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Objective: Phantom limb pain (PLP) was a common problem in malignant tumor amputees 
that can cause considerable suffering. The purposes of this study were to determine the 
incidence and factors associated with the occurrence of post-operation PLP, stump limb pain 
(SLP), and phantom limb sensations (PLS) in tumor amputees within the first month after 
surgery. Additionally, differences in phantom phenomena between upper and lower extre-
mities were investigated.
Methods: In total, 162 amputees participated in this retrospective study who underwent 
malignant limb amputation between 2012 and 2019. Clinical characteristics were collected 
from medical records and reconfirmed by telephone interviews. A numerical rating scale 
(NRS) was used to quantitate phantom phenomena. We used analysis of variance and non- 
parametric statistics for categorical variables and ordinal variables separately.
Results: In the first month after malignant amputation, the incidence of PLP was 54.3%, that 
of PLS was 65.4%, and that of SLP was 32.7%. The duration of preoperative pain and 
amputation level was significantly different for the incidence of acute PLP. Further subgroup 
analysis of amputation level showed that patients whose amputation level was below the 
wrist and ankle joints had a significantly reduced incidence of PLP (p<0.0083 in Bonferroni 
test). Binary logistics regression analysis determined that amputation level was the primary 
risk factor for the incidence of PLP. Factors related to the severity of postoperative PLP also 
included amputation level, preoperative pain, and amputation times. By comparing the 
differences between upper and lower limbs after amputation, we found that the incidence 
of PLS was higher after lower limb amputation, but there was no significant difference in the 
incidence of PLP and SLP. Preoperative experience of chemotherapy was not a risk factor for 
PLP.
Conclusion: Proximal amputation and long-term preoperative pain seemed to count more 
for PLP incidence. Further research may be required to individually determine factors 
associated with the occurrence and chronicity of phantom phenomena.
Keywords: phantom limb pain, phantom sensation, amputation level, preoperative pain

Introduction
Phantom limb pain (PLP) is a pain sensation from a removed extremity following 
amputation. The all-cause prevalence of PLP has been reported to be between 50% 
and 80%.1–3 Etiologies of PLP are often not categorized and have contrasted in 
previous studies due to sample size restrictions. In addition to infections, injuries, 
diabetes mellitus, and peripheral vascular diseases, malignant tumors of bones and 
soft tissues of the extremities are the most common causes of elective amputation 
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for adults; however, to our knowledge, PLP in malignant 
amputees are rarely discussed.4 As preoperative diabetes is 
one of the risk factors for postoperative PLP,5 tumor 
amputation was also previously suspected to be a risk 
factor for PLP.1 This means that the prevalence of other 
etiologies cannot be extrapolated to that of malignant 
amputees. Therefore, it is necessary to carry out an inde-
pendent and updated analysis on tumor amputees.

Due to different environmental settings during data 
collection (eg, rehabilitation hospitals, prosthetics adapta-
tion centers, emergency of traumatological orthopedics), 
timelines after amputation often lack consistency. 
Kooijman et al discussed the difference between the inci-
dence of PLP in the immediate postoperative period and 6 
months after amputation, and presumed that time of data 
selection may have biased the estimates of PLP 
prevalence.6 Most studies have concluded that increased 
time since amputation may result in resolution of PLP.7,8 

Therefore, we believe that it is necessary to separate the 
PLP discussion into the incidence stage and the develop-
ment stage. In this study, we assumed the incidence stage 
of PLP to be 1 month after surgery, and then tried to 
explore correlations between pre-amputation factors and 
the incidence of postoperative phantom limb symptoms. 
The chronic PLP was not an aim of this research.

