
1 
 

 
 
 
 
 
 
 
 

 
 
 

 
 

  
 
 
 
 
 
 
 
 
 

Comparison of non-
invasive 
neuromodulation and 
plasticity guided 
treatment methods in 
patients experiencing 
phantom limb pain: a 
systematic review 
 

PAPER WITHIN Prosthetics 

AUTHOR: Lisa Kindbom Uddh & Ida Andreasson 

TUTOR: Gustav Jarl 

JÖNKÖPING April 2022 

 



2 
 

 

Sammanfattning 

Syfte: Denna studie syftar till att undersöka vilken behandlingsmetod, plasticitetsgrundad eller icke-

invasiv neuromodulering som presenterar bäst resultat av smärtlindring hos personer som upplever 

fantomsmärtor efter en amputation. 

Metod: Litteraturundersökningen utfördes i 3 databaser; MEDLINE, CINAHL och PsycINFO. 

Inkluderingskriterier användes för urval av studier. Bedömning av studiernas risk för bias gjordes med 

hjälp av mallar från Joanna Briggs Institut. Relevant data kopplad till frågeställningen extraherades 

och analyserades. 

Resultat: Totalt åtta artiklar inkluderades, där två presenterade resultat från icke-invasiv 

neuromodulering och sex studier inkluderade plasticitetsgrundade metoder. Smärtskalor mellan 0-10 

användes för att mäta förändringen av smärtan. Den kritiska bedömningen drog slutsatsen att det 

saknades studier av hög kvalitet som inkluderar kontrollgrupper. Bevisen som analyserats i den 

aktuella studien indikerar att plasticitetsgrundade metoder tycks ge bättre smärtreduktion jämfört 

med icke-invasiv neuromodulering. 

Slutsats: Baserat på resultaten kan inte denna studie presentera bevis starka nog för att avgöra vilken 

grupp av metoder som har bäst smärtlindrande effekt. Brist av högkvalitativa studier inom området, i 

kombination med heterogenitet mellan inkluderade studier resulterar i att ingen slutsats kan dras. 

Nyckelord: Litteraturstudie, smärtskalor, amputation, smärthantering, smärta efter amputation 
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Summary 

Aim: This study aims to determine which treatment method, plasticity guided or non-invasive 

neuromodulation, presents the best result in reducing pain for amputees experiencing phantom limb 

pain.  

Method: Literature search was performed in 3 databases; MEDLINE, CINAHL and PsycINFO. 

Eligibility criteria were used for study selection. Critical appraisal tool by Joanna Briggs institute was 

used to assess the included articles’ risk of bias. Data relevant to the research question were extracted 

and analyzed.  

Result: A total of eight articles were included, where two presented results from non-invasive 

neuromodulation and six studies included plasticity guided methods. Pain scales ranging from 0-10 

were applied as outcome measures to monitor improvements in phantom limb pain. The critical 

appraisal concluded lack of high-quality study designs including control groups. The evidence analysed 

in the present study indicate that plasticity guided methods appear to provide the best pain reduction 

when compared to non-invasive neuromodulation. 

Conclusion: Based on the results, this study does not present evidence strong enough to state which 

methods present the best pain reduction. Due to low amount of research within the field, combined 

with heterogeneity between included studies, no conclusion can be made. 

Keywords: Review, pain scales, amputation, pain management, post amputation pain 
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Abbreviations 
PLP – Phantom Limb Pain 
CNS – Central Nervous System  
PNS – Peripheral Nervous System 
MI – Mental Imagery  
MT – Mirror Therapy  
VR – Virtual Reality 
GMI – Graded Motor Imagery 
PME – Phantom Motor Execution 
rTMS – Repetitive Transcranial Magnetic Stimulation 
tDCS – Transcranial Direct Current Stimulation 
VAS – Visual Analogue Scale 
NRS – Numeric Rating Scale  
BPI – Brief Pain Inventory 
 
 

Glossary 
Phantom limb – The lost limb no longer present. 
Sound limb – The contralateral limb, still present. On the opposite side of the amputation. 
Residuum – Residual limb, the remaining part of an arm or leg after an amputation. 
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Introduction 
 
The loss of a limb can have both physical and psychological effects. Not only does the amputation have 
an emotional impact on the patient, it comes with different kinds of pain as well. Residual limb pain is 
felt in the stump and can be caused by damage to bone, or irritation/infection of soft tissue, this is called 
nociceptive pain and is caused by activation of pain receptors.  Patients can also experience pain in the 
missing part of their body (Sugawara et al., 2021). Phantom limb pain (PLP) is a complex condition 
affecting amputees regardless of amputation level. It is a neuropathic pain that arises from the loss of 
an extremity and is the most common complication for amputees. The pain is perceived in the phantom 
limb (the lost limb no longer present) and how soon after the amputation PLP arises differs. In many 
cases, it leads to a chronic condition that is resistant to treatment (Ortiz-Catalan, 2018). 
 
During the authors’ clinical placement at two different clinics in Sweden, the knowledge and information 
regarding PLP was similar to what has been taught during the education. Clinicians are aware of asking 
patients whether they experience PLP or not, but knowledge regarding the management of PLP is 
lacking. Neither the patient nor the clinician have a full understanding of PLP, which complicates the 
treatment and will secondarily influence the patient's ability to use prostheses and worsen their quality 
of life.   
 
Ortiz-Catalan (2018) states that many patients suffering from PLP can choose not to use prostheses at 
all. Getting a prosthesis is both time-consuming and requires a lot from the patient in different ways. 
The high prevalence of PLP in combination with its influence on prosthetic use is a clear indication of 
why information and education regarding PLP are of great importance within the field of Prosthetics 
and Orthotics.  
 
Methods concerning the management of PLP can be divided into several subgroups, this study will focus 
on plasticity guided and non-invasive neuromodulation as seen as two methods included in the first line 
of treatment. The idea behind plasticity-guided methods is to visualize the appearance of an intact limb 
and perform phantom movements. Whereas non-invasive neuromodulation focuses on stimulating 
areas of the brain with either electric or magnetic stimulation.   
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Background 
The International Association for the Study of Pain [IASP] (2014) define PLP as any experienced 
sensation or movement, in a missing body part, that is described as unpleasant.  Symptoms and 
experiences vary among patients, but the majority describe the sensations as burning, prickling, cramps, 
electrification, or tingling (DI Pino et al., 2021). 
 
According to DI Pino et al. (2021), PLP affects 60%-80% of persons with amputations, leading to a 
decrease of their quality of life. The cause is obscure, which makes the treatment more complicated.  
Methods available vary and can be presented in different categories including pharmacological, surgical, 
plasticity-guided methods, and neuromodulation. 
 

Etiology 
When a limb is amputated from a person’s body it complicates things in the Central nervous system 
(CNS) and Peripheral nervous system (PNS). Whilst the exact cause is not entirely understood, there are 
different theories regarding the origin of PLP as described in the following paragraphs.  
 
There are continual debates regarding the mechanism of PLP and how involved the CNS and PNS are in 
the cause. Exactly how the pain arises and maintains is still unknown. Kuffler (2018) explains that PLP 
is a neuropathic pain that is believed to develop and maintain due to changes in both the PNS and CNS. 
 
The peripheral nerves connected to the body part that has been amputated will be cut off. Lesion 
(damage) to these nerves will cause functional and structural changes that may lead to neuroma 
(Giummarra & Moseley, 2011). Even though the neuroma is located inside the stump, the brain can 
misread the signals from the neuroma thinking they originate from the phantom limb. A neuroma can 
be treated with surgical methods. Concerning that a neuroma may cause pain in the phantom limb, it 
indicates that pain experienced in the stump, may be a triggering factor for developing or worsening of 
the PLP (DI Pino et al., 2021). 
 
Other peripheral associated theories blame the damaged somatosensory receptors in the residuum that 
may produce a stimulus that does not normally produce painful sensations but, in this case, they will. 
This pain is called allodynia and is often mistaken for PLP. The peripheral models were at first more 
popular, but the focus has shifted to believing that the mechanism within the CNS is the reason for PLP 
(DI Pino et al., 2021). 
 
Mechanisms within the CNS relevant to PLP are mainly focused on the motor cortex and the 
somatosensory cortex in the brain. In these areas, each site is extremely specific and is associated with 
a particular part of the body. The amount of space each part of the body is allocated in the cortexes is 
dependent on the sensitivity of the body part. For example, there is a greater area devoted to your hand 
and especially your fingers compared to the area devoted to the torso. This is explained as the cortical 
organization or the cortical map (Holt et al., 2019), see figure 1. The cortical map is different for 
everyone, depending on what complexity of movement that the individual is performing with each body 
part. A guitar player will have a bigger representation of the left hand in the cortical map compared to a 
non-guitar player who does not need the same precision of the left hand (Giummarra & Moseley, 2011). 
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The most common explanation for PLP to date is the cortical remapping model. Cortical remapping 
occurs as the previous cortical map is being affected by surrounding activity within the cortical map. The 
activity will interfere with the area where the lost limb was previously allocated. For example, when the 
cortical region associated with the hand is no longer used for the purpose of being a hand that can open 
and close. This area is taken over by other nearby areas of the brain as there is no need to allocate space 
in the cortical map for a movement that is no longer being performed.  The problem that might produce 
PLP is that the allocated area to the phantom limb does not perceive expected stimuli (DI Pino et al., 
2021). 
 
However, individuals who experience PLP may not demonstrate cortical reorganization, and not all 
patients demonstrating cortical reorganization may suffer from PLP (Ortiz-Catalan, 2018). DI Pino et 
al. (2021) explain another central theory, as the cortical, subcortical, spinal, motor and somatosensory 
circuits are drastically disrupted by the amputation, entanglement and wiring between these and pain 
processing circuits cause stochastic entanglement. Entanglement between the circuits could cause pain 
without nociceptive stimuli (without damage to body tissue), in contrast to normally where these circuits 
would only be activated by harmful stimuli. 
 
