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ABSTRACT
Purpose:  Phantom limb pain (PLP) is a condition that greatly diminishes quality of life. Phantom motor 
execution (PME), enabled by myoelectric pattern recognition combined with virtual and augmented 
reality, is a novel treatment for PLP. Here we, aimed to describe patients’ experiences of this treatment.
Material and Methods:  Qualitative, using semi-structured interviews one month after completed PME 
treatment. Twenty-one Swedish and Dutch patients (mean age 57, 16 males, 16 lower limb amputations) 
participated. The analysis followed the framework approach.
Results:  The main themes were 1) treatment effects on the perception of the phantom limb, 2) living 
with PLP before and after treatment, and 3) facilitators and barriers to treatment. Most participants 
learned to control their phantom limb, perceived it more positively and as more complete. This control 
over the phantom limb became a tool for managing PLP. Most participants’ outlook on life and energy 
levels improved after treatment. Being mentally focused during treatment was important. Therapists 
were pivotal to the success of the treatment.
Conclusion:  Controlling the phantom limb improved their perception of it and pain management, 
self-agency, and quality of life. The therapists’ role was invaluable. We suggest training for patients in 
phantom limb control before and after amputation.

	h IMPLICATIONS FOR REHABILITATION
•	 Phantom limb pain is a common and chronic problem after amputation. When informing patients 

about the phantom limb phenomenon it is important to use positive wording and to acknowledge 
its existence as normal.

•	 Controlling the phantom limb is a key for the success of the phantom motor execution (PME) treatment 
and should therefore receive clinicians’ attention from the early stages after surgery and onwards.

•	 The role of the therapist is invaluable in teaching, supporting and coaching patients receiving PME 
treatment.

•	 In order to facilitate successful outcome of the PME treatment it is important to consider and reduce 
potential barriers to patient adherence to the treatment.

Introduction

Phantom limb pain (PLP) is a debilitating syndrome in which 
patients feel pain at the site of their amputated limb [1]. PLP 
occurs in 60–80% of all individuals with an amputation and can 
adversely affect their quality of life [2,3].

PLP can manifest itself in qualitatively different ways, which 
include but are not limited to stabbing, burning, and cramping pains 
[3]. The onset, duration and frequency of PLP vary, and whereas 
some patients experience PLP directly on regaining consciousness 
after their amputation surgery, others find that it does not start until 
years after the amputation. However, not all sensations felt in the 
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phantom limb are painful, and it is important to make a clear dis-
tinction between PLP and phantom limb sensations [3].

Phantom limb sensations can be divided into three categories: 
kinetic, kinesthetic or exteroceptive [4]. Kinetic sensations relate 
to the way a person perceives the movements of their phantom 
limb, which can be voluntary or involuntary. Kinesthetic sensations 
relate to the perception of the form and size of the phantom 
limb but also its position, where for instance, fingers can be fully 
extended or flexed. Lastly, exteroceptive sensations are those sen-
sations that would normally be associated with an external stim-
ulus such as touch, pressure or warmth [4].

Despite being common, PLP has proven difficult to treat, with 
over 60 different treatments available but no clear recommenda-
tions [5]. Pharmacological treatment, mirror therapy, eye move-
ment desensitization and reprocessing (EMDR), use of a prosthesis, 
neuromodulation and surgical interventions have all been used 
as PLP treatment options [6,7]. More recently, virtual reality and 
other technologies have been introduced as promising tools for 
treatment [8]. One recent approach incorporating technological 
tools is phantom motor execution (PME) [8], in which a person 
produces movements of their phantom limb that result in syner-
gistic contractions of the muscle remnant of the amputation 
[9–11]. The activity of the muscles in the residual limb is picked 
up by electrodes placed on the surface of the skin and this is 
used to train a machine learning algorithm to decode the intended 
phantom movements; the algorithm can be used to control a 
variety of virtual environments [9,10].

PME treatment consists of three elements. In the first element, 
the virtual limb is projected on to the participant’s residual limb. 
Participants see themselves on a monitor and can move their 
projected virtual limb when they contract muscles in their residual 
limb. The second element is the Target Achievement Control test 
(TAC test) [12] in which participants must match their phantom 
limb with a projected limb position on the screen. If this is done 
correctly, the limb on the screen turns green and a new position 
is projected. The participant gets a score for this element. The 
third element is a game in which the phantom limb is used to 
steer and accelerate a virtual racing car. The muscles in the resid-
ual limb are used to control this car [9–11,13].

To research PME as a working treatment for PLP, a large inter-
national randomized controlled trial (RCT) has been conducted 
[13,14]. A total of eight clinics participated in this trial and 77 
participants were included. The participants underwent 15 treat-
ment sessions of two hours and were then followed up at one, 
three and six months after finishing the treatment, including a 
qualitative interview at the one-month follow-up.

Research exploring the experience of people undergoing a treat-
ment for PLP is rare, especially so for treatments integrating virtual 
or augmented reality [15]. Qualitative methods are ideal for gaining 
insight into patients’ experiences of treatment [16]. These methods 
can bridge the gap between quantitative research and clinical prac-
tice [17]. The aim of this study was to investigate the patients’ expe-
riences with their phantom limb, PLP and phantom limb sensations 
before, during and after the PME treatment, and their perspectives 
on daily functioning one month after finishing the treatment. 
Furthermore, we aimed to gather patients’ opinions on facilitators 
and barriers related to the elements of the PME treatment.

Materials and methods

Design

The study had a multicenter descriptive design belonging in the 
interpretivist paradigm with a deductive and inductive qualitative 

approach guided by the Framework Method [18]. Face-to-face or 
phone interviews were conducted using a semi-structured inter-
view guide. The COREQ guidelines were followed to ensure com-
prehensive reporting [19]. Ethical approval was obtained in 
Sweden (approval number 041-17) and the Netherlands (UMCG 
METc 2017/109).

Recruitment and participant characteristics

Participants were recruited from a larger sample of patients 
included in the RCT evaluating the PME treatment [13]. The eli-
gibility criteria for the RCT comprised 15 requirements whereof 
these were central: a minimum age of 18, amputation at least 
6 months ago, a stable prosthetic, pharmacological and PLP situ-
ation, voluntary control over at least an agonist and antagonist 
muscle in the residual limb with no pain in that same residual 
limb, and cognitive ability to follow instructions. The full eligibility 
criteria can be found in Lendaro et  al. [13]. All consecutively 
eligible patients were informed about the qualitative study and 
its procedure, and they signed informed consent before inclusion 
in this interview study. Three Swedish units (Örebro, Gothenburg 
and Stockholm) and one Dutch unit (Groningen) recruited partic-
ipants for the current study. The participants were interviewed 
during, or close to, the one-month follow-up in the RCT.

A total of 24 participants agreed to be interviewed, 12 from 
Sweden and 12 from the Netherlands, 18 men and 6 women. All 
participants had lived with PLP for years, with a median of 5 years. 
All Dutch patients who participated in the RCT agreed to be 
interviewed at the one-month follow-up. Two of the Swedish 
participants at first agreed to be interviewed but withdrew their 
participation before the interview took place; both were men of 
working age with lower limb amputations, and the reason they 
gave was time constraints.

In total, 22 participants were interviewed; however, one inter-
view was excluded from the analysis due to poor sound quality 
of the recording, meaning that 21 were included in the analysis. 
The excluded interview was held with a woman of working age 
with a lower limb amputation; due to long travel distance, she 
was interviewed using an online meeting platform. The mean age 
of the 21 participants was 57 years (range 19–84 years). Details of 
each participant’s characteristics are presented in Table 1.

