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Purpose  
The purpose of this systematic review is to explore strategies for preventing phantom 
limb pain in amputated patients. Given the complex mechanisms of peripheral and 
central sensitization underlying phantom limb pain and the limited effectiveness of 
current pharmacological and non-pharmacological treatments, prevention is critical to 
reducing its impact on patients’ quality of life and treatment burden. 

Methods  
Through a comprehensive search from four databases about the prevention of phantom 
limb pain, 1781 articles published between 2014 and 2024 were identified. Human studies 
that measured the association between preventive methods for phantom limb pain were 
considered eligible. The inclusion criteria of the literature were (1) prevention/ 
prophylactic treatment of phantom limb pain among amputees, (2) publication within 
the last 10 years, (3) randomized controlled trial or cohort, and (4) study written in 
English. Animal studies were excluded from this analysis. 

Results  
Four randomized controlled trials and one cohort were included in this study. To prevent 
phantom limb pain, various approaches can be taken, both operative and non-operative. 
Surgery involving a combination of peripheral nerve coaptation, collagen nerve 
wrapping, and submuscular transposition, when compared to neurectomy alone, has 
demonstrated satisfactory results. In the non-surgical method, the administration of 
dexmedetomidine and calcitonin as an epidural injection, oral gabapentin, and mirror 
therapy gave good results. 

Conclusions  
A preventive approach to phantom limb pain, in terms of surgical and non-surgical 
methods, might reduce the incidence of phantom limb pain and increase the quality of 
life among amputees. 

INTRODUCTION 

Pain after amputation is a symptom that often occurs in pa
tients and can be categorized into residual limb pain and 
phantom limb pain. Phantom limb pain can be defined clin
ically as pain or discomfort in the no longer present ex
tremity.1,2 

A complex relationship between peripheral and central 
sensitization causes phantom limb pain. Several theories 
about the causes of phantom limb pain are currently being 
debated. The incidence of phantom limb pain is estimated 

to be related to the cause of amputation, diabetic/traumatic 
causes of amputation, pre-amputation pain, location of 
amputation, and treatment during amputation.1‑3 

In the US, 30,000 to 40,000 amputations are performed 
every year. It is estimated that in the US, by 2050, there 
will be 3.6 million people living without limbs. The primary 
causes leading to limb amputation include trauma, tumors, 
vascular disorders, and infections. Although the manage
ment of tumors prioritizes limb salvage, tumors that invade 
proximal nerves and vessels often render limb preservation 
impossible. This situation leaves radical amputation as the 
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Figure 1. PRISMA Flow Diagram    

sole surgical option and the only chance for long-term sur
vival. Tumors are responsible for 61% of upper limb ampu
tations, with sarcomas accounting for a significant 72%.4‑6 

The incidence rate of phantom limb pain is diverse; the lit
erature reports a low incidence rate of 33% to a high of 
88%.3,7 

Phantom limb pain after amputation is quite challenging 
to treat if it occurs. Current pharmacological and non-phar
macological studies show only minimal to moderate bene
fits. This will lead to a decrease in the patient’s quality of 
life and ongoing treatment burden. Therefore, a good pre
vention strategy is needed to reduce the incidence of phan
tom limb pain.1‑3 The primary purpose of this systematic 
review is to examine ways to prevent phantom limb pain af
ter amputation. 

METHODS 

This study was performed and reported according to the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) Guideline [Figure 1 ]. A detailed 
protocol for this study has been previously registered in 
PROSPERO [ID: CRD42021284986] . 

SEARCH STRATEGY 

A thorough literature search was performed on PubMed, 
Medline (via EBSCO), ProQuest, and Science Direct in Jan
uary 2024 by two independent investigators using the key
words: ((prevention) OR (prophylactic)) AND (phantom 
limb pain). 

STUDY SELECTION 

Human studies that measured the association between pre
ventive methods for phantom limb pain were considered 
eligible. The inclusion criteria of the literature were (1) 
prevention/prophylaxis of phantom limb pain among am
putees, (2) publication was done within the last 10 years, (3) 
randomized controlled trial or cohort study, and (4) written 
in English. Animal studies were excluded from this analy
sis. 