Another CNS associated theory is the persistent representation model in which, compared to the 
remapping model, the cortical area where the phantom limb was placed is intact, and the phantom area 
is not invaded by the surrounding areas. The brain provides continued inputs to preserve the phantom 
in an experience-dependent manner. The greater the area the representation takes up inside the cortical 
map combined with a stronger cortical activity, the greater PLP is experienced by the individual (DI Pino 
et al., 2021). 
 
In 1999 Harris presented a theory that may have given rise to a lot of the available therapies for managing 
phantom limb pain. His theory is called motor incongruence and is based on the idea that the loss of 
proprioceptive- and visual feedback that are incongruent with the motor intention are the responsible 
origin for PLP. Visual feedback is when the eyes see a movement being performed whereas 
proprioceptive feedback means the body's awareness of a movement without vision.  During motion 
sickness in a car, the body is not aware that it is moving, due to the balance senses say we are sitting still, 
but the eyes can see that the car is moving causing incongruence. Harris believes this is what happens 
during amputation, the patient is moving a phantom limb that is not visible or able to provide 

Figure 1: Cortical map. 

Blue outline indicates somatosensory cortex. Red outline indicates motor cortex.  
The figure is drawn by the authors. 
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proprioceptive feedback. He highlights the importance of visual feedback for a therapeutic effect in 
managing PLP. The proprioceptive feedback is described as less important to achieving reduced PLP.   
 
Factors that influence PLP are many and there is no clear idea if there is a multifactorial origin or not. 
However, seeing which treatments are working may indicate the origin. The use of prostheses can also 
influence PLP. To resolve the pain, both sensory and motor functions would be ideal functions in the 
prosthetic, though it is not crucial to present positive results. Studies have shown that simpler prostheses 
lacking somatosensory feedback can also correlate with a lower frequency of PLP. Prostheses with only 
cosmetic properties do not present as good results in the reduction of PLP. The brain requires a 
perception confirming that a movement is being performed which the intrinsic feedback of the motor 
execution provides (Ortiz-Catalan, 2018). 

Prevalence 
The prevalence of PLP varies a lot and affects 60%-80% of amputees (DI Pino et al., 2021). With a higher 
presence of pre-amputation pain, the risk of PLP increases substantially. PLP is more common among 
females than males, and it is more prevalent among upper than lower limb amputees. In most cases the 
intensity and frequency of PLP reduce over time, while in some cases the severe pain remains (Kuffler, 
2018). 

Patient assessment  
During a physical assessment, the source of most pains can be examined by palpation or with the 
assistance of an x-ray, for example on a fractured wrist. PLP can’t be seen or assessed in the same way. 
Due to this, the anamnesis and report from the patient plays an important role in diagnosing PLP. The 
patients can have difficulty finding words to describe this sensation, it is therefore important that the 
interviewer conducts a guided and direct anamnesis. The term pain does not always reflect what the 
patient is experiencing. To get a deeper understanding of what kind of unpleasant sensations they feel, 
the words chosen are crucial. Instead of asking about the perceived pain, using more descriptive words 
such as pulsing, burning, tingling, shock, cooling, itchiness, or throbbing in the phantom limb can guide 
both interviewer and patient to a deeper knowledge and a proper diagnosis.  PLP includes several 
symptoms that overlap and coexist, instead of one single symptom of pain. The different sensations can 
vary in frequency, intensities, and episode duration, but are always felt in the region of the phantom 
limb (Sugawara et al., 2021). 

Treatment and intervention  
Since the cause of PLP is uncertain, no universally efficient treatment is available. Several methods are 
used to alleviate the pain, but research is limited in providing high-quality evidence of their efficiency. 
Concerning the treatments used for alleviating PLP, a commonly disregarded factor is the placebo effect. 
The placebo effect may account for 30% of the improvement in relieving pain, therefore important to 
take this into consideration when analyzing results reported from different studies (Ortiz-Catalan, 
2018). Methods for treating PLP can be divided into different subcategories, which are described in the 
sections below. 
 

Pharmacotherapy 
Pharmacotherapy is focused on relieving the pain, rather than curing it, and has the potential risk of 
addiction. Regarding chronic neuropathic pain as PLP, pharmacotherapy approaches have proved to be 
unsuccessful in relieving pain. However, it is a successful method for relieving pain when its origin is 
nociceptive, which means that the pain is caused by the activation of pain receptors. The treatment is 
therefore appropriate for relieving stump pain but not for relieving PLP (Ortiz-Catalan, 2018). 
 

Surgical treatments 
Surgical interventions for the treatment of PLP initially involve neurectomy (resection of the neuroma) 
and re-amputation. However, Neurectomy and re-amputation have been ineffectively long term. New 
surgical methods have been achieving auspicious results for neuroma pain but there is still question 
about their ability to treat PLP.  There is low evidence for the new surgical methods in relieving PLP as 
there are mixed results and not enough evidence of its sustained effect (Ortiz-Catalan, 2018). 
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Plasticity guided treatment 
Plasticity-guided interventions aim to provide permanent changes rather than alleviating pain for a 
short period. Included in this category are Mental imagery (MI), Mirror therapy (MT), virtual reality 
(VR), Graded motor imagery (GMI), and Phantom motor execution (PME). 
 
In MI, the patient imagines moving the phantom limb in different positions, producing a mental image 
of a moving limb with assistance from working memory (Herrador Colmenero et al., 2018). Results have 
shown reduced PLP, but research concludes that it is less effective on its own, therefore it may often be 
used in combination with other methods, for example during GMI (Johnson et al., 2012). 
 
Similar to MI is MT, which includes the use of a mirror to reflect the sound limb. The method will create 
an illusion of a still present limb and since the sound limb is still functional, the method will also provide 
an illusion of the phantom limbs’ previous function. The patient will as a result fool the brain to perceive 
that movements in the sound limb are also provided in the phantom limb due to the illusion. This visual 
feedback may improve the analgesic effects and is therefore, described as a promising therapy for 
managing PLP. However due to the treatment not having a strict protocol about frequency, endurance, 
and sequence, it is hard to conclude its effectiveness (Herrador Colmenero et al., 2018). Despite the 
promising result of MT, it is still not clear which underlying mechanism of the MT that produces the 
experienced effect (Herrador Colmenero et al., 2018). Brodie et al. (2007) concluded that the visual 
feedback from the “illusion” of moving is not necessary for the mechanism responsible for the alleviation 
of PLP. But there are opposite theories that it should be the quality of the illusion, as well as the mental 
achievement from the participant for imagining a healthy and pain-free limb, that would result in 
relieving the pain (Herrador Colmenero et al., 2018).  
 
Close related to MT is VR treatment, which is based on the research on MT. This method, similar to MT, 
creates an appearance of motion in the lost limb. By using VR, the patients can perceive their limbs as 
intact in a virtual environment, where they can see and establish the movement of their VR limb using 
a VR headset (Rutledge et al., 2019). 
 
GMI is a method including different steps applied in sequence. The method starts with the identification 
of the right and left limbs which is called lateralization and aims for the patient to understand where the 
pain comes from and provide quicker responses related to their left and right judgment. Secondly, the 
patient performs MI and lastly MT. It is delivered sequentially but might differ between patients 
depending on the patient's needs. Sometimes the treatment may go backward and forward and then 
backward again (Ortiz-Catalan, 2018).  
 
PME aims to produce phantom movements that will allow the patient to see appropriate and timely 
movement being performed on a screen. Compared to other therapies PME is supposed to eliminate 
previous limitations of not knowing if the brain is activated in the right way. The use of myoelectric 
electrodes to interpret signals from the stump assures, when performing motor control, that the central 
and peripheral mechanisms are activated (Lendaro et al.,2018). This, together with Brodie et al. (2007) 
´s theory, states that it is the patient's ability to perform PME and the activation of the phantom limb 
that alleviates the pain. 
 

Neuromodulation 
Neuromodulation is another growing technique that includes both invasive and non-invasive methods. 
Non-invasive therapies include Repetitive transcranial magnetic stimulation (rTMS) and Transcranial 
direct current stimulation (tDCS). These are two of the most studied neuromodulation approaches for 
PLP (Garcia-Pallero et al., 2022). The methods stimulate the cerebral cortex with weak magnetic fields 
or direct-current fields. This will create a polarity change and achieve activity in the neural membrane. 
Depending on the activity of the interventions, the strength of the response from cortical neurons can 
be modulated in accordance with the stimuli. The aim of non-invasive neuromodulation is to, by 
changing and controlling the neural membrane, make the stimulation block or regulate changes in the 
cortical map associated with PLP (Akyuz & Giray, 2019). Movement of a muscle can be activated by 
stimulation of the area within the motor cortex that is connected to the body part of interest (Holt et al., 
2019).  
 
Invasive therapies are mainly used as a last resort where previous attempts of non-invasive approaches 
have failed. These include e.g. deep brain stimulation or spinal cord stimulation. They address abnormal 
changes of neuroplasticity concerning pain-processing by either implanting stick leads or grid electrodes 
which assist in preventing cortical reorganization (Garcia-Pallero et al., 2022). 
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With the limited number of patients that will receive invasive treatment, the authors of the present 
study aim to focus on the first lines of treatment, meaning the non-invasive neuromodulation and 
plasticity-guided treatment methods. To achieve a better understanding of the efficiency and 
difference in each of them. Table 1 shows an overview of treatment methods of focus in this study. 
 
Table 1: Overview of treatment methods included in plasticity-guided treatment and non-invasive 
neuromodulation. 

Treatment method Plasticity 
guided 

Non-invasive 
Neuromodulation 

Mental Imagery (MI)  X  

Mirror Therapy (MT) X   

Phantom Motor Execution (PME) X  

Graded Motor Imagery (GMI) X  

Virtual Reality (VR) X  

Repetitive Transcranial Magnetic Stimulation (rTMS)  X 

Transcranial Direct Current Stimulation (tDCS)  X 
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Previous research  
The area of methods concerning treatment for PLP has been investigated in many studies. Reviews are 
published comparing studies within the same treatment subgroup. Systematic reviews concerning either 
Neuromodulation or plasticity-guided methods have been previously published. Akyuz and Giray (2019) 
conducted a systematic review concerning non-invasive neuromodulation techniques where four studies 
were included. There was a moderate amount of evidence to support the methods. But because the 
studies had small sample sizes further research is needed. 
 
Similar results were presented in a more recent study that was made by Pacheco-Barrios et al. (2020). 
Their review included fourteen studies comparing neuromodulation techniques and the conclusion was 
that the various techniques present a positive impact on PLP. 
 
Reviews evaluating plasticity-guided treatment methods are also published and available. Herrador 
Colmenero et al. (2018) published a review in which all the 12 included studies reported a significant 
decrease in pain. They investigated MT, MI, and virtual feedback, and regardless of method, there was 
a decrease in pain. Barbin et al. (2016) did a systematic review concerning the effectiveness of MT. The 
review also concluded that MT presents positive results in pain reduction.  
 
All these reviews display similar results, the interventions work, but the evidence is limited. According 
to Garcia-Pallero et al. (2022), there is a lack of high-quality randomized controlled trials focusing on 
conservative non-pharmacological treatment. Further research is needed to provide stronger evidence.  
Comparisons of plasticity-guided and neuromodulation methods within their separate divisions have 
been investigated several times. The gap of information considered in this area is a cross-border 
comparison, meaning there is a lack of studies comparing the methods against each other. Both 
neuromodulation and plasticity guided methods present positive results in pain reduction, and 
improvements in PLP are often presented in both of these groups.   
 
The close related methods included in each of these divisions present similar results which might 
complicate the comparison and the findings. A comparison between the non-invasive neuromodulation 
and plasticity-guided methods might present greater differences making them easier to spot, as the 
methods manage the problem in separate ways.  
 
 
 

https://d.docs.live.net/43fc2dbca92e1421/Documents/c-uppsats/intro-bakgrund-previous-2.1-med%20feedback.docx#_msocom_2
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Intention 

This study aims to determine which treatment method, plasticity guided or non-invasive 

neuromodulation, presents the best result in reducing pain for amputees experiencing phantom limb 

pain. 

Research question 

In relation to the available methods for managing phantom limb pain, do non-invasive neuromodulation 

or plasticity-guided methods present the best result in pain reduction for patients’ post-amputation? 
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Method 
To address the research question, systematic review has been selected as the study design. The purpose 
of a systematic review is to, with the help of all relevant studies, draw a conclusion responding to the 
research question of interest. A systematic review has high demands on reliability therefore it is 
important that the authors clearly state how the review has been conducted. So that the reader can 
clearly see if there is a risk of bias or other systematic error that might have affected the result (SBU, 
2020). Prisma checklist from Page et al. (2021) was used by the authors to provide a clear structure and 
detailed information about the research process. 

Research question development  
The research questions were developed from the PICO model. The PICO model is a recommended tool 
to structure the search strings for a systematic review. The four elements in this model include the 
population, intervention, comparison, and outcome. They are used to facilitate searching for a precise 
answer and the research question is to be focused on all four of them.  In addition to the research 
question, the PICO model was used to develop search terms and subject headings to facilitate a more 
detailed and specific search. Therefore, the PICO model improves the precision of retrieval (Frandsen 
et al., 2020). The used PICO model can be found in Table 2. 
 
Table 2: PICO model with search words 

PICO Definition  Systematic search  

Population Post amputation 

Patients experiencing 
phantom limb pain/limb 
sensation. 

(MH "Phantom Pain") OR (MH "Phantom Limb") OR 
post-amputation pain OR amput* 

Intervention Plasticity-guided 
treatment methods for 
managing phantom limb 
pain. 

Plasticity guided OR Plasticity based OR Motor imagery 
OR Mirror therapy OR Virtual mirror therapy OR 
Phantom motor execution OR Graded Motor Imagery 

Comparison  Neuromodulating 
treatment for managing 
phantom limb pain. 

Non-invasive neuromodulation OR Repetitive 
transcranial magnetic stimulation OR Transcranial direct 
current stimulation OR Peripheral nerve stimulation OR 
Neuromuscular electrical stimulation OR non-invasive 
brain stimulation OR cortex stimulation OR transcranial 
magnetic stimulation 

Outcome   Phantom limb pain  Pain measurement OR Pain Scale  

 

Data collection 
The search for data took place in MEDLINE, CINAHL, and PsycINFO. The search words that were used 
are shown in table 2 above. The search was conducted in two separated search strings, one for each 
intervention (plasticity guided treatment and non-invasive neuromodulation), to gather information in 
a structured way. Each search string was used in all databases. The databases were selected together 
with a librarian to achieve as many appropriate results as possible. Before conducting the final search, 
different test searches were performed to improve quality.  
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Medical subject headings (MeSH) terms were used in MEDLINE to find articles about a certain topic, 
rather than just mention it as an individual word (Baumann, 2016). The mesh terms were used with a 
quotation to define that the whole phrase should be coherent. Subject headings are a more general term 
used regardless of the database. MEDLINE and CINAHL had the same subject headings for our included 
terms therefore the same search string was used in these databases. PsycINFO did not have subject 
headings for the wanted population, therefore the search string was used but without stated subject 
headings. 

Eligibility criteria for selection of articles  
All articles are peer-reviewed and have ethical approval. Content in the article should be related to the 
PICO model and therefore include the right population group (People with post-amputation phantom 
pain), the right intervention in the area (non-invasive neuromodulation or plasticity-based 
interventions), and appropriate outcome (Phantom limb pain, pain measure). The pain scales should 
have the same interval of 0-10, if not they were excluded.  
 
Articles should be written in English. Articles outside the time frame of the last 8 years are to be 
excluded.  Further exclusion criteria are systematic reviews. Articles that are not reachable through 
Jönköping University were excluded as the authors were not able to read the whole article. Concerning 
population group, the authors will not take into consideration the gender, age, or ethnicity of the 
participant as long as they are in the selected population group (PLP).  
 
Filters within the database were used to exclude articles not written in English and outside the time 
frame. Articles that were not peer-reviewed were also to be excluded by the filter selected during the 
search. After the screening, case studies and articles involving only one participant were excluded to 
provide a higher quality of the articles and in order for the results to be more transferable. 

Screening process  
The first exclusion of articles was made by filters within the databases according to the eligibility criteria 
(presented in eligibility criteria for selection of articles). After conducting the definite searches, 
duplicates were removed manually before the screening process. The remaining of both search results 
was screened in three steps, including screening of titles, abstracts, and last full texts. Titles were 
analyzed and selected based on relevance to PICO (table 2). The suitability of the studies was evaluated 
by screening the abstracts and a deeper assessment of their relevance to the PICO model (table 2). Lastly, 
an assessment of the entire study was conducted before deciding which ones were relevant according to 
the predetermined criteria. During the reading of the full articles, studies were excluded either by not 
having ethical consideration, not relevant to PICO and additionally pain scale or pain measurements 
that were not ranging from 0-to 10. 
 
The three steps of the screening were made individually by the authors, secondly, a comparison of 
individually selected articles was made and if there were any disagreements they were discussed and 
analyzed further. The articles that made it through all steps in the screening process were used for data 
collection and data analysis (SBU, 2020). The screening process will be presented with the use of a 
Prisma flow diagram (Page et al., 2021).  

Assessment of risk of bias 
Assessing the risk of bias in the included articles of a systematic review might include the risk of 
subjectivity and that the authors might ignore biases in a study that support their wanted result on a 
specific research question (SBU, 2020). To ensure a lower risk for subjectivity when assessing for bias 
in the included articles, the authors had the support of the well-established critical appraisal tool (CAT) 
by Joanna Briggs institute (Aromataris & Munn, 2020) while conducting the assessment. For a rigorous 
appraisal, it is of importance that the authors conduct the CAT independently. 
 
The CAT assesses the trustworthiness, relevance, and result of a study or published paper. It consists of 
different checklists depending on which sort of published paper is to be assessed. Each checklist consists 
of questions appropriate to the published study design. The questions are being answered either with 
yes, no, unclear or not applicable. Each question has an explanation to get a deeper understanding of 
the question and present what to look for in the paper (Aromataris & Munn, 2020), these can be found 
in appendix 1. 
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Studies that did not explicitly state their study design were assigned one by the authors to match the 
methods used within the study. The selection of study designs was made with the assistance of the JBI 
manual on how they define each study type (Aromataris & Munn, 2020). The results of the CAT are 
presented in a table for each publication type, to provide an overview easy for the reader to follow and 
understand. 

Analysis of data  
Each study was analyzed with respect to its quality. The quality and result of the CAT of each study were 
considered when weighing the result. If there is a lack of quality and a high amount of bias in the 
analyzed study, the result might not be appropriate for trustworthiness. However, as there is a small 
amount of research within the specific area of PLP the authors decided to include studies with possible 
poor quality in the result. Extraction of data was obtained from pain scales ranging from 0-to 10 together 
with diagrams and images in the included studies. 
 

