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Symptomatic neuromas are a frequent contributor of 
residual limb pain, and the study by Buch et al. describes 
a well-designed investigation examining the relationship 
between swollen neuromas and postamputation pain. 
Chronic pain is an unfortunate consequence of amputation 
with approximately 65–81% of patients reporting pain 
that persists far beyond the expected post-surgical healing 
period (1,2). Over 1.6 million people are living with major 
extremity loss in the United States (3), and up to 1.3 million 
of these patients suffer from chronic pain. Unfortunately, 
much of the existing literature on postamputation pain 
describes it as a unidimensional entity, failing to recognize 
that pain after amputation is broadly differentiated into 
two distinct experiences known as residual limb pain (i.e., 
stump pain) as well as phantom limb pain. The authors 
are to be commended for conducting a study that includes 
purposeful investigation of both of these pain subtypes and 
for recognizing the importance of how centrally-mediated 
pain is in part facilitated by peripherally-mediated pain. 

In this study, the authors found no statistically 
significant difference in the incidence of swollen neuromas 
in amputation patients with pain as compared to those 
without pain. In addition, there was no association between 
stump pain or phantom pain and the presence of swollen 
neuromas. Furthermore, the number of swollen neuromas 
did not seem to be associated with stump pain or phantom 
pain either. These are important findings because, as the 
authors emphasize, a discrete identifiable bulb at the end 
of a transected peripheral nerve (e.g., a swollen neuroma) 
has been used in previous studies as a critical diagnostic 

criterion. Our experience affirms the authors’ finding that 
identifiable swelling of a terminal nerve end is not in itself 
pathognomonic of a symptomatic (i.e., painful) neuroma. 
All cut peripheral nerves will attempt axonal regeneration, 
and without any distal targets for reinnervation, all will form 
neuromas. Some of these neuromas are bulbous and look 
swollen while others display a less impressive appearance. 
Some neuromas may be asymptomatic whereas others are 
exquisitely painful, but this is independent of the degree of 
swelling that is present at the distal end of the nerve.

In our practice, the diagnosis of a symptomatic neuroma 
is largely a clinical one and is dependent on pain solicited 
from the end of the nerve. A patient with a history of 
peripheral nerve transection with a symptomatic neuroma 
will demonstrate a positive Tinel’s sign upon manual tapping 
over the distal end of the residual nerve (4,5). The patient 
will usually experience unambiguous neuropathic pain at 
the site of the tapping and this helps localize the neuroma. 
Ultrasound imaging is not mandatory for the diagnosis of a 
symptomatic neuroma; however, ultrasounds can be useful 
in identifying smaller neuromas or confirming the presence 
of a neuroma in difficult cases. Injection of local anesthetic 
in conjunction with ultrasound imaging is highly specific for 
diagnosing symptomatic neuromas (6) and is a valuable way to 
predict that surgical intervention for a symptomatic neuroma 
might be effective. Other imaging modalities, including 
magnetic resonance imaging, computed tomography, and 
roentgenography, can be useful in ruling out other known 
causes of residual limb pain such as heterotopic ossification, 
osteophytes, bursitis, myositis, and infection. 
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Although ultrasound imaging is a useful way to confirm 
the presence of a neuroma (symptomatic or not), notable 
limitations exit. In clinical practice, ultrasounds are 
highly dependent on the experience of the technician and 
some may not be as familiar in identifying symptomatic 
neuromas versus asymptomatic neuromas after amputation. 
Furthermore, the reliability of ultrasounds to detect 
soft tissue structures decreases with increasing depth, 
particularly in scenarios where the area of interest lies 
behind bone or is encased in scar, as with a tibial nerve 
neuroma located just posterior to the residual tibia (6). 
Another potential limitation in the ultrasound protocol 
used in this study may have been the lack of consistency in 
identifying all neuromas within a residual limb. In a below 
knee amputation, for example, the authors report scanning 
for neuromas along the major anatomical peripheral nerves 
(i.e., tibial and peroneal nerves). However, we have seen 
many instances where small unnamed sensory nerves 
contributed to a considerable amount of residual limb pain. 
Therefore, since ultrasound identification of neuromas was 
used as a means to determine study eligibility and assess 
study outcomes, any symptomatic neuromas that were 
missed may have negatively influenced results. 

Despite these limitations, the authors are to be 
commended for their ability to recruit a considerable 
number of patients given the degree of rigorous testing 
involved in this study. Power calculations were conducted 
before study commencement, and the authors were able to 
recruit above the minimum number of patients required. 
However, many of the results failed to reach an effect 
size with statistical significance even with these statistical 
considerations. As many of these results were comparisons 
involving residual limb pain and phantom limb pain 
subgroups, it is possible that although the study had 

sufficient power to assess a relationship between neuroma 
swelling and post-amputation pain in general, it was 
underpowered to detect differences on subgroup analysis. 

This study indicates that while the presence of swollen 
neuromas is not a driver for either residual limb pain or 
phantom limb pain, the transected peripheral nerves still 
play a critical role in contributing to postamputation pain. 
In recent years, clinical research in surgical techniques to 
treat and prevent symptomatic neuromas has placed an 
emphasis on leveraging regenerative strategies to minimize 
neuroma formation. Specifically, these techniques offer 
regenerating axons distal targets for reinnervation. By 
allowing reinnervation to occur, these approaches reduce 
the number of axons within a transected peripheral nerve 
that are available to form a symptomatic neuroma (7-10).  
In turn, less neuroma pain results in less residual limb 
pain. Furthermore, less peripheral nervous system pain 
is beneficial in reducing central sensitization and the 
likelihood of developing chronic pain (5). 

The two prevailing strategies to reduce symptomatic 
neuromas after amputation injury are targeted muscle 
reinnervation (TMR) and regenerative peripheral nerve 
interfaces (RPNIs). Both surgical approaches were originally 
conceived as ways to capture efferent action potentials from 
transected peripheral nerves after major limb amputation to 
facilitate control of a prosthetic device. In addition, TMR and 
RPNIs were later found to also alleviate postamputation pain; 
although the two differ significantly in surgical technique, 
both alleviate neuroma pain by leveraging the biologic 
processes of nerve regeneration and muscle reinnervation. 

RPNI surgery was developed at our institution and 
involves implantation of a transected nerve end into a small 
autologous free muscle graft (Figures 1,2). Similar to the 
mechanism of skin graft healing, this free muscle graft is 
able to revascularize and regenerate over time through 
nutritional support from the surrounding soft tissue and 
vascularity from the implanted nerve (11-13). Importantly, 
harvest of the free muscle graft results in complete 
denervation of this tissue. The implanted nerve will undergo 
axonal sprouting and reinnervate the free muscle graft to 
form new neuromuscular junctions (13-16). In doing so, the 
reinnervation process will reduce the number of purposeless 
axons contributing to neuroma formation. 

RPNIs have been successfully utilized in humans as a 
prophylactic measure and as a treatment modality. In Woo 
et al. (9), sixteen patients were identified retrospectively 
that underwent surgery for a total of forty-six symptomatic 
neuromas. Following RPNI surgery, these patients on 

Figure 1 Illustrative Schematic of the RPNI. The muscle graft is 
secured to and wrapped around the free nerve ending (in yellow).
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Figure 2 Regenerative peripheral nerve interface (RPNI) surgery at the time of below knee amputation. (A) Peripheral nerves are identified 
at the time of amputation. Multiple free muscle grafts are harvested from the amputated limb. (B) An RPNI is constructed by implanting 
the end of the peripheral nerve into a free muscle graft. Each muscle graft is wrapped around the nerve. The RPNIs are then positioned as 
proximally as possible within the residual limb before closure.

average reported a reduction in neuroma pain of 71%. 
Remarkably, there was also a 53% reduction in phantom 
limb pain. In a study examining the prophylactic use of 
RPNIs during major limb amputation (10), forty-five 
patients were identified retrospectively that underwent 
RPNI construct implantation at time of initial extremity 
amputation and matched with a comparative control group. 
A significantly lower incidence of RPNI patients developed 
symptomatic neuromas compared to control patients (0% 
versus 13%), and there was also a significantly lower rate 
of phantom limb pain in the RPNI patients compared to 
control patients (51% versus 91%). Our clinical experience 
echoes the conclusion made by the Buch et al. study that 
postamputation pain, and specifically neuroma pain, is not 
related to neuroma swelling. Given the efficacy of RPNI 
surgery and its ability to transform the management of 
postamputation pain, it is in fact the lack of reinnervation 
after peripheral nerve transection that instigates neuroma 
pain and subsequently fosters phantom limb pain.

In order to further delineate the relationship between 
postamputation pain and the presence of swollen neuromas, 
the authors pursued additional objective measures of pain. 
Thermal and mechanical allodynia is a defining characteristic 
frequently observed in this population and can be a reliable 
measurement if assessed appropriately (1,5,6). In this study, 
56.6% of those with swollen neuromas were found to have 
quantifiable allodynia on exam as compared to only 28.6% of 
those without swollen neuromas. Although this finding was 
not statistically significant on their analysis (P=0.08), it may 
be clinically relevant, and it is possible significance could be 
achieved with a larger study population. 

The authors additionally obtained pressure pain 
thresholds (PPTs) from patients identified with swollen 
neuromas through the use of a handheld electronic pressure 
algometer. We do not typically apply this technique in our 
practice to diagnosis neuromas, but it is a validated method 
that has considerable value for research purposes. In this 
study, the authors did not note a difference in PPT in those 
with (158.8 kPa) and without (119.0 kPa; P=0.95) phantom 
pain. However, they did note a significant difference in 
those patients with (134.7 kPa) and without (144.0 kPa; 
P=0.004) residual limb pain. Despite achieving some 
statistical significance, these comparisons have limited clinical 
applicability as PPTs were only obtained from patients whose 
terminal nerves were identified as swollen by the authors.

Buch et al. have published an insightful study indicating 
that the presence of a physical swelling at the terminal 
nerve end identified by ultrasound imaging is not clinically 
meaningful in regards to the experience of neuroma pain or 
phantom limb pain. Their findings favor the use of clinical 
methods to diagnose symptomatic neuromas as opposed 
to relying on radiologic criteria. Their conclusions also 
emphasize the importance of the transected peripheral 
nerves in contributing to postamputation pain. Clinicians 
caring for amputation patients should consider exploring 
how methods to offer reinnervation to the transected 
peripheral nerves might mitigate residual limb pain and 
phantom limb pain after amputation.
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