DATA EXTRACTION AND QUALITY ASSESSMENT 

Two independent reviewers performed data extraction and 
quality assessment. Different opinions between the two re
viewers were resolved by reassessment and discussion with 
the third author. 
The quality analysis of the literature was assessed with 

the Cochrane’s RoB for RCT8 and the Newcastle-Ottawa 
Scale for cohort studies.9 The Cochrane’s RoB is structured 
into a fixed set of domains of bias, focusing on different 
aspects of trial design, conduct, and reporting. In general, 
it involves five fundamental questions regarding bias that 
may occur in a research study, namely bias arising from the 
randomization process, deviations from intended interven
tions, missing outcome data, measurement of the outcome, 
and selection of the reported result. From these questions, 
a conclusion is drawn about the risk of bias in a study, cat
egorized as low risk of bias, some concerns, or high risk 
of bias.10 New Ottawa Scale consists of nine questions. To 
evaluate the risk of bias, reviewers should rate each of the 
nine items as either present or absent. An overall score is 
calculated by adding the scores of all items. A score will be 
given for every paper to classify them as poor, fair, or good.9 

The level of evidence was assessed using the Oxford Centre 
for Evidence-Based Medicine Guideline 2011.11 

RESULTS 

The characteristics of the five studies included in our study 
are shown in Table 1 . 

STUDY SELECTION 

There were 1781 studies retrieved from 4 databases, namely 
PubMed, Science Direct, ProQuest, and Medline (via EB
SCO). A total of 1746 studies were excluded after reviewing 
titles and abstracts. Of the 24 studies, two studies were 
excluded due to duplication. Of the remaining 22 studies, 
twelve were excluded because there was no full text, and 
five were excluded due to different methods.17‑21 

STUDY CHARACTERISTICS 

A total of 4 studies conducted by Purushotaman et al., Ay
oub et al., Wang et al., and Yousef et al. were randomized 
controlled trials that were published in English. There was 
intervention before and after surgery in Ayoub’s investiga
tion, and the onset of phantom limb pain was followed for 
six months.13 Wang intervened after surgery and was fol
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Table 1. Summary of Characteristics of Included Studies.       

Author Location Year of 
Publication 

Study Design Sample 
Size 

Prevention Outcome 

Purushothaman 
et al.12 

India 2023 Randomized 
Controlled 

Trial 

120 
patients 

Patients were randomized into two groups: 
Group C (control group) and Group M (mirror 
therapy). 
Two sessions of therapy were given per day for 7 
days, and each session lasted for 20 minutes. 

Overall incidence of phantom limb pain was significantly 
higher in Group C when compared to Group M [Group M = 
7 (11.7%) vs Group C = 17 (28.3%); p = 0.022]. 
Intensity of PLP measured on NRS was significantly lower 
at 3 months in Group M compared to Group C among 
patients who developed PLP [NRS - median (interquartile 
range): Group M 5 (4,5) vs Group C 6 (5,6); p 0.001]. 

Ayoub et al.13 Egypt 2019 Randomized 
Controlled 

Trial 

62 
patients 

Two equal groups of patients randomly received 
dexmedetomidine or fentanyl as epidural 
infusion 24 hours before operation and 72 hours 
after surgery. 

Incidence of postoperative stump and phantom pain in 
group D was significantly low in comparison with group F 
in the first 72 h post-operatively. Visual analog scale was 
statistically significantly lower in group D than group F in 
the 72-h postoperative period. After 6 months, the result 
was similar (p<0.05) 

Wang et al.14 China 2018 Randomized 
Controlled 

Trial 

45 
patients 

23 patients were in the Gabapentin group (300 
mg on day 1, 600 mg on day 2, 900 mg on day 3 
until day 30 postoperative) 22 patients as a 
control group (starch) 

Pre-operatively, there is no significant baseline pain 
intensity (p = 0.12). Post-operatively, the rate of PLP was 
significantly lower in the Gabapentin group than placebo 
(p = <0.05), at the last follow-up visit (43.48% vs. 77.27%, 
p = 0.033). 

Yousef et al.15 United 
States 

2017 Randomized 
Controlled 

Trial 

60 
patients 

Patients were randomized using sealed 
envelopes into two groups, Group BF 
(bupivacaine - fentanyl) as the control group and 
Group BCF (bupivacaine – calcitonin - fentanyl). 
Injection was made pre-operatively and post-
operatively on day 1 and 2 

The BCF group showed notable enhancements in 
phantom pain grades 6 and 12 months post-surgery, with 
statistical significance (P = 0.033 and 0.001, respectively). 
Conversely, the BF group exhibited a notably increased 
occurrence of allodynia at both the 6-month (P = 0.039) 
and 12-month (P = 0.013) marks, along with hyperalgesia 
specifically at twelve months (P = 0.025). 