Outcome - pain 
During the test search, the authors noted different pain scale measurements that were used to assess 
pain. As a criterion for inclusion of studies were pain scales ranging from 0-10, these were investigated 
more to provide a deeper understanding.  
 
Pain scales: 
The numeric rating scale (NRS) is an 11-point scale. The respondent selects the number that best 
represents their pain with the assistance of terms describing the extreme endpoints of the scale. e.g., 0 
= no pain, 10 = worst pain imaginable.  The scale can be administered in an interview, therefore making 
it appropriate for telephone interviews, but it can also be self-completed (Hawker et al., 2011).   
 
The visual analogue scale (VAS) is another pain scale often used in clinical research. The measurement 
can be performed by the respondent itself. VAS can be presented with numbers without a line or 
numbers on a line, 0-10. Similar to the NRS the scales are anchored by describing terms in the endpoints 
(Paul-Dauphin et al., 1999). 
 
The Brief pain inventory (BPI) described by Wang et al. (1996) is another numeric rating scale that 
consists of 4 questions. Respondents answer the questions on a scale of 0-10, 0=no pain and 10 = as bad 
as imaginable. The questions want the patient to rate their current pain, worst pain, average pain, and 
least pain. The result can be analyzed individually or combined by calculating the mean from the 
questions to provide a pain severity score. 

Ethical considerations 
Before conducting the present study, a form regarding ethical considerations was discussed and 
analyzed by the authors, together with the supervisor.  
  
According to the World Medical Association (2018), research involving humans should follow the 
declaration of Helsinki. The declaration includes principles about informed consent from participants 
and the major principle is that the participant should always be a higher priority than the production of 
science. This study itself is a systematic review and will therefore not involve any participants. However, 
included studies will involve participants. It is therefore important that the studies have ethical 
consideration, in the form of ethical approval or informed consent from the participants. This was 
considered when selecting articles, studies without clearly stated ethical approval in the article were 
excluded from the analysis. 
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Result 

Selection of articles 
The study selection in this review was conducted in two separate processes. These are presented in two 
flow diagrams below (Page et al., 2021). 
 
Result of search for studies including plasticity guided methods.  
In the main search regarding plasticity-guided methods, 135 studies were identified. In the flow diagram 
in figure 2 below, the various steps can be seen. Six studies were included in the final analysis. 
 

 
 
Figure 2: Flow diagram of the Plasticity guided the main search. 
 *Records excluded due to wrong population, intervention, comparison, outcome, or study design. 
 **Records not available through Jönköping University. 
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Result of search for studies including non-invasive neuromodulation. 
The main search concerning methods in neuromodulation yielded in 89 studies. The final analysis 
included 2 studies. The process of study selection can be followed in figure 3 below. 
 

 
Figure 3: Flow diagram of the non-invasive neuromodulation main search. 
* Records excluded due to wrong population, intervention, comparison, outcome, or study design. 
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Characteristics of included studies 
Characteristics of studies included in this review can be seen in table 3. Descriptions of each study’s 
characteristics can be found under the table, while pain scores and additional information are presented 
further down. Participants stated in the table refer to participants included at baseline. 
 
Table 3: Characteristics of included studies. 
Description of abbreviations mentioned in the table; tDCS (transcranial direct current stimulation), VR (virtual 
reality), GMI (graded motor imagery), rTMS (repetitive transcranial magnetic stimulation), MT (mirror 
therapy), MI (mental imagery), PME (phantom motor execution), VAS (visual analogue scale), NRS (numeric 
rating scale), BPI (brief pain inventory), BDI (beck depression inventory). 

Study Study design Participants Intervention Outcome, Pain scale  Follow up Ethical 
consideration 

 
Bolognini 
et al. (2015) 

Crossover double-
blind, sham-
controlled design 

8 (unilateral 
upper or lower 
limb amputation) 

tDCS VAS 
 
Secondary outcome: 
BDI 

Baseline 
2 weeks 
4 weeks 

Ethical approval  
Informed consent 

 
Kulkarni et 
al.  (2020) 

Prospective pilot 
study  

9 (upper limb 
amputation) 

VR NRS Baseline  
3 months 
(end of trial) 
1 year 

Ethical approval  
Informed consent 

Limakatso 
et al. 
(2020) 

Single-blinded 
randomized 
controlled trial 

21 (unilateral 
upper or lower 
limb amputation) 

GMI BPI 
 
Secondary outcome: 
VAS 0-100 

Baseline 
6 weeks 
3 months 
6 months  

Ethical approval  
Informed consent 

 
Malavera et 
al.  (2016) 

Single-centre, 
double-blinded, 
sham-controlled, 
randomized, 
parallel-group trial   

54 (lower limb 
amputation) 

rTMS VAS 
 
Secondary outcome: 
Zung self-rating scale 

Baseline, 
15 days 
30 days 

Ethical approval  
Informed consent 

 
Mallik et al. 
(2020) 

Nonblinded 
prospective 
randomized 
controlled trial 

92 (unilateral 
upper or lower 
limb amputation) 

MT 
MI 

VAS Baseline 
4 months 
8 months 
12 months 

Ethical approval 
Informed consent 

Ortiz-
Catalan et 
al. (2016) 

Single group, 
clinical trial 

14 (upper limb 
amputation) 

PME NRS 
 
Secondary outcome: 
NRS 

Baseline 
1 month 
3 months 
6 months 

Ethical approval 
Informed consent 

Osumi et al. 
(2017) 

Case series 8 (upper limb 
amputation) 

VR NRS Before and 
after the VR 
session 

Ethical approval 
Informed consent 

Yıldırım & 
Kanan 
(2016) 

Quasi-experimental 
study 

15 (unilateral 
upper or lower 
limb amputation) 

MT NRS Daily during  
4 weeks  

Ethical approval 
Informed consent 

 
 

Plasticity guided methods  
Mirror Therapy 
Two articles included in this study, Mallik et al. (2020) and Yıldırım & Kanan (2016), investigated the 
impact of MT concerning patients experiencing PLP. Mallik et al. (2020) included both MT and MI 
interventions in their nonblinded prospective randomized controlled trial (RCT). They included a total 
of 92 participants with unilateral upper or lower limb amputations. 46 participants were randomized to 
MI and 46 participants were randomized to MT. The participants were given an encouragement to 
perform the MT exercises daily with each session lasting for 30 minutes. Assessment of improvements 
was measured using VAS 0-10 at baseline and during the follow-up times, which was at 4, 8, and 12 
months.  
 
The study by Yıldırım & Kanan (2016) included 15 upper or lower limb amputees that underwent four 
weeks of MT every day. It was a Quasi-experimental study in which the participants were asked to 
perform 40 minutes of MT every day and rate their pain before and after each session. NRS was used as 
an outcome measure ranging from 0-10 which was assessed each day, then added to a combined mean 
for each week.   
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Virtual Reality 
Kulkarni et al. (2020) conducted a study with 9 participants with unilateral upper limb amputations. In 
this prospective pilot study, the participants had one treatment session each month. The treatment 
period lasted  3 months, with a total of 30 minutes divided into three sessions meaning that each session 
of VR lasted for 10 minutes. The outcome measure used was NRS where the score was assessed at 
baseline, at the end of the treatment, as well as one year post treatment.   
 
Treatment using VR was also evaluated in the study by Osumi et al. (2017). They admitted 8 upper limb 
amputees for their case series where they, during a session of 10 minutes, assessed the effect of VR on 
PLP. The pain was measured using the NRS before and after the session. 
 
Mental Imagery 
Ninety-two participants were included in the nonblinded prospective randomized controlled trial by 
Mallik et al. (2020). 46 participants were randomized to MI and 46 participants were randomized to 
MT. The participants in the MI group were encouraged to perform 40 minutes of meditation and 
imagery exercises daily.  Follow-up was 4-, 8- and 12-months post treatment and the analgesic effect 
was measured according to VAS ranging from 0-10 at baseline, as well as on all follow-up occasions.   
 
Graded Motor Imagery 
GMI was included in one single-blinded randomized controlled trial. Limakatso et al. (2020) 
investigated the impact caused by this method to reduce PLP when applied for six weeks in patients 
experiencing PLP. The participants admitted were 21 unilateral upper or lower limb amputees. The 
process endured for six weeks, consisting of two weeks of each step of the treatment. The steps included 
left/right judgments, mirror therapy, and imagined movements. The patients performed 12 sessions 
daily at home where each session lasted for 10 minutes. BPI scale ranging from 0- 10 was the main 
outcome measure used in this study. Secondary outcomes were assessed using a 0-100 VAS where the 
participants rated the quality of their health. 
 
Phantom Motor Execution 
Ortiz-Catalan et al. (2016) conducted a single-group clinical trial evaluating PME, including 14 
participants with upper limb amputation. The participants received treatment twice a week with a total 
of 12 sessions. Outcome measured according to NRS with scores between 0-10 were assessed at baseline, 
each session, and at follow-up 1-, 3- and 6-months post treatment.   
 

Non-invasive neuromodulation 
Transcranial Direct Current Stimulation 
tDCS was used in one of the included studies. Bolognini et al. (2015) conducted a study with a crossover 
double-blind, sham-controlled design, including 8 unilateral upper or lower limb amputees. Their aim 
was to understand the sustained and immediate effects of tDCS on PLP, and the duration of the 
treatment was two weeks. Participants rated their PLP on VAS ranging from 0-10 before and after the 
daily tDCS application. Their experienced PLP was also rated one week prior and one week post-
treatment. 50% of the participants underwent sham tDCS the first week and active tDCS the second 
week, each week consisting of five days of received treatment. The remaining participants received the 
treatments in the opposite order. There was no wash-out period between the two weeks of treatment. 
 
