ly assigned to one or the other of the two groups. This
study was approved by University of Medicine and Phar-
macy “luliu Hatieganu “ ethics committee.

Participants

The subjects were recruited from among patients who were
admitted to the Surgery Clinic 2 in Cluj-Napoca between
2014 and 2017 and who had undergone lower limb ampu-
tation surgery. Twenty people were selected to participate
in this clinical trial: 16 males (80%) and 4 females (20%).
The participants were aged 49-87 years, most of them liv-
ing in urban areas (85%), and they were distributed by
the two intervention groups: the IVR group (n = 10) and
the kinesiotherapy group (n = 10). Inclusion criterion: re-
ported pain in the phantom limb. Exclusion criteria: neu-
rological conditions or cognitive impairment.

Measurements

Pain. The McGill Pain Questionnaire (MPQ) [23] was used
to evaluate pain in the phantom limb. The phantom limb
pain subscale from the 77inity Amputation and Prosthesis
Experience Scale (Gallagher, Desmond & MaclLachlan,
2000) was also used.

Irrational cognitions. The Pain Catastrophizing Scale
(PCS) [24], was used to assess irrational pain-related cog-
nitions.

Body image. Amputatee Body Image Scale (ABIS) [25],
was used to assess the relative presence of concern related
to amputee’s own body image.

Depression and anxiety symptoms. The Hospital Depres-
sion and Anxiety Scale (HADS) [26], was used to assess the
severity of depression and anxiety symptoms.

Coping strategies. The Cognitive Emotion Regulation Scale
(CERQ) [27], evaluated the presence of positive or nega-
tive coping strategies. The scale contains nine subscales:
self-blame, acceptance, rumination, positive refocusing,
focus on planning, positive reappraisal, putting into per-
spective, catastrophizing, blaming others.

Working procedure

Study participants were selected from among patients who
suffered amputation in the lower limb in the period 2014-
2017. They were contacted by phone and informed about
the study. All those who wanted to participate signed an
informed consent form.
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In the first stage of the study, all participants filled in the
initial assessment scales (pain, irrational cognitions, body
image, depression and anxiety symptoms, coping strate-
gies). The second stage started 1-3 days after the filling in
of the questionnaires and consisted of three intervention
sessions by each participant in the two groups (IVR and
kinesiotherapy, respectively). The sessions were scheduled
1-2 days apart. The third stage was performed 1-3 days af-
ter the last intervention session and included post-inter-
vention measurements for all participants.

Treatments

Kinesiotherapy intervention

The subjects were given three physiotherapy sessions of 30

minutes each, where they engaged in exercises for muscle

toning in the lower amputated limb (leg and thigh);
Posture exercises, designed to release contraction and

avoid vicious position of the stump, coupled with toning

of the healthy lower limb muscles.

IVR intervention

Patients were given three IVR-based therapy sessions. The
IVR software was developed specifically for this study, us-
ing the Unity 3D platform. The device comprised a pair
of 3D virtual reality glasses for smartphones, fitted with
adjustable aspherical lenses, a Bluetooth gamepad for IVR
and a Lenovo K6 phone. In each session, the participants
performed three repetitive tasks: placing the virtual repre-
sentation of the phantom limb into a coloured, sequential-
ly-illuminated square, hitting a virtual ball and lifting the
leg to 45° to touch a virtual bar (Figure 1, Figure 2, Figure
3). First the patient was familiarized with the equipment.
Hitting a virtual ball was the first task: the patient con-
trolled the simultaneous movement of the virtual limb (by
using the joystick) and the stump. The same principle was
applied for the other 2 tasks. The sessions lasted 30 min-
utes each (Figure 4, Figure 5).

Statistical analysis

The entire set of collected data was statistically evaluated
and the significance of each intervention was calculated.
A mix Analysis of variance (mixt ANOVA) was conduct-
ed, where the within groups factor was the time (pre- and
post-interventions) and the between groups factor, was
the condition (IVR group and kinetotherapy group). The
main effect (time*group, group, time) analysis were carried
out in SPSS Version 24. Also, Pearson’s linear correlations
were calculated using SPSS Version 24.

Results

To test the effects of the interventions on the variables, we
resorted to a mixed variance analysis, where time (pre- and
post-intervention) was the within-subjects factor, and the
group (IVR/ kinesiotherapy) was the between-groups factor.