Economides et 
al.16 

United 
States 

2016 Cohort 
retrospective 

17 
patients 

Six patients underwent combined peripheral 
nerve coaptation, collagen nerve wrapping, and 
submuscular transposition. 
11 patients underwent traction neurectomy 
alone at the time of amputation 

2 months: VAS score similar between coaptation and 
neurectomy cohorts (3.0 and 3.82; p=0.88), PLP/PS lower 
in coaptation group (0% vs 54.5%; P=0.03%) 
6 months: VAS scores were significantly lower in 
coaptation group (0.75 vs. 5.6; p = 0.02), and PLP/PS 
incidence was also lower in copatation group (0% vs. 
63.6%; p = 0.01). 

Abbreviations: PLP: Phantom Limb Pain, PS: Phantom Sensations, NRS: Numeric Rating Scale, VAS: Visual Analog Scale 
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lowed for 60 days.14 Purushotaman intervened for 7 days 
after the surgery, and follow-up was done for six months.12,
15 Yousef used 100 IU of calcitonin as an additional sub
stance in epidural anesthesia pre-operatively, and post-op
eratively on the first and second day. The patients were 
evaluated for one year. One study was conducted using the 
cohort method. The intervention was given at surgery, and 
was followed for six and eight months.16 

OUTCOMES 

Seven days of mirror therapy sessions, which were held for 
20 minutes per session, were found to be effective in pre
venting phantom limb pain. Purushothaman et al. found 
that patients with mirror therapy tend to have a lower rate 
of developing phantom limb pain (11.7% vs 28.3%, p = 
0.022). In patients who developed phantom limb pain, the 
intensity in 3 months was also found to be lower in the mir
ror group compared to the control group (p = 0.001).12 A 
randomized controlled trial held by Wang et al. in 2018 used 
gabapentin to prevent phantom limb pain among pediatric 
amputees. This showed a significant result in a lower in
cidence of phantom limb pain from the postoperative day 
until the last day of the visit (p = 0.033).14 Dexmedetomi
dine also showed a promising result in preventing phan
tom limb pain in an RCT held by Ayoub et al. in 2019. 
Dexmedetomidine was compared to fentanyl as an epidural 
infusion before and after the surgery to prevent phantom 
limb pain (p<0.05). In their study, Ayoub et al. found that 
the incidence of postoperative phantom pain in patients re
ceiving dexmedetomidine in epidural infusion was signifi
cantly lower than in patients with fentanyl epidural infu
sion.13 According to a study by Yousef et al, patients who 
received epidural calcitonin experienced lower grade phan
tom pain throughout the follow-up period over one year (p 
= 0.044).15 

A retrospective cohort study by Economides et al. found 
that the incidence of phantom pain was also significantly 
lower in the group of patients that underwent combined 
peripheral nerve coaptation, collagen nerve wrapping, and 
submuscular transposition, in the comparison group of pa
tients that underwent traction neurectomy alone (p 0.03), 
the same result after six months (p 0.01).16 

QUALITY ASSESSMENT 

According to quality assessment, only one study was cat
egorized as poor [Table 2 - 3   ]. The Oxford Centre for Ev
idence-Based Medicine Guideline 2011 evaluated the evi
dence level. Three studies had level 2 of evidence, and one 
study had level 3. 

DISCUSSION 

Phantom limb pain, which has an estimated prevalence of 
up to 80% among amputees, is an issue that can’t be ig
nored. Phantom limb pain might present with a sensation 
of neuropathic pain in the first week after limb ablation. 
This situation might lead to a decreased quality of life for 

amputees. Amputees have a lower quality of life related to 
daily activities, anxiety in young people, and depression in 
older people. These symptoms correlated with lower ad
herence in rehabilitation. Until now, no standard procedure 
has been used to prevent phantom limb pain.22‑24 Our sys
tematic review found five studies that can be used to pre
vent phantom limb pain in amputees. Among the five stud
ies, one study was done in the surgical method, and four 
studies were done in the non-surgical procedure. Both 
methods showed promising results in preventing phantom 
limb pain. 

SURGICAL METHOD 

As a surgical method, Economides et al., in 2016, conducted 
a study to use peripheral nerve coaptation, collagen nerve 
wrapping, and submuscular transposition to prevent phan
tom limb pain in transfemoral limb ablation. Compared 
with traction neurectomy alone, peripheral nerve coapta
tion (common peroneal nerve to tibial nerve), collagen 
nerve wrapping, and submuscular transposition prevent 
phantom limb pain. After 2 and 6 months of follow-up, 
phantom limb pain is lower in the coaptation group than 
in the neurectomy group (0% vs 54.5%; p=0.03 and 0% 
vs 63.6%; p=0.01). Coaptation prevents nerve regeneration 
within surrounding tissue. The collagen nerve wrapping en
hances repair and regeneration while reducing scar for
mation in surrounding tissue. Submuscular transpositions 
provide protection that reduces the risk of painful scar en
trapment.16 