As a secondary outcome, the participants were assessed using the Beck depression inventory (BDI). This 
was administered on the first day of treatment, before the first tDCS session as well as after the last tDCS 
session.  
 
Repetitive Transcranial Magnetic Stimulation 
The single-centred, double-blinded, sham-controlled, randomized, parallel-group trial by Malavera et 
al. (2016) included 54 lower limb amputees investigating the effect of rTMS. Like the article by Bolognini 
et al. (2015) they investigated both the immediate and sustained analgesic effect of the treatment on 
PLP. Sessions occurred 5 days a week for two weeks where the patients either got active or sham rTMS 
for the whole intervention period. The primary outcome was measured according to VAS ranging 
between 0-10, where 0 indicates no pain and 10 is the worst pain possible. The pain was rated at baseline 
one week before the observation, and the follow-up of the sustained effect was conducted 15- and 30-
days post treatment.    
 
Secondary outcome concerning the participant’s mental health was assessed according to Zung’s self-
rating scales about depression and anxiety. This is a 20-items questionnaire where the scores range from 
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20-to 80, specific ranges of the scores represent a certain level of anxiety or depression. It was 
conducted, as VAS, at baseline and follow-up after 15 and 30 days. 

Result of pain score 
 

Result Visual analogue scale  
Three of the eight included articles presented their outcome with VAS 0-10, as shown in table 4 below. 
One of the studies measured the improvements with a mean of the participants' scores, while another of 
them used percentage change of the mean. Malavera et al. (2016) used both mean and percentage scores, 
presented in their tables are mean values, while the description of scores and results in their study are 
discussed in percentages. Most articles included mean scores, therefore the results from Malavera et al. 
(2016) are presented likewise.  
 
The methods each researcher used to calculate and present their results differ from study to study. 
Bolognini et al. (2015) used a mathematical formula including both the pre- and post tDCS values, to 
transform the results into percentage, and calculate the improvement. Mallik et al. (2020) presented the 
VAS scores into groups where the results between 1-3, 4-6, and 7-10 were merged before the decrease of 
the PLP was measured. Malavera et al. (2016) calculated the mean percentage reduction of participants 
in each group.   
 
Table 4: Results of VAS (visual analogue scale) 0-10, for assessment of phantom limb pain. 
Mean values in the study by Bolognini et al. (2015) was calculated from percentage to a mean value at post-
treatment and follow-up. Statistically significant difference refers to whether the studies at any given time 
during their measurements presented a statistically significant improvement in pain scores (p<0.05). 
Description of abbreviations mentioned in table; tDCS (transcranial direct current stimulation), rTMS 
(repetitive transcranial magnetic stimulation), MT (mirror therapy), MI (mental imagery), SD (standard 
deviation).  
*Not included.  

Study Intervention Baseline 
mean 
pain 
score 
[SD]  

Post 
treatment 
mean 
pain 
score 
[SD]  

Follow up mean pain 
scores [SD] 

Statistical 
testing 

 
 
Malavera 
et al. 
(2016) 

 
 
Active rTMS 
 
Sham rTMS 

 
 
4.98 
[1.97] 
 
4.82 
[1.98] 

 
 
2.28 [2.51] 
 
3.71 [2.97] 

 
 
3.02 [2.64] 
 
3.88 [2.68] 
 

 
Statistical 
difference 
between groups 
at post 
treatment, but 
not follow up 
 

 
 
Mallik et 
al. 
(2020) 

 
 
MT  
 
MI 

 
 
7.07 [1.74] 
 
7.85 
[0.76] 

 
 
5.87 [0.75] 
 
7.24 [0.90] 

 
8 months:     12 months: 
 4.78 [1.63]    2.74 [0.77] 
 
 6.63 [1.36]    5.87 [1.41] 

 
Significant 
reduction of 
pain within 
both groups 
from baseline 
to post 
treatment and 
follow up 
 

 
 
Bolognini 
et al. 
(2015) 
 

 
 
tDCS 

 
 
5.6 [*] 

 
2 weeks 
4.03 [*] 

 
4 weeks 
3.30 [*] 

 
Significant 
reduction 
within the 
group from 
baseline to post 
treatment and 
follow up  
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Improvements in each study can also be seen in the diagram in figure 4. Studies measuring in accordance 
with VAS all displayed a decrease in PLP between the first and last measurement. 
 
All included studies have various treatment duration and follow-up periods. This complicates the 
comparison, since the analgesic effect of the interventions depends a lot on the time post treatment. 
Measurements concerning MT and MI in table 4 and figure 4 are retrieved from the same article by 
Mallik et al. (2020).  All their improvements were measured at the same time for both interventions. 
Therefore, in this specific case, a comparison between the two is possible. Looking at their result, both 
methods display improvement, but compared to MI, MT present the best pain reduction in both 
immediate and sustained effect.  
 
Bolognini et al. (2015) presented all their results and improvements with percentage, they use two 
groups with a cross over method, meaning that each participants receives active and sham treatment 
different weeks. There was a significant difference within the group between the active and sham tDCS. 
 
Malavera et al. (2016) presented a statistically significant reduction of PLP in their experimental group 
15 days post treatment. However, the p-value of 0.12 did not present a significant difference between the 
groups at the 30-day follow-up. Both Mallik et al. (2020) and Bolognini et al. (2015) presented a 
statistically significant pain reduction with their p-values of 0.001 and 0.04.  

 

Figure 4: Diagram of improvements of each intervention and study, measured by VAS (visual analogue scale). 
In studies including more than one follow-up, the last one is presented in the diagram. Description of 
abbreviations mentioned in table; tDCS (transcranial direct current stimulation), rTMS (repetitive transcranial 
magnetic stimulation), MT (mirror therapy), MI (mental imagery). 
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Result of Numeric rating scale 
The articles presented in table 5 had the NRS 0-10 scale as an outcome measure. They all measured 
progress using the mean score of participants. Improvements of either statistical significance or not can 
also be seen in figure 5.  
 
Table 5: Results of NRS (numeric rating scale) 0-10, for assessment of phantom limb pain. 
Description of abbreviations mentioned in the table; VR (virtual reality), PME (phantom motor execution), MT 
(mirror therapy), SD (standard deviation). *Not included. **Value measured from diagram, no SD or statistical 
testing possible. 

Study Intervention Baseline 
mean pain 
score [SD] 

Post 
treatment 
mean pain 
score [SD] 

Follow up 
mean pain 
score [SD] 

Statistical 
testing 

 
 
Kulkarni et al. 
(2020) 

 
 
VR 

 
 
6.11 [*] 

 
 
3.56 [*] 

 
 
5.56 [*] 

No significant 
reduction 
within the 
group at 
either post 
treatment or 
follow-up 

 
 
Ortiz-Catalan 
et al. (2016)  

 
 
PME 

 
 
5.2 [1.6] 

 
 
3.6 [1.8] 

 
 
3.3** 

Significant 
reduction 
within group 
from baseline 
to post 
treatment  

 
 
Osumi et al. 
(2017) 

 
 
VR 

 
 
5.2 [2.4] 

 
 
3.0 [2.1] 

 
 
 
* 

Significant 
reduction 
within group 
from baseline 
to post 
treatment  

 
 
Yildirim & 
Kanan (2016) 

 
 
MT 

 
 
4.15 [1.21] 

 
 
2.3 [0.98]  

 
 
 
* 

Significant 
reduction 
within group 
from baseline 
to post 
treatment  

 
Kulkarni et al. (2020) calculated the mean of the scores at baseline, three sessions of treatment, and at 
follow-up one year post treatment. Their study did not show a statistical difference, despite that their 
scores from NRS present improvement. Ortiz-Catalan et al. (2016) used similar descriptive statistics to 
analyze the results. They calculated the percentage of improvement based on measures before 
treatment. The percentages were merged into a mean of improvements. Their follow-up scores were not 
presented in text, but improvement could be seen in a diagram in their result, which was used to 
interpret a value for this table (table 8). Due to that the follow up value was estimated from a diagram, 
no standard deviation or statistical analysis could be made using data from that occasion. However, the 
study concluded a statistically significant difference between baseline and post-treatment with a p-value 
of 0.007. Comparable calculations of means were conducted by Osumi et al. (2017) as well as Yildirim 
& Kanan (2016). None of them presented follow-up scores, although, both had values of p<0.05 (0.015 
and 0.01). Yildirim & Kanan (2016) also found in their study that participants who weren’t wearing 
prostheses presented better results of the MT with a statically significant difference p<0.05.  All studies 
measuring PLP using NRS presented a clear reduction of pain from baseline to post-treatment and, in 
some cases, follow-up.  
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Figure 5: Diagram of improvements of each intervention and study, measured by NRS (numeric rating scale). 
Not all studies included follow-up scores. In studies including more than one follow-up, the last one is presented 
in the diagram. Description of abbreviations mentioned in the table; VR (virtual reality), PME (phantom motor 
execution), MT (mirror therapy). 

Result of Brief pain inventory scale 
There was only one study using the BPI to assess changes in PLP. Data from this study are presented in 
table 6 and figure 6. 
 
Table 6: Results of BPI (brief pain inventory) 0-10, for assessment of phantom limb pain. Scores in the study by 
Limakatso et al. (2020) are presented with median values. Description of abbreviations mentioned in the table; 
GMI (graded motor imagery), IQR (interquartile range).  