Table 1.  Participant characteristics (n = 21).

Participant ID Sex Level of amputation Laterality

1-NL Male UL, above elbow Unilateral
2-NL Male LL, below knee Unilateral
3-NL Male UL, above elbow Unilateral
4-NL Male UL, above elbow Unilateral
5-NL Male LL, above knee Unilateral
6-NL Male LL, above knee Unilateral
7-NL Male UL, above elbow Unilateral
8-NL Female LL, above knee Unilateral
9-NL Female LL, below knee Unilateral
10-NL Male LL, below knee Unilateral
11-NL Male LL, below knee Bilateral
12-NL Female LL, above knee Unilateral
13-Sw Male LL, above knee Unilateral
14-Sw Female LL, above knee Unilateral
15-Sw Male LL, below knee Unilateral
16-Sw Male LL, above knee Unilateral
17-Sw Female LL, above knee Unilateral
18-Sw Male LL, below knee Unilateral
19-Sw Male LL, above knee Bilateral
20-Sw Male LL, below knee Unilateral
21-Sw Male UL, above elbow Unilateral

NL: The Netherlands; Sw: Sweden; UL: upper limb; LL: lower limb.
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Data collection

Interviews were conducted using a semi-structured interview 
guide that was jointly developed by Swedish, Dutch and Irish 
researchers, all involved in the execution of the RCT. The interview 
guide was developed before the participants entered the RCT, 
and it covered the topics phantom limb symptoms, effects of PME 
treatment on phantom pain and everyday activities, perceptions 
of the different elements of the treatment, control of the phantom 
limb and general perceptions of the treatment. Each topic had 
subquestions or probes to encourage the participants to give rich 
descriptions. Examples of such questions were: Did the PME treat-
ment change something in your daily life? - If so, in what way?, To 
what extent, and in what way, did the treatment affect your life?, 
Was any part of the treatment more effective than the others in 
affecting phantom pain or phantom sensations? and Can you 
describe why you feel this way? The complete interview guide can 
be found in Appendix A.

Since the two patient groups spoke different languages, it 
was decided to perform the interviews in the participant’s native 
language, using a Swedish or Dutch translation of the original 
English interview guide. The interview guide was initially piloted 
for relevance, understandability and content, with one Swedish 
and one Dutch participant, after which no revisions were 
needed, and therefore both participants were included in 
the study.

Nine interviews were conducted in Swedish and twelve in 
Dutch. Each participant was interviewed during a single session. 
To conduct the interviews with suitable background knowledge, 
the researchers were introduced to the PME treatment prior to 
the start of the interview study. The Swedish researcher (KLH) 
who performed the Swedish interviews was a registered occupa-
tional therapist within neurorehabilitation. She was experienced 
in qualitative research methods and in performing interviews; she 
had no previous relationship, or contact, with the participants. 
Two Dutch researchers, one a resident in rehabilitation medicine 
(EK) and the other a PhD student in Orthopedics (SB), carried out 
the interviews. EK conducted 10 interviews and SB conducted 2 
interviews. EK had no prior experience in qualitative research but 
was involved in the inclusion of patients in the main RCT study. 
In the RCT, she conducted questionnaires during treatment and 
follow-ups and had contact with the participants during their 
treatment and prior to their interviews. SB is an experienced 
interviewer who also had experience of qualitative research and 
had no previous relationship, or contact, with the participants 
outside the interview. The epistemological and ontological stance 
of the researchers was that reality can be experienced from dif-
ferent views and knowledge can be obtained through the expe-
riences of the participants [20].

Interviews were held at the unit where the participant had 
received the PME treatment, or in their own home (n = 19) or by 
phone (n = 2). Only the participant and the interviewer were pres-
ent during the interview. The mean length of the interviews was 
44 min (range 19–68 min). Saturation was discussed between the 
researchers and no new information regarding the aims occurred 
after seven Swedish and eight Dutch interviews. All interviews 
were audio-recorded. No field notes were taken during the 
interviews.

Data analysis

The framework method was used for data analysis, using the 
seven steps outlined by Gale et  al. [18], as shown below.

Step 1: Verbatim transcription of interviews in the native 
language after which participants received the transcription 
of their own interview and were invited to comment on them. 
No participants’ feedback was received. The Swedish inter-
views were transcribed by a professional transcriber in 
Sweden and the Dutch interviews were transcribed by EK.

Step 2: Data familiarization, meaning that the transcripts (in the 
language of the interview) were read repeatedly to get to know 
the data. The number of repetitions was subjectively determined 
by the researcher, who finalized reading as soon as they had a 
good sense of the whole content of the interview. This implies 
that not all transcripts were read the same number of times.

Step 3: Six randomly chosen interviews were translated into 
English by authors EK and KLH (three Dutch and three Swedish). 
No back translation was made to avoid losing any meaning due 
to translation. Subsequently, all interviews were deductively and 
inductively coded independently by both authors by labeling 
and coding parts of the text that were relevant to the aim. 
Notes and ideas on patterns, possible explanations or questions 
were noted for each label, after which EK and KLH exchanged 
the coded transcripts and coded them again. Multiple discus-
sions among four of the researchers (EK, KLH, LH, CS) followed 
scrutinizing each other’s notes, patterns, explanations, and ideas 
for codes in order to reach consensus.

Step 4: An analytical framework was developed after discuss-
ing the labels and reasons for finding them meaningful, 
together with explanations and interpretations. A set of codes 
was agreed on and a brief explanation of each code was 
made. Using Microsoft Excel, a working analytical framework 
was developed, and similar codes were merged. This frame-
work was then discussed by KLH, EK, CS, and LH. CS and LH 
who had not developed the framework read the transcripts 
to familiarize themselves with the data, after which the frame-
work was discussed again, refined and consensus was reached. 
It was tested on two more transcripts to identify eventual 
need for further refinement. No such need was identified, 
and the framework was used in step 5 to code all interviews 
in their original language.

Step 5: NVivo release 1.3 (QSR International), a qualitative 
data analysis computer software package, was used to apply 
the analytical framework, and all transcripts were coded by 
EK and KLH. All coding was conducted in the original lan-
guage of the interview, to minimize loss of meaning due to 
translation [21]. Interviews previously translated into English 
were thus recoded in their original language.

Step 6: All data was manually sorted into the framework 
matrix by KLH and EK, summarized first in original language 
and then translated into English for each code, with one 
English summary for Swedish transcripts and one for Dutch 
transcripts. These summaries were compared and discussed 
by KLH, EK, CS and LH. The summaries of the Swedish and 
Dutch transcripts turned out to be very similar and a common 
summary was formulated for each code.

Step 7: Data interpretation was carried out by comparing 
similarities and differences, deviant cases, and different per-
spectives. This was done in a process of multiple joint dis-
cussions by KLH, EK, CS, and LH after which the final themes 
and subthemes were formulated and agreed on. Participants 
did not provide feedback on these findings. See Table 2 for 
an illustration of the analysis process.

https://doi.org/10.1080/09638288.2024.2413179
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Table 2. T he analysis process.