The detailed incidence and affecting factors on PLP 
after malignant amputation is especially insufficient in 
Chinese patients. The recent review appealed for data 
revision because the previous low prevalence rates 
recorded in developing countries may be associated with 
the stigmatization of phantom limb pain as a psychiatric 
illness.4 Previous researches also provide some risk factors 
for PLP, but factors associated with malignant tumor are 
rare. Malignant amputation is characterized by chronic 
preoperative pain from tumor invasion, strong psychologi-
cal stress, specific pathological types with potential neuro-
tropism, and latent neuropathic damage from preoperative 
chemotherapies. It is necessary to provide some data about 
these factors. Preoperative pain has been discussed as 
a risk factor for PLP5,9; however, detailed descriptions of 
preoperative pain are missing. Therefore, we performed 
a retrospective analysis to investigate the duration of pre-
operative suffering but not the severity and characteristics 
of the pain, since this information is always inaccurate 
after the event. The amputation level may be also a risk 
factor, which needs to be discussed in detailed level in 
upper and lower extremities. These risk factors were deter-
mined for two major central mechanism hypotheses of 

PLP (cortical reorganization and pain memory), which 
remain controversial.4,10–12 We believe meticulous epide-
miological observations could provide more clues to 
reveal the phantom phenomena.

Methods
Participants
This research was based on the Declaration of Helsinki as 
the moral principle. Medical records of participants who 
had undergone limb amputation between May 2012 and 
June 30, 2019, were retrospectively reviewed upon 
approval from the local ethics committee of Cancer 
Hospital of China Medical University (NO. 20191165). 
All participants provided an informed consent form. The 
study cohort included 162 adult amputees (male: 94, 
female: 68) from 634 records in the database of the ortho-
pedic ward.

All 634 records were pre-screened and excluded by the 
following criteria: Age <30 years, history of mental dis-
orders, communication problems such as dementia, refusal 
to participate in the study, and comorbidities like diabetes 
mellitus. Amputees from metastatic or borderline tumor 
were excluded. Repeated records for chemotherapy or 
incomplete records were excluded. Two hundred and fifty- 
six complete records remained for further telephone- 
reconfirming. Subjective information about pain and 
informed consent in admission records are reconfirmed 
through the telephone interview, and the unconfirmed 
records were discarded (the patient died or seriously ill, 
lost contact, refused to participate, responded equivocally). 
Finally, 162 qualified records were obtained for analysis.

Pathological diagnoses of the amputees are listed in 
Table 1. Patients who received preoperative analgesics if 
necessary were not excluded, only the presence and dura-
tion of preoperative pain were recorded. Patients who 
underwent amputation of one or several fingers or toes 
were not excluded, but were categorized with subjects 
who underwent half palm or sole amputation in the 
“below the wrist or ankle” group.

Study Design and Data Definitions
The following items along with supplemental information 
were collected from hospital records and telephone follow- 
up interviews: age, sex, amputation frequency (single time 
or multiple times), amputation and dominant side (same or 
different), amputation level (4 levels as listed in Table 2), 
anesthesia method (general or local), pathological 
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diagnosis, pain prior to amputation (present or absent), 
duration of preoperative pain, chemotherapies prior to 
operation (present or absent), stump limb pain (SLP, pre-
sent or absent), phantom limb sensation (PLS), and PLP 
(present or absent), as well as average severity of PLS, 
PLP, and SLP during hospitalization (approximately 1 
month after surgery). Epidural blockade and brachial 
plexus blockade were identified as local anesthesia in 
this study.

In the first month after amputation, the patients always 
need stay in hospital for standard nursing and rehabilita-
tion. The severity of pain and sensation were daily 
recorded in the nursing charts using a numerical rating 
scale (NRS). In the first 2 weeks after amputation, 
“Dezocine” was usually used as an analgesic agent for 
everyone. If dezocine could not offer enough analgesic 
effect, other analgesic agents would be administered for 

codes of ethics. The NRS scores before other agents used 
was called effective NRS. If other agents were used, NRS 
score cease to count. Effective NRS was used to account 
the average severity and then graded the score into three 
levels as mild (1–3), moderate (4–6), and severe (7–10). 
The brief three-level classification of NRS was designed to 
smooth the bias of subjective pain experience.

Due to the absence of standardized tools for assessing 
PLP, outcome measure was validated here by “Phantom 
phenomena questionnaire (PPQ)” from Prof. Cliff 
Richardson. Experienced interviewer explained what 
PLP, SLP, and non-painful PLS means and the differences 
among them, and interviewed the participants, reorganized 
the data by PPQ, and then grouped them for further ana-
lysis. Telephone interview only performed once as 
a manner to increase the credibility of data.