Study Interventi
on 

Baseline 
median pain 
score [IQR] 

Post 
treatment 
median 
pain score 
[IQR]  

Follow up median 
pain score [IQR] 

Statistical 
testing 

 
 
 
 
 
 
 
 
Limakatso 
et al. 
(2020) 

 
 
 
 
 
 
 
GMI 
 
 
Control 

 
 
 
 
 
 
 
5 [3.75-5.75] 
 
 
3.25 [2.50-5.75] 

 
 
 
 
 
 
 
0.75 [0-2.75] 
 
 
1.5 [0.75-4] 
 

 
 
 
 
 
 
3 months: 0 [0-0.5] 
6 months: 0 [0-1] 
 
 
3 months: 1.88 [0-4.5] 
6 months: 5.63 [0.37-
6.63] 
 

Statistical 
reduction 
between 
groups 
from 
baseline to 
post 
treatment 
and 6 
month 
follow up. 
 
No 
statistical 
difference 
between 
groups 
from 
baseline to 
3 month 
follow up. 
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The single-blinded RCT conducted by Limakatso et al. (2020) measured their outcome using the BPI 
scale. Unlike the studies mentioned in table 4 and 5, they measure the progress using a median value, 
presented in table 6. Difference between the median at baseline and the median post-intervention was 
calculated using scores from each data collection point, this, to monitor the efficiency of the treatment. 
Follow-up was conducted 3- & 6-months post-treatment. Improvements in both the experimental and 
control group was seen at both six weeks and three months, although only the experimental group had 
further improvements at 6-month follow-up. Statistical significance between groups was found at post 
treatment as well as 6-month follow-up. This proves that progress could be observed in both groups at 
the beginning of the process, but only the experimental group presented sustained results.   
 

 
Figure 6: Diagram of improvements of each intervention and study, measured by BPI (brief pain inventory). The 
article by Limakatso et al. (2020) includes two follow-up times, but only the last one is presented in the diagram. 
Description of abbreviations mentioned in the table; GMI (graded motor imagery). 

Result from critical appraisal  
The critical appraisal in this study was conducted using Joanna Briggs’s critical appraisal tool. The 
checklist used can be found in appendix 1.  
 
Four separate tables including the results, one for each study type, can be seen below together with a 
further analytical explanation. Table 7 includes the cohort studies, Table 8, the quasi-experimental 
studies, Table 9, the case series, and lastly Table 10, randomized controlled trials. 
 

Cohort study 
There was one cohort study included, by Bolognini et al. (2015) investigating the effect of tDCS. They 
clearly presented group characteristics and the groups were taken from the same population (people 
with amputation). Though the reason for amputation and the site of amputation differed within the 
group. One participant was amputated at the upper limb, while the remaining participants were patients 
with lower limb amputation.  Participants used different kinds of medication daily. There was complete 
follow up therefore question 10 in table 7 is answered as not applicable. 
 
The study had a double-blinded crossover design, meaning that the participants were blinded to which 
treatment they were receiving and the experimenter providing the treatment was also blinded from the 
treatment. This could be obtained due to that the active and sham treatment were montaged the same, 
which treatments were activated was depending on a code from an investigator who did not participate 
in data collection. Leading to it being a suitable design to account for the placebo effect.  The deep 
description of how the application of active and sham treatment was conducted indicates that the same 
exposure has been applied at each session. Leading to increased reliability of the result since all 
participants were treated equally, compared to e.g., mirror therapy at home where the duration of the 
treatment is inconsistent and non-blinded. The study used a setting for the sham and active treatment 
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that was valid and commonly used within practice. However, a limitation to the crossover method is that 
there is no washout period in between the shift of treatment. Mentioned by Sibbald & Roberts (1998) 
there is a risk of the first treatment in order “carrying over” the next treatment in line and affecting the 
result. This is often eliminated by a washout period to allow the result of the previous treatment to wear 
off before applying the next treatment. 
 
Bolognini et al. (2015) did not state any confounding factors that might affect the result. A demographic 
table found in the study with patient characteristics included their medication, if they were using 
prostheses or were participating in any physiotherapy (PT). Statements on whether these differences 
within the population group might affect the result were not presented. Neither had they described 
strategies to deal with these factors. It is worth noting that the participants continued their usual 
medication, but it is not stated whether the PT was put to a stop during the intervention period, or if it 
was performed simultaneously. Therefore, question 4 and 5 are answered with a no in table 7. Outcomes 
in form of pain decrease were measured using VAS. Its validity and reliability for PLP will further be 
discussed under critical appraisal discussion. 
 
Table 7: Summary of critical appraisal of the cohort study.  

 Checklist Cohort study (Moola et al., 2020) Bolognini 
et al. 
(2015) 

1 Were the two groups similar and recruited from the same population?  
YES 

2 Were the exposures measured similarly to assign people to both exposed and unexposed 
groups? 

 
YES 

3 Was the exposure measured in a valid and reliable way? 
 

 
YES 

4 Were confounding factors identified? 
 

 
NO 

5 Were strategies to deal with confounding factors stated? 
 

 
NO 

6 Were the groups/participants free of the outcome at the start of the study (or at the 
moment of exposure)? 
 

 
Not 

applicable 
7 Were the outcomes measured in a valid and reliable way? 

 
 

YES 
8 Was the follow up time reported and sufficient to be long enough for outcomes to occur? 

 
 

UNCLEAR 
9 Was follow up complete, and if not, were the reasons to loss to follow up described and 

explored? 
 

 
YES 

10 Were strategies to address incomplete follow up utilized? Not 
applicable 

11 Was appropriate statistical analysis used? 
 

 
YES 

 

Quasi-experimental studies 
The study by Yildirim & Kanan (2016), investigating the effect of MT, was the only Quasi-experimental 
study included in the analysis.  It is a single group study analyzing the effect pre and post treatment.  
 
In agreement with the checklist description, answer to questions 2 in table 8 is answered yes, even 
though it was only a single group study. Noted in the description of the checklist questions it is stated to 
answer yes if there were a single group assessing pre and post for the same participants (appendix 1a).  
 
A gap of information regarding differences in care/treatment may decrease the reliability of the result. 
Information concerning whether participants in the study used daily medication or if there was a change 
in medication is not mentioned. Additionally, no information regarding other interventions ongoing 
parallel to the MT, for example if participants were going on PT. Consequently, that’s why question 3 in 
table 8 is answered with unclear. Secondly as the patients performed the MT at home it is hard to control 
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that each person performed it the same way and with the same duration, but the patient was asked to 
write down the duration of MT for each day. 
 
A drawback with this study is that there were no control groups included in the study. The validity of the 
casual interference of the treatment is diminished if no control group is present. The use of a control 
group strengthens the plausibility that the intervention is the cause of the outcome rather than another 
factor.   
 
Question 5 is answered no as the study only used one measurement of the outcome, a pain intensity 
scale of 0-10. The validity and reliability of the pain scale will further be discussed under critical 
appraisal discussion. Question 7 (Table 8) is not applicable due to no comparison group.  
 
Table 8: Summary of critical appraisal of the Quasi-experimental study. 

 Checklist Quasi-experimental (Tufanaru et al., 2020) Yildirim 
& Kanan 
(2016) 

1 Is it clear in the study what is the ‘cause’ and what is the ‘effect’ (i.e. there is no 
confusion about which variable comes first)? 
 

 
YES 

2  
Were the participants included in any comparisons similar? 

 
YES 

 
3 Were the participants included in any comparisons receiving similar treatment/care, 

other than the exposure or intervention of interest? 
 

 
UNCLEAR 

4  
Was there a control group? 

 
NO 

 
5 Were there multiple measurements of the outcome both pre and post the 

intervention/exposure? 
 

 
NO 

6 Was follow up complete and if not, were differences between groups in terms of their 
follow up adequately described and analyzed? 
 

 
YES 

7 Were the outcomes of participants included in any comparisons measured in the same 
way? 
 

 
Not 

applicable 
8 Were outcomes measured in a reliable way? 

 
 

YES 

9 Was appropriate statistical analysis used? 
 

 
YES 

 

Case Series 
Kulkarni et al. (2020) conducted a case series looking into the effects of VR on PLP. There were clearly 
structured inclusion criteria. The experienced pain was measured with NRS which is a commonly used 
tool to assess pain, its reliability and validity are discussed under critical appraisal discussion.  
Concerning question 6 and 7 in table 9, the study (Kulkarni et al., 2020) did not report clear 
demographics of the patients and no additional clinical information. The only known is each patient’s 
amputation site. This results in loss of information regarding the homogeneity of the group, it is 
unknown if patients received other medications or had other medical conditions that might interfere 
with the effect of the intervention. Outcomes were clearly stated in both text and tables. 
 
The study by Osumi et al. (2017) is a case series that investigates the immediate effect of one VR session 
pre and post treatment.  The study did not have inclusion or exclusion criteria stated at all, which makes 
the information and details about study group insufficient.  Therefore, the answer is no on question 1 in 
table 9. NRS was the outcome measure used in this study which is, as mentioned, commonly used.  
 
Ortiz-Catalan et al. (2016) conducted the third case series included in this study. It aimed to reduce PLP 
by PME. As most of the previous studies, the study present clear structure in providing inclusion and 
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exclusion criteria. NRS was used to assess the pain difference after treatment. Risk of bias within the 
study is especially seen in that the follow-up interview was conducted by the same clinician who 
performed the interventions on the participants.  
 
A clear and structured reporting of demographics and other relevant information of interest were clearly 
reported in Ortiz-Catalan et al. (2016) and Osumi et al. (2017). They had a clear structure throughout 
the studies and used tables and text to present their outcome in a structured way.  
 
None of the three studies, Ortiz-Catalan et al. (2016), Osumi et al. (2017), and Kulkarni et al. (2020) 
presented a clear consecutive and complete inclusion of participants leading to question 4 and 5 in table 
9 being answered unclear. The reason is that the articles state from which clinic the participants are 
selected, but not how the selection process was performed. It is not known if all patients under a certain 
interval were asked to participate or if the researcher hand-picked participants from the clinics. The 
researcher could therefore have selected participants in one’s favour.  Additionally, all three articles used 
appropriate statistical tests that were clearly described. 
 