Codes Tentative sub-themes Final sub-themes Themes

Triggering factors
Onset of PLP or PLS
Earlier treatment
Nature of symptoms

Phantom limb symptoms before PME Perception of phantom limb and PLP Treatment effects on PLP

Kinesthetic before
Kinetic before
Kinesthetic after
Kinetic after
Phantom limb perceptions before
Phantom limb perceptions after

Perceptions of phantom limb

Lack of strategies
Medication
Keeping occupied
Others

Strategies for handling pain before 
PME

Self-agency and movement control 
as strategies for handling pain

Lack of strategies
Keeping occupied
Medication
Use of phantom control
Others

Strategies for handling pain after 
treatment

Self-agency before
Self-agency during
Self-agency after

Self-agency, movement control, 
during and after PME

Activity performance: work
Activity performance: household and leisure
Social activities
Participation
Behavior
Sleep
Acceptance from others
Relationships
General

Consequences in daily life before 
treatment

Activity performance in daily life Living with PLP before and 
after treatment

Participation
Social activities
Sleep
Activity performance: work
Activity performance: household and leisure
General

Consequences in daily life after 
treatment

State of mind
Mental fatigue
Behavior
Negative and positive feelings

Changes in emotions and sense of 
self due to pain

Emotional changes and state of 
mind

State of mind
Mental fatigue
Behavior
Negative and positive feelings

Emotions and sense of self after 
treatment

Acceptance
Changed attitude toward pain

Acceptance and personal attitude to 
PLP

Acceptance and personal attitude to 
PLP

Attitudes to the theoretical approach
Perceptions about personal attitude
Personal goals
Mental effort

Mental demands and attitudes to 
treatment

Mental demands and attitudes to 
treatment

Facilitators and barriers to 
treatment

Collaborative approach
Problem-solving approach
Instructive approach
Encouraging approach
Therapeutic alliance
Creating a learning environment

Meaning of therapeutic relationship The therapeutic approach

Economy related
Environment related
Content related
Time related

External conditions for treatment External conditions

Virtual limb: effects on PLP and PLS
Virtual limb: perceptions of projection
TAC test: general perceptions
TAC test: effects on PLP and PLS
Games: general perceptions
Games: effects on PLP and PLS
Overall perceptions

Perceptions about the content of 
PME

Factors within treatment

PLP: phantom limb pain; PLS: phantom limb sensations; PME: phantom motor execution; TAC: target achievement control.
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Findings

The participants’ experiences can be described in three main 
themes with underlying sub-themes (Table 3). Below each theme, 
the sub-themes are described in more detail.

Treatment effects on phantom limb pain

Most participants experienced a positive change in how they 
perceived both their phantom limb and PLP after treatment; some 
became completely pain free and described it as almost “mirac-
ulous.” However, there were also participants who did not expe-
rience any change and some expressed disappointment.

Perceptions of the phantom limb and phantom limb pain
Participants described how their perception of the phantom limb 
changed because of the treatment. Before treatment, they 
described their phantom limb as partially present, that parts could 
be missing, or they experienced a telescoping effect (shortening 
of the phantom limb over time).

Some described the phantom limb as a lump with an unde-
fined shape. After treatment, the phantom limb was described as 
more normal in length and size, such as the number of fingers 
that were present on a phantom hand. A feeling of being more 
complete was highlighted as important, as it led to a more pos-
itive attitude toward both the phantom limb and PLP.

By making all movements it [the phantom limb] became bigger, so the 
ankle, shin and calf were there now, they weren’t before. And I felt it too, 
normally these parts were missing. It was just the foot. (Participant 8)

Most participants, but not all, found the PLP easier to deal with 
after treatment, due to a greater sense of control over phantom 
limb movements. Another outcome was that the participants devel-
oped an ability to distinguish and classify PLP from other phantom 
limb sensations, which they considered helpful in pain management.

Instead of it just being something that sits there and hurts like hell, I 
can influence how it hurts, but I can’t influence it so that it goes away. 
(Participant 14)

Self-agency and movement control as strategies for handling 
pain
Before treatment, participants experienced a lack of pain man-
agement strategies. They described using passive strategies 
such as doing nothing, hoping it would disappear sponta-
neously, taking medication, wearing a transcutaneous electrical 
nerve stimulation (TENS) device, having acupuncture or search-
ing the internet for solutions. More active strategies were to 
try to distract themselves from the pain by keeping themselves 
occupied, practising relaxation or donning and doffing the 
prosthesis. The participants’ level of movement control over 
their phantom limb before treatment varied, and it was most 
common to have no control or partial control. They described 
their phantom limb as inactive or stated that they did not 
know how to produce movements in it.

During treatment, participants gained movement control over 
their phantom limb, although this was to varying degrees and 
not applicable to all. Most described how the feeling of having 
control over their phantom limb was valuable for pain manage-
ment, self-esteem, and the feeling of having a complete body. 
Participants strived for a natural feeling and preferred compound 
movements. On the other hand, some also described learning to 
tense a single muscle and elicit a response on the screen, without 
feeling it as a real movement. Their degree of control could vary 
between sessions according to their concentration, their tiredness, 
or the electrode placement.

After treatment, more participants described applying an active 
pain management strategy instead of a passive strategy. The dom-
inant strategy was to use the movement control gained during 
treatment. They valued their ability to vary the intensity and 
severity of their PLP by relaxing and moving the residual stump 
muscles, and this gave them a sense of control.

After treatment, participants reported that the phantom limb 
felt more complete, less painful, or not painful at all. Others 
described still feeling PLP, but they were able to relax and felt 
more complete. Some participants found it hard to move the 
phantom limb without the feedback from the PME system and 
they would have liked a home system; others had no problems 
with maintaining movement control after treatment and they 
continued the exercises at home.

I can steer it. I have more grip and when I feel it I move it and that 
works. I feel I can make it less painful by exercising. There is less pain 
and it goes away faster. (Participant 5)

Living with phantom limb pain before and after treatment

Acceptance and personal attitude to phantom limb pain
Before treatment, participants expressed a degree of self-doubt 
that led them to question their sanity because they perceived 
pain in a non-existing body part. This led to a lack of confidence 
in their ability to accomplish their tasks at work, due to fear that 
mental problems would affect their performance. The treatment 
reassured these participants that their phantom limb was not a 
figment of their imagination but rather, a neurological response 
to the amputation. Together with the improved ability to perform 
movements, this enabled them to accept their phantom limb as 
a body part. This acceptance changed their attitude toward PLP 
indicating an understanding that, as all body parts hurt some-
times, the phantom limb can hurt as well. This line of thoughts 
made it easier to handle PLP, and it was no longer considered a 
mental problem in the same way. As one participant put it:

We (the phantom and I) are practically buddies now… it was not good 
before. Our relationship was no picnic. (Participant 19)

Activity performance in daily life
The participants’ perceptions of how PLP affected their activity 
performance before treatment varied. They all described PLP as 
having a negative impact on their activity patterns. They were not 
always referring to the number of activities that they could carry 

Table 3.  Main themes with underlying Sub-themes.

Themes Treatment effects on phantom limb pain
Living with phantom limb pain before and after 

treatment Facilitators and barriers to treatment

Sub-themes Perceptions of the phantom limb and 
phantom limb pain

Self-agency and movement control as 
strategies for handling pain

Acceptance and personal attitude to phantom 
limb pain

Activity performance in daily life
Effects on state of mind and sense of self

Mental demands and attitudes to treatment
The therapeutic approach
External conditions
Factors within treatment
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out, but in many cases, they also talked in terms of the quality of 
their participation. The pain affected their concentration, sleep, 
energy, mood, and they had to adapt their daily life in various 
ways. Some described engaging in a deliberately overactive lifestyle 
to distract themselves from the pain. This also left them sufficiently 
exhausted to sleep at night. In contrast, others described a more 
restricted life with more rest, fewer social contacts and difficulties 
sleeping. Social life was the area affected most negatively. Many 
social activities, such as having dinner with friends, are performed 
sitting down, which was described as a position that worsens PLP. 
Lack of concentration, lack of sleep, mental fatigue and a high 
intake of pain killers made it difficult to follow conversations and 
to actively take part in social life. Furthermore, mood changes such 
as depressive mood or irritability affected their interaction with 
others. Altogether, this resulted in participants having to prioritize 
between or opt out of activities, particularly social activities.