Pain in the phantom limb

The results show that pain assessed with the MPQ was
lower in the IVR group at post-assessment compared to
the kinesiotherapy group. Statistical analysis has revealed
a significant time*group interaction, F (1, 10) = 23.965, p
< 0.001, n2= 0.571. Also, a time effect F(1, 20) = 26.809,
p < 0.001, n2= 0.598 was recorded. There was no group
effect (p = 0.464).

Quality of life

The quality of life measured by TAPES has shown sig-
nificant post-intervention increase in patients in the IVR
group compared to those in the kinesiotherapy group. A
significant time*group interaction F (1, 10) = 15.158, p =
0.001, 2= 0.457 was recorded, coupled with a time effect
F (1, 20) = 23.684, p < 0.001, 2= 0.586. The group effect
was absent (p = 0.707).

Fig. 1. First exercise - Hitting a virtual ball

Fig. 2. Second exercise - Placing the virtual representation of the
phantom limb into a colored, sequentially-illuminated square

Fig. 3. Third exercise - Lifting the leg to 45° to touch a virtual bar
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Fig. 4. IVR equipment: a. Lenovo Vibe K6; b. VR Shinecon blue-
tooth gamepad; c. 3D VR Shinecon glasses for mobile phone

Fig. 5. Patient during IVR session

Depression and anxiety symptoms
Regarding depression symptoms, a time effect F (1, 20) =
6.560, p = 0.02, 2= 0.267 was recorded. There was no sig-
nificant time* group interaction (p = 0.404) and no group
effect (p = 0.605).

As far as the anxiety symptoms are concerned, there was
a time effect F (1, 20) = 9.511, p = 0.006, 2= 0.346 re-
corded. No significant time*group interaction (p = 1) and
no group effect (p = 0.941) were recorded.

Pain catastrophizing

The irrational cognitions related to pain catastrophizing
were lower in subjects in the IVR group at post-assessment
compared to those in the kinesiotherapy group. A sig-
nificant time* group interaction, F (1, 10) = 12.975, p =
0.002, n?= 0.419, was recorded. Also, a significant time
effect, F (1, 20) = 18.845, p < 0.001, n?= 0.511, was re-
corded. There was no group effect (p = 0.064).

Body image representation

Based on statistical analysis, no statistically significant ef-
fect occurred: time*group (p = 0.205), time (p = 0.058),
group (p = 0.235).

Coping strategies

Higher scores were recorded on the positive coping strate-
gies (positive refocusing and refocus on planning) in pa-
tients in the IVR group as compared to those in the kine-

siotherapy group. However, there was an increase in the
negative coping strategy (rumination) in the IVR patients
compared to those in the kinesiotherapy condition.

Positive refocusing occurs when we think positive in-
stead of thinking about our bad experiences. Studies show
that positive refocusing strategy can be very beneficial to
our wellbeing, while a low score on this strategy can be
associated with a low level of emotional wellbeing. On
this coping strategy, statistically significant results were
obtained in terms of time*group interaction - (1, 10) =
23.456, p < 0.001, n? = 0.566, time — F (1, 20) = 17.618,
p =0.001, n? = 0,495 and group — F (1, 10) = 4.849, p =
0.041,n2=0.212.

Refocus on planning occurs whenever we think of the
steps we need to take in order to deal with a negative event
or whenever we think of a plan to change a straighten up
things. A high score, coupled with action, is associated
with enhanced wellbeing, while a low score is a sign of
emotional distress. In this study, statistically significant re-
sults were recorded on the time*group interaction, F (1,
10) =23.529, p < 0.001, n? = 0.567, as well as a time effect
F (1, 20) = 28.471, p < 0.001, n? = 0.567. There was no
group effect (p = 0.143).

Ruminating is the situation when we are obstinately
thinking of and are concerned about feelings and thoughts
related to a negative event. A high score on this strategy is
associated with emotional problems or with psychopatho-
logical symptoms. In term of rumination, statistically sig-
nificant results were recorded on the time*group interac-
tion, F = 6.661, p = 0.019, 2 = 0.270. There were no
time effects (p = 0.60) and no group effects (p = 0.772)
recorded.