Table 9: Summary of critical appraisal of Case series. 

 Checklist Case series (Munn et al., 2020) Ortiz-
Catalan et 
al. (2016) 

Osumi et al. 
(2017) 

Kulkarni 
et al.  
(2020) 

1 Were there clear criteria for inclusion in the case 
series? 
 

YES NO YES 

2 Was the condition measured in a standard, 
reliable way for all participants included in the 
case series? 
 

YES YES YES 

3 Were valid methods used for identification of the 
condition for all participants included in the case 
series? 
 

YES YES YES 

4 Did the case series have consecutive inclusion of 
participants? 
 

UNCLEAR UNCLEAR UNCLEAR 

5 Did the case series have complete inclusion of 
participants? 
 

UNCLEAR UNCLEAR UNCLEAR 

6 Was there clear reporting of the demographics of 
the participants in the study? 
 

YES YES NO 

7 Was there clear reporting of clinical information 
of the participants? 
 

YES YES NO 

8 Were the outcomes or follow up results of cases 
clearly reported? 
 

YES YES YES 

9 Was there clear reporting of the presenting 
site(s)/clinic(s) demographic information? 
 

YES YES NO 

10 Was statistical analysis appropriate? 
 

YES YES YES 
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Randomized controlled trials 
The RCT by Limakatso et al. (2020) looked into the effect of GMI and compared it to routine PT. They 
performed randomization through a website. The study is a single-blinded RCT where the outcome 
assessor is blinded to the treatment and the clinician giving the treatment is blinded to the outcome. 
This means that they cannot change the value based on what intervention they want to perform the best. 
Other researchers are not blinded, see question 4-5 in table 10. Reason for answering question 7 with 
unclear is that the control group receiving PT was advised to continue their PT at their respective 
department, meaning that the PT can look different between departments. They were also advised to 
continue their at home programs by their own preferences, meaning that some people in the control 
group may have performed more PT exercises than other.  The at home schedule for the treatment group 
was clear.  
There was a loss of follow up in the study by Limakatso et al. (2020), the missing data at follow up were 
handled by carrying forward the last observed measure. The losses were during the last follow-up period 
at 6 months, 1 in the treatment group, and 2 in the control group.  
 
The article by Mallik et al. (2020) is stated in the article to be a non-blinded RCT.  But as seen in question 
1 and 2 (table 10), there is a gap of information in the study regarding its randomization and allocation 
to groups. It is not stated in the text how randomization was performed, neither does it state what 
persons had access to the randomization document. Consequently, there is a risk of participants being 
allocated to a certain group preferable for their condition, or for other reasons to manipulate a wanted 
result. Mallik et al. (2020) is as mentioned a non-blinded RCT, meaning that the researcher knows which 
group is receiving each treatment and the participants are aware of which treatment they are allocated 
to. Investigators providing the treatment might treat in favour of a wanted result or behave differently 
with patients receiving the treatment. There is also an increased risk of placebo as the patients are aware 
of treatment allocation.  
 
Question 7-9 in table 10 are answered with unclear regarding the article by Mallik et al. (2020). This is 
due to lack of information regarding the questions. It is not mentioned if participants use other 
medications daily or perform other PT activities. In addition, since the intervention is performed by the 
participants themselves, it may be hard for the researcher to control if the endurance is the same 
between participants. The article does not mention any loss of participants during follow-up, neither do 
they state a complete follow-up. If patients were analyzed in the group they were allocated to is not 
known, and due to the gap of information regarding randomization, it is not possible to tell. 
 
Malavera et al. (2016) was the only study where it was appropriate to answer yes on every question, see 
table 9. The easy structure and detailed method made it possible to understand each aspect. True 
randomizations were obtained through computer generated randomization. An independent 
investigator was the only person who had access to the randomization code, and where not involved in 
other aspects of the trial. The code was handed to the treating investigator the first day of treatment to 
ensure concealment of allocation to groups.  It is a double blinded RCT where neither the participants, 
outcome assessor or the investigator giving the treatment knew if it was the active or sham treatment. 
The blinding was also assessed by letting the investigators and participants guess the allocation 
received/performed. The groups were equally treated except their daily dose of medicine, which was not 
changed during the treatment to minimize it becoming a cofounding factor. If a participant needed 
changed medication it was noted and taken into consideration. Follow up was not complete but the 
missing data were considered at random. A total of 6 patients were lost to follow up, 3 from each group.  
 
The outcome was measured in the same way for treatment groups and control groups in all the three 
RCTs. Limakatso et al. (2020) used the BPI scale to assess pain changes, while the other two, Malavera 
et al.  (2016) and Mallik et al. (2020) used VAS. Their validity and reliability are further described under 
the critical appraisal discussion.  
 
In question 13 (table 10) Mallik et al. (2020) is the only study that has received comment about 
inappropriate study design, due to the lack of information regarding randomization it should not be 
mentioned as an RCT. 
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Table 10: Summary of critical appraisal of the Randomized controlled trials. 

 Checklist Randomized controlled trails  
(Tufanaru et al., 2020) 

Limakatso 
et 
al.  (2020)  

Malavera et 
al.  (2016) 

Mallik et 
al. (2020) 

1 Was true randomization used for assignment of 
participants to treatment groups? 
 

 
YES 

 
YES 

 
UNCLEAR 

2 Was allocation to treatment groups concealed? YES YES UNCLEAR 

3 Were treatment groups similar at the baseline? YES YES YES 

4 
 

Were participants blind to treatment assignment? NO YES NO 

5 Were those delivering treatment blind to 
treatment assignment? 
 

 
NO 

 
YES 

 
NO 

6 Were outcomes assessors blind to treatment 
assignment? 
 

 
YES 

 
YES 

 
NO 

7 Were treatment groups treated identically other 
than the intervention of interest? 
 

 
UNCLEAR 

 
YES 

 
UNCLEAR 

8 Was follow up complete and if not, were 
differences between groups in terms of their 
follow up adequately described and analyzed? 
 

 
YES 

 
YES 

 
UNCLEAR 

9 Were participants analyzed in the groups to which 
they were randomized? 
 

 
YES 

 
YES 

 
UNCLEAR 

10 Were outcomes measured in the same way for 
treatment groups? 
 

 
YES 

 
YES 

 
YES 

11 Were outcomes measured in a reliable way? 
 

YES YES YES 

12 Was appropriate statistical analysis used? 
 

 
YES 

 
YES 

 
YES 

13 Was the trial design appropriate, and any 
deviations from the standard RCT design 
(individual randomization, parallel groups) 
accounted for in the conduct and analysis of the 
trial? 
 

 
 

YES 

 
 

YES 

 
 

NO 
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Discussion 
The aim of this study was to determine which method, plasticity guided or non-invasive 
neuromodulation, presents the best result in pain reduction. The imbalance between the number of 
included studies in each sub-group gives the plasticity guided methods prerequisites to a stronger result. 
Based on the result obtained in each study, plasticity-guided methods seem to present the biggest 
reduction of PLP, as well as the best sustained analgesic effect. However, the present study showed 
reduced PLP for all included treatment methods. 

Result discussion 
During extraction of data, several studies focused on either immediate or sustained effect. Since the aim 
of the present study is to determine which method presented the best result in pain reduction, all data 
of reduction were of interest. During analysis and reflection of the data an increased interest of the 
sustained effect grew. Since PLP may not be treated by one session, both the immediate and sustained 
effect is relevant to the aim. Stated in the background of this study, plasticity guided methods are said 
to provide a more permanent effect compared to neuromodulation. Since most patients experience PLP 
for a longer period, the sustained effect is important and in need of more evidence.  
 
It is not possible to draw conclusion of the sustained effect of rTMS due to lack of statistical significance 
in the study by Malavera et al. (2016) which is the only included study on the subject. Although, as seen 
in table 4, rTMS did provide an immediate analgesic effect. Results from the study evaluating tDCS by 
Bolognini et al. (2015) did provide statistically significant results, both at post treatment and during 
follow up. Although, their follow up was 4 weeks post treatment which does not provide strong sustained 
evidence due to the relatively short follow up period. Further studies should aim to achieve longer follow 
up to be able to draw conclusions on the sustained effect of rTMS and tDCS. There was low retrieval 
regarding rTMS and tDCS, only 2 studies concerning these methods were included in the analysis of the 
present study. 
 
The plasticity guided interventions presented improvements in all studies regarding their pain scores, 
even though not all of them had a statistically significant decrease of PLP. As previously mentioned in 
the present study, plasticity guided methods aim to provide a sustained effect on the pain compared to 
non-invasive neuromodulation. This was fulfilled by three studies, Mallik et al. (2020) evaluating MT 
and MI, Limakatso et al. (2020) evaluating GMI and Ortiz-Catalan et al. (2016) evaluating PME. These 
studies did not only present promising immediate results since the post treatment analgesic effect 
remained, and even increased, until last follow up.  
 
Mallik et al. (2020) compared MT and MI which presented significant pain reduction within the 
groups between occasions. The pain scores decreased each measurement and the decrease seemed to 
remain until last follow up, one year post treatment. Best results were obtained in the MT group, 
although they presented a statistically significant reduction of PLP within both groups. Despite this, 
results from the critical appraisal did display limitations concerning randomization within the study by 
Mallik et al. (2020), making their trustworthiness questionable. Sustained reduction was also found by 
Limakatso et al. (2020), they measured the progress using median scores where the follow up resulted 
in a score of 0 in the experimental group, while the control group displayed a score of 5.63. Statistical 
significance was obtained between groups at post treatment and at the last follow up at 6 months. 
 