…and I could not be nice to the grandchildren, even dropping a pencil 
would set me off. So if they came around I would just go to bed. 
(Participant 2)

After treatment, there were only small changes in actual activ-
ity performance regarding work, household or leisure activities, 
even though some participants also described working more or 
engaging in more leisure activities.

However, some participants experienced that their everyday 
life had been affected in a positive way, which made them see 
a brighter future for themselves. As one participant reasoned:

Yes, I’m thinking of other things. More positive about everything so to speak. 
Because as I say now, it feels like now my body is intact in some way. And 
then I find myself wanting to do things more too. (Participant 15)

Some participants described how the treatment had been 
life-broaden, making it possible to enjoy life again and enabling 
them to change their social activities. Others described having 
more energy, being more patient, and feeling a will to plan things 
with others, such as being with their grandchildren. Sleep was still 
a problem for many participants, even though some slept better.

I am awake longer during the day, and the grandchildren, it is perfect, 
lovely, I can enjoy them again. Yes really, it gave me so much. 
(Participant 2)

Effects on state of mind and sense of self
After the onset of PLP many, but not all, participants perceived 
that their sense of self had been affected. They saw themselves 
as a person who was less fun to be with. Changes in emotions 
and mood, such as being more easily irritated, led to changes in 
behavior such as yelling at people in a way that they had to 
apologize for afterwards. Some described being ashamed of their 
own behavior.

My mood is closer to the surface, there is an increasing risk of exploding 
with emotion when there is a lot of pain. (Participant 19)

Some participants described depression and existential ques-
tioning such as whether their life was worth living. However, they 
only occasionally had these thoughts.

After treatment, several participants described improvements 
in their sense of self and state of mind. They did not feel that 
they had changed as a person but rather that they had regained 
their former self because their mental fatigue had reduced, and 
their energy levels increased. This improvement meant that they 
could focus better and feel less irritable. They expressed a better 
outlook on life, with feelings of hope and confidence about the 

future. Participants described how these changes had given them 
new desires, such as traveling, trying new leisure activities, trying 
new prostheses, or exploring new job opportunities. They reported 
that they had a better, or much better, quality of life.

On the other hand, those participants who did not experience 
any changes in PLP or did not develop strategies for pain man-
agement expressed disappointment with the treatment and 
painted a bleak picture of the prospect of being forced to grow 
old with PLP.

I see the future a bit too negatively. There are of course energetic 
pensioners, but there are also very tired newly retired pensioners. And 
if you have problems like this now, how the hell will it be then? So I 
try to avoid (thinking about it)… Yes. We’ll have to deal with that when 
the time comes. (Participant 13)

Facilitators and barriers to treatment

The participants described both facilitators and barriers regarding 
the PME treatment. The following sub-themes were identified and 
encompassed both facilitators and barriers: Mental demands and 
personal attitudes to treatment, The therapeutic approach, External 
conditions and Factors within treatment.

Mental demands and personal attitudes to treatment
Most participants were highly motivated to complete the treat-
ment. Their belief in the treatment was regarded as a facilitating 
factor. However, the participants’ belief in the treatment, and 
thereby their motivation, could decrease, or even be lost when 
they did not achieve results. The treatment was mentally demand-
ing and required mental strength to facilitate an effect. This could 
be a barrier in treatment for those who could not maintain focus 
or who for different reasons were tired during treatment, but it 
could also act as distraction from pain.

I think that it asked so much of my concentration and that was so 
distracting that it caused less pain (Participant 12)

Whereas a certain degree of competitive personality seemed 
to be a facilitator, a personality that was too competitive could 
be a barrier because focusing too much on high scores diverted 
attention away from the real goal of the exercises, namely, to 
learn to move the phantom limb in a natural and relaxed way. 
Focusing on natural movements of the phantom limb in a relaxed 
way, instead of reaching high scores on the exercises and tests 
and putting too much strain on oneself, seemed to be facilitating.

The therapeutic approach
The therapeutic approach used by the therapist was important for 
how the participants experienced the session and managed to 
achieve the movements. Several facilitators were described, related 
both to an approach that focuses on creating mutuality and to one 
that focuses on facilitating performance. The therapist’s approach 
when coaching the participants was crucial. Approaches described 
were: instructive, in which the therapist gave guidance in how to 
make the movements; encouraging, in which the therapist used 
humor and cues to make the participant push and try harder; col-
laborative, in which the therapist and participant collaborated in 
finding solutions; and, problem-solving, in which the therapist gath-
ered facts and suggested solutions based on those facts.

Halfway through I really had a tough moment. And then it is really 
nice to have someone knowledgeable that helps you. It felt really 
pleasant to have those with the expertise right next to you. They had 
a really positive effect. (Participant 1)
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Barriers to treatment could occur when the participants per-
ceived that the therapist’s approach did not match their needs 
or maturity, such as treating them as children. Other barriers 
described were when different therapists gave conflicting instruc-
tions for how to perform the exercises, or for what to focus on.

External conditions
External conditions, such as individual needs regarding treatment 
intensity, were perceived as facilitators when they were met with 
flexibility.

I got very tired afterwards… so that if I were to do this every day then 
I probably wouldn’t be able to do it. But twice a week was perfect 
(Participant 21)

The participants also described the necessity of a proper treat-
ment environment and structure of the sessions, such as a pre-
pared room, quietness, and regular breaks in order to have 
enough energy for the exercises. An external condition that con-
tributed to increased fatigue, and thereby constituted a barrier 
regarding mental strength, was long travel time to and from 
treatment. Mental tiredness after treatment was a particular prob-
lem in this context. Participants also described that they needed 
enough time and energy for all their commitments in life and 
that adding a demanding treatment could contribute to stress.

Factors within treatment
A facilitating factor, irrespective of the perceptions of the tech-
nique per se, was that most, but not all, participants found that 
seeing themselves with the virtual limb was initially emotional as 
they then felt complete. The virtual limb exercise allowed them 
to move the limb freely and naturally and to learn how to relax, 
at the same time receiving feedback on the movements on the 
screen. This was important to have an effect on their PLP and 
learning how to relax was especially important for those experi-
encing PLP when trying too hard.

The TAC test was described as fun and challenging, and it 
helped the participants to try to improve their performance. As 
with the virtual limb exercise, the visual feedback was a facilitating 
factor in the TAC test.

It felt really real when you saw it. And it helped me let my phantom 
become part of myself. It made me more complete. Even if only virtually. 
It felt good. (Participant 5)

Some participants experienced that the requirements for coor-
dination of movements were too high and that combined move-
ments were therefore too exhausting. One such exercise was the 
car race game, which even triggered pain for some.

