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Abstract

Introduction: The exact mechanisms underlying the development and maintenance of phantom 

limb pain are still unclear. This study aimed to identify the factors affecting pain intensity in 

chronic, lower limb, traumatic phantom limb pain patients.

Methods: This is a cross-sectional analysis of patients with phantom limb pain. We assessed 

amputation-related, pain-related clinical and demographic variables. We performed univariate and 

multivariate models to evaluate the associated factors modulating phantom limb pain and residual 

limb pain intensity.

Results: We included 71 unilateral traumatic lower limb amputees. Results showed that (i) 

amputation related perceptions were experienced by a large majority of the chronic phantom limb 

pain patients (sensations: 90.1%, N=64; residual pain: 81.7%, N=58); (ii) phantom limb pain 

intensity has two significant protective factors: phantom limb movement and having effective 
treatment for phantom limb pain previously and two significant risk factors: phantom limb 
sensation intensity and age; (iii) on the other hand, for residual limb pain, risk factors are different: 

presence of pain before amputation and level of amputation (in addition to the same protective 

factors).

Conclusion: These results suggest different neurobiological mechanisms to explain phantom 

limb and residual limb pain intensity. While phantom limb pain risk factors seem to be related to 

maladaptive plasticity as phantom sensation and older age are associated with more pain, residual 

limb pain risk factors seem to have factors leading to neuropathic pain such as the amount of 
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neural lesion and previous history of chronic pain. Interestingly, the phantom movement appears to 

be protective for both phenomena.
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Introduction

Phantom limb pain (PLP) and residual limb pain (RLP) are common and disabling painful 

sensations following limb amputation. Despite high incidence; since up to 85% of the 

amputees suffer from PLP at one point and about 50 % will still experience it five years after 

surgery1, 2 the exact mechanisms underlying the development and maintenance of PLP and 

RLP are still unclear.

Among multiple findings, it has been suggested that maladaptive cortical reorganization over 

the brain area of the amputated limb plays a fundamental role in the development and 

neuronal pathophysiology of PLP3. Next, further alterations in the somatosensory system 

along the neural axis4 contribute to PLP and RLP (deafferentation pain, peripheral and 

central sensitization), where central sensitization and lack of inhibition contribute to the 

development and maintenance of pain. All those physiological alterations are challenging to 

assess and classify. Demographical and symptom-related characteristics can also provide 

significant insights. They allow approaching the complex etiology of PLP and can provide 

insights that contribute to the development, maintenance, and intensity of PLP and RLP.

Several cross-sectional studies in the past evaluated risk factors; amputation related and 

demographic characteristics that affect PLP and RLP incidence and prevalence5–7. While the 

heritability8 might have a role in controlling pain severity as well, demographic and 

psychological factors are influencing symptoms. Previous cross-sectional studies showed 

that gender9, 10, side of amputation9, 11, pre-amputation pain10, 11, anxiety and depression 

level12 can be considered as predictors for PLP. Furthermore, amputation related pain is 

affected by factors like coping strategies, stress or social support that have been shown to be 

risk, or protective factors - in PLP, RLP13 and other chronic pain conditions14, 15.

Whereas one of those large cross-sectional studies assessed the association of PLP intensity 

and individual characteristics (5, N=255), many trials focused on in PLP incidence and 

prevalence (7, N=526,6, N=914,16, N=139). The understanding of what triggers severe PLP 

and RLP and correlates with pain intensity might increase the understanding of the 

underlying mechanism and guide the development of effective pain treatment strategies.

A further challenge in this field of research is the heterogeneity of the population, especially 

related to the symptoms, but also the site (upper and lower limbs) and the etiology of 

amputation (vascular disease, cancer or traumatic events). Most clinical and mechanistic 

studies are considering specific subgroups, which limits the generalizability of the results. 

