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Abstract: Compression and irritation 
at the plantar aspect of the transverse 
intermetatarsal ligament may 
lead to a compressive neuropathy 
called Morton’s neuroma. There 
are many treatment options for 
Morton’s neuroma, with the most 
common surgical option being 
traction neurectomy. While there 
has been success in many surgical 
procedures, up to 35% of patients 
treated with traction neurectomy have 
recurrent pain and up to one-third 
of these patients have a recurrent 
stump neuroma. These neuromas 
are caused by abnormal axonal 
growth during regeneration, leading 
to an unorganized mass of fibrotic 
collagenous tissues, Schwann cells, 
and axons. More recent surgical 
treatments of neuromas have included 
nerve capping, which has been 
proposed to prevent painful neuroma 
formation by isolating the nerve 
end from external chemosignaling 
and reducing disorganized 

axonal outgrowth. An off-the-shelf, 
biocompatible porcine small intestine 
submucosa (pSIS) derived nerve 
cap with internal chambering has 
been investigated in a rodent study, 
which showed less pain sensitivity 
and less axonal swirling indicative of 
reduced likelihood of 
neuroma formation. 
Furthermore, a 
recent clinical 
study indicated that 
patients experienced a 
significant reduction 
in pain 3 months after 
Morton’s neuroma 
excision followed by 
repair using a nerve 
cap. This article 
describes the surgical technique of 
the aforementioned clinical study to 
mitigate neuroma formation, where 
a Morton’s neuroma is excised, and 
the remaining proximal nerve stump 
is inserted within a nerve cap and 
buried in the surrounding muscle.
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Introduction
Morton’s neuroma is a compressive 

neuropathy related to a perineural 
fibroma of the common plantar 
interdigital nerve, which results from 
compression and constant irritation at 

1106642 FASXXX10.1177/19386400221106642Foot & Ankle SpecialistFoot & Ankle Specialist
research-article2022

A Method for Entubulating 
Exposed Nerve Ends 
Following Neurectomy Using 
a Porcine Extracellular 
Matrix Nerve Cap

DOI:https://doi.org/10.1177/19386400221106642. From Austin Foot and Ankle Specialists, Austin, Texas (CHT) . Address correspondence to: Craig H. Thomajan, DPM, Austin Foot and 
Ankle Specialists, 5000 Bee Caves Road, Suite 202, Austin, TX 78746; e-mail: thomajan@austinfootandankle.com.

For reprints and permissions queries, please visit SAGE’s Web site at http://www.sagepub.com/journalsPermissions.nav.

Copyright © 2022 The Author(s)	

〈 	 〉

Craig H. Thomajan, DPM

Techniques

. . . patients experienced significant 

pain reduction as early as 3 months after 

Morton’s neuroma resection with the nerve 

stump entubulated within a nerve cap.”
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the plantar aspect of the transverse 
intermetatarsal ligament, primarily in 
the third intermetatarsal space. This 
compression or irritation may lead to a 
disruption or injury to the peripheral 
nerve’s continuity, which 
microscopically results in Renaut’s 
bodies, axonal demyelination, axonal 
loss, and fibrosis.1 Morton’s neuroma 
pain is most frequently located on the 
plantar aspect of the forefoot and is 
usually characterized by a feeling of 
walking on a pebble, although 
numbness of the toes and sharp or 
burning pain radiating proximally 
toward the leg has been reported.2 
Morton’s neuroma is the second most 
common compressive neuropathy3 and 
is present in females at a rate of 4 to 
15 times that observed in males.4

The treatment algorithm for 
management of Morton’s neuroma 
typically involves nonoperative 
intervention, which may be followed by 
surgical intervention if necessary.5,6 
Nonoperative treatment commonly 
includes footwear modifications and 
injections to manage pain.5,7 When 
these nonoperative treatments do not 
meet the goals and expectations of 
patients, surgical options are 
considered. Although there is no 
consensus for the optimal treatment of 
Morton’s neuroma, the most common 
surgical treatment is a dorsal approach 
with traction neurectomy,8 where the 
affected segment of the nerve is excised 
and removed under tension to ensure 
that the remaining nerve stump retracts 
proximal to the weight-bearing zone of 
the metatarsals.7 This procedure can 
achieve good results for 70% to 85% of 
subjects.5,9-12 However, postneurectomy 
residual pain has been reported in 14% 
to 35% of patients,9,11 with worsening 
pain in as many as 8% of patients.11 
While the precise etiology is unknown, 
such recurrent pain may be due to 
incorrect initial diagnosis, treatment of 
the wrong interdigital space, inadequate 
resection, or the formation of a stump 
neuroma at the terminal end of the 
nerve stump.5,9,13 It has been found that 
as many as one-third of patients with 
recurrent pain after neurectomy may 

develop a recurrent neuroma on the 
nerve stump.5

These nerve stump neuromas develop 
due to an abortive attempt of the nerve 
to repair an injury. During the 
regeneration process, the nerve end 
develops into an unorganized bulbous 
mass of fibrotic collagenous tissues, 
Schwann cells, and axons.14 Neuroma 
pain may be due to a higher ratio of 
unmyelinated axons in the neuroma, 
which increases the sensitivity of the 
nerve fibers to mechanical stimulation 
such as scar contracture or transdermal 
compression or tapping.14 Several 
treatments have been proposed as an 
alternative to traction neurectomy, which 
may inhibit the formation of a painful 
nerve stump neuroma including targeted 
muscle reinnervation (TMR),15,16 burying 
of the nerve end into muscle or bone,17,18 
and capping the nerve stump.19,20 Results 
from these procedures are promising; 
however, the limited space between the 
metatarsal heads restricts the surgical 
options after Morton’s neuroma resection 
to neurectomy, muscle/bone burying, or 
nerve capping. Studies examining 
burying the nerve end into muscle or 
bone have demonstrated improvement in 
persistent pain; however, the recurrence 
rate is comparable to neurectomy 
alone.21,22 More recently, attempts at 
capping the nerve have been proposed 
to isolate the nerve end from external 
signaling and prevent disorganized 
axonal outgrowth leading to painful 
neuroma development.

The use of autologous vein and 
epineurium caps have demonstrated 
promising results for the prevention of 
neuroma in several studies19,20; however, 
these autologous tissue techniques are 
limited as they may not contain axonal 
sprouting within the cap and have 
increased surgical time and donor-site 
morbidity.23,24 An off-the-shelf, 
biocompatible porcine small intestine 
submucosa (pSIS)-derived device with 
internal chambering for containing the 
cut nerve end as a technique to prevent 
neuroma formation has been shown in a 
rodent study to reduce histological 
evidence of a neuroma and improve the 
pain behavior exhibited by the animal 

upon mechanical stimulation.25 A recent 
clinical study using the surgical approach 
presented in this article showed that 
patients experienced significant pain 
reduction as early as 3 months after 
Morton’s neuroma resection with the 
nerve stump entubulated within a nerve 
cap.26 This article presents a dorsal 
approach for surgical removal of a 
Morton’s neuroma with insertion of the 
proximal nerve stump within a pSIS 
chambered nerve cap device (Axoguard 
Nerve Cap, Axogen Inc., Alachua FL, 
USA) and burying within the local 
muscle tissue.

Methods
Surgical Procedure

Dorsal exposure of the intermetatarsal 
nerve.  A linear incision is placed 
equidistant between the metatarsal 
heads from a dorsal approach (Figure 1). 
The incision should be made in the 
metatarsal space with an identified 
Morton’s neuroma. This incision is 
deepened down through superficial and 
subcutaneous tissue being careful to 
isolate and protect all vital structures 
with utilization of microsurgical 

Figure 1.

With the dorsal approach, a 
linear incision (indicated by 
surgical marker) should be placed 
equidistant between the metatarsal 
heads (indicated by black asterisks).
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instrumentation and loupe magnification. 
The identification of the deep structures 
including the deep transverse metatarsal 
ligament and the interosseous tendons is 
completed (Figure 2). From a distal to 
proximal approach, a Freer elevator is 
used to separate the deep transverse 
metatarsal ligament and the dorsal 
surface of the intermetatarsal nerve. 
Transection of the deep transverse 
metatarsal ligament allows for the 
freeing of the distal aspect of the 
hypertrophic perineural fibroma within 
the interspace of the metatarsals. The 
neuroma can be pushed through the 
intermetatarsal space by palpating the 
plantar surface of the foot (Figure 3). 
The proximal raphae of the tissue is 
identified and transected proximally to 

the presentation of the muscle belly of 
the interosseous within the proximal 
metatarsal interspace. Prior to neuroma 
excision, measure the diameter of the 
nerve stump with a sterile ruler (Figure 4). 
With meticulous sharp and blunt 
dissection, the proximal intermetatarsal 
nerve is identified entering the 
hypertrophic mass within the 
interspace. An epineurial anchor suture 
is placed using an 8-0 or 9-0 
nonresorbable monofilament nylon 
suture with a spatulated or tapered 
needle (eg, 8-0, 0.4 metric, 
monofilament nylon suture with a 7 
mm 1/2c spatula needle or 9-0, 0.3 
metric, nonabsorbable monofilament 
nylon suture with a side cutting lancet 
6.60 mm, 3/8c). The epineurial anchor 
suture is placed in the epineurium of 
the proximal native nerve 10 mm 
proximal to the transected end with the 
use of a spatulated or tapered needle, 
ensuring to suture only through the 
epineural sheath avoiding deeper 
tissues of the perineurium and nerve 
fascicles (see Figure 5A). This 

epineurial suture provides an anchor to 
the nerve, providing guidance for 
entubulation of the nerve within the 
nerve cap. After the epineurial anchor 
suture is placed, the proximal nerve is 
transected as distal as possible in the 
proximal nerve stump. The 
hypertrophic mass and the distal 
interdigital sensory nerves are then 
transected in total (Figure 6).

Placement of nerve cap.  Axoguard 
Nerve Cap (Axogen Inc., Alachua, FL) is 
soaked for approximately 2 minutes 
immediately before application. This 
soak time can range between 30 
seconds and 20 minutes, according to 
the nerve cap instructions for use. As 
the nerve cap soaks, the material 
softens. It is recommended to use the 
nerve cap when the nerve cap is 

Figure 2.

Microsurgical instruments and loupe 
magnification are used to deepen 
the incision between the metatarsal 
heads (indicated by black asterisk) 
through the superficial and 
subcutaneous tissues to ensure 
that all vital structures are isolated. 
A Freer elevator may be used to 
separate and identify the deep 
transverse metatarsal ligament 
(indicated by green asterisk) and 
the intermetatarsal nerve. The Freer 
elevator insert is at the distal aspect 
of the incision (indicated by black 
arrow).

Figure 3.

The distal aspect of the hypertrophic 
perineurial fibroma may be freed 
through the interspace of the 
metatarsals (metatarsal heads 
indicated by black asterisks). The 
fibroma (green asterisk) is elevated 
through the intermetatarsal space 
by palpation through the plantar 
surface of the foot (black arrow).

Figure 4.

Using a modified sterile ruler, 
measure the diameter of the 
unaffected, healthy nerve (indicated 
by green arrow) proximal to the 
fibroma (indicated by green asterisk) 
to approximate the proper sizing 
for the nerve cap. This nerve stump 
should be measured proximal to the 
fibroma (in healthy nerve tissue), to 
ensure that an appropriately sized 
nerve cap is selected for implant. 
The nerve can be secured by the 
digital nerve (indicated by blue 
asterisk) distal to the fibroma.
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supple, but still firm enough to handle 
and suture. Suturing the material when 
it is not hydrated or under-hydrated 
may result in bending or breaking the 
needle. The nerve cap consists of a 15 
mm long tube, 10 mm internal 
bifurcation that separates the tube into 2 
chambers, and 3 mm tab on the distal 
end of the cap (see Figure 7). The 
bifurcated chambers and the enclosed 
tube provide physical separation of the 
sentinel exiting axons and serves to 
protect and isolate them from the 
extra-neural soft tissue environment. 
The nerve cap is composed of a 
semi-translucent material, which allows 
for visualization of the nerve stump. A 
mattress stitch is placed approximately 2 
to 3 mm from the open end of the 
nerve cap, suturing from outside to 
inside using an 8-0 or 9-0 monofilament 
nylon suture (see Figures 5B and 8). A 
mattress suture allows for entubulation 
of the nerve within the cap and secures 
the nerve to the cap. The suture is then 
placed transversely through the 
epineurium of the native nerve 
matching the distance of the provisional 
mattress stitch (ie, 2-3 mm from the end 
of the proximal nerve stump), which is 
then returned through the lumen of the 
nerve cap. This completes the mattress 
stitch. To guide the nerve into the cap, 
an assistant may hold the previously 
placed epineurial anchor suture above 
the plane of the surgical field as the 
native nerve is placed within the nerve 
cap, ensuring that the nerve stump does 
not encroach on the partition. The 
epineurial anchor suture is then 
removed and the mattress stitch is tied 
to the dorsal surface of the cap. A 
second suture should be placed 180° 
from the first suture, which secures the 
edge of the cap to the epineurium of 
the nerve stump. At the surgeon’s 
discretion, a 5-0 monofilament 
absorbable suture may be placed to act 
as an anchoring suture through the 
distal tab of the nerve cap to allow for 
burying in the muscle, where the cap 
is inserted within the interosseous 
muscle belly within the intermetatarsal 
space (Figure 5C). Subsequent closure 
of the subcutaneous, intradermal, or 

subcuticular tissues should be 
performed with monofilament 
absorbable suture. Skin closure should 
be performed using the surgeon’s 
preferred method (Figure 9). If multiple 
Morton’s neuromas have been identified, 
multiple neuromas may be excised 
simultaneously; however, adequate 
space between the incisions should be 
left to ensure that there is adequate 
blood supply to prevent tissue necrosis.

Discussion
Following disruption of a nerve end, 

whether due to traumatic injury, 
iatrogenic injury, or planned surgical 
excision, a symptomatic neuroma often 
forms. In particular, following Morton’s 
neuroma surgery, recurrent pain in the 
foot has been reported between 14% 
and 35% of patients.9,11 This article 
describes a dorsal approach to secure a 
chambered nerve cap to the proximal 
nerve stump after Morton’s neuroma 
excision with subsequent burying of 
the nerve stump and cap intermetatarsal 
space. The plantar approach to 
Morton’s neuroma excision is not 
described in this article, as there are 
notable comorbidities associated with 
the plantar surgical approach including 
wound complications and scar 
sensitivity.6 Therefore, the preferred 
surgical approach is dorsal; however, 
visualization of the surgical field in this 
procedure is challenging for several 
reasons. First, the incision is small, and 
the nerve is located deep to the 
metatarsal heads. Furthermore, the 
procedure must be performed in a hole, 
with limited ability to retract the 
surrounding tissues.

This surgical technique offers 2 main 
benefits. First, dorsal incisions provide 
the patient an opportunity for a faster 
return to normal activities. Second, 
entubulating the terminated nerve end 
within the chambered nerve cap helps to 
prevent disorganized axonal sprouting 
and may help to limit residual neuroma 
pain after surgery. The pSIS material 
used for the nerve cap has been used 
clinically for over 20 years in various 
indications.27-32 The pSIS material serves 

Figure 5.

Placement and securing the nerve 
cap include the following: (A) 
place an epineurial anchor suture, 
placed approximately 10 mm 
proximal to the transected nerve 
end. (B) Secure the nerve stump 
within the nerve cap with the use 
of a mattress stitch. The mattress 
stitch is placed from outside to 
inside, 2 to 3 mm from the open 
end of the nerve cap. The suture is 
then placed transversely through 
the epineurium of the native nerve 
stump approximately 2 to 3 mm 
proximal to the distal end of the 
nerve stump. The suture is then 
passed back through the nerve 
cap and secured. The epineurial 
anchor suture can be removed 
upon completing the mattress 
suture. A second suture should 
be added 180° from the first 
mattress suture. (C) A suture may 
be placed through the distal end 
of the nerve cap tab to assist 
with burying the nerve cap within 
the muscle. The subcutaneous, 
intradermal, or subcuticular 
tissue should be closed with 
monofilament suture. The skin 
should be closed using the 
surgeon’s preferred method.
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as a biologic scaffold that revascularizes 
and remodels into a new permanent soft 
tissue layer,33 which may reduce 
neurotrophic signaling from the 
surrounding environment while also 
providing permanent protection of the 
nerve end from mechanical stimulation.

This nerve cap has been successfully 
used in both preclinical and clinical 
studies. In a preclinical study, the nerve 
cap exhibited less sensitivity to 
mechanical stimulation and reduced 
likelihood of a neuroma compared to an 
untreated nerve stump in a rat tibial 
nerve model up to 16 weeks 
postoperative.25 Furthermore, results of 
a recent clinical study that utilized the 
procedure described in this article 
showed that patients reported a 
significant reduction in pain as soon as 
3 months postoperative, with a 
sustained reduction in pain throughout 
the 12-month follow-up.26 These studies 

indicated that with correct use, the 
nerve cap can be successfully used to 
reduce the likelihood of neuroma 
recurrence after excision and repair 
with a nerve cap.

Successful use of the nerve cap can 
be dependent on several factors 
including, proper hydration, using 
appropriate tools for microsurgery, care 
when suturing the nerve and the nerve 
cap, and ensuring the nerve and nerve 
cap are not under tension prior to 
closure. The handling of any 
extracellular matrix requires proper 
saturation to improve tissue handling 
with microsurgical instrumentation and 
microsurgical suture. The use of a 
suture as an epineurial anchor provides 
guidance for the entubulation of the 
nerve while in the intermetatarsal 
space. Furthermore, experience in 
microsurgical technique and 
microsurgical instrumentation is a 

prerequisite to doing these procedures. 
As the surgeon becomes more 
comfortable with the surgical technique 
and materials, the surgical exposure can 
be reduced to approximately 5 cm. The 
size of the surgical incision is highly 
dependent on ability to access the 
nerve. It is important to suture the 
nerve to the muscle belly without 
tension; therefore, additional neurolysis 
may be needed to free the nerve from 
surrounding soft tissue before securing 
the nerve in the muscle belly. This will 
allow the nerve to glide within the 
intermetatarsal space after wound 
closure. The foot can be flexed and 
extended to evaluate the tension on the 
nerve and nerve cap prior to closure.

Conclusions
In patients with painful Morton’s 

neuroma recalcitrant to conservative 

Figure 6.

Removal of the perineural fibroma is performed by: (A) identifying the proximal raphae of the tissue, which is then transected 
proximally to the presentation of the muscle belly of the interosseous within the proximal intermetatarsal interspace. The proximal 
intermetatarsal nerve should be identified entering the hypertrophic mass. An epineurial anchor suture may then be placed in the 
proximal nerve stump (indicated by black arrow), which an assistant can hold to stabilize the nerve stump. This epineurial suture 
should be placed proximal to the fibroma (indicated by green asterisk) to prevent nerve retraction into the deep tissues when 
the fibroma is excised. A blue background may be placed under the nerve to improve visualization. (B) The interdigital nerve is 
transected proximal and distal to the fibroma (indicated by green asterisk), with the proximal nerve being transected as distal as 
possible. The fibroma is then removed.
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treatment, surgery is an effective 
method for relieving pain. Isolating 
and protecting the distal nerve end 
after removal of the perineural 
fibroma in these patients may help 
prevent recurrent neuroma formation 
and the return of pain. This article 
describes a microsurgical technique 
using a pSIS chambered nerve cap to 
entubulate the proximal nerve stump. 
The use of pSIS chambered nerve cap 
has been demonstrated to result in 
less pain sensitivity and less axonal 
swirling in a rodent model25 and 
reduced pain after Morton’s neuroma 
resection clinically.26 This technique 
provides a method to isolate and 
protect the nerve within a nerve cap 
and may improve outcomes compared 
with neurectomy alone.
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