Several participants described the placement of the electrodes 
as a barrier; it took valuable time from the treatment, and some-
times the therapist did not manage to place them well enough 
to get the most out of the exercises. Further, some participants 
found the graphical design of the virtual limb not natural enough. 
For them this was a barrier, as it distracted their attention. Another 
comment on the design of the treatment programme was that 
not all exercises were adapted to the level of the participant’s 
amputation, which made it feel unnatural when, for example, 
steering a virtual car with the phantom leg.

Discussion

Using a qualitative study design, we revealed that most of the 
participants who underwent PME treatment gained a more 

positive view of their phantom limb, learned to control it and 
perceived it as more complete. Most participants were able to 
change their pain management strategy from passive to active, 
and the treatment had positive effects on their sense of self, 
quality of life, sleep, and energy. Their mental focus and perse-
verance and the therapeutic relationship appeared to be important 
facilitators for a positive effect from the treatment. However, there 
were also participants who reported no effect on PLP from the 
treatment. Fatigue, insufficient muscle relaxation and external 
conditions were the main barriers to success.

Executing phantom motor movements has been reported to 
successfully reduce PLP in lower limb amputees [2,22]. In a ran-
domized controlled trial, graded motor imagery treatment (a 
three-step process including mirror therapy and imagery move-
ments) had a positive effect on PLP reduction compared to routine 
physiotherapy [2]. Others found that participants who used phan-
tom motor exercises combined with motor imagery exercises to 
reduce their PLP had significantly better results compared to the 
control group treated with mirror therapy and routine physiother-
apy. The former group also showed significant improvement in 
all quality-of-life domains [22]. A significant advantage of our PME 
treatment over imagery exercises might be that our participants 
moved their now visible virtual phantom limb on the screen, 
providing direct feedback to themselves and to the therapist on 
their phantom movements, whereas in motor imagery treatments, 
direct feedback is lacking. Receiving such feedback allows the 
therapist to adjust the treatment to the individual’s needs.

Even though all our participants had experienced PLP for years 
(Md = 5 years), most of them reported that the PME treatment 
proved to be successful in reducing even chronic PLP. The PME 
exercises became the dominant, active strategy for managing PLP, 
instead of the more passive pain management strategy that the 
participants had used before PME treatment. It would therefore 
be interesting to explore the preventive effect of the PME treat-
ment directly after a limb amputation. However, it is important 
to note that some participants experienced no effect of the treat-
ment on PLP. Furthermore, there were participants who experi-
enced barriers to treatment, regarding their attitude to the 
treatment or their ability to focus. Therapists should consider such 
barriers to help patients to overcome or reduce them.

One striking effect that our participants pointed out, regardless 
of the effect on PLP, was that by gaining active motor control over 
their phantom limb movements, the size and shape of the phantom 
limb normalized. Interestingly, a correlation has been found between 
PLP and changes in the limb’s cortical representation [23,24]. 
Furthermore, participants described a change in their attitude toward 
their phantom limb, from being something undefined to being a 
natural part of their body and making them feel more bodily com-
plete. They also experienced their phantom limb in a positive way 
for the first time in years. This can be interpreted as a positive 
development of their body image because of the PME treatment, 
which might have contributed to a reduction in PLP due to better 
psycho-emotional appreciation. Amputees suffering from PLP have 
previously been shown to have a more negative body image than 
those without PLP, and mind–body treatment targeting this area 
has been highlighted as crucial in reducing PLP [25,26]. We therefore 
propose a programme of education and training for individuals with 
an amputation about actively using their phantom limb from the 
early stages after surgery and onwards, to enable them to experi-
ence the phantom limb as complete and controllable.

Participants perceived changes attributable to the PME treat-
ment beyond the reduction of PLP and normalizing the phantom 
limb sensations. Even though many participants described not 
letting their PLP influence their performance of daily life activities, 
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many experienced an improvement in energy levels, mood, par-
ticipation in social life and having a brighter outlook on the future 
after treatment. These beneficial effects of pain treatment were 
also found in research on patients with chronic pain [27,28]. This 
confirms the impact chronic PLP has on quality of life, outlook 
on the future and day-to-day activities, and stresses the impor-
tance of finding an effective treatment.

Our participants described how, after the PME treatment, their 
sense of self and state of mind improved. Not only did the gain 
in motor control help them to accept their phantom limb as part 
of their body, but also the acknowledgement, by the treatment 
team, that their phantom limb was real and normal was pivotal, 
even among participants who reported that the PME treatment 
had no effect or limited effect on their PLP. This finding implies 
that in clinical practice it might be important for therapists to be 
aware of the language they use when they first inform patients 
about PLP and phantom limb sensations, to avoid negative con-
notations and ideas related to the phantom limb; a positive atti-
tude to the phantom limb appears to be crucial for the patients. 
This is also supported by studies about language and pain expe-
rience [29,30]. These studies reported that when individuals are 
in constant pain, they respond more strongly to specific words 
used to describe pain; this is in part influenced by personality 
and culture, but more so by thoughts and emotions, because 
language can produce a negative memory [29]. They conclude 
that the use of appropriate language is helpful in the manage-
ment of chronic pain patients [29]. Regarding the people suffering 
from PLP, our research suggests that it is important to use positive 
language from the early stages after amputation.

In general, it can be said that the success of any treatment is 
dependent on the patient’s adherence to treatment [31]. Patients 
need to be able to focus on their therapy to stay involved [32]. 
The PME treatment asked patients to be focused on the goal of 
making movements with their phantom limb. It proved to be a 
mentally demanding treatment and the ability to maintain focus 
was vital for a successful experience of pain reduction, and for 
the feeling of having control over the situation. Both internal and 
external factors were identified for a successful or reduced ability 
to focus: if participants were tired, distracted by day-to-day prob-
lems or annoyed by system failures or the unrealistic graphical 
design of the virtual limb, they found it harder to focus. Given 
that the ability to focus proved to be important, patients who 
find this difficult due to problems related to work, sports, family, 
high doses of medication such as opiates, or who have cognitive 
problems, might not be suitable for treatment with the PME system.

An important facilitator proved to be the relationship with the 
therapists, which confirmed previous studies on facilitating factors 
for effective treatment [33]. Participants felt understood, valued, 
and taken seriously about their PLP, and they appreciated the ther-
apists’ professional expertise on this rare phenomenon. Different 
therapeutic approaches can be used to meet a patient’s training 
needs, such as an instructive, encouraging, advocating, collaborative 
or problem-solving approach [34–36]. In our interviews, the partic-
ipants described the therapists as being mostly person centered 
and using mostly approaches, they described as instructive, encour-
aging and problem solving. This result is not surprising, as the 
content of the PME treatment demands these types of therapeutic 
approaches rather than, for example, efforts to convince participants 
of the benefits of the programme; these efforts would be unnec-
essary, since nearly all participants were highly motivated to try 
PME treatment from the beginning [36]. In the PME treatment, 
learning plays an important role, as the participants are asked to 
control increasingly difficult movements. Learning can be facilitated 
in different ways, such as by trial and error or by errorless learning 
[34]. Trial-and-error learning is learning by making mistakes, whereas 

in errorless learning the therapist guides the learning process to 
minimize mistakes and thereby cancel out any negative experience, 
because failures can be more salient in memory than successes 
are. Even though the PME treatment has clear elements of trial 
and error, errorless learning also seemed to be important in the 
treatment process, as it helped the participants to focus on remem-
bering the correct action instead of remembering their mistakes 
[36]. Errorless learning helps the individual to focus on performing 
specific movements, without stress and without a high cognitive 
load on episodic memory [37]. In combination with a strong ther-
apeutic alliance, errorless learning is found to be important in 
improving treatment adherence, quality of life and satisfaction with 
treatment [33,36,38–41]. Treatment with the PME system seems to 
be more than just learning to move the phantom limb, since the 
therapist’s role was seen as invaluable.