NON-SURGICAL METHOD 

Non-surgical method, Ayoub et al.'s in 2019, compared 
dexmedetomidine (200 µg) to fentanyl (100 µg) as an 
epidural infusion 24 hours before surgery and 72 hours 
after surgery. The epidural infusion was stopped during 
surgery and continued 27 hours after surgery. The study 
showed that, compared to fentanyl, using dexmedetomi
dine as an adjuvant to epidural bupivacaine, 0.125% de
creased phantom limb pain incidence. The visual analog 
scale was statistically significantly lower in dexmedetomi
dine than in fentanyl after the 72-hour postoperative pe
riod. Patient satisfaction and stump pain also showed a 
significant improvement in dexmedetomidine. However, 
follow-up after six months of surgery showed similar re
sults (p < 0.05).13 

With the same method, Yousef found that the addition 
of 100 IU of calcitonin to epidural infusion can significantly 
prevent severe phantom limb pain in a statistically signif
icant manner. This outcome was observed at each follow-
up at months 1, 3, 6, and 12 (p = 0.044). In the preopera
tive period, patients were given epidural injections using 1 
mL of hyperbaric bupivacaine, followed by 10 mL of 0.5% 
bupivacaine, 100 micrograms of fentanyl, and 100 IU of 
calcitonin in the observational group. In comparison, the 
control group received 10 mL of 0.5% bupivacaine, 100 mi
crograms of fentanyl, and 1 mL of normal saline. On the 
first and second postoperative days, 10 mL of 0.5% bupiva
caine and 100 IU of calcitonin were injected epidurally in 
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Table 2. Newcastle-Ottawa Scale   

Study 
(Year) 

Selection Comparability Outcome Total 
quality 
score 

Score 

Representativenes 
of exposed cohort 

Selection 
of non 
exposed 
cohort 

Ascertainment 
of exposure 

Demonstration 
that outcome 
of interest was 
not present at 
start of study 

Adjust for 
the most 
important 
risk 
factors 

Adjust 
for 
other 
risk 
factors 

Assessment 
of outcome 

Follow-
up 
length 

Loss to 
follow-
up rate 

Economides 
(2016) 

0 0 1 0 0 0 1 1 1 4 Poor 

Good quality: 3 or 4 stars in selection domain AND 1 or 2 stars in comparability domain AND 2 or 3 stars in outcome/exposure domain 
Fair quality: 2 stars in selection domain AND 1 or 2 stars in comparability domain AND 2 or 3 stars in outcome/exposure domain 
Poor quality: 0 or 1 star in selection domain OR 0 stars in comparability domain OR 0 or 1 stars in outcome/exposure domain 
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Table 3. Cochrane RoB 2    

Bias Domain 
Purushothaman 

et al. 
(2023) 

Ayoub et al. 
(2019) 

Wang et al. 
(2018) 

Yousef et al. 
(2017) 

Bias arising from the randomisation process 
(R) 

Low Risk of Bias 
Low Risk of 

Bias 
Low Risk of 

Bias 
Low Risk of 

Bias 

Bias due to deviations from intended 
intervensions (D) 

Low Risk of Bias 
Low Risk of 

Bias 
Low Risk of 

Bias 
Low Risk of 

Bias 

Bias due to missing outcome data (Mi) 
Low Risk of Bias 

Low Risk of 
Bias 

Low Risk of 
Bias 

Low Risk of 
Bias 

Bias in measurement of the outcome (Me) 
Low Risk of Bias 

Low Risk of 
Bias 

Low Risk of 
Bias 

Low Risk of 
Bias 

Bias in selection of the reported result (S) 
Low Risk of Bias 

Low Risk of 
Bias 

Low Risk of 
Bias 

Low Risk of 
Bias 

Overall risk of bias (O) 
Low Risk of Bias 

Low Risk of 
Bias 

Low Risk of 
Bias 

Low Risk of 
Bias 

the observational group, while 10 mL of 0.5% bupivacaine 
and 1 mL of normal saline were injected epidurally in the 
control group.15 

Calcitonin has been explored as a treatment option for 
phantom limb pain, particularly in acute cases, but its ef
ficacy for chronic PLP remains less clear. The analgesic ef
fect of calcitonin is likely due to its action on both central 
and peripheral systems, involving serotonergic and cate
cholaminergic pathways, β-endorphin release, and calcium 
flux modulation.25 Furthermore, a systematic review by 
McConrmick Z. et al.26 indicated that perioperative cal
citonin infusion may alleviate PLP severity over time, al
though results remain inconclusive. Calcitonin is consid
ered relatively safe, and its potential for treating PLP 
warrants further research to establish optimal administra
tion methods and long-term efficacy. 
Dexmedetomidine is a new generation, highly selective 

