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Abstract

Background: The purpose of this case report is to describe the findings of a neuroma within an allograft, highlight the
unique opportunity to evaluate the allograft (following human engraftment) ex vivo histologically, to reinforce an effective
treatment strategy, and review outcomes in peripheral nerve surgery regarding gap defect distance. Method: A 55-year-
old, right hand dominant man suffered a workplace injury 37 years ago resulting in lacerations and crush injury of the palm
and lacerations of the left index finger requiring multiple neuroma excisions and eventual ray amputation. In an attempt to
address stump neuroma pain and restore sensation of the radial digital nerve of the middle finger, which was lost after the
ray amputation, a neuroma was resected and reconstructed with a 45-mm bioabsorbable allograft (AxoGen, Inc, Alachua,
Florida). After the inciting injury in 1977, the patient initially presented to our clinic in 2013 with return of pain at the palm
and numbness along the distribution of the common digital nerve and radial nerve of the middle finger prompting surgical
exploration. A recurrent common digital nerve neuroma was identified at the proximal aspect of the allograft measuring 20
mm and was resected along with the remaining allograft. Results: A 50-mm reversed superficial peroneal interpositional
nerve graft was used for reconstruction resulting in progressive resolution of pain. On 6-month follow-up, the patient
regained indiscriminate sensation with moving 2-point discrimination at the pulp of the middle finger with improved grasp
function. Conclusion: In the setting of recalcitrant neuromas and intractable pain following multiple neuroma excisions,
allografts may be suboptimal in reconstruction of larger gap defects. Autologous reconstruction with porcine submucosa
extracellular matrix, as in this case, can avoid tethering, local ischemia, and nerve traction to optimize outcomes.
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Introduction excisional procedures. Recommendations for implementing
allograft versus autograft nerve are constantly in flux with
regard to the defect gap distance, but the surgical site and his-
tory may aid in selecting an optimal approach. Herein we
present a 55-year-old male with a recalcitrant neuroma hav-
ing undergone more than 17 surgeries over the span of 37
years, recently failing allograft nerve reconstruction and ulti-
mately was reconstructed with autologous peroneal nerve to
achieve a successful outcome. The purpose of this case is to
report the findings of a neuroma within the allograft,

Following the implementation of collagen-derived nerve
conduits, the advent of allogeneic processed nerve graft in
2009 gained momentum as a viable option in reconstructing
absent or damaged nerve segments.® The preserved, decel-
lularized, extracellular matrix architecture, which is present
grossly from the epineureum down to the microscopic level
of endoneural tubes, fosters host cellular ingrowth and tar-
gets neuronal sprouting in an organized manner."> The con-
servative application of Avance® Nerve Graft (AxoGen,
Inc, Alachua, Florida) for defects less than 20 mm boasted
encouraging results both from motor and sensory outcomes R Y ShO " X
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highlight the unique opportunity to evaluate the allograft ex
vivo and histologically, reinforce an effective treatment strat-
egy, and review outcomes in peripheral nerve surgery regard-
ing gap defect distance.

Case

A 55-year-old, right hand dominant, Caucasian male sus-
tained a workplace machinery injury in 1977 resulting in
multiple lacerations of zone II of the left index finger with
zone III palmer laceration and crush injury. Over the next 12
years, the patient developed progressive hypersensitivity ulti-
mately failing transcutaneous nerve stimulation therapy, oral
analgesia, and multiple scar and neuroma excisions. This
ultimately led to ray amputation of the left index finger in
1989, which resolved symptoms for 4 years. He subsequently
developed stabbing pain at the previous surgical site prompt-
ing further surgical interventions, including 2 neuronal stump
resections in 1993 resolving his symptoms for 6 to 7 years.
The stabbing pain returned, and in 2013, he underwent exci-
sion of a recalcitrant neuroma of the common digital nerve of
the second digital web space and radial digital nerve of the
middle finger with nerve repair using a 45-mm bioabsorbable
allograft (Avance® Nerve Graft; AxoGen, Inc, Alachua,
Florida). The patient did not find relief following surgery, and
his stabbing pain continued with impaired grasp function due
to pain ultimately reducing his quality of life.

At this point, the patient presented to our clinic for further
treatment. A diagnostic and therapeutic nerve block over the
distribution of the common digital nerve and radial digital
nerve of the middle finger provided relief for several hours.
A history of cervical spine fusion and cervical spinal steno-
sis precluded candidacy for placement of a spinal nerve
stimulator, and he also did not desire a forearm median nerve
stimulator. Approximately 37 years following his initial
injury and 17 hand surgeries in the interim, the patient
underwent surgical exploration. A large 20-mm neuroma of
the common digital nerve was identified in the proximal
graft (Figure la). The neuroma and bioabsorbable nerve
graft were excised proximal to the common digital nerve
coaptation and distal to the radial digital nerve coaptation
(Figures 1b and lc). A 50-mm segment of reversed autolo-
gous interpositional nerve graft, harvested from the left
superficial peroneal nerve, was used to reconstruct the com-
mon digital nerve at the takeoff of the median nerve to the
radial digital nerve of the middle finger (Figure 2). The
proximal and distal nerve coaptations were wrapped with
porcine submucosa extracellular matrix (AxoGard® Nerve
Protector; AxoGen, Inc, Alachua, Florida). There were no
postoperative complications, and the patient experienced
progressive improvement of pain following surgery. On
6-month follow-up, the patient regained indiscriminate sen-
sation with moving 2-point discrimination at the pulp of the
middle finger and exhibited pain relief of the palm and mid-
dle finger. Improved grasp function was also observed.

Discussion

The treatment of recurrent neuromas can be challenging
for the surgeon but also poses a particularly arduous and
prolonged process for the patient. The cohort of patients
with unresolved pain following neuroma excision is
more likely to undergo multiple excisional procedures.'
Following digit amputation, patients have a significantly
increased risk of neuroma formation with the incidence
varying from 7.8% to 30%.”'"° Leaving a nerve defect
may result in sensory dysfunction with secondary motor
deficits leading to a decreased quality of life. This case
report demonstrates the pervasiveness of recalcitrant neu-
roma, its resistance to multiple treatment strategies, and
the impact of long-term pain on hindering specific hand
function.

Multiple strategies for effective means of nerve repair
include primary end-to-end nerve coaptation, utilizing an
allograft nerve conduit, and implementing autologous con-
duits. When a digital nerve defect is too large for end-to-end
neurorrhaphy, determining the type of nerve reconstruction
should be based on multiple factors, including length of nerve
defect, magnitude of sensory defect, available donor nerves,
caliber contrast of donor and recipient nerve, and ease of har-
vest. Typically, autologous nerve grafts are reserved for
lengthy nerve gaps, but allogeneic bioabsorbable grafts are
better suited for nerve gaps less than 20 mm.” Shorter nerve
grafts using processed nerve allografts provide pre-degener-
ated, decellularized human nerve tissue that provides a con-
ducive environment for axon regeneration.” However, this
case confirms that such conduits may be ineffective within
longer gaps. This is inconsistent with the Registry Study of
Avance® Nerve Graft Evaluating Outcomes in Nerve Repair
(RANGER) data, which support the use of nerve allograft in
segment defects up to 50 mm, even in the setting of chronic
injury.® It remains unclear why such findings deviate from
analogous allograft nerve studies. Wangensteen and
Kalliainen reported effective use of collagen tubes in 43% of
nerve injuries for defects up to 20 mm."" Segmental nerve
defects of greater than 30 mm are more prone to adhesions,
pressure ischemia, and loss of sensory discrimination.® In
fact, Liodaki et al have published a series of unsuccessful
nerve conduit requiring explantation, all of which were found
to have histologic evidence of excessive inflammatory reac-
tions with disorganized neuronal growth.” However, favor-
able outcomes for bioabsorbable nerve conduits, tension-free
end-to-end nerve coaptation, and autografts for shorter gaps
are comparable yet vary from 60% to 90%.""*'"'* Despite
novel conduits gaining momentum in the clinical realm, they
remain alternatives to the gold standard of autologous nerve
grafting, especially when faced with nerve defects greater
than 30 mm.

Autologous nerve interposition repairs are limited by the
availability of a suitable sensory donor nerve grafts.*
However, autologous nerve grafts have several drawbacks,
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Figure |. (a) Exposure of the previously failed surgery reveals the allograft with a proximal neuroma of the common digital nerve.
(b) Recalcitrant neuroma ex vivo. (c) A cross-section hematoxylin and eosin stain of neuroma. Low-power field demonstrating
fascicles within the lumen of the allograft (upper left). High-power field magnification of fascicles varying in size, characteristic of
neuromas (upper middle and lower).

including donor site sensory loss, an extra incision site, scar ~ the lateral aspect of the ankle and is usually the nerve of
formation, and the potential for developing of a painful neu-  choice for repair of nerves in the hand or brachial plexus. In
roma. The sural nerve is a purely sensory nerve innervating  addition, it is able to provide the greatest available length
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Figure 2. (a) The reversed interposition superficial peroneal
nerve graft is anastomosed proximally to the common digital
nerve takeoff of the median nerve and distally to radial digital
nerve of the middle finger. (b) Closer magnification shows
the porcine submucosa extracellular matrix nerve protector
wrapping the nerve coaptations (arrow heads).

(up to 40 cm) for repair.” Higgins et al determined that the
sural nerve is the most appropriate donor nerve for the com-
mon digital nerve proximal to the bifurcation, while the lat-
eral antebrachial cutaneous nerve is the best match from the
fingertip trifurcation to the common digital nerve bifurca-
tion.” Another suitable option includes the superficial pero-
neal nerve, which innervates the peroneus longus and brevis
muscles and provides sensation to the dorsal foot and lateral
aspect of the lower extremity. This graft provides adequate
length in addition to sensory and motor functions and has
been described as an alternative comparable with the sural
nerve.” Selecting the superficial peroneal nerve as a primary
rather than alternative donor nerve may be favored due to
its predictable anatomic course, few branch points, ease of
dissection, suitable diameter for coaptation, and maintain-
ing supine intraoperative positioning, precluding the need
for any intraoperative positional changes.” In addition, the
porcine submucosa extracellular matrix (AxoGard® Nerve
Protector; AxoGen, Inc, Alachua, Florida) was used because
the surgical site had already proven to be prone to scarring
and because the coaptations were located in more confined
anatomic spaces in a re-operated site. The decision to select

the superficial peroneal nerve was driven by the author’s
(R.A.D.) preference due to good size match with the recipi-
ent nerve and an easy harvest precluding the need to rotate
the leg as it is required for sural nerve harvest. In addition,
the distal superficial peroneal nerve fibers are sensory fibers
innervating non-critical sensation of the dorsum of the foot.
Our patient had no donor nerve site complaints.

Given the multitude of treatment options, the chosen
technique should be tailored to each individual patient. In
the setting of recalcitrant neuromas and intractable pain fol-
lowing multiple neuroma excisions, it is prudent to use
autologous reconstruction if the nerve defect is at least 30
mm. Furthermore, the surgeon should expect a previously
operated surgical site to be prone to adhesions and may
elect to protect each nerve coaptation with porcine submu-
cosa extracellular matrix, as in this case, to avoid tethering,
local ischemia, and nerve traction. Although the available
literature suggests allografts can be successfully utilized in
30- to 50-mm gap defects, it remains unclear whether this
approach is comparable in primary neuroma excision, recal-
citrant neuroma excision, or both. More clinical studies are
needed to investigate the different types of nerve grafts,
length of nerve defects, and types of neuromas (primary or
recalcitrant) to determine superior treatment modalities.
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