Statistical Analysis
Statistical analyses were performed using SPSS version 
26 (IBM Corp., Armonk, NY, USA). Median and inter-
quartile range was used to deal with outliers when the 
data not normally distributed. The univariate chi-squared 
test and continuity correction chi-square test were used to 
analyze associations between dichotomous variables. 
Shapiro–Wilk’s test, skewness, kurtosis was applied to 
evaluate normality for continuous variables. Student’s 
t-test or Mann–Whitney U-test were used for normal or 
non-normal distributed data, respectively. Continuous 
variables are expressed as mean ± standard deviation or 
median. Bonferroni analyses were also performed to 
compare the four amputation levels. Kruskal–Wallis 
tests were performed to detect differences between 

Table 1 Pathological Diagnoses of the Subjects

Pathological Diagnosis Number (%) of 
Subjects

Malignant melanoma (MM) 53 (32.7)

Soft tissue sarcoma (SFS) 40 (24.7)

Squamous cell carcinoma of skin (SCC) 23 (14.2)
Osteosarcoma (OS) 17 (10.5)

Chondrosarcoma (CS) 12 (7.4)

Malignant fibrous histiocytoma (MFH) 11 (6.8)
Osteoclastic malignant giant cell tumor 

(OMGCT)

6 (3.7)

Notes: Pathological classification of bone tumors was done according to the WHO 
recommendations (4th version, 2013). 
Abbreviations: UPS, Pleomorphic undifferentiated sarcoma; LS, liposarcoma; LMS, 
leiomyosarcoma; SS, synovial sarcoma; AS, angiosarcoma; FS, fibrosarcoma; MPNST, 
malignant schwannoma were included in SFS in this list.

Table 2 Kruskal–Wallis Test and Chi-Square Test for Level of Amputation and Phantom Phenomena

Upper 
Level

PLP (+) SLP (+) PLS (+) Lower Level PLP (+) SLP (+) PLS (+)

BTW ▲ 10 (25.6) 14 (35.9) 12 (30.8) BTA▲ 6 (23.1) 8 (30.8) 13 (50)
BTE 3 (75) 3 (75.0) 4 (100) BTK 8 (57.1) 6 (42.9) 8 (57.1)

ATE 5 (71.4) 2 (28.6) 6 (85.7) ATK▲ 17 (77.3) 6 (27.3) 21 (95.5)

Shoulder▲ 14 (77.8) 3 (16.7) 15 (83.3) Hip▲ 25 (78.1) 11 (34.4) 27 (84.4)
H (K-W) 18.719 3.729 17.111 H (K-W) 24.78 1.482 16.004

p 0.000* 0.292 0.001* p 0.000* 0.687 0.001*

Upper extremity 32 (47.1) 22 (32.4) 37 (54.4) Lower extremity 56 (59.6) 31 (33) 69 (73.4)
χ2 2.491 0.007 6.292 p 0.115 0.933 0.012*

Notes: Data are shown as n (%). Kruskal–Wallis test was used for multi-group independent sample variance analysis when the data did not meet the normal distribution. 
*p<0.05. ▲Bonferroni test was used for further subgroup pairwise analysis in the PLP+ and PLS+ groups. The corrected p was set at p<0.0083 (compared 6 times). This sign 
means the significant of differences between “BTW” and “Shoulder”, “BTA” and “ATK”, “BTA” and “Hip” met the corrected standard. Chi-square test was used for 
calculating the postoperative phenomena between upper and lower extremities. 
Abbreviations: BTW, below the wrist; BTE, below the elbow; ATE, above the elbow; BTA, below the ankle; BTK, below the knee; ATK, above the knee.
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variables and severity of PLP and PLS. Levels of sig-
nificance were set at p < 0.05. Bivariate regression ana-
lysis with candidate variables was performed to 
determine which preoperative risk factors could affect 
the incidence of PLP and PLS.

Results
Demographic and Clinical Characteristics 
of the Participants
Malignant melanoma (MM) and soft tissue sarcoma (SFS) 
are the most common etiologies of malignant amputations 
in adults. The average age of all subjects was 55.17±14.62 
years (range: 30–88). Male amputees accounted for 58% 
of the participants. In total, 68 (42%) amputees had opera-
tions on the upper limb and 14 (9%) received multiple 
amputations due to disease deterioration. The dominant 
side was amputated in 84 (52%) cases. A total of 142 
(88%) cases received general anesthesia for a wide range 
of lesions, lymph node dissection, or skin graft. There 
were 73 (45%) participants who experienced preoperative 
pain due to septic ulcers of the skin, swelling and disten-
sion of the tissue, or infectious complications. 
Preoperative chemotherapies were given to 24 (15%) 
patients (Table 3).