Participants also experienced some barriers to the PME treat-
ment. These were related to travel time, suboptimal placement 
of the electrodes, finding it hard to fit the treatment sessions 
around daily life and having trouble focusing. It proved important 
to have a stable environment for PME treatment. Until now, the 
PME training has been an outpatient clinical training in specialized 
centers. A home treatment system might be an answer to some 
of the barriers and it could be a helpful addition to the outpatient 
clinical training with specialized therapists [42].

Future research directions and clinical implications

The results of this study show that many, but not all, participants 
had several positive effects of the PME treatment, however the 
effects need to be further evaluated from different perspectives. 
To investigate eventual differences in characteristics of participants 
can gain insight in which patients benefit most from the PME 
treatment. In this study, the participants had lived with PLP for 
some years, and it would be valuable to study if PME treatment 
shortly after surgery can prevent the development of PLP. For 
some of the experienced barriers to treatment a home training 
version of the PME treatment may be a solution. However, this 
needs to be studied to verify a potential effect of this version of 
the treatment. Further, when developing a home training program, 
it is important to take the interaction between therapist and 
participant, and the therapists’ expertise in consideration as it 
seems to be of great value for a positive outcome.

In clinical practice, the therapeutic relationship seems to have 
a substantial impact on the outcome. A person-centered approach, 
where the therapist adapts both treatment and difficulty in the 
exercises to the patient’s living situation and mental ability for 
the day, is important. Further, to create a stable physical environ-
ment without distractions can help the patient overcome the 
mental demands needed during the training session.

Strengths and limitations

A limitation of this study is that one of the Dutch interviewers 
was involved in both the inclusion of patients and conducting 
questionnaires during the RCT, as well as doing the interviews at 
the one-month follow-up. The fact that participants knew who 
the interviewer was might have enhanced the participants’ will-
ingness to participate, or reduced their will to decline the inter-
view, as there were no dropouts among the Dutch participants. 
It might also have affected the duration of the interviews, because 
the Dutch interviewer knew these participants better than the 
Swedish interviewer knew the Swedish participants. It may pose 
a risk not to ask further questions because the interviewer under-
stood what the participants meant, meaning a risk that some 
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content was not verbally expressed and thus not included in the 
analyses.

The interview guide had some closed questions, which can be 
considered a study limitation. However, all such questions were fol-
lowed up with further questions on “how” and “why” to deepen the 
answers and thus get rich data. In addition, the interview guide was 
indicative but the questions were adapted to the participants’ 
answers and their narrative style. This means that questions could 
differ in order and formulation depending on the participant.

We only included Dutch and Swedish participants, which limits 
the generalizability of our findings to an international context. 
However, although we expected certain cultural differences 
between the two populations, the results of both groups of par-
ticipants were strikingly similar. This leads us to suggest that the 
inclusion of two different European participant groups did not 
influence the results, and that the generalizability to other western 
countries will probably be high.

Another limitation could be the fact that we translated quotes 
into English. It can be argued that, for complete transparency, both 
translated and native language quotes should be included [43]. To 
avoid losing relevant information and following the guidelines of 
van Nes [21], we coded in both native languages as far as possible.

The interviews were taken in different forms: most were face 
to face, but others were by telephone. There is a risk of missing 
data due to not being able to see nonverbal cues during tele-
phone interviews [44]. In contrast, participants might find it easier 
to speak over the phone when talking about sensitive subjects, 
and therefore phone interviews can be just as valuable as face-to-
face interviews [45].

Conclusions

Most participants with a limb amputation suffering from chronic 
PLP described the PME treatment to be a valuable addition to 
their strategies for reducing PLP. The PME treatment changed 
passive pain management into an active strategy, and had positive 
effects on quality of life, sleep, and energy levels. Learning to 
control the phantom limb and normalization of its size were found 
to contribute to successful treatment. The participants’ mental 
focus and therapeutic bonding were important facilitators for 
reducing PLP. Barriers were distracting events in the participants’ 
lives or a distracting treatment environment.

Acknowledgements

We thank Lina Bunketorp Käll and Cathrine Widehammar for their 
contribution to the design of the study and recruitment of partic-
ipants, and Sjoukje Bouma (SB) for contributing to data collection. 
We would also like to thank the therapists performing the PME 
treatment in this study, and the participants for sharing their 
experiences.

Disclosure statement

MOC has consulted for a company commercializing a device to 
deliver PME. He is also the originator, but not the owner, of a pat-
ent on augmented reality to facilitate PME. All the other authors 
declare no competing interests.

Funding

None

ORCID

Kajsa Lidström-Holmqvist  http://orcid.org/0000-0002-5799-3045
Max Ortiz-Catalan  http://orcid.org/0000-0002-6084-3865
Monika Pilch  http://orcid.org/0000-0002-0610-0593
Eva Lendaro  http://orcid.org/ 0000-0001-9545-7633
Liselotte Hermansson  http://orcid.org/0000-0003-4247-2236
Corry K. van der Sluis  http://orcid.org/0000-0003-2141-8214

Data availability statement

Due to the nature of this research, participants in this study did 
not agree to their data being shared publicly, so supporting data 
is not available.

References

	 [1]	 di Pino G, Piombino V, Carassiti M, et  al. Neurophysiological 
models of phantom limb pain: what can be learnt. Minerva 
Anestesiol. 2021;87(4):481–487. doi:10.23736/S0375-9393. 
20.15067-3.

	 [2]	 Limakatso K, Madden VJ, Manie S, et  al. The effectiveness of 
graded motor imagery for reducing phantom limb pain in 
amputees: a randomised controlled trial. Physiotherapy. 
2020;109:65–74. doi:10.1016/j.physio.2019.06.009.

	 [3]	 Limakatso K, Bedwell GJ, Madden VJ, et  al. The prevalence 
and risk factors for phantom limb pain in people with am-
putations: a systematic review and meta-analysis. PLoS One. 
2020;15(10):e0240431. doi:10.1371/journal.pone.0240431.

	 [4]	 Hsu E, Cohen SP. Postamputation pain: epidemiology, mech-
anisms, and treatment. J Pain Res. 2013;6:121–136. 
doi:10.2147/JPR.S32299.

	 [5]	 Limakatso K, Parker R. Treatment recommendations for phan-
tom limb pain in people with amputations  : an expert con-
sensus Delphi study. Pm R. 2021: 13(11):1216–1226. 
doi:10.1002/pmrj.12556.

	 [6]	 Nikolajsen L, Staehelin Jensen T. Phantom limb pain. Curr 
Rev Pain. 2000;4(2):166–170. Available from: https://pubmed.
ncbi.nlm.nih.gov/10998730/ doi:10.1007/s11916-000-0052-0.

	 [7]	 Urits I, Seifert D, Seats A, et  al. Treatment strategies and 
effective management of phantom limb–associated pain. 
Curr Pain Headache Rep. 2019;23(9):1–7. https://link.springer.
com/article/10.1007/s11916-019-0802-0

	 [8]	 Ortiz-Catalan M. The stochastic entanglement and phantom 
motor execution hypotheses: a theoretical framework for the 
origin and treatment of Phantom limb pain. Front Neurol. 
2018;9(SEP):748. doi:10.3389/fneur.2018.00748.

	 [9]	 Lendaro E, Mastinu E, Håkansson B, et  al. Real-time classifi-
cation of non-weight bearing lower-limb movements using 
EMG to facilitate phantom motor execution: engineering and 
case study application on phantom limb pain. Front Neurol. 
2017;8(SEP):470. doi:10.3389/fneur.2017.00470.

	[10]	 Ortiz-Catalan M, Sander N, Kristoffersen MB, et  al. Treatment 
of phantom limb pain (PLP) based on augmented reality and 
gaming controlled by myoelectric pattern recognition: a case 
study of a chronic PLP patient. Front Neurosci. 2014;8:24. 
doi:10.3389/fnins.2014.00024.

	[11]	 Ortiz-Catalan M, Guðmundsdóttir RA, Kristoff Ersen MB, et  al. 
Phantom motor execution facilitated by machine learning and 
augmented reality as treatment for phantom limb pain: a single 
group, clinical trial in patients with chronic intractable phantom 
limb pain. Lancet. 2016;388(10062):2885–2894. www.thelancet.com

http://orcid.org/0000-0002-5799-3045
http://orcid.org/0000-0002-6084-3865
http://orcid.org/0000-0002-0610-0593
http://orcid.org
http://orcid.org/0000-0003-4247-2236
http://orcid.org/0000-0003-2141-8214
https://doi.org/10.23736/S0375-9393.20.15067-3
https://doi.org/10.23736/S0375-9393.20.15067-3
https://doi.org/10.1016/j.physio.2019.06.009
https://doi.org/10.1371/journal.pone.0240431
https://doi.org/10.2147/JPR.S32299
https://doi.org/10.1002/pmrj.12556
https://pubmed.ncbi.nlm.nih.gov/10998730/
https://pubmed.ncbi.nlm.nih.gov/10998730/
https://doi.org/10.1007/s11916-000-0052-0
https://link.springer.com/article/10.1007/s11916-019-0802-0
https://link.springer.com/article/10.1007/s11916-019-0802-0
https://doi.org/10.3389/fneur.2018.00748
https://doi.org/10.3389/fneur.2017.00470
https://doi.org/10.3389/fnins.2014.00024
http://www.thelancet.com


REDUCING PHANTOM LIMB PAIN-PARTICIPANTS PERSPECTIVES 3087

	[12]	 Simon AM, Hargrove LJ, Lock BA, et al. The Target Achievement 
Control Test: evaluating real-time myoelectric pattern recogni-
tion control of a multifunctional upper-limb prosthesis. J Rehabil 
Res Dev. 2011;48(6):619–627. doi:10.1682/JRRD.2010.08.0149.

	[13]	 Lendaro E, Van der Sluis CK, Hermansson L, et  al. Extended 
reality used in the treatment of phantom limb pain: a mul-
ticenter, double-blind, randomized controlled trial. PAIN 2024. 
doi:10.1097/j.pain.0000000000003384.

	[14]	 Lendaro E, Earley EJ, Ortiz-Catalan M. Statistical analysis plan 
for an international, double-blind, randomized controlled 
clinical trial on the use of phantom motor execution as a 
treatment for phantom limb pain. Trials. 2022;23(1):1–16. 
doi:10.1186/s13063-021-05962-7.

	[15]	 Dunn J, Yeo E, Moghaddampour P, et  al. Virtual and aug-
mented reality in the treatment of phantom limb pain: a 
literature review. NeuroRehabilitation. 2017;40(4):595–601. 
doi:10.3233/NRE-171447.

	[16]	 Pope C, Mays N. Qualitative research in health care. In: 
Qualitative research I Pope. Catherine II Mays: Nicholas 
Quality Assurance; 2006.p. 1072–1022.

	[17]	 Sallee MW, Flood JT. Using qualitative research to bridge 
research, policy, and practice. Theory Pract. 2012;51(2):137–
144. doi:10.1080/00405841.2012.662873.

	[18]	 Gale NK, Heath G, Cameron E, et  al. Using the framework 
method for the analysis of qualitative data in multi-disciplinary 
health research. BMC Med Res Methodol. 2013;13(1):117. 
doi:10.1186/1471-2288-13-117.

	[19]	 Tong A, Sainsbury P, Craig J. Consolidated criteria for report-
ing qualitative research (COREQ): a 32-item checklist for in-
terviews and focus groups. Int J Qual Health Care. 2007; 
19(6):349–357. doi:10.1093/intqhc/mzm042.

	[20]	 Creswell JW, Poth CN. Qualitative Inquiry & Research Design: 
choosing Among Five Approaches. SAGE. 2018;1–779.

	[21]	 van Nes F, Abma T, Jonsson H, et  al. Language differences 
in qualitative research: is meaning lost in translation? Eur J 
Ageing. 2010;7(4):313–316. doi:10.1007/s10433-010-0168-y.

	[22]	 Zaheer A, Malik AN, Masood T, et  al. Effects of phantom 
exercises on pain, mobility, and quality of life among lower 
limb amputees; a randomized controlled trial. BMC Neurol. 
2021;21(1):416. doi:10.1186/s12883-021-02441-z.

	[23]	 Grüsser SM, Winter C, Mühlnickel W, et  al. The relationship 
of perceptual phenomena and cortical reorganization in up-
per extremity amputees. Neuroscience. 2001;102(2):263–272. 
doi:10.1016/S0306-4522(00)00491-7.

	[24]	 Flor H, Elbert T, Knecht S, et  al. Phantom-limb pain as a 
perceptual correlate of cortical reorganization following arm 
amputation. Nature. 1995;375(6531):482–484. doi:10.1038/ 
375482a0.

	[25]	 Beisheim-Ryan EH, Hicks GE, Pohlig RT, et  al. Body image 
and perception among adults with and without phantom 
limb pain. PM R. 2021; 15(3):278–290.

	[26]	 Beisheim-Ryan EH, Pohlig RT, Medina J, et  al. Body represen-
tation among adults with phantom limb pain: results from 
a foot identification task. Eur J Pain. 2022;26(1):255–269. 
https://onlinelibrary.wiley.com/doi/full/10.1002/ejp.1860 
doi:10.1002/ejp.1860.

	[27]	 Hadi MA, McHugh GA, Closs SJ. Impact of chronic pain on 
patients’ quality of life: a comparative mixed-methods study. J 
Patient Exp. 2019;6(2):133–141. doi:10.1177/2374373518786013.

	[28]	 Yang S, Chang MC. Chronic pain: structural and functional 
changes in brain structures and associated negative affective 
states. Int J Mol Sci. 2019;20(13):3130. doi:10.3390/
ijms20133130.

	[29]	 Wilson D, Williams M, Butler D. Language and the pain expe-
rience. Physiother Res Int. 2009;14(1):56–65. doi:10.1002/pri.424.

	[30]	 Cedraschi C, Delézay S, Marty M, et  al. “Let’s Talk about OA 
Pain”: a qualitative analysis of the perceptions of people 
suffering from OA. Towards the development of a specific 
pain OA-related Questionnaire, the Osteoarthritis Symptom 
Inventory Scale (OASIS). PLoS One [Internet]. 2013;8(11):e79988. 
doi:10.1371/journal.pone.0079988.

	[31]	 Hayden JA, van Tulder MW, Tomlinson G. Systematic review: 
strategies for using exercise therapy to improve outcomes 
in chronic low back pain. Ann Intern Med. 2005;142(9):776–
785. doi:10.7326/0003-4819-142-9-200505030-00014.

	[32]	 Jack K, McLean SM, Moffett JK, et  al. Barriers to treatment 
adherence in physiotherapy outpatient clinics: a systematic 
review. Man Ther [Internet]. 2010;15(3):220–228. doi:10.1016/j.
math.2009.12.004.

	[33]	 Kinney M, Seider J, Beaty AF, et  al. The impact of therapeutic 
alliance in physical therapy for chronic musculoskeletal pain: 
a systematic review of the literature. Physiother Theory Pract. 
2020;36(8):886–898. doi:10.1080/09593985.2018.1516015.

	[34]	 Taylor RR, Lee SW, Kielhofner G, et  al. Therapeutic use of self: 
a nationwide survey of practitioners’ attitudes and experi-
ences. Am J Occup Ther. 2009;63(2):198–207. https://pubmed.
ncbi.nlm.nih.gov/19432058/ doi:10.5014/ajot.63.2.198.

	[35]	 Taylor RR, Lee SW, Kielhofner G. Practitioners’ Use of 
Interpersonal Modes within the Therapeutic Relationship: 
results from a Nationwide Study. OTJR: Occup Ther J Res. 
2010;31(1):6–14. doi:10.3928/15394492-20100521-02.

	[36]	 Taylor RR. The intentional relationship. Occupational therapy 
and the use of self. 2nd ed. Philadeplhia: F.A. Davies 
Company; 2020.

	[37]	 Bertens D, Brazil IA. Cognitive and neural correlates of er-
rorless learning. In: Errorless Learning in Neuropsychological 
Rehabilitation. Routledge; 2018. p. 26–40. https://www.
taylorfrancis.com/chapters/edit/10.4324/9781315660738-3/
cognitive-neural-correlates-errorless-learning-dirk-bertens-inti-
brazil.doi:10.4324/9781315660738-3.

	[38]	 Arnow BA, Steidtmann D. Harnessing the potential of the 
therapeutic alliance. World Psychiatry. 2014;13(3):238–240. 
doi:10.1002/wps.20147.

	[39]	 Donaghey CL, McMillan TM, O’Neill B. Errorless learning is 
superior to trial and error when learning a practical skill in 
rehabilitation: a randomized controlled trial. Clin Rehabil. 
2010;24(3):195–201. doi:10.1177/0269215509353270.

	[40]	 Babatunde F, MacDermid J, MacIntyre N. Characteristics of ther-
apeutic alliance in musculoskeletal physiotherapy and occupa-
tional therapy practice: A scoping review of the literature. BMC 
Health Serv Res. 2017;17(1)doi:10.1186/s12913-017-2311-3.

	[41]	 Fuertes JN, Anand P, Haggerty G, et  al. The physician-patient 
working alliance and patient psychological attachment, ad-
herence, outcome expectations, and satisfaction in a sample 
of rheumatology patients. Behav Med. 2015;41(2):60–68. do
i:10.1080/08964289.2013.875885.

	[42]	 Lendaro E, Middleton A, Brown S, et  al. Out of the clinic, 
into the home: the in-home use of phantom motor execution 
aided by machine learning and augmented reality for the 
treatment of phantom limb pain. J Pain Res. 2020;13:195–
209. doi:10.2147/JPR.S220160.

	[43]	 Younas A, Fàbregues S, Durante A, et  al. Providing English 
and native language quotes in qualitative research: A call to 
action. Nurs Open. 2022;9(1):168–174. doi:10.1002/nop2.1115.

	[44]	 Novick G. Is there a bias against telephone interviews in 
qualitative research? Res Nurs Health. 2008;31(4):391–398. 
doi:10.1002/nur.20259.

	[45]	 Mealer M, Jones J. Methodological and ethical issues related 
to qualitative telephone interviews on sensitive topics. Nurse 
Res. 2014;21(4):32–37. doi:10.7748/nr2014.03.21.4.32.e1229.

https://doi.org/10.1682/JRRD.2010.08.0149
https://doi.org/10.1097/j.pain.0000000000003384
https://doi.org/10.1186/s13063-021-05962-7
https://doi.org/10.3233/NRE-171447
https://doi.org/10.1080/00405841.2012.662873
https://doi.org/10.1186/1471-2288-13-117
https://doi.org/10.1093/intqhc/mzm042
https://doi.org/10.1007/s10433-010-0168-y
https://doi.org/10.1186/s12883-021-02441-z
https://doi.org/10.1016/S0306-4522(00)00491-7
https://doi.org/10.1038/375482a0
https://doi.org/10.1038/375482a0
https://onlinelibrary.wiley.com/doi/full/10.1002/ejp.1860
https://doi.org/10.1002/ejp.1860
https://doi.org/10.1177/2374373518786013
https://doi.org/10.3390/ijms20133130
https://doi.org/10.3390/ijms20133130
https://doi.org/10.1002/pri.424
https://doi.org/10.1371/journal.pone.0079988
https://doi.org/10.7326/0003-4819-142-9-200505030-00014
https://doi.org/10.1016/j.math.2009.12.004
https://doi.org/10.1016/j.math.2009.12.004
https://doi.org/10.1080/09593985.2018.1516015
https://pubmed.ncbi.nlm.nih.gov/19432058/
https://pubmed.ncbi.nlm.nih.gov/19432058/
https://doi.org/10.5014/ajot.63.2.198
https://doi.org/10.3928/15394492-20100521-02
https://www.taylorfrancis.com/chapters/edit/10.4324/9781315660738-3/cognitive-neural-correlates-errorless-learning-dirk-bertens-inti-brazil
https://www.taylorfrancis.com/chapters/edit/10.4324/9781315660738-3/cognitive-neural-correlates-errorless-learning-dirk-bertens-inti-brazil
https://www.taylorfrancis.com/chapters/edit/10.4324/9781315660738-3/cognitive-neural-correlates-errorless-learning-dirk-bertens-inti-brazil
https://www.taylorfrancis.com/chapters/edit/10.4324/9781315660738-3/cognitive-neural-correlates-errorless-learning-dirk-bertens-inti-brazil
https://doi.org/10.4324/9781315660738-3
https://doi.org/10.1002/wps.20147
https://doi.org/10.1177/0269215509353270
https://doi.org/10.1186/s12913-017-2311-3
https://doi.org/10.1080/08964289.2013.875885
https://doi.org/10.2147/JPR.S220160
https://doi.org/10.1002/nop2.1115
https://doi.org/10.1002/nur.20259
https://doi.org/10.7748/nr2014.03.21.4.32.e1229

	Reducing phantom limb pain using phantom motor execution enabled by augmented and virtual reality: participants perspectives on an innovative treatment
	ABSTRACT
	Introduction
	Materials and methods
	Design
	Recruitment and participant characteristics
	Data collection
	Data analysis

	Findings
	Treatment effects on phantom limb pain
	Perceptions of the phantom limb and phantom limb pain
	Self-agency and movement control as strategies for handling pain

	Living with phantom limb pain before and after treatment
	Acceptance and personal attitude to phantom limb pain
	Activity performance in daily life
	Effects on state of mind and sense of self

	Facilitators and barriers to treatment
	Mental demands and personal attitudes to treatment
	The therapeutic approach
	External conditions
	Factors within treatment


	Discussion
	Future research directions and clinical implications
	Strengths and limitations

	Conclusions
	Acknowledgements
	Disclosure statement
	Funding
	ORCID
	Data availability statement
	References