The study by Kulkarni et al. (2020) presented promising improvements at the post treatment 
measurement, although at follow-up, their pain scores had increased again. They used VR and this was 
the study with the highest increase of PLP found in the present study. It was also the only study that 
did not present a statistically significant difference between any of their measurements. A study that 
did, was the other study using VR, Osumi et al. (2017). Their measurements pre and post the VR 
session presented improvements noted both numerically as well as statistically. Although, since they 
only measured twice, no follow up is available to further analyze the sustained effect. The measures 
available are adequate to provide an immediate effect. 

Critical appraisal discussion  
All studies had variating population, both their sample size as well as different characteristics within 
the population group. This provides a broad inclusion of participants; however, the homogeneity of the 
sample is affected. Due to this, stating a conclusion in a comparison of the treatment methods is hard 
as there can be confounding factors involved. Heterogeneity can also be found in the time of duration 
of the intervention, as there is no existing uniform rule for how long any of the treatment methods 
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should be performed. This also accounts for the variation of follow up times.  For example, when 
measuring the sustained effect there are differences between follow up times, if one measure 3weeks 
whereas the other 1 year, the sustained effect would not be comparable.  
 
The heterogeneity between studies leads to a problematic comparison, as it can cause uncertainty about 
which factor is the leading cause of the success. According to Ortiz-Catalan (2018), placebo effects are 
often disregarded but can account for 30% of the improvement. Many treatment methods in PLP report 
up to 30% in short-term relief, something that enhances the importance of analyzing only controlled 
studies. With assistance from a control group the risk of placebo decreases since a comparison can be 
made between them and the experimental group. If the participants are blinded to treatment, they would 
not be aware of their group, resulting in an additionally elimination of placebo. No treatment control 
groups can be used when it is not possible to blind the participants from the received treatment e.g., MT. 
Using a control group would also provide a possibility to measure statistically significance between 
groups instead of only measuring improvement in one group, leading to a stronger result and a clear 
cause for the outcome.  
 
It would therefore be appropriate to only include trials where a control group is present. However, 
research providing high-quality evidence of the efficiency of the treatments are limited. To present 
evidence of quality is of great importance and even though it is not applied as an exclusion criterion, the 
authors had the placebo effect in mind when analyzing the result of the present study, but no method 
was developed to analyze the influence of placebo effect on the result.  
 

Validity and reliability of pain scales 
Measurements of pain were conducted in the form of pain scales to determine the outcome. Intra-
observer reliability and inter-observer reliability might not be applicable in this case as the patient 
estimates its own pain; there are no observers in this type of measure. However, test-retest reliability is 
applicable. 
 
Alghadir et al. (2018) conducted a study assessing the validity and reliability of VAS, NRS and one other 
pain measurement on patients with osteoarthritic knee pain. The study concluded that all pain scales 
presented excellent results in test-retest reliability, but the VAS had the lowest magnitude of errors. The 
authors of this study did not find research assessing pain scales validity and reliability concerning PLP. 
According to Bendinger & Plunkett (2016) there are pain scales designed specifically to measure 
neuropathic pain. None of these were included in the present study. Although, additionally explained by 
Bendinger & Plunkett (2016), NRS and BPI are mentioned as 2 of the 6 present core outcomes to use for 
clinical trials regarding pain. Future studies should have the specific scales designed for neuropathic 
pain in mind when assessing PLP. Usage of the appropriate scales and the same type of scales might 
make the measurement more valid and applicable to the subject.  
 

Method reflection 
During the main literature search, the authors did not want to limit the retrieval number by only 
choosing specific pain scales in the PICO, a wider search was made using more general search words. 
However, exclusion of outcome measurements not containing a scale from 0-10 was made in the 
screening of the articles, to reduce the retrieval number in relation to the scope of the study and provide 
a more comparable result. The number of articles were decreased thanks to this, although looking back 
in the process, it would have been more appropriate to make sure that the scales used eleven points 
instead of focussing on 0-10 measurements. Consequently, exclusion of certain pain measurements 
results in appropriate studies being left out of the analysis and will not provide a full synthesis of 
available studies. 

Bias could appear in several stages of a study. It might be the overall design or that the performance of 
the study was done poorly. The result of a study might therefore be defective. If the study has not clearly 
stated the method or reported confounding factors that might have influenced the result, the reader will 
have a problem ensuring if the result is defective or reliable (SBU, 2020).  The authors decided to follow 
the CAT by Joanna Briggs Institute when study designs needed to be identified. Most of the included 
studies state their own design, for the ones who did not the authors assigned an appropriate design 
based on the manual by Joanna Briggs Institute (Aromataris & Munn, 2020). Even though the source 
used to determine the study designs is reliable, there is always a risk of misinterpretation which could 
lead to wrong checklist being used, and the study would not be appraised correctly. One study by 
Yildirim & Kanan (2016) did state that their study was a quasi-experimental study, although looking into 
study design it appeared more as either a cohort study or case series. The authors however decided to 

https://d.docs.live.net/43fc2dbca92e1421/Documents/c-uppsats/Method-2.1%20med%20feedback.docx#_msocom_2
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be consistent with following the studies own statements and appraised it as a quasi-experimental study. 
To further eliminate the chance of bias, the critical appraisal was done independently by each author, 
before any discussion occurred and before the conclusion of the appraisal was done. 

A wider understanding of the field and appropriate terminology increases the quality of search words 
and makes sure no important information is being left out. Using the wrong terminology or inclusion of 
too few terms not covering the whole field of interest could lead to a lower retrieval. The search words 
used were developed from terminology and commonly known terms within the subject, as seen by the 
authors during reading into the area.  
 
A limitation is the language barrier. It could be a risk factor when performing the critical appraisal and 
the extraction of data. The authors do not have English as their first language and with the huge 
difference in terminology within the area, potential misinterpretations might have occurred. 

Previous studies – Reflection  
One of the systematic reviews mentioned as previous research was the study by Herrador-Colmenero et 
al. (2018). They state that the plasticity guided methods work, and similar to our findings, they state that 
there seems to be a lack of quality evidence within the field. They conducted a critical appraisal with 
assistance of PEDro, where no studies reached high quality and there was low internal validity. 
Heterogeneity was also seen as a factor contributing to the low-quality conclusions, something that, as 
mentioned under critical appraisal discussion, applies to the result of the present study as well.  
 
Several studies concerning PLP included quality of life as an outcome measure. This was also found as 
a secondary outcome in some of the articles included in the present study. Another systematic review by 
Corbett et al. (2018) included both pain and quality of life as primary measures. They concluded that 
decreased quality of life is a common consequence from PLP, which often leads to depression. The 
question of whether to analyze the quality-of-life scores or not was discussed by the authors of the 
present study. However, since it was not included in the aim or research question, it was decided to not 
analyze it further.  

Discussion etiology 
Non-invasive neuromodulation aims to stimulate the motor cortex to perform movement in the 
phantom limb. Its immediate analgesic effect indicates that regression of the cortical remapping might 
account for the reduction of PLP, while the performance of phantom movement results in activation of 
the lost area within the cortical map. As a result of the activation of the lost area, the phantom limb 
regains its previous site within the cortical map. 

Based on the promising results of plasticity guided methods, proprioceptive and visual feedback plays 
an important role in the reduction of PLP. This can be associated with the theory about PLP being caused 
by motor incongruence. In that case, the pain reduction appears when the patient gets feedback from 
the imagined movements, either by vision or proprioception. Additionally, if the patient is able to move 
their phantom limb during the practice of MT, PME, VR and GMI, it could also create regression of the 
cortical reorganization similar to non-invasive neuromodulation. An activation of a movement without 
external influence.  

Implementation into clinical practice of prosthetics and orthotics  
The participants of the study by Yildirim & Kanan (2016) who weren’t wearing a prosthesis presented 
greater improvements from the MT. The researchers explained this as a cause of patients with cosmetic 
prosthesis which cannot provide the desired feedback. A prosthesis with only cosmetic properties can 
be seen as a paralyzed limb, and will therefore not perform phantom movements, resulting in inhibited 
regression of cortical reorganization. In contrast to this, some prostheses able to perform movements 
and provide visual and proprioceptive feedback do, according to Bolognini et al., (2015), show analgesic 
effect on PLP, something that Ortiz-Catalan et al. (2014) strengthen.  
 
Additionally, the present study does not provide information on how to treat PLP, neither does it clearly 
state whether non-invasive neuromodulation or plasticity guided methods presents the best results in 
pain reduction. Although, for the prosthetist, it provides a deeper understanding of the origin of PLP, 
and improved knowledge of what methods might have an analgesic effect and how prostheses may affect 
these methods. 
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Conclusion  
Due to the lack of high-quality studies without control groups present and low retrieval of studies 
including non-invasive neuromodulation in the present study, it is not possible to draw conclusion on 
whether plasticity guided, or non-invasive neuromodulation should be recommended as best available 
treatment for PLP. Looking at the scores from the pain scales used, the plasticity guided methods 
indicate a better immediate and sustained reduction of PLP compared to non-invasive 
neuromodulation. The heterogeneity of the population group in combination with non-existing uniform 
methods regarding performance of the interventions, as well as various outcome measures used, creates 
difficulty during the comparison. This study presents an indication that further research is needed 
within the area of PLP, and studies should focus on the treatments' sustained effect. 
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Appendix 1  

Critical appraisal tool by Joanna Briggs institute. 

a) Checklist Quasi-Experimental studies and explanation. 
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b) Checklist for Cohort studies and explanation. 
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c) Checklist Randomized Controlled Trials and explanation. 
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d) Checklist Case Series and explanation. 
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