Incidence of PLP, SLP, and PLS, and Factors 
Associated with These Phenomena
Within the first month after amputation, the incidence of 
phantom pain was 54.3%, that of phantom sensations was 
65.4%, and that of stump pain was 32.7% (Table 3). 
Amputees who experienced PLP did not differ significantly 
from those who did not experience PLP regarding age, sex, 
amputation times, amputation side, types of anesthesia, and 
perioperative chemotherapy; however, there were significant 
differences between the groups in the presence of preoperative 
pain (Table 3), especially pre-operative pain duration (Table 
4). The risk factors associated with PLS were general anesthe-
sia and the presence of preoperative pain. SLP seems to only 
be an occasional outcome of amputation. However, it should 
be noted that local anesthesia often implicates lower amputa-
tion levels or less metastases. For example, patients with local 
MM on toes or fingers always undergone lower-level amputa-
tion and tended to choose local anesthesia.

We also focused on the levels of amputation and 
analyzed the different incidences of PLP between 
upper and lower extremities. It was found that the inci-
dence of PLP and PLS were significantly related to 
amputation level (Table 2), while the occurrence of 
SLP was not. PLP and PLS are rare in distal limb 

Table 3 Background Information of Amputees and Chi-Square Test for Dichotomous Variables

Demographic Variable PLP (+) p SLP (+) p PLS (+) p

Sex
Male 52(55.3) 0.764 32(34.0) 0.672 59(62.8) 0.402

Female 36(53.9) 21(30.9) 47(69.1)

Amputation frequency

Once 77(52.0) 0.057 49(33.1) 0.962▲ 94(63.5) 0.169▲
Multiple 11(78.6) 4(28.6) 12(85.7)

Dominant side and amputation side
Different 44(56.4) 0.607 29(37.2) 0.243 49(62.8) 0.501

Same 44(52.4) 24(28.6) 57(67.9)

Choice of anesthesia

General anesthesia 81(57.0) 0.064 47(33.1) 0.782 98(69.0) 0.011*

Local anesthesia 7(35.0) 6(30.0) 8(40.0)

Preoperative pain

Absent 36(40.4) 0.000* 31(34.8) 0.526 49(55.1) 0.002*
Exist 52(71.2) 22(30.1) 57(78.1)

Preoperative chemotherapy
No 72(52.2) 0.188 46(33.3) 0.688 89(64.5) 0.547

Yes 16(66.7) 7(29.2) 17(70.8)

Notes: Data are shown as n (%). ▲Continuity correction of chi-square test was used for 1≤T<5 in a 2×2 table T: Expected count of each cell in the 2×2 table *p<0.05.
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amputees, especially in “below the wrist (BTW)” and 
“below the ankle (BTA)” groups according to the 
Bonferroni test (p<0.0083). Another finding was that 
there was no significant difference in the incidence of 
PLP, but a significant difference in the incidence of PLS 
between the upper and lower limbs, while lower limb 
amputees more likely to experience PLS.

When entering the two candidate factors into binary 
logistic regression analysis for PLP (Table 5), it was found 
that the effect of preoperative pain was no longer signifi-
cant, but that amputation level (ie, below the ankle and 
below the wrist) was more likely to prevent PLP (BTW- 
OR:0.104, p=0.001; BTA-OR:0.152, p=0.010), suggesting 
that the level of amputation accounts more for PLP.

Relationship Between the Severity of 
Phantom Limb Pain and Other Factors
According to the Kruskal–Wallis test, amputation times, 
level of amputation, and preoperative pain were associated 
with the severity of PLP and PLS (Table 6). Sex, whether 
the amputation side is dominant, anesthesia method, and 
preoperative chemotherapy did not change the severity of 
PLP or PLS. Among the factors investigated, no one 

showed a significant statistical association with the sever-
ity of postoperative SLP.