Pain correlations and psychological variables

No significant correlations between phantom limb pain
and the various psychological variables in post-interven-
tion measurements were identified: depression symptoms
(r = 0.141), anxiety symptoms (r = 0.067), pain catastro-
phizing (r = -0.059). Likewise, no significant correlations
were recorded between phantom limb pain and emotional
and cognitive coping strategies: self-blame (r = 0.091), ac-
ceptance (r = 0.008), rumination (r = -0.132), positive re-
focusing (r = 0.046) (R =-0.001), refocus of planning (r =
0.077), putting into perspective (r = -0,194), catastrophiz-
ing (r = -0,008), blaming others (r = -0.256).

However, there were significant correlations recorded
between anxiety symptoms and irrational pain catastro-
phizing thoughts (r = 0.545, p <0.005, two-tailed) and
coping strategies: refocus on planning (r = -0.466, p
<0.005, two-tailed) and pain catastrophizing (r = 0.784, p
<0.001, two-tailed).

Discussions

A variety of treatments have been historically used to alle-
viate phantom limb pain, with unsatisfied efficacy. Recent-
ly, immersive virtual reality has been employed as a more
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sophisticated mirror therapy. The purpose of this study was
to investigate the extent to which an IVR-based interven-
tion is more effective than an intervention based on ki-
nesiotherapy in reducing phantom limb pain in patients
with lower limb amputation. The results show that the
IVR intervention is more effective, with pain alleviation in
these patients recording significant levels. These results are
consistent with those in some of the studies supporting the
effectiveness of this method, though the major criticism is
that such results come from case studies or single-subject
experiments [28].

Moreover, the IVR-based intervention has also shown
significant results in terms of psychological variables: in-
creased quality of life, less irrational pain-related thoughts
and positive coping strategies - positive refocusing and
focus on planning. These data are very important, if we
take into account the complex etiology of the pain in the
phantom limb, and are underlining the positive psycholog-
ical aspects that can be considered when designing multi-
disciplinary intervention programs.

Patients in the IVR group did not report significant de-
crease in their depression and anxiety symptoms, though
a declining trend was seen in both groups. However, de-
pression and anxiety symptoms in both groups recorded
sub-clinical values. In addition, there were no significant
concerns reported about the body image representation in
the IVR patients compared to those in the kinesiotherapy
group. These results are not consistent with those provided
by the review conducted by Barbin et al. (2016), which sug-
gests that an intervention based on a visual illusion of the
missing limb, coupled with a virtual environment, may in-
crease the amputee’s concern about his or her body image.

Contrary to expectations, the IVR patients experienced
a significant increase in the rumination coping strategy
compared to those in the kinesiotherapy group. One pos-
sible explanation might be that this is a downside of the
IVR therapy, which creates the illusion of an intact limb
replacing the severed limb. IVR-based programs could take
this aspect further into account and include psychological
interventions that are specifically targeted to managing this
particular kind of negative coping strategy. Again unlike
expectations, depression symptoms appeared to be unre-
lated to the existence or intensity of pain, as it had been
reported by some studies [19, 21]. On the other hand,
correlations were identified between symptoms of anxiety,
negative pain-catastrophizing and negative coping strate-
gies. In this regard, future IVR-based programs should
consider interventions aimed at reducing anxiety in people
with phantom limb pain.

One of the main limitations of this study is the small
number of the study sample (N = 20), which, though un-
derstandable for a pilot study on a new type of interven-
tion, provides results that need to be treated with caution,
being regarded as merely preliminary encouraging evi-
dence. Future studies should validate these hypotheses on
a larger and hence more representative sample. Moreover,

future studies should assess the extent to which the results
are replicable. Results should also be interpreted with cau-
tion, because the study did not include a passive control
group of placebo or waiting list type.

Conclusions

The therapy based on immersive virtual reality (IVR) rep-
resents an efficient alternative in the management of phan-
tom limb pain, achieving a significant reduction or even
complete remission of pain. Through the positive impact
IVR has upon the quality of life, coping, and irrational
thinking, it increases the rehabilitation compliance and al-
lows for an early recovery.

Across therapeutic disciplines, the evidence-base for
treating phantom pain is fragile. Randomized controlled
trials and systematic reviews are rare, and where they do
exist, the conclusions are not encouraging. Recent progress
includes the development of treatments, that directly tar-
get cortical mechanisms which have been linked to phan-
tom pain. The initial data for IVR therapy is encouraging,
but limited. The implementation of large, randomized,
double-blinded, multicenter, placebo controlled trials, will
be the focus of the future work.
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