α2-adrenergic receptor agonist. It inhibits the release of 
norepinephrine and subsequently decreases sympathetic 
tone through presynaptic activation of the 2-adrenocep
tors, providing intense analgesia during the postoperative 
period. Dexmedetomidine also attenuates the hemody
namic and neuroendocrine responses to anesthesia and 
surgery, leading to sedation and analgesia.27‑29 

Dexmedetomidine can reduce the release of cate
cholamines at nerve endings by lowering sympathetic ner
vous system activity. The release of catecholamines is also 
inhibited directly through the action of 2 receptors on 
monoaminergic neurons. Thus, dexmedetomidine can re
duce neuronal damage by inhibiting the release of neuro
transmitters. It was also found that dexmedetomidine has a 
neuroprotective effect by inhibiting calcium ion influx and 
increasing glutamate release.14,28‑30 

Dexmedetomidine has also been found to be an alterna
tive to fentanyl as an epidural adjuvant with comparable 
stable hemodynamics, early onset of sensory block, pro
longed postoperative analgesia, lower consumption of local 
anesthetics for epidural analgesia in the postoperative pe
riod, and much better sedation levels.13,31 

Adjuvant gabapentin therapy can also be used as a pre
vention method. Gabapentin is widely used as pharmaco

logic therapy for neurogenic pain. There are several hy
pothesized mechanisms of gabapentin in reducing pain, 
such as its role in increasing the release of gamma-
aminobutyric acid, an inhibitory neurotransmitter, which 
may increase its inhibitory effect on pain neurotransmis
sion. Studies have also shown that gabapentin can directly 
inhibit calcium channels by binding to the a2d-1 subunit, 
reducing presynaptic calcium intake and releasing excita
tory neurotransmitters such as glutamate.14,32‑34 

The study by Wang et al. in 2018 used gabapentin as 
an adjuvant to limb ablation among pediatric patients. 
Gabapentin was given 300 mg on day 1, 600 mg on day 
2, and 900 mg on day 3 until day 30 postoperative. The 
rate of phantom limb pain was significantly lower in the 
gabapentin group than in the placebo group (p = <0.05) 
at the last follow-up visit (43.48% vs. 77.27%, p = 0.033). 
Gabapentin has become increasingly popular as a treatment 
for neuropathic pain due to its efficacy, relatively mild side 
effects, and its use in cases of phantom limb pain. 
Gabapentin is effective in animal models of postoperative 
pain by providing a synergistic effect with a combination of 
opioids and NSAIDs.14 

Non-operative treatment for phantom limb pain can also 
be conducted without the use of pharmacological medica
tions, utilizing mirror therapy. Mirror therapy involves the 
reflection of voluntary movements in a mirror, performed 
by the intact limb, to restore its projection in the corre
sponding cortical motor and sensory areas. This process is 
believed to reduce pain associated with the disruption of 
sensory information.35,36 Mirror therapy has proven to be 
quite effective, as indicated by research conducted by Pu
rushothaman et al. In their study, the mirror therapy group 
demonstrated a significantly lower incidence of phantom 
limb pain compared to the control group (11.7% vs. 28.3%; 
p = 0.022), along with lower Numeric Rating Scale (NRS) 
scores in patients experiencing phantom limb pain (4.5 vs. 
5.6; p < 0.001).12 

As some studies were pilot studies, a small number of 
studies with small sample sizes, ranging from 17 to 120 
subjects, may limit our findings. With a small sample size, 
the result might differ if applied to a larger population. 
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Hence, we suggest a more extensive study to build on exist
ing research or to develop an innovative approach to pre
vent phantom limb pain, which can be a standard in its pre
vention. 

CONCLUSION 

Prevention of phantom limb pain can be done in terms 
of surgical and non-surgical approaches. Compared with 
neurectomy alone, peripheral nerve coaptation, collagen 
nerve wrapping, and submuscular transposition showed 
satisfactory results. The use of dexmedetomidine and calci
tonin in epidural injection was also found to be beneficial 
in preventing the progression of phantom pain to a more 
severe degree when administered on the preoperative and 
the first two postoperative days. Oral gabapentin, as an ad
juvant to limb ablation among pediatric patients, also re
duces the incidence of phantom limb pain. Non-pharmaco
logical therapy using mirror therapy also yields promising 
outcomes. These preventive approaches might reduce the 
incidence of phantom limb pain and improve the quality of 
life of amputees. 
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