Machine Learning and Computer Vision for Detection and Classification of Pain in Lower Extremity Amputees
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Neuropathic pain affects 59-64% of amputees, often associated with symptomatic neuromas. .- From 206 amputees (35.2% female, mean age 47.0+18.6 years), we analyzed 588
Targeted Muscle Reinnervation (TMR) has shown efficacy in managing this pain by rerouting pain sketches classified as diffuse (37.1%), focal (21.3%), no pain (19.6%), and
transected nerves to nearby muscles. Pain sketches help visualize pain patterns and may ;. radiating pain (12.0%). Our neural network performed best distinguishing no pain
predict TMR outcomes, but their manual interpretation introduces subjectivity. Machine - & versus diffuse pain (AUROC: 0.799), with good performance differentiating no pain
learning offers potential for automated, objective classification that could standardize ¢, & ® versus focal pain (AUROC: 0.690), no pain versus radiating pain (AUROC: 0.745), focal
interpretation and improve surgical decision-making. This study aims to develop and evaluate - versus radiating pain (AUROC: 0.755), and diffuse versus radiating pain (AUROC:
a machine learning approach for classifying pain sketches from lower extremity amputees
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Machine learning can effectively automate pain sketch classification in lower extremity
amputees, offering potential for preoperative planning. Despite limited training data,
our models achieved performance comparable to other medical image classification
systems. This automated approach could enhance standardization in pain assessment
and improve surgical decision-making. The hierarchical clustering revealed that
anatomical location of pain may be an important factor not explicitly considered in
current classification systems. Future work will expand the dataset, include upper
extremity cases, and link preoperative sketch patterns to surgical outcomes to develop
a more robust prognostic tool for personalizing treatment of post-amputation
neuropathic pain.
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Material & Methods

We analyzed 588 pain sketches from 206 lower extremity amputees treated between 2021-
2024. Patients underwent either primary TMR (33.0%) or secondary TMR (67.0%). We
excluded upper extremity amputations, hip disarticulations, transmetatarsal amputations,
bilateral drawings, and improperly completed sketches. Images were standardized and
categorized into four pain types: no pain, focal, diffuse, and radiating. We developed a custom
convolutional neural network architecture and split data into training (70%), validation (15%),
and test (15%) sets. Binary classification models were trained for each pain category pair, and
hierarchical clustering was performed to identify novel pain distribution patterns potentially
missed by manual classification.
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