Discussion
We have noted that the prevalence of PLP varied consid-
erably in different studies. Different definitions of risk 
factors, inclusion and exclusion criteria, and sample col-
lection settings may have induced these varying results. 
The details of study design should be paid close attention 
when interpreting the results of different studies. 
Malignant tumors are one of the major three etiologies of 
amputation; however, these cases are rarely discussed 
separately from other etiologies despite having obviously 
unique pathological mechanisms and therapeutic strate-
gies. Limakatso et al released the first meta-analysis of 
the prevalence of PLP and related risk factors in 2019. 
They concluded that, except for congenital limb insuffi-
ciency, the overall incidence of PLP in acquired amputees 
was between 50% and 85.6% among etiologically mixed 
samples.4 Yin et al reported in 2017 that the incidence of 
PLP in the Chinese population was 29%, but the main 
amputation cause was trauma (60.5%).13 Due to limited 
sample size, a few studies only discussed tumor amputa-
tion and reported that the prevalence of PLP in adult tumor 
amputation patients was between 41% and 60%,14,15 and 
that of youth and children was between 48% and 
85.7%.16–19 The incidence of PLP in malignant amputees 
was 54.3% in this study. We did not exclude the toe or 
finger amputees, which might explain the relatively lower 
incidence. Here, we only retrospectively reviewed the 
incidence of PLP in the first month post-amputation and 
provide a reference for similar amputees. Our results sug-
gested that there was no significant difference in the inci-
dence of PLP and SLP between upper and lower limbs.

In addition to PLP, postoperative PLS was also inves-
tigated as necessary to differentiate pain and sensation. 

Table 4 Student’s t-test and Mann–Whitney Rank Test for 
Continuous Variables

Level PLP(+) PLP(-) p

Age (years) 54.88±15.67 55.51±13.36 0.780

Pain duration before 

operation (months)

0(0, 2) 0(0, 1) 0.000*

Chemotherapy times 0(0, 1) 0(0, 0) 0.471

Notes: Levene test (p>0.1) was used for examining homogeneity of variance. Data 
are shown as the mean ± SD for Normally distributed data or median (the 25th and 
75th percentiles) for not normally distributed data. *p<0.05.

Table 5 Binary Logistic Regression Analysis for PLP in Upper and 
Lower Extremities

Variables Exp (B)– 
OR

95% CI p

Preoperative pain 1.565 0.706–3.472 0.270
Level in upper extremity 

(BTW)

0.104 0.027–0.404 0.001*

Preoperative pain 2.370 0.789–7.143 0.124
Level in lower extremity 

(BTA)

0.152 0.036–0.636 0.010*

Notes: The Hosmer–Lemeshow test for each regression analysis is p>0.05, which 
means the model fits well. The prediction models of upper and lower limbs are 
expressed separately. PLP (0: absent, 1: present), Pre-operative pain (0: absent, 1: 
present), Level in extremities (1–4 levels as Table 2). *p< 0.05.

Table 6 Non-Parametric Test for the Difference Between 
Variables and Severity of PLP, SLP and PLS

Variables PLP - p SLP - p PLS - p

Sex 1.000 0.919 0.826

Amputation frequency 0.015* 0.827 0.025*

Level of amputation▲ 0.000* 0.701 0.000*
Amputation side 0.836 0.252 0.528

Preoperative pain 0.000* 0.542 0.000*

Preoperative chemotherapy 0.159 0.959 0.830

Notes: Data were analyzed with the following non-parametric analysis: Mann– 
Whitney rank correlation test for two group categorical variables, and Kruskal– 
Wallis test for multi-group independent variables (▲). *p<0.05.
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The incidence of PLS was 65.4% in this study, which was 
highly coordinated but higher than PLP. Studies on PLS 
are relatively rare. It is generally believed that PLS is 
a more common postoperative phantom phenomenon 
than PLP and a related factor of PLP. Casale et al reported 
that the incidence of PLS in the lower extremities was 
90% at 6 months after amputation and 60% 1 year later.20 

Kooijman et al reported that the incidence of PLS in only 
upper extremity amputation cases was 76%, which 
included patients with congenital limb loss. 6 A simple 
comparison seems to show that lower limb amputees have 
a higher PLS probability. No precedent for comparing 
phantom limb phenomena between upper and lower 
limbs in tumor amputees was found. During this study, 
the comparison of upper and lower limbs found that the 
overall incidence of PLS in lower limb amputees was 
significantly higher than that of upper limb amputees. 
However, this phenomenon and the underlying latent 
mechanisms still need to be confirmed by further studies.

The incidence of residual limb pain was relatively low, 
and no related factors were found. SLP seemed like an 
accidental phenomenon after surgery. For ethical consid-
erations, patients were routinely administered dezocine via 
intravenous drip for analgesia within 1 week after surgery, 
which might cover SLP.

In this study, we investigated the risk factors of post-
operative PLP, and amputation level was found to be the 
primary influencing factor. The incidence of PLP in 
patients with amputation below the wrist and ankle joints 
was significantly lower; however, PLP of the rest of the 
amputated proximal limbs was unaffected by amputation 
level. Previous studies have suggested that PLP is more 
likely to occur in proximal amputees than in distal 
amputees.21,22 Ahmed et al divided the amputation level 
into upper and lower sections with elbow and knee joint 
and reported that the prevalence of PLP was high in 
patients with proximal amputations.14 Kooijman et al sug-
gested a trend for an association between amputation level 
and PLP.6 Subjects with amputations above the elbow 
experienced PLP more frequently than those with an 
amputation below the elbow, but this association did not 
reach the level of statistical significance. Other studies 
have shown mixed results. Kelle et al investigated the 
early period of amputation in mixed etiology samples 
and found that the VAS scores of PLP, which can be 
used as predictors of chronic PLP, were higher in amputees 
above the knee and below the ankle but the differences 
gradually disappeared over time.23 However, there are also 

negative results. Noguchi et al also classified the upper and 
lower extremity amputees into two groups and found no 
difference in PLP.5 It is unclear if the bias between results 
was from the partition of amputation level, so it is neces-
sary to distinguish the correlation between amputation 
level and PLP by subdivision statistics. In this study, 
using a four-level classification system, we found that 
distal amputation, especially distal amputation below the 
wrist and ankle joint, was associated with a significantly 
reduced incidence of PLP. Proximal amputation may sug-
gest a larger projection area of correspondingly affected 
cortex, but why proximal amputation was more likely to 
cause PLP than distal amputation will require further 
mechanistic studies.

Despite conflicting reports about the association 
between preoperative pain and PLP, more studies support 
that amputees with pain before amputation are more likely 
to develop PLP.24 Noguchi et al reported that insufficient 
analgesia for preoperative pain and diabetes mellitus can 
impact the development of PLP.5 Yin et al reported that 
preoperative pain is a risk factor for PLP.13 Larbig et al 
reported that preoperative pain and postoperative subacute 
pain are risk factors for predicting long-term chronic PLP 
and concluded that early intervention for pain is important 
for preventing chronic pain and interrupting the brain from 
learning pain memory.9 Ahmed et al found preoperative 
pain in 36.67% of the adult tumor amputees and a higher 
incidence of PLP and PLS in these patients.14 However, it 
should be noted that there have been studies of peripheral 
vascular diseases and tumor samples that reported preo-
perative pain had no effect on PLP.25,26 Hagberg et al 
concluded that preoperative pain in lower limb is related 
to PLP,27 while Kooijman et al believe that preoperative 
pain is unrelated to PLP after upper limb amputation.6 

This suggests that preoperative pain in different parts of 
the limb may also affect the occurrence of PLP. One of the 
possible reasons for the controversy above is that most of 
the studies did not investigate suspicious preoperative pain 
in detail, such as the intensity of onset, frequency, char-
acteristics, and total duration. Due to the limitations of 
retrospectively reviewing pain intensity, these data are 
very likely to be inaccurate. Therefore, in this study, only 
the duration of preoperative pain was collected as a factor, 
then preoperative pain, especially the duration of preopera-
tive pain was believed to be a risk factor for the incidence 
of PLP. We also believe that it is necessary to fully collect 
information on preoperative pain, emotions, and other 
feelings before amputation in future studies.
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Unlike other causes of amputation, preoperative che-
motherapy is common in patients with tumor amputation 
and a unique potential factor that could influence PLP. 
With the application of neoadjuvant chemotherapy in the 
treatment of limb tumors, preoperative chemotherapy 
(PoC) and limb reservation have become more conven-
tional. Available chemotherapy drugs (CHRx) such as 
methotrexate, platinum, and vincristine are susceptible to 
chemotherapy-related peripheral neuropathy (CIPN); 
meanwhile, the latent injury means the influence of the 
peripheral nerve may also account for part of mechanisms 
of PLP as discussed previously. Not only do the mechan-
istic intersections of PLP and CIPN make PoC suspicious, 
there are also supporting observations. Among pediatric 
amputees, 74% of those who had been exposed to CHRx 
before or during amputation experienced PLP, 44% of the 
patients who received CHRx after amputation experienced 
PLP, and only 12% of the patients who had never received 
CHRx have experienced PLP.18 Ahmed et al started 
a discussion on chemotherapy and PLP in adult cancer 
patients.28 In total, 33.8% of the subjects received che-
motherapy and their risk of PLP and PLS was higher, their 
risk of SLP in the early stage was also higher. In contrast, 
Yin et al reported that radiotherapy and chemotherapy had 
nothing to do with the occurrence of PLP.13 We did not 
detect differences in PLP between the PoC group and the 
non-PoC group. Obviously, current discussion on PoC is 
insufficient and limited by the small sample, different time 
points of data collection, and different CHRx. We believe 
that chemotherapy should be discussed separately between 
the preoperative or postoperative stages when we discuss 
the occurrence of PLP.

This study did not find other factors significantly 
related to the occurrence of PLP. There have been studies 
suggesting that PLP is more likely to occur in patients who 
experienced general anesthesia28 and those who needed 
postoperative analgesia.13 Suffered subacute pain might 
be a risk factor for developing PLP. But Noguchi et al 
believe that the choice of anesthesia has nothing to do with 
postoperative PLP.5 We also did not detect a relationship 
between PLP and anesthesia. Additionally, psychosocial 
factors may also be related factors that lead to 
differences.29 Larbig et al reported that the severity of 
PLP 1 year after amputation was related to depression 
and anxiety.9 Emotional state may be a risk factor for 
chronic pain, but it is difficult to accurately collect emo-
tional status in retrospective studies, so it was not dis-
cussed in this study.

We also found that amputation times, amputation level, 
and preoperative pain may be factors related to the sever-
ity of PLP. Sex, PoC, and amputation of the dominant limb 
did not lead to more severe pain. We concluded that 
occurrence and severity should be discussed separately. 
Our results were not much different from the existing 
epidemiological data and provide some data of current 
status of PLP in tumor amputees.

Limitations
The limitations of this study included (a) a small sample 
size relative to the large number of predictors in 
a retrospective single-center study; survivor bias could 
exist due to the low survival rates of malignant amputees; 
(b) the significant loss of effective data from the difficulty 
in following-up; although a smaller timescale was set to 
shorten the recall deviation, information bias is still inevi-
table; chemotherapy and other intervention guidelines may 
also have changed over the study period; (c) due to the 
lack of effective interview tools, the understanding and 
description of PLP could not be unified; previous studies 
designed specific questionnaires for their concerned traits, 
but there is no confirmed consensus in how to describe 
PLP; the experience of pain is highly subjective, and 
a unified scale to quantify PLP is currently absent; and 
(d) the incidence of PLP was discussed only within 1 
month after surgery. This study did not include amputees 
with delayed PLP. Additionally, the entire course and 
severity of PLP were not fully described, so no complete 
picture of PLP is shown.

Conclusion
To the best of our knowledge, this is the first attempt to 
provide epidemiological evidence in Chinese malignant 
amputees. PLP should be discussed separately upon occur-
rence and development stages. The incidence and severity of 
phantom pain in malignant amputees were retrospectively 
analyzed. The time-length of preoperative pain was found to 
be related to the occurrence of postoperative phantom limb 
pain in the adult population. It remains necessary and worthy 
to set up a tool for consistency evaluations to allow future 
studies to measure the phantom phenomenon uniformly. 
Comprehensive descriptive data are required to provide 
more clues for future mechanistic research.
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