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Abstract

Background: Numerical scales are validated methods to report pain outcomes after Targeted
Muscle Reinnervation (TMR) but do not include the assessment of qualitative pain components.
This study evaluates the application of pain sketches within a cohort of patients undergoing
primary TMR and describes differences in pain progression according to early postoperative
sketches.

Methods: This study included 30 patients with major limb amputation and primary TMR.
Patients’ drawings were categorized into four categories of pain distribution (focal (FP), radiating
(RP), diffuse (DP) and no pain (NP)) and inter-rater reliability was calculated. Secondly,

pain outcomes were analyzed for each category. Pain scores were the primary and Patient-
Reported Outcomes Measurement Information System (PROMIS) instruments were the secondary
outcomes.
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Results: The inter-rater reliability for the sketch categories was good (overall Kappa coefficient
of 0.8). The NP category reported a mean decrease in pain of 4.8 points, followed by the DP

(2.5 points) and FP categories (2.0 points). The RP category reported a mean increase in pain of
0.5 points. For PROMIS Pain Interference and Pain Intensity, the DP category reported a mean
decrease of 7.2 and 6.5 points respectively, followed by the FP category (5.3 and 3.6 points). The
RP category reported a mean increase of 2.0 points in PROMIS Pain Interference and a mean
decrease of 1.4 points in PROMIS Pain Intensity. Secondary outcomes for the NP category were
not reported.

Conclusions: Pain sketches demonstrated reliability in pain morphology assessment and might
be an adjunctive tool for pain interpretation in this setting.

Introduction

Almost two million Americans live with limb loss, with upwards of 85% and 76%
experiencing phantom limb pain (PLP) and residual limb pain (RLP), respectively.1:2 PLP
and RLP have different neuropathic origin. RLP is specific to the terminal end of the
remaining residual limb, while PLP refers to painful sensations within the missing limb.3
The physical and emotional impact of amputation-related pain affects patients’ quality of life
and is associated with increased healthcare costs.*~’ The number of residual limb patients is
estimated to double to 3.6 million by 2050, with proportionate increases in the number of
people living with neuropathic pain.®

Targeted muscle reinnervation (TMR) transfers sensory or motor nerves resulting from
amputation surgery to nearby motor nerves, which are transected to denervate their
corresponding muscles. TMR has been shown to decrease PLP and RLP in residual

limb patients and is gaining traction throughout centers with the U.S. Furthermore, TMR
performed at or around the time of index amputation surgery has been shown to result in less
frequent and less severe PLP and neuroma-related pain.2:>:9-13

Current evidence supporting the efficacy of TMR in preventing or treating neuroma-related
pain has relied on numerical scores to report pain outcomes.2>9-13 Multiple Patient
Reported Outcome Measures (PROMSs) exist which capture the multifaceted aspects of

a patient’s pain experience. Although PROMs are validated methods for use in clinical
practice, no existing measures identify subjective components that may also have clinical
importance. Our authors have observed that residual limb patients often present with varying
pain morphologies and distributions. Pain sketches have been used in other neuropathic
disorders to guide treatment based on the illustrated anatomic distribution of pain.1415

In this context, we categorized and evaluated the application of pain sketches in residual
limb patients receiving primary TMR at the time of their index amputation. From this
cohort, differences in the progression of pain were analyzed in a subgroup of patients
according to the sketch categories. We hypothesized that sketches may be a helpful modality
to improve pain morphology assessment and track pain in this setting.
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Study Design

A retrospective cross-sectional study at a single center was performed from 2020 to
2022. This study followed the Strengthening The Reporting of Observational Studies

in Epidemiology (STROBE) guidelines and was approved by the Massachusetts General
Brigham Institutional review board (protocol number 2020P003555).

Participants and Dataset

Patients were participants in the Massachusetts General Hospital Interdisciplinary Care
for Amputee Network (ICAN) prospective data repository. The ICAN is a specialized
orthoplastic clinic that combines multi-specialty functional and psychosocial rehabilitation
to provide comprehensive residual limb care.16

This study consisted of two parts. First, patients with major limb amputation proximal

to the wrist (transhumeral, transradial) or ankle (transfemoral, transtibial) who underwent
primary TMR and completed a sketch and pain scales were included. Primary TMR was
defined as undergoing TMR within 14 days of the index amputation surgery. Regardless

of the amputation etiology, no substantial or pathological nerve regeneration is expected
within this time frame, and the procedure is considered preemptive. Patients under 18 years
old, revision or bilateral amputation (per limb pain scores were not reported), and patients
who did not complete pain scores and sketches were excluded. The second part of this
study included a subgroup of residual limb patients selected based on the timeframe they
completed the sketch after the TMR. The time between TMR and the postoperative sketch
and pain scores as well as the duration of follow-up were reported. The follow-up time was
defined as the most recent appointment at which pain outcomes were collected. All patients
who were enrolled in the ICAN data repository were assessed for eligibility of inclusion.
Stata version 16.1. was used for descriptive statistics analysis.

Part I: Sketch categories and reliability.

The main objective of this study was to categorize and evaluate the use of pain sketches in
a cohort of 30 patients who underwent primary TMR. For this purpose, we collected the
first postoperative sketch that patients completed at a clinic visit before the evaluation and
physical examination by the ICAN team.

A pain sketch consists of an upper or lower limb diagram depicting the frontal, lateral and
transverse (axial) views. Basic instructions to complete the diagram are outlined at the top
of the form, and the residual limb is highlighted on the figure for better visualization (Figure
1).

Two researchers and two physicians analyzed the sketches to reach consensus on

a comprehensive classification system. Patients’ drawings were categorized into four
categories. Category 1 included drawings with a focal pain (FP) distribution (Figure 2a).
Patients in this category drew one single X over the painful area or drew a circle to
delineate it. Category 2 included diffuse pain (DP) drawings where patients shaded the
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painful area, draw multiple circles, or placed “X’” on an extended area (Figure 2b). Category
3 was defined as the radiating pain category (RP) where patients drew one or more arrows
indicating the direction in which the pain extended from a specific point (Figure 2c). Patients
who did not draw a pain pattern and indicated “no pain” on the sketch, were assigned to
Category 4, the no pain category (NP) (Figure 2d). The reliability of this categorization
system was calculated by the inter-rater reliability (IRR) using Cohen’s kappa.l’ IRR was
based on blinded assessment of sketches in the four categories by four members of the

ICAN team.

Part II: Sketch categories and differences in pain progression.

The second objective was to evaluate differences in postoperative pain outcomes according
to the sketch categories. From the cohort of 30 patients, a subgroup of 20 patients who
completed a sketch during the early postoperative period (<3 months) were included. Pain
outcomes were defined based on pain scales patients completed during the postoperative
period. The earlier postoperative and the most recent follow-up scores were collected for
each scale. The difference between these scores was used to determine pain improvement
for each sketch category. Patients in the NP category were included because some of them
reported painful scores (>0.0) although they indicated having no pain on the sketch.

Pain scores were defined as the primary outcome, while PROMIS instruments were
secondary outcomes measured.18:1° Primary outcomes were collected via either the
Numerical Rating Scale (NRS) or the Defense & Veterans Pain Rating Scale (DVPRS). Both
scales are based on a 0-10 scale where 0 indicates no pain and 10 indicates most extreme
pain. The DVPRS includes emotion visualization correlating with the pain severity on the
scale. The NRS and DVPRS data were synthesized for the analysis as both scales have

been demonstrated to correlate well.20 Secondary outcomes were collected through Patient-
Reported Outcome Measurement Information System (PROMIS) instruments, including the
Pain Interference (Short Form 4a) and Pain Intensity questionnaires (Short Form 3a). A
higher equates to a higher pain interference and intensity, respectively. Pain data were
collected in the waiting room using tablets before the clinical evaluation. The questions were
specific to neuropathic pain in the affected limb, and patients reported the scores the same
day or within a few days of the date when the sketch was completed (median=0, IQR -2.5 -
0).

The timeline of the study procedure is presented in Figure 3.

For the primary outcome, improvement was defined based on the minimal clinically
important difference (MCID), described as a decrease of three or more points between
the first and follow-up score.2! For PROMIS instruments, the MCID has been reported as
2-3 points for Pain Interference and 5-6 points for Pain Intensity.22:23 These values were
determined in patient populations with chronic low back pain, chronic hip and knee pain
and neck pain not necessarily specific to neuropathic pain, so no MCID was set for the
secondary outcome.

Continuous variables were reported as medians with interquartile ranges (IQR) or means
with standard deviation (SD), and categorical variables as frequencies with percentages.
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Results

Part I: Sketch categories and reliability.

In the first part of the study, 30 patients who underwent primary TMR were included.
Twenty-four patients underwent amputation and TMR simultaneously. For the remaining 6
patients, the median time between amputation and TMR was 6 days (IQR 2-8). Patients’
demographics and treatment characteristics are listed in Table 1. Four members of the ICAN
team classified the sketches in each of one of the four categories by blinded assessment.
After analysis, an overall Kappa coefficient of 0.8 was obtained, which corresponded to

a strong level of agreement between raters.1” The NP category had the highest Kappa
coefficient (1.0), followed by the FP, DP, and RP categories (0.7). Out of the 30 patients, 10
patients (33%) drew sketches that were congruent with FP, 8 (27%) reported NP, 7 (23%)
reported DP and 5 (17%) reported a RP pattern.

Part Il: Sketch categories and differences in pain progression.

Twenty patients from the initial cohort met the criteria to be included in this second analysis.
The median time between the TMR and the postoperative sketch, the earlier and follow-up
scores for the primary outcome, and the median follow-up time from TMR are presented in
figure 3. Per sketch category, the median follow-up time from TMR was 6.1 months (IQR
4.5-9.2) in the FP, 5.6 months (IQR 3.9-6.7) in the NP, 5.9 months (IQR 3.5-8.4) in the RP
and 3.7 months (IQR 2.9-5.0) in the DP category.

Primary outcome (NRS/DVPRS)

From all the 20 patients who reported pain scores at the early postoperative and follow-up
periods, 8 patients were in the FP category, 6 in the DP, 4 in the NP and 2 in the RP
category. Although a pain score of 0.0 would be expected for patients who indicated not
having pain on the sketch, three patients reported scores indicating pain (>0.0). One patient
in the NP category and one in the DP category reported pain scores of 0.0 at both periods.
The remaining patients in the NP category, 3 patients (50%) in the DP and 3 (38%) in the
FP category improved three or more NRS/DVPRS points over time. We did not observe
improvement of three or more NRS/DVPRS points for patients in the RP category.

Out of 20 patients, 9 patients (45%) were pain-free (NRS/DVPRS=0.0) at their most
recent follow-up. The change in pain scores did not differ significantly between sketches
categories. Pain scores mean per sketch category at early postoperative and follow-up
periods and the mean score change for patients-reported primary outcomes are represented
in Figure 4.

Secondary outcome (PROMIS Pain Interference and Pain Intensity)

The secondary outcome was analyzed for the 15 patients who reported PROMIS
instruments. Of them, 8 patients were in the FP category, 5 in the DP and 2 in the

RP category. The secondary outcome for the NP category was not reported due to the
low response rate (25%). The median time between scores was 2.4 months (IQR 1.7 —
4.3). PROMIS Pain Interference and Pain Intensity mean per sketch category at early
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postoperative and follow-up periods and the mean score change for patients-reported
secondary outcomes are represented in Figures 5 and 6, respectively.

Discussion

Pain experienced by residual limb patients has been found to be highly patient-dependent,
and its interpretation to guide diagnosis and treatment has remained challenging. While
certain pain measurement tools have been validated and globally accepted methods for

use in clinical practice, they do not assess qualitative aspects of pain which may be an
important contribution during the informed decision-making process.24:25 Other validated
and non-validated tools have added items to improve their performance but required clinical
examination items often decrease ease and likelihood of scale completion.28 Moreover, the
lack of a gold standard metric for pain assessment has justified the introduction of new

tools to improve the performance of the existing scales.?® Pain sketches’ internal validation
was the first step and the primary objective of this study. Four categories representing pain
distribution were defined and demonstrated consistency across the physicians who blindly
assessed the sketches. Pain sketches were determined to be reliable in this setting, and they
were easy and efficient to apply. Patients completed the form in less than 5 minutes, and

the veracity of the findings may obviate aspects of the clinical examination. Moreover, pain
sketches have the potential to be categorized into different patterns of pain distribution. They
elucidate qualitative characteristics of pain that can be a valuable supplement to track pain in
these patients.

For this reason, we analyzed the progression of postoperative pain in a subgroup of patients
who completed a sketch at the early postoperative period (< 3 months). Although high
variability between patients might be associated with the tissue healing process, the average
time between the amputation and onset of nerve-related pain has been reported to be around
11.6 weeks.2” For these patients, involved nerves had not regenerated completely, and the
effect of TMR was not yet manifest. For these patients, involved nerves had not regenerated
completely, and the effect of TMR was not yet manifest. Previous studies with a minimum
follow-up time of 3 months reported lower pain in TMR patients compared to traditional
amputees based on numerical pain scales.>:92829 The scores reported in TMR patients are
similar to those reported for patients in the NP, DP, and FP categories and differ from

those reported in the RP category.>13 This finding shows the potential of pain sketches

in differentiating pain experienced by patients and complementing numerical scores with a
qualitative description of pain.

For the secondary outcome, our results demonstrated pain improvement for the DP and FP
categories. For the RP category, PROMIS Pain Interference and Pain Intensity were not
congruent. One reason might be that PROMIS instruments analyze different aspects of living
with pain that could tend toward variable changes over time.2 A limitation of analyzing the
secondary outcome in the NP category could be improved with a larger sample size.

There are potential hypotheses for the differences in the progression of pain among patients
in each sketch category. Patients in the NP category may have intermittent painful sensations
that were not present or not easy to perceive and represent on the sketch. This finding could
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be the reason why some patients reported pain scores of >0.0 but wrote “no pain” on the
sketch. Regardless, the authors believe it is reasonable to include the NP patients in the
analysis, since they are a considerable group within the total cohort. Future studies should
investigate whether similar sketches can achieve comparable results and determine whether
additional instructions or sketch categories will improve pain assessment in these patients.

We hypothesized that pain in the form of PLP and RLP is mainly embodied by the DP and
FP categories. All the sketches that resemble PLP in which patients represented pain in the
limb no longer present were included in these categories. Previous studies comparing TMR,
and general amputee cohorts demonstrated less PLP and RLP after TMR, which might
explain the improvement of pain observed in these categories after primary TMR.59:28.29

Pain scores from patients in the FP category remained higher compared to those of the NP
and DP categories. One reason for this finding could be that the focal area they marked in
the sketch had a distinct source of pain (i.e., mechanical) for which TMR had limited effect.

Radiating pain may arise from nerve entrapment, root avulsion, or radiculopathy, and is

not often typical of neuroma-related pain.2* Patients in the RP category underwent limb
salvage procedures secondary to open fractures, extensive tissue damage, and infection.

A potential explanation for such patients developing radiating pain might be intraneural
changes and edema along the nerve (i.e., double crush phenomenon) that TMR was not able
to completely address.

These findings reinforce the benefit of introducing tools for pain morphology assessment.
Further studies using amputee databases are being conducted to determine the progression of
pain in patients with longstanding major limb amputations and different pain morphologies.

Prior literature supports the limitation of self-reported pain scores in reporting pain
outcomes in this setting.2%-11 Such scores typically represent a snapshot, and may change
over the course of hours or days after the reported score. While the authors agree that pain
is highly subjective, this limitation is difficult to overcome. Furthermore, the lack of a gold
standard method supports our proposal that pain sketches should be considered a pre- and
postoperative pain assessment parameter.

A previous study reported factors related to neuropathic pain following lower extremity
amputation.3% Our sample size limited a subgroup analysis based on these factors that
would reduce confounders. However, given the good inter-rater reliability of the sketches,
the concept can be applied to larger cohorts allowing statistical inferences regarding pain
morphology in residual limb patients.

Pain sketches are an important adjunctive tool utilized for pain assessment and patient
education in our ICAN program, while aiding patients in expressing complex pain
conditions. A specific pain distribution within an anatomical location could aid in better
defining and reporting pain outcomes. The topic of pain sketches has been reported in
recent studies by Gfrerer et al. (for headaches and migraines) and Hullemann et al.

(for radiculopathies). These studies evaluated the use of pain sketches to describe pain
patterns and guide treatment.1415 These observations reinforce the benefit of introducing
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new modalities for nerve-related pain disorders assessment. Next to quantifying pain using
numerical scales, sketches may enhance pain interpretation and guide management. Adding
objective data (e.g., X-rays, magnetic resonance imaging findings) to guide surgery and
identify potential sources of pain needs to be explored.

Conclusions

This study reported the application of pain sketches in distinguishing among various pain
morphologies with good interrater reliability in a cohort of patients who underwent primary
TMR. The differences in pain progression observed in patients within different sketch
categories demonstrated the ability of this modality to complement unidimensional (e.g.,
NRS) and multidimensional (e.g., PROMSs) numerical scales for pain evaluation. Future
studies with larger sample sizes could analyze and externally validate the value of pain
sketches to benefit a broader population of patients (e.g., secondary TMR, non-amputee)
with nerve-related pain.
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Directions:

1. Place a black X over the areas that you feel pain. If you have pain in one or more areas, you may
place multiple X’s on the drawing.

2. Next, using an arrow in a different color, draw the direction in which your pain travels from the X.
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Figure 1.
Blank Below-Knee Amputation (BKA) pain sketch.
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Figure 2a.
Category 1: Focal Pain (FP) sketch.
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Figure 2b.
Category 2: Diffuse Pain (DP) sketch.
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Figure 2c.
Category 3: Radiating Pain (RP) sketch.
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Figure 2d.
Category 4: No Pain (NP) sketch.
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Assessment 2
(most recent follow-up)
Pain Scores*
PROMS**
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4.9 months, IQR: 3.4-6.8

Figure 3.

Diagram of the study procedure timeline.
*NRS/DVPRS (n=20), **PROMIS Pain Interference and Pain Intensity (n=15).
(Created with BioRender.com)
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Pain Score (NRS/DVPRS)

Figure 4.
Pain scores per sketch category at early postoperative and follow-up periods, mean (SD)

black bar: No Pain (n=4), red bar: Diffuse (n=6), blue bar: Focal (n=8), green bar: Radiating
(n=2)

*Mean score change

(GraphPad Prism version 9.5.1 for macOS, GraphPad Software, San Diego, California USA,
www.graphpad.com).
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Figureb.

PROMIS pain scores per sketch category at early postoperative and follow-up periods, mean
(SD)

red bar: Diffuse (n=5), blue bar: Focal (n=8), green bar: Radiating (n=2)

*Mean score change

(GraphPad Prism version 9.5.1 for macOS, GraphPad Software, San Diego, California USA,
www.graphpad.com).

Plast Reconstr Surg. Author manuscript; available in PMC 2024 May 01.


http://www.graphpad.com/

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Gomez-Eslava et al.

Page 19

2
z 60 "
E %‘ = IF
£ o B T T e s
i« Am
5  20-
o E
o §
g
6.5 3.6 14

Figure®6.
PROMIS pain scores per sketch category at early postoperative and follow-up periods, mean

(SD)

red bar: Diffuse (n=5), blue bar: Focal (n=8), green bar: Radiating (n=2)

*Mean score change

(GraphPad Prism version 9.5.1 for macOS, GraphPad Software, San Diego, California USA,
www.graphpad.com).
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Table 1:
Baseline characteristics
Variable Patient L evel
(n=30)
Age in years, mean (SD) 50 (2.8)
Male, n (%) 17 56%
Race/ethnicity
Caucasian, n (%) 27 90%
Hispanic/Latino, n (%) 1 3%
Not reported, n (%) 2 7%
Smoker, n (%) 4 13%
Diabetic, n (%) 6 20%
History of chronic pain, n (%) 15 50%
Psychiatric comorbidity, n (%) 12 40%
Medication at time of evaluation
Against neuropathic pain and opioids, n (%) 12 40%
Against neuropathic pain or opioids, n (%) 9 30%
No medication against neuropathic pain or opioids, n (%) 9 30%
Limb
Level
Location of Limb and amputation type
Lower limb; BKA*, n (%) 22 73%
Lower limb; AKA **, n (%) 5 17%
Upper limb; Transradial, n (%) 2 7%
Upper limb; Transhumeral, n (%) 1 3%
Indication for amputation
Trauma, n (%) 13 43%
Infection, n (%) 8 27%
Cancer, n (%) 5 17%
Other, n (%) 3 10%
Vascular, n (%) 1 3%
Number of nerves treated, median (IQR) 4 (3-5)

*
Below-Knee Amputation,

*Kk
Above-Knee Amputation
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