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Purpose: After nerve injury, macrophages and Schwann cells remove axon and myelin debris. We hy-
pothesized that nerves repaired with different conduit materials will result in varying levels of these cell
populations, which impacts Wallerian degeneration and axonal regeneration.

Methods: We performed a unilateral sciatic nerve transection in 18 rats. The nerves were repaired with
small intestine submucosa (SIS, n = 9) or isolated type-I collagen (CLC, n = 9) conduits. Rats were
monitored for 4 weeks. Histology samples were obtained from the proximal nerve, mid-implant, and
distal nerve regions. Samples were stained for total macrophages, M2 macrophages, foamy phagocytes,
Schwann cells, vascular components, axon components, and collagen density.

Results: Distal nerve analyses showed higher populations of total macrophages and M2 macrophages in
SIS-repaired nerves and higher density of foamy phagocytes in CLC-repaired nerves. Proximal nerve,
mid-implant, and distal nerve analyses showed higher Schwann cell and vascular component densities in
SIS-repaired nerves. Axon density was higher in the mid-implant region of SIS-repaired nerves. Collagen
staining in the mid-implant was scant, but less collagen density was observed in SIS-repaired versus CLC-
repaired nerves.

Conclusions: In the distal nerve, the following were observed: (1) lower total macrophages in CLC-
repaired nerves, suggesting lower overall inflammation versus SIS-repaired nerves; (2) higher M2
macrophages in SIS-repaired versus CLC-repaired nerves, a driving factor for higher total macrophages
and indicative of an inflammation resolution response in SIS-repaired nerves; and (3) a lower foamy
phagocyte density in SIS-repaired nerves, suggesting earlier resolution of Wallerian degeneration versus
CLC-repaired nerves. In the proximal nerve, mid-implant, and distal nerve, higher Schwann cell and
vascular component densities were noted in SIS-repaired nerves. In the mid-implant, a higher axon
component density and a lower collagen density of the SIS-repaired nerves versus CLC-repaired nerves
were noted. These results indicate more robust nerve regeneration with less collagen deposition.
Clinical relevance: This in vivo study evaluated two common conduit materials that are used in pe-
ripheral nerve repair. Clinical outcomes of nerves repaired with conduits may be impacted by the
response to different conduit materials. These nerve repair responses include Wallerian degeneration,
nerve regeneration, and nerve scarring. This study evaluated Wallerian degeneration using total mac-
rophages, M2 macrophages, and foamy phagocytes. Nerve regeneration was evaluated using Schwann
cells and axons. Nerve scarring was evaluated using vascular and collagen density.

Copyright © 2023, THE AUTHORS. Published by Elsevier Inc. on behalf of The American Society for Surgery of the Hand.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

After a nerve transection injury, surgical repair may be per-
formed using a direct repair or a nerve reconstruction with auto-
graft, allograft, or conduit. The selection of the nerve repair
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gaps less than 5 mm can be repaired directly or reconstructed with
a nerve conduit. Use of a nerve conduit may facilitate nerve
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decrease tension, stabilize and align the coaptation, and contain the
neurotropic milieu.! Commercially available nerve conduits
comprise various synthetic and natural materials (e.g., porcine
pericardium, porcine small intestine submucosa (SIS), isolated
type-I collagen (CLC), chitosan, polyglycolic acid, and polyvinyl
alcohol hydrogel).? Various material attributes have been investi-
gated for nerve conduits including mechanical stability, degrada-
tion, handling, permeability, and biocompatibility.> The ideal nerve
conduit should be biocompatible, exhibit an appropriate degrada-
tion rate, allow for oxygen and nutrient exchange while containing
the neurotropic milieu, maintain mechanical stability throughout
regeneration, and permit axonal outgrowth.>* Furthermore, nerve
conduits should not be detrimental to the natural Wallerian
degeneration and nerve regeneration processes after neurotmetic
injury.

Wallerian degeneration occurs in the peripheral nerve distal to
the injury site. During early Wallerian degeneration, the myelinating
Schwann cells stop producing myelin, de-differentiate into repair-
type Schwann cells, upregulate gene expression for molecules that
function in nerve degeneration and regeneration, and proliferate.>®
Simultaneously, macrophages are recruited to the injury site,
which peaks approximately 7 days after injury.”? In the distal nerve
stump, the repair-type Schwann cells and macrophages remove
axonal and myelin debris, which are barriers to axonal regeneration,
within 14 days of injury.”>'° Macrophages differentiate into either
a proinflammatory M1 phenotype or an anti-inflammatory M2
phenotype, which further influences inflammation and nerve
regeneration.®'"'” When macrophages ingest myelin during Wal-
lerian degeneration, they become foamy phagocytes, which exhibit a
notable presence of lipids within the cells.”>'* Foamy phagocytes
play a key role in the progression of Wallerian degeneration, and it is
theorized that foamy phagocytes transport lipids (e.g., myelin) into
the circulatory system for disposal.>!> The presence of these foamy
phagocytes has not yet been investigated in peripheral nerves
repaired with nerve conduits; however, the macrophage phenotype
has been investigated.

A recently published in vivo nerve transection study evaluated
the host response to implanted conduits in the proximal nerve
stump through the distal region of the nerve conduit.'® The study
showed a higher M2:M1 response, more revascularization, and
more fibroblast ingrowth through the mid-implant wall of SIS
nerve conduits and more regenerated nerve cable density of the
mid-implant region of SIS-repaired nerves versus CLC-repaired
nerves at 4 weeks post-transection.'® In this study, we evaluated
the host response to implanted conduits in the proximal nerve,
nerve conduit, and distal nerve stump. We hypothesized that more
M2 macrophages and Schwann cells and fewer foamy phagocytes
measured in the distal nerve stump provide an environment
conducive to better axonal regeneration and that these parameters
differ based on the conduit biomaterial. Although no consensus
exists on the ideal conduit material for peripheral nerve repair, we
have selected two commonly used animal-derived nerve conduits,
SIS and CLC, for our study.'” Our study evaluated total macrophages,
M2 macrophages, foamy phagocytes, vasculature, collagen, and
axon components in nerves repaired with two different nerve
conduits (SIS and CLC).

Materials and Methods
Surgical procedures

This study used a total of 18 male Lewis rats (250—300 g). Rats
were randomly assigned to be implanted with a SIS conduit (Axo-

guard Nerve Connector, Axogen Corporation, n = 9) or CLC conduit
(Neuragen Nerve Guide, Integra LifeSciences, n = 9, Fig. 1). Each rat

underwent a unilateral sciatic nerve transection approximately
5—7 mm distal to the sacroiliac ligament. Transected nerves were
subsequently repaired with a nerve conduit, which was achieved by
inserting approximately 2.5 mm of the proximal and distal nerve
stumps into each end of a 10-mm conduit resulting in an approx-
imately 5 mm gap between the nerve stumps. Conduits were
secured with two single interrupted mattress stitches approxi-
mately 180° apart using a 9—0 nonabsorbable nylon suture on each
nerve stump, ensuring that the coaptation had minimal tension.
Each conduit was filled with sterile saline after implantation to
remove air bubbles and maintain hydration. Surgical procedures
and animal care conformed to the National Institutes of Health
Guide for the Care and Use of Laboratory Animals. After 4 weeks,
the implanted conduits, a cuff of surrounding soft tissue/muscle,
and peripheral nerve were excised and processed for histological
evaluation. The sciatic nerve from the contralateral leg, termed the
contralateral healthy nerve, was also excised to evaluate the base-
line Schwann cell population. The 4-week survival time point was
selected to allow for Wallerian degeneration, macrophage differ-
entiation, and axon regeneration across the nerve gap.”'82°

Histology

Contralateral healthy nerve samples were harvested approxi-
mately 3—5 mm distal to the sacroiliac ligament and extending 10
mm distal. Conduit samples were harvested to include the repair
site, conduit, and approximately 3 mm of tissue proximal and distal
to the end of the conduit. All samples were harvested to include the
nerve and surrounding soft tissue. The distal nerve of each sample
was marked with 8—0 nylon suture.

Explanted conduits and contralateral healthy nerve samples
were placed in 10% neutral buffered formalin for at least 48 hours
until embedding. Conduits and contralateral healthy nerve samples
were embedded in paraffin blocks and transversely cut into 5 um
sections. Conduit histology sections were collected at three levels:
proximal nerve, mid-implant, and distal nerve (Fig. 2). Contralateral
healthy nerve sections were collected at a similar location as the
injured proximal stump level.

As shown in Table, contralateral healthy nerve sections were
immunohistochemically stained to identify Schwann cells. Conduit
histology sections were immunohistochemically stained to identify
axon components, vascular components, Schwann cells, macro-
phages, foamy phagocytes, and M2 macrophages. Additional triple-
staining using immunofluorescence was performed to visualize
nuclei, M2 macrophages, and Schwann cells. Picrosirius red stain-
ing was used to evaluate collagen density.

Stained slides for the evaluation of axon components, vascular
components, Schwann cells, macrophages, foamy phagocytes, and
M2 macrophages were scanned using a Zeiss Axio Scan Z1 auto-
mated slide scanner (Carl-Zeiss) using a bright light source. Images
of the entire sample cross-section were used for quantitative his-
tological evaluation. Macrophage and foamy phagocytes were also
imaged with an Olympus BX41 with a bright light source under
magnification x 400. These images provided representative images
of macrophage and foamy phagocyte cell morphology but were not
used for quantitative analysis. Slides stained for Schwann cells and
M2 macrophages were imaged using an Olympus BX41 (Evident
Olympus) with a fluorescent light source under various magnifi-
cations. Random fields were imaged at magnification x 200 for
representative images of Schwann cells and M2 macrophages but
were not used for quantitative analysis. Picrosirius red-stained
collagen was imaged with an Olympus BX41 using a bright light
source and a light polarizing filter. Images of random fields were
collected at various magnifications, which were used for quanti-
tative histological evaluation.
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Figure 1. Representative images of A SIS before implant, B CLC before implant, C SIS immediately after implant, and D CLC immediately after implant.
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Figure 2. Representative image showing the approximate location of histological
sections (red-dashed lines) in the conduit-repaired nerve. The proximal and distal
nerve sections included the nerve stump and the surrounding nerve conduit. The mid-
implant section included the regenerating nerve cable and the surrounding nerve
conduit.

Macrophages and foamy phagocytes were identified by positive
staining using CD68 antibody (Fig. 3A, B). Foamy phagocytes were
differentiated from macrophages by using the following two
criteria: (1) positive staining with CD68 and (2) an enlarged
appearance with an apparent void, which is indicative of lipids
from myelin and axonal debris that have been engulfed within the
macrophages. A notable presence of enlarged CD68-positive cells
exists with an apparent void within the cells, which were catego-
rized as foamy phagocytes (Fig. 3C, D).

Image analysis was performed using Image] (FIJI, National In-
stitutes of Health). The numbers of M2 macrophages, macrophages,
and Schwann cells were counted in the cross-sectional area of the
nerve within the conduit. The nerve cross-section area was
measured, and the results were recorded per 100,000 pm? of the
nerve cable area, expressed as cell density. Foamy phagocytes and
axon components were recorded using pixel density, where the
number of pixels was determined in the cross-sectional area of the
nerve within the conduit after image thresholding. The cross-
sectional area of the nerve was measured, and the foamy phago-
cytes and axon component pixel counts were recorded as the
number of pixels per 100,000 um? of the nerve cable area. The
quantification of foamy phagocytes was performed using pixel
density, as a total count was confounded by the difficulty in
defining individual cell borders. Immunofluorescence sections
were used for representative images of M2 macrophages and
Schwann cells. Slides stained with a-smooth muscle actin were
used to identify vascular components, which were counted in the
cross-sectional area of the nerve within the conduit. The area of the

nerve was measured, and the results were recorded as the number
of vessels per 100,000 umz, expressed as vascular component
density. Picrosirius red-stained slides were evaluated under
polarized light to quantify the number of collagen pixels in the
cross-sectional area of the nerve within the conduit. The area of the
nerve was measured, and the results were recorded as collagen
pixels per 100,000 um?, expressed as collagen density.

Statistical analysis

Data from all animals were included in the statistical analyses.
All data sets in this study were tested for a Gaussian (normal)
distribution using a D’Agostino and Pearson test, and a P value of <
.05 was considered statistically significant. Schwann cell density,
vascular component density, and axon component density were
evaluated with two-way analysis of variance using conduit
biomaterial (CLC vs SIS) and nerve histology location (proximal
nerve, mid-implant, and distal nerve) as the main effects. Sidak
post-tests were used when main effect differences were statisti-
cally significant. Schwann cell density of the contralateral healthy
nerve was used as a reference and was not evaluated through
statistical analysis. Collagen density, M2 macrophage density, and
macrophage cell density were each evaluated using an unpaired ¢t
test with Welch’s correction. This test was used to compare two
groups (SIS vs CLC) with unequal variances. Foamy phagocyte cell
density was evaluated using a Kolmogorov-Smirnov test, which
was selected to compare the cumulative distribution between the
two data sets (SIS vs CLC). A P value of < .05 was considered sta-
tistically significant for all tests. Data are presented as means and
95% confidence intervals.

Results

Macrophage and M2 macrophage cell densities were signifi-
cantly higher in the distal stump of nerves repaired with SIS versus
CLC conduits, P =.002 and P < .001, respectively (Fig. 4A, B). Foamy
phagocