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Abstract Nerve conduits have become an established
option for repair of sensory deficits of up to 2 cm. More
recently, decellularized nerve allograft has also been
advocated as an option for nerve repair; however, no
clinical studies have examined its efficacy for the treatment
of sensory nerve defects. The aim of this study was to
examine our early experience with the use of decellularized
nerve allograft for repair of segmental nerve defects within
the hand and fingers. From July 2007 to March 2008, seven
patients who had ten nerve gaps were treated surgically
using decellularized nerve allograft. Eight digital and two
dorsal sensory nerves were repaired. The etiologies of the
nerve defects were traumatic nerve transection in eight
defects and neuroma resection and reconstruction in two
defects. All of the affected nerves were pure sensory fibers.
Functional recovery was evaluated by blinded hand
therapist using moving and static two point discrimination
tests. Implantation sites were also evaluated for any signs of
infection, rejection, or graft extrusion. There were five men
and two women with a mean age of 44 years (range 23–65).
Mean nerve graft length was 2.23 cm with a range of 0.5–
3 cm. Mean follow up time was 9 months (range 5–12).
Average two point discrimination was 4.4 mm moving and
5.5 mm static at last recorded follow-up. There were no
wound infections observed around the graft material and

sensory improvement was observed in all of the patients
despite this short-term follow-up. Re-exploration of two
fingers was required for flexor tendon rupture in one and
flexor tendon tenolysis in the other. In both cases, the nerve
allograft was visualized and appeared well incorporated in
the repair site. Decellularized nerve allografts were capable
of returning adequate sensation in nerve defects ranging
from 0.5 to 3 cm. There were no cases of infection or
rejection. Decellularized nerve allograft may provide an
option for segmental nerve gaps beyond 2 cm. Randomized
comparative studies will be required to determine efficacy
in comparison to collagen conduits or nerve autograft.
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Introduction

The reconstruction of injured peripheral nerves remains as a
formidable challenge in reconstructive surgery. Nerve graft-
ing is indicated for nerve repair when tension-free direct
repair is not possible or when there is segmental nerve loss
[15, 23]. The most common material used to bridging
segmental nerve defects is autogenous nerve grafts [16].
Disadvantages of autogenous nerve graft include the require-
ments for graft harvest, increased operating times, limited
sites for harvest, and donor site morbidity which can include
pain, scarring, neuroma formation, and sensory loss with the
area of harvest [15, 26, 28]. The morbidity associated with
autogenous nerve graft harvest has motivated researchers to
engage in finding alternatives to autogenous nerve graft and
to improve the process of peripheral nerve regeneration in
the patients with multiple nerve injuries.

An alternative to nerve autografts is nerve allograft.
Nerve allografts have the advantage of being readily
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available and can provided an unlimited source of graft
material; however, they require systemic immunosuppression
in the patient for approximately 18 months [19]. Systemic
immunosuppression allows host axons and Schwann cells to
regenerate across the allograft scaffold, but leaves the patient
vulnerable to infection and tumor formation [19, 29]. For
these reasons, predegenerated decellularized human nerve
allograft has become an attractive alternative to nerve
allograft as they are capable of acting as a temporary
scaffold for regenerating axons but circumvent the need for
immunosuppression. Chemical decellularized nerve allograft
models have been developed experimentally but no clinical
data have been presented [11, 27].

The aim of this preliminary study was to report our
early clinical experience with the use of decellularized
nerve allograft for the repair of the segmental sensory
nerve defects within the hand. This is the first study to
examine the short-term clinical recovery of nerve
function following nerve repair with acellular allogenous
nerve graft material.

Method

From July 2007 to March 2008, seven patients who had ten
nerve gaps were treated surgically using AxoGen® nerve
allograft (AxoGen Inc, Alachua, FL, USA; Fig. 1). The
material is a decellularized cadaveric nerve which is
prepared through a process of detergent decellularization,
enzyme degradation, and gamma irradiation sterilization
which allows for the preservation of the nerve extracellular

matrix (i.e., basal lamina, endoneural tubes, and laminin)
and renders the graft nonimmunogenic [11, 12, 14, 25]. The
material is stored frozen and thawed within the operating
room prior to implantation.

Nerve repair was performed by first preparing the defect
site, with nerve endings being resected back until healthy
fascicles were visualized under ×3.5 loop magnification.
The diameter of the injured nerve was noted and a
corresponding nerve graft diameter was chosen. The nerve
graft material was then thawed in warm sterile saline and
transferred to the defect site. Nerve grafts were cut to fill
the defect site, allowing for a tension-free nerve repair
using 8–0 nylon suture. All nerve repairs were performed
under ×3.5 loop magnification.

After obtaining institutional research approval, mov-
ing and static two-point discrimination (2PD) tests were
performed on all patients by certified hand therapist
blinded to the treatment modality [5, 6]. Implantation
sites were also evaluated for any signs of pain, infection,
rejection, or graft extrusion. All postoperative complica-
tions were noted.

Final evaluation of sensibility was categorized
according to the Mackinnon classification of excellent,
good or poor results. An excellent functional result was
noted if static two-point discrimination was less than or
equal to 6 mm or moving two-point discrimination was
less than or equal to 3 mm. A good functional result
was noted if static two-point discrimination was be-
tween 7 and 15 mm and moving two-point discrimina-
tion was between 4 and 7 mm. Absence of either static
or moving two-point discrimination was graded as a
poor result [17, 18].

Figure 1 An intraoperative image of the Axogen nerve graft being
used to repair a bilateral digital nerve injury. The material handling
properties are similar to autograft and standard microsurgical
technique is employed during the nerve grafting procedure.

Figure 2 At 9-month mean follow-up time, average 2PD results were
4.4 mm moving and 5.5 mm static.
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Results

There were eight digital nerves and two dorsal sensorial
branches of ulnar nerve defects. The etiologies of the nerve
defects were traumatic nerve transection in eight defects,
neuroma resection, and reconstruction in two defects. Both
cases of neuroma reconstruction involved the dorsal
sensory branch of the ulnar nerve. All repairs were
performed in pure sensory nerves.

There were five men and two women within the study, with
a mean age of 44 years (range 23–65). Mean nerve graft
length was 2.23 cmwith a range of 0.5–3 cm.Mean follow-up
time was 9 months (range 5–12 months). Two patients were
smokers. None of the patients were diabetic and there were no
cases of preexisting peripheral neuropathies.

Sensory Tests

Average 2PD results were 4.4 mm moving and 5.5 mm
static at the last recorded follow-up (Fig. 2; Table 1). Five
patients were graded as an excellent result and five were
graded as a good result. All patients recovered at least
10 mm or better static 2PD and there were no poor results.
The two patients who underwent neuroma resection and
repair were both graded as good results according to the
Mackinnon scale. Pain relief was judged by each patient to
be excellent at the time of final follow-up.

No rejection or infection sign were seen around the graft
material and sensory improvement was observed in all of
the patients. Re-exploration of two fingers was required for
flexor tendon rupture in one and flexor tendon tenolysis in
the other (Fig. 3). In both cases, the nerve allografts were
visualized and appeared well incorporated in the repair site.

Discussion

The treatment of segmental nerve loss in upper extremity
trauma remains a challenge. Nerve autograft remains the
most common strategy for repairing segmental nerve
defects; however, the use of nerve autograft has several
disadvantages, including donor site morbidity, increased
operative time, and limited harvest sites [23, 24, 26, 28].
The use of decellularized nerve allograft may provide an
effective means of repairing segmental nerve defects while
sparing the patient the secondary morbidity of nerve
autograft harvest. This is the first study to show clinical

Table 1 A summary of all ten nerve reconstructions with defect length, follow-up, and values obtained on final evaluation of static and moving
two-point discrimination (2PDs and 2PDM).

No Age Sex Side Injured nerve Etiology Length Diameter Follow-up 2PDS 2PDM

1 47 f L Digital nerve Laceration 0.5 2 5.5 4 4

2 37 f R Dorsal sensory branch
of the ulna

Neuroma excision 3 1 8.5 * 4

3 37 f R Dorsal sensory branch
of the ulna

Neuroma excision 3 2 8.5 * 4

4 57 m R r ring finger radial digital nerve Laceration 1 2 12 3 3

5 57 m R r ring finger ulnar digital nerve Laceration 3 2 12 3 3

6 31 m R Long finger radial digital nerve Laceration 3 2 9 6 6

7 48 m L Digital nerve Laceration 3 2 5 10 6

8 65 m L Digital nerve Laceration 3 2 5 4 4

9 23 m L Thumb radial digital nerve Laceration 1 2 12 7 5

10 23 m L Thumb ulnar digital nerve Laceration 1 2 12 7 5

Average 43 2.15 1.90 8.95 5.50 4.40

*Two point static discrimination was not recorded in this patient

m male, f female, L left, R right

Fig. 3 An intraoperative image of a decellularized nerve conduit at
8 weeks following implantation. The microsuture marks the junction
between the decellularized nerve graft material and the native nerve.
Re-exploration in this case was required for repair of a flexor tendon
rupture. The nerve graft was visualized and appeared well incorporat-
ed in the repair site.
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efficacy for the use of decellularized nerve autografts in the
treatment of sensory defects in the hand of up to 3 cm.

Various artificial materials have been used in place of
nerve autograft in an attempt to minimize donor morbidity
and improve neural regeneration. The majority of these
devices have been variations of hollow conduits, designed
to guide regenerating axons toward the distal nerve stump
[2, 17, 30]. Most clinical studies have examined the use of
these nerve conduits for sensory nerve gaps of 20 mm or
less [9, 22]. Weber et al. have reported their results after
using a polyglycolic acid nerve conduits for the treatment
of nerve injuries distal to the wrist crease. They showed an
average recovery of 6.8 mm of moving 2PD for patients
undergoing repairs of 8 mm or greater [30]. Bushnell and
colleagues have also reported on the efficacy of collagen
conduits for the repair of nerve gaps within the finger. In
their study of 12 patients followed for 15 months, they
found a mean recovery of 6.9 mm of moving 2PD [3]. The
results of both of these studies are comparable to the results
obtained with decellularized nerve graft.

Decellularized nerve may offer some advantages over
hollow conduits. The first advantage is that the material
preserves the three-dimensional collagen scaffolding present
within native nerve [10–12]. Cell migration and nerve fiber
elongation require internal structure and extracellular matrix
components to lead nerve regeneration in a nerve graft [13,
20]. This three-dimensional structure is absent within hollow
conduits.

Hudson and colleagues have shown that macrophages
are capable of migrating into this decellularized scaffolding
where they are capable of producing growth factors to
accelerate nerve regeneration [11]. Hudson et al. have
shown that chemically decellularized nerve graft produces
higher axon densities when compared to fresh nerve
isografts in the cross section [11].

The second advantage of decellularized allograft is
that it maintains laminin within its collagen matrix.
Laminin and collagen are components of the basil
lamina and are know to play an important role in
axonal outgrowth [8]. The addition of laminin to collagen
conduits has been shown to improve results of hollow
conduit tubes in animal studies [21].

Finally, the graft material has been treated to remove
chondroitin sulfate proteoglycans (CSPG). It has been
shown that CSPG can inhibit axonal growth and its
production is initially upregulated following peripheral
nerve injury. The removal of CSPG from nerve graft
material may allow for the acceleration of nerve recovery.
Degradation of CSPG has been shown to increase the
ability of axonal growth cones to cross the nerve–graft
interface in animal models [14, 25].

The weaknesses of the present study are its retrospective
nature, brief follow-up, and small numbers. Future studies

should focus on prospective randomized trials comparing
decellularized allograft to autograft and nerve conduits.
This study serves as an initial case series suggesting
efficacy for this form of nerve grafting. The results of this
study have shown nerve recovery which is comparable to
previous reports of primary nerve repair as well as nerve
repair with conduits [1, 3, 4, 7, 17, 30].

In conclusion, decellularized nerve allografts are capable
of returning adequate sensation in nerve defects ranging
from 0.5 to 3 cm without infection or rejection. Decellu-
larized nerve allograft may provide another option for
segmental nerve gaps up to 3 cm. Randomized comparative
studies will be required to determine efficacy in comparison
to collagen conduits or nerve autograft.
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