For example, mechanistic fMRI studies are almost exclusively performed in upper 

limb17–20, as opposed to lower limb amputees21.
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All included participants in this trial suffered a traumatic incidence that terminated in limb 

loss – this second distinctive property of the study sample is often marginalized. Recent 

mechanistic studies in upper limb amputees consist of subjects with traumatic cause for 

amputation17–20, although this is useful to describe a general burden of PLP and RLP in the 

community it might cloud pain modulators in the different amputation etiologies. Risk 

factors emerged from such mixed samples are might valid only for a subgroup of the sample.

Therefore, this study aimed to analyze the protective and risk factors for PLP and RLP, to 

identify the factors affecting pain intensity in chronic, lower limb, traumatic PLP patients as 

also to associate them with potential neural mechanisms underlying pain.

Methods

Study Design and Settings

This is a cross-sectional analysis of baseline characteristics of participants enrolled in an 

ongoing full-factorial, double-blinded randomized clinical trial investigating the effects of 

tDCS in combination with mirror therapy to treat PLP after a lower limb traumatic 

amputation (NCT02487966)22.

Subjects are recruited in two neurorehabilitation study centers: at the Neuromodulation 

Center of the Spaulding Rehabilitation Hospital (US) and at the University Hospital of Sao 

Paulo, IMREA (Brazil). All participants signed the approved consent form before trial 

procedures following requirements and overseen by Partners Healthcare and the University 

of Sao Paulo Institutional Review Board. The study PI and/or a co-investigator obtained 

informed consent.

Participants

This cross-sectional study collected and analyzed baseline data from 71 unilateral traumatic 

lower limb amputees of an ongoing clinical trial22. Considered have been all participants 

that attended the baseline visit before July 2019. The main trial has a target population of 

132 subjects.

All participants were pre-screened and passed the following inclusion and exclusion criteria: 

Inclusion criteria: individuals older than 18 years old and able to provide informed consent, 

with unilateral traumatic lower limb amputation after complete recovery experiencing 

chronic PLP for more than three months with an average of 4 or above on a visual analogue 

scale (VAS) from 0 to 10. If the subject is taking any medications, dosages must be stable 

for at since least two weeks before the enrollment of into the study. Exclusion criteria: 

pregnancy or trying to become pregnant in the next 2 months; history of alcohol or drug 

abuse within the past 6 months as self-reported; presence of the following contraindication 

to transcranial direct current stimulation and transcranial magnetic stimulation (e.g., plates 

or pins, bullets, shrapnel, cochlear implants, vagus nerve stimulator); head injury resulting in 

permanent neurological deficits, such as cognitive or motor deficits, as self-reported 

(permanent neurological deficit that may interfere with the assessments); unstable medical 

conditions (e.g. uncontrolled diabetes, uncompensated cardiac issues, heart failure or 

chronic obstructive pulmonary disease); uncontrolled epilepsy or prior seizures within the 
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last 1 year; history of unexplained fainting spells or loss of consciousness as self-reported 

during the last 2 years; history of neurosurgery, as self-reported; mirror therapy within 3 

months prior to enrollment.

Sample characteristics

Seventy-one subjects were included: 43 subjects from Sao Paulo and 28 from Boston. The 

sample was 64.8% male and the mean age of the participants was 43.9 ±15.5 years. The 

median time since amputation at study enrollment was 17 months (IQR: −2.5 to 36.5). The 

median BDI and BAI were 5 (IQR: 0.1 to 9.9) and 7 (IQR: 0.5 to 13.5), respectively. Further 

clinical data related to the amputation are provided in Table 1.

Quantitative and Qualitative Variables

Amputation-related variables: This information was collected using an adapted version of 

Groningen Questionnaire after Arm Amputation. This questionnaire was adapted for lower 

limb amputation and included data on PLP, RLP, and Phantom limb sensation (PLS)10. For 

the present study, we extracted data on the side of amputation, level of amputation, time 

since amputation (in months), pain before to the amputation opioid use, previous treatments 

and whether it has been effective, PLP/RLP/PLS frequency and PLS qualities.

Beck Depression Index (BDI) and Beck Anxiety Index (BAI): these questionnaires assesses 

the psychological well-being encompassing diverse symptoms of anxiety and depression as 

well as their severity.

Visual Analogue Scale: measure the intensity of PLS with a length of 10 cm (no pain to 

worst imaginable pain). This scale is also colored, from green (at 0 cm) to red (at 10 cm), as 

a visual indicator of pain. Participants are asked to rate their average pain (during an acute 

episode) over the last four weeks. Before the participant fills each scale, an experienced 

researcher explains what PLP, RLP, and PLS means and the differences among them.

Further demographics and medical history were assessed during the consent visit and 

included in the present study.

Statistical analysis

For this cross-sectional analyses no sample size calculation was performed and data from all 

71 participants of an ongoing clinical trial was included. Complete case analysis was used to 

handle missing data and median and interquartile range to deal with outliers when the data 

was not normally distributed.

The statistical analyses were performed with Stata version 15.1. To evaluate normality 

Shapiro-Wilkś test, skewness, kurtosis was applied. Baseline characteristics were reported 

using descriptive statistics (e.g., mean and standard deviation for continuous variables, 

frequency tabulations for categorical variables). For group comparisons Mann-Whitney-U-

Tests and for correlations Spearman Rank and Pearson’s Correlation Tests were used.
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Regression models

We used the Visual Analogue Scale (VAS) as the main outcome for our models. Linear 

regression models were built to test our main hypothesis, and Q-Q plots and residuals 

analysis were performed to review the assumptions of the model.

Baseline demographics and clinical characteristics associated with PLP and RLP were tested 

to investigate the predictors and factors associated with the intensity of pain in these two 

pain manifestations. The hypothesis is that baseline demographics and clinical 

characteristics are correlated with the intensity of PLP and RLP and that they have different 

contributing factors. Firstly, univariate linear regression analysis was performed. Variables 

with P<0.05 were further introduced into two different multiple regression models with 

backward stepwise selection: one using PLP and the other using RLP as dependent 

variables. To finalize the models, the removal of single variables was tested, considering 

their mechanism and/or biological reasoning for PLP and RLP as well as considering the 

variance in R2 and Beta coefficient of the models. We also conducted an exploratory 

regression analysis to understand if interaction terms e.g. pls*movement; response to the 

previous treatment*opioid affect the models. However, they were all excluded as they did 

not alter the final model significantly.

Results

Amputation Related Perceptions

The amputation related perceptions, RLP and PLS were experienced by a large majority of 

the sample (PLS: 90.1%, N=64; RLP: 81.7%, N=58; PLS and RLP: 76.1%, N=54; only 

PLS: 14.1%, N=10; and only RLP: 5.63%, N=4; from the total sample, N=71). The 

intensities of these perceptions are summarized in Table 2. The electric sensation (71.9%), 

itching (59.4%), and movement sensation (54.7%) were the most commonly reported PLS 

varieties (Table 3).

PLP intensity is weakly correlated with RLP (Spearman’s rho=0.30, P=0.01). No significant 

correlation was obtained for PLP and PLS intensity, age, time since amputation, BDI or BAI 

scores.

PLP intensity is significantly lower in subjects taking opioids (4.9±0.4 vs 6.2±0.2, P=0.02). 

The same was observed in subjects having frequent PLP (at least once daily) (5.5±0.30 vs. 

6.2±0.3, P<0.001) and with refractory pain (non-responsive to previous treatment) (4.8±0.4 

vs. 6.30±0.2, P=0.001). Comparing subgroups according to their gender, level or side of 

amputation, whether they have PLS or RLP, PLS varieties, whether they had pain prior to the 

amputation or their BDI or BAI score did not show any statistically significant difference.

Predictors of Phantom Limb Pain (PLP)

In the multivariate analysis, we found that age (P=0.04), the intensity of PLS (P=0.01), and 

enrollment at the Brazilian study site (P=0.04) were positive predictors of PLP intensity 

(higher pain levels), whereas the presence of movement sensation (P=0.03) and response to 

previous treatment (P<0.001), were negative predictors (lower pain levels). The multivariate 
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regression line (n=67) denoting the relationship between phantom limb pain intensity and 

associate clinical and demographic variables can be defined by: PLP (VAS) = 5.38 + 
0.03*age + 0.17*PLS - 0.86*movement sensation + 0.89*site - 1.46*response to previous 
treatment (see table 4). The model accounts for 31% (P<0.001) of the variance in PLP 

intensity. The categorical variables are coded as; clinical trial center (0=US, 1=Brazil), 

movement sensation (0=no, 1=yes), and response to previous treatment (0=no, 1=yes).

Predictors of Residual Limb Pain (RLP)

In the multivariate analysis, we found that high level of amputation (P=0.03) and pain before 

amputation (P<0.001) were positive predictors of RLP intensity, and the presence of 

movement sensation (P<0.001) and response to previous treatment (P<0.001), were negative 

predictors. The multivariate regression line (n=67) can be defined by: RLP (VAS) = 2.93 + 
1.28*above knee amputation + 2.71*pain before amputation – 2.01*presence of movement 
sensations – 2.13*response to previous treatment (see table 5). The model accounts for 35% 

(P<0.001) of the variance in RLP intensity. In addition to the categorical variables of the 

PLP model, we used pain before the amputation (0=no, 1=yes).

Summary - factors affecting PLP and RLP

Factors included in both models are the presence or absence of phantom limb movement and 

whether the patient experienced effective treatment before participating in the study. The 

PLP model further includes age, PLS intensity, and clinical trial center, whereas the RLP 

model includes the level of amputation and considering if the subject experienced pain in the 

affected limb prior to the surgery.

Discussion

The present study provide evidence for two common protective predictors for PLP and RLP 

intensity: phantom limb movement and previous effective treatment. Both conditions present 

different risk factors for high pain intensity: PLP - phantom limb sensation intensity and age, 

and RLP – the presence of pain before amputation and level of amputation.

The models, deriving from a population with chronic phantom limb pain patients after 

traumatic lower limb amputation, describe approximately one-third of the variance in PLP 

(31%) and RLP (35%). After the univariate regression, the assessed psychological 

descriptors (BDI, BAI) and general demographics (age, gender, opioid intake) have been 

dropped.

Our models show how PLP and RLP are affected by common protective factors, as well as 

distinct risk factors affecting the intensity of these two types of chronic pain. We here 

discuss first the protective factors: (1) presence of movements in the phantom limb and (2) 

effectiveness of previous pain treatments. The second part covers the risk factors; that were 

specific for PLP: (3) clinical trial center; (4) intensity of phantom limb sensation (5) age, and 

the ones specific to RLP: (6) level of amputation and (7) pain before amputation.
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PLP and RLP

(1) Presence of Movements in the Phantom Limb: the motor corticospinal system circuit 
as a protective circuit

More than half of the enrolled subjects (54%) have spontaneous movements in their missing 

limb. Like in the study of Koojiman et al.10 movement was the second most reported PLS 

after itching.

The multivariate models for RLP and PLP showed a negative correlation between the 

presence of phantom limb pain movements and pain; indicating that phantom limb 

movement was a protective factor. Movement in its variety of - imagined, mirrored or 

executed phantom limb mobility – is an important research topic in phantom pain and other 

chronic pain conditions, such as stroke or complex regional pain syndrome23. First; our data 

shows that phantom movement is present in the majority of the PLP patients (54%), second; 

recent fMRI research suggests that poor motor control of the missing limb is associated with 

increased pain in amputees18 and third, the ability to move the phantom limb and the 

associated cortical activity and reorganization is the neurophysiological rationale for current 

rehabilitation approaches such as mirror therapy and visual illusion. It seems that phantom 

sensation and movement have a contrary effect on PLP. PLS is associated with increased 

PLP as opposed to movement sensation that showed to be a protective factor in PLP.

Here it is conceivable that the presence of movement may have a similar effect as some 

behavioral techniques using movement to treat PLP and not the other qualities of PLS22. 

Studies have shown that movements protect against pain in, pain associated with spinal cord 

injury - another type of neuropathic pain24.

Several authors previously described the effects of phantom limb movements on cortical 

activity assessed with fMRI and its relationship with the presence and intensity of 

PLP18, 20, 25–27. For both – PLP and RLP - our models suggests lower levels of pain for 

patients that have spontaneous movement in their phantom limb. This supports approaches 

like mirror therapy which promote the representation of the missing limb in the cortex23, 28 

and aim to strengthen the impaired hemisphere – targeting downstream connection, as for 

example the thalamocortical pain-modulating pathway23, 28. Mirror therapy has been shown 

effective in reducing pain in upper and lower amputees, as well other chronic pain 

patients23, 29–31. Interestingly, therapies targeted the motor cortex (such as transcranial direct 

current stimulation) have shown significant effects in decreasing pain32.

However, it is still unclear what is the best method to activate the motor corticospinal system 

to induce analgesic effects. Kikkert and colleagues27 recently demonstrated that phantom 

pain had a positive correlation with movement execution of the phantom hand through a 

finger-tapping task. Unlike in their study, our variable describes the presence of spontaneous 

movement, which might be etiologically different. Also, those neuroimaging studies have 

been performed in upper limb amputees and need to be further studied in lower limb 

amputees.
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(2) Effectiveness of Previous Pain Treatments: previous neural circuit responsiveness

The effectiveness of previous pain treatment (yes or no) was evaluated using the Groninger 

questionnaire. It is important to mention that all patients included in this study have a pain 

rating of at least four on average on the VAS, meaning that all have moderately intensive 

pain at study enrollment. That said, even participants that considered a previous treatment as 

adequate, still suffered from substantial phantom pain. The previous pain treatments 

included medications, other therapies, and non-pharmacological treatments. The most 

common therapeutic interventions were pregabalin, gabapentin, opioids (in the Boston 

clinical trial center), and surgeries to remove neuromas.

For both PLP and RLP, success of past treatment was associated with lower pain intensity 

showing that patients refractory to treatment present a higher intensity of pain at baseline. 

Yet this association was not influenced by depressive or anxiety symptoms - this indicates 

general refractoriness.

Chronic pain after an amputation is difficult to treat; this data supports the idea that further 

understanding of the resistant nature of neural circuits in PLP is critical to improve 

therapeutic strategies. Previous research in neuropathic pain has shown that many 

individuals are unsuccessfully treated and keep having pain despite numerous attempts with 

at pharmacologic treatment and high use of health services. In this context, the need for non-

pharmacological alternatives that can be combined with behavioral or pharmacological 

interventions seems a promising alternative for multidisciplinary and effective treatment for 

long-lasting pain relief.

The fact that both models include two common factors with the same direction of impact to 

pain intensity shows in a more discriminative way which was indicated by the slight 

correlation of PLP and RLP intensity (Spearman’s rho=0.296, P=0.012). It corroborates the 

hypothesis that both amputation related forms of pain are likely driven by common, as well 

distinct factors – described here – and general neuropathic pain mechanisms4.

We did not find any other significant correlation between PLP and assessed demographical 

or amputation related data. The study included only patients with relatively high PLP (VAS 

>4), and as it is known low variation in the outcome variable does reduce the sensitivity to 

find significant correlations33.

PLP

Publications investigating the prevalence of PLP report mean pain intensities between 5 and 

5.5 on a VAS from 0 to 105–7. Interestingly interventional studies, like the one this dataset 

derives from, do not necessarily report higher pain levels, despite inclusion criteria 

restricting the sample to amputees with PLP with certain minimal pain intensity. With a 

mean intensity of 5.9, our sample is between previously reported numbers; 4.4 to 

6.530, 31, 34.
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Besides, the two protective factors shared (movement and efficient pain treatment), there are 

three detrimental variables to PLP – age, PLS intensity and being enrolled in the Brazilian 

study center.

(3) Clinical Trial Center

In the PLP model, clinical trial center is the second-largest coefficient and represents 

whether the subject was enrolled in Brazil (Sao Paulo) or US (Boston). According to the 

regression model, Brazilian participants reported higher pain levels. This should be 

interpreted with caution as the clinical trial center is a multilayer variable to which many 

differences at the study sites might contribute – as for example; the way to report pain, 

differences in the health care system and variance related specifically to the trial – as for 

example minor deviances in recruitment strategies. The fact, that study site is a significant 

factor in modulating PLP intensity in our trial emphasizes the importance to conduct 

multicenter studies, including different cultures and ethnicity to increase the generalizability 

of the trial outcomes to the whole PLP population. Importantly, this supports our approach 

to control for the study site.

(4) Intensity of Phantom Limb Sensation: a potential marker of sensorimotor system 
maladaptive plasticity

A further variable included in the PLP model is the reported intensity of phantom limb 

sensation, often specified in the literature as non-painful. In our study, we showed that most 

PLP patients (90%) experience at least one phantom sensation; electric sensations, itching, 

and movement were reported most often. These findings corroborated previous studies that 

showed that many amputees do experience both PLP and PLS1, 5, 10. The multivariate 

regression supports the co-occurrence and positive correlation between PLP and PLS 

intensity; higher PLS intensity is associated with higher PLP intensity.

It is likely that those two forms of amputation related sensations share pathophysiological 

mechanisms. As a limitation of ours, as well most other trials investigating PLP we did not 

assess PLP quality – although it is known from early studies that pain is experienced in 

different varieties7, 11. It is puzzling that this aspect is often neglected, especially by looking 

closer to reported PLS descriptors – in our data as well others5 – revealing that items like 

itching and electric sensation sound unpleasant, if not rather painful. Taking itching as an 

example, a very specific fMRI experiment in healthy subjects, revealed that pain and itching 

do in part activate the same cortical areas, which show that those two sensations are 

interlinked on a neurophysiological level35. For tingling, a large epidemiological study 

showed that this term was used by patients to describe their PLP, PLS and RLP. Although 

the association between PLP and PLS is not fully supported elsewhere as topographical 

phantom sensations do not occurs in all PLP subjects36.

(5) ge: a factor that can worsen maladaptive plasticity

Old age can reduce the neuroplasticity potential37 and neural adaptability; ultimately 

reducing coping to chronic pain38. Age was an important covariate in our PLP modeling, 

changing the proportion of the variance in the PLP intensity. Several studies have shown that 

age is associated with changes in compensatory mechanisms, due to age-related atrophy in 
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brain areas and to age-related decline on cognitive function. This lack in compensatory 

activity may be related to differences in the sensorimotor cortex reorganization in subjects 

with amputation leading to PLP39. Recently the literature has pointed out that alterations in 

the brain which are associated with chronic pain can be modified and are reversible. In this 

scenario, age can delaying this process independently of PLP specific mechanism40, 41. 

Interestingly, age was a significant predictor only in PLP. Other study designs exploring the 

impact of age on chronic pain longitudinally and associated coping strategies42, would 

clarify the underpinnings of age-related pain processing.

Residual Limb Pain (RLP)

Previous studies showed that RLP is, after PLP, the most common form of pain5 in 

amputees, which is more prevalent in traumatic and lower limb amputees6, compared to 

other causes of limb loss and upper extremities. This form of pain is more prevalent in the 

early phases after amputation43. In our sample, 82% (N=58) of the participants experienced 

RLP; however, the mean intensity of RLP seemed to be lower (4 ± 5.25; N= 58) compared to 

other studies reporting 5.1 to 6.2 on a VAS5–7. Next to the two protective factors shared with 

PLP (movement and efficacy of previous treatments), there are two variables that seem 

detrimental to RLP intensity: level of amputation and pain before amputation.

(6) Level of Amputation

We evaluated the level of amputation of our sample by categorizing participants into below-

knee (low) and above-knee amputees (high) and showed that a high level of amputation is 

associated with higher RLP intensity. Larger surgical operation areas at the thigh result in 

larger neuromas which are associated with neuropathic pain4. Further, increased demands to 

a prosthesis, with its potential difficulties fitting it to the residual limb can increase pain in 

the stump. In addition, a larger amputation also represents a large neural injury contributing 

to additional risk of neuropathic pain44.

(7) Pain Before Amputation: evidence of central sensitization leading to chronic pain

Pain before amputation is often discussed in the phantom limb pain research field, mainly 

because of studies showing how pain memory might contribute to pain after amputation. The 

pain memory model refers rather to an implicit interpretation of the term memory, 

addressing the neurophysiological changes in the central nervous system45, 46. Those 

alterations are deriving from long-lasting noxious stimuli before the surgery4, 47, which are 

supposed to alter the cortical excitability in the sensory cortex and further affecting 

inhibitory processes at spinal and supraspinal levels4. Therefore, pain before amputation 

leads to central sensitization processes like the ones observed in neuropathic pain, 

contributing to long-lasting residual limb pain.

Moreover, pain before amputation was not a factor influencing the intensity of phantom limb 

pain in our sample. The association of pre-amputation pain and PLP was first described in a 

longitudinal study showing that the incidence of PLP three months after the amputation was 

higher in patients with pre-amputation pain11. However, in our cohort, the median time since 

amputation is over a year. This suggests, whilst pain prior to amputation can be a predictor 
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for the incidence of acute PLP, its role in for pain intensity in chronic PLP is not yet 

elucidated.

One limitation of retrospective pain assessments from before the amputation is the recall 

issue; chronic patients may have difficulties to rate their pre-amputation pain accurately 

when the surgery lays back several months or years9, 48. Interestingly, Nikolajsen et al.11 

showed that patients significantly overestimated their pre-amputation pain intensity after six 

months. This recall bias makes it difficult to draw a clear conclusion from analysis with 

retrospective pain assessment49, 50.

Strengths and Limitations

To be included in this study, participants had to experience PLP on average with an intensity 

of at least a four on a VAS from 0–10. This reduces the present overall variance in the 

dataset and excludes amputees without or only low PLP. The models account for PLP 

variability of pain intensity, incidence or prevalence.

The data was analyzed in an exploratory manner by comparing the fit of the basic model (all 

variables with p-value<0.05 in the univariate regression) to model variations where 

coefficients have been dropped. However, by limiting the number of coefficients and the 

prerequisite of a p-value of P<0.05 in the univariate regression, we limited the risk of an 

overfitted model.

For both RLP and PLP the literature shows that amputation site (upper or lower limb) as 

well etiology (traumatic or non-traumatic) can affect PLP prevalence and intensity5, 6, 13. 

This can limit the comparability of the results among studies and emphasizes the need for 

addressing specific subgroups of the PLP community, as pathophysiological mechanisms 

might differ. We here investigated a specific and clearly defined patient group of lower limb 

amputees with traumatic causes for the amputation.

The analyses have shown evidence for common, as well as distinct factors affecting 

postamputation pain levels. Both PLP and RLP are forms neuropathic pain, whereas 

different processes are contributing to varying degrees; in PLP the main emphasis is central 

sensitization and reorganization, whereas in RLP peripheral processes add and might 

dominate (neuroma formation, hyperalgesia and allodynia4).

This is one of the largest study population investigating traumatic, lower limb amputees with 

chronic PLP discussing amputation related symptoms assessed from trained research stuff. 

Most publications investigating pre- and postamputation factors to PLP are questionnaire-

based5, 6, 12 and suffer the well-known response bias and risk of misunderstanding of listed 

items.

Multicenter studies can provide results representing a more diverse fraction, and hence more 

relevant representation of the population; here, patients from two countries (US and Brazil). 

Nevertheless, this complex variable might hide underlying factors like differences in culture, 

education, or the health care system.
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Conclusion

The analysis of predictors for PLP and RLP suggests different neurobiological mechanisms 

and associated factors, which suggest divergent main emphasis in therapy depending on the 

main burden of the subject. Notwithstanding, movement sensation seems to be a common 

protective factor for both pain syndromes highlighting the beneficial outcome of some 

behavioral therapies for PLP.
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Refer to Web version on PubMed Central for supplementary material.
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Table 1:

Clinical data related to the amputation, number of participants N (%). Percentages are calculated based on the 

sample of N=71

Side of amputation

 Left 39 (54.9%)

 Right 31 (43.7%)

Level of amputation

 Above the knee 37 (52.1%)

 Below the knee 34 (47.9%)

Pain prior to the amputation

 Yes 45 (63.4%)

 No 26 (36.6%)

Opioid intake

 Yes 15 (21.1%)

 No 56 (78.9%)
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Table 2:

Intensity (mean±SD) on a visual analog scale (from 0–10) of amputation related perceptions and frequency of 

episodes N (%), percentages are calculated on available data of participants Npart.

Amputation related perception Npart Intensity, mean±SD Frequency, Nfreq (%)

At least once daily Weekly or less Never

Phantom limb pain 69 5.9±1.7 38 (55.0%) 31 (44.9%) NA

Residual limb pain 70 3.8±3.0 26 (37.1%) 32 (45.7%) 12 (17.4%)

Phantom limb sensation 71 5.7±3.3 39 (55.0%) 27 (38.0%) 5 (7.0%)
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Table 3:

The percentages of PLS varieties are calculated based on data from all subjects experiencing at least one PLS 

quality (N=64), multiple answers were possible.

PLS (total N=64) N %

Itching 38 59.4

Movement 35 54.7

Abnormal shape 13 20.3

Abnormal position 10 15.6

Something touching 12 18.8

Warmth 14 21.9

Cold 15 23.4

Electric sensation 46 71.9
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Table 4:

Model for phantom limb pain (PLP) intensity on a VAS from 0 to 10; PLS (0: absent, 1: present), movement 

(0: absent, 1: present), clinical trial center (0: US, 1: Brazil), PLP treatment effectiveness of prior to study 

enrollment (0: not effective, 1: effective).

Phantom limb pain (PLP)
67 observations, adjusted R2 = 31%

Factor coefficient p-value 95% CI

Age 0.028 0.04 [0.002; 0.054]

PLS 0.168 0.01 [0.047; 0.289]

Movement −0.860 0.03 [−1.611; −0.110]

Clinical trial center 0.887 0.04 [0.051; 1.724]

PLP treatment effectiveness −1.464 <0.001 [−2.267; −0.661]

Constant 5.379 <0.001 [3.401; 7.357]
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Table 5:

Model for residual limb pain (RLP) intensity on a VAS from 0 to 10; Level of amputation (0: below knee, 1: 

above knee), treatment effectiveness of prior to study enrollment (0: not effective, 1: effective), movement (0: 

absent, 1: present), pain prior to the amputation (0: no, 1: yes).

Residual limb pain (RLP)
67 observations, adjusted R2=35%

Factor coefficient p-value 95% CI

Level of amputation 1.283 0.03 [0.104; 2.462]

PLP treatment effectiveness −2.126 <0.001 [−3.503; −0.750]

Movement −2.008 <0.001 [−3.197; −0.820]

Pain prior to amputation 2.705 <0.001 [1.433; 3.976]

Constant 2.932 <0.001 [1.646; 4.218]

Pain Pract. Author manuscript; available in PMC 2021 July 01.


	Abstract
	Introduction
	Methods
	Study Design and Settings
	Participants
	Sample characteristics
	Quantitative and Qualitative Variables
	Statistical analysis
	Regression models

	Results
	Amputation Related Perceptions
	Predictors of Phantom Limb Pain (PLP)
	Predictors of Residual Limb Pain (RLP)
	Summary - factors affecting PLP and RLP

	Discussion
	PLP and RLP
	Presence of Movements in the Phantom Limb: the motor corticospinal system circuit as a protective circuit
	Effectiveness of Previous Pain Treatments: previous neural circuit responsiveness

	PLP
	Clinical Trial Center
	Intensity of Phantom Limb Sensation: a potential marker of sensorimotor system maladaptive plasticity
	ge: a factor that can worsen maladaptive plasticity

	Residual Limb Pain (RLP)
	Level of Amputation
	Pain Before Amputation: evidence of central sensitization leading to chronic pain

	Strengths and Limitations
	Conclusion
	References
	Table 1:
	Table 2:
	Table 3:
	Table 4:
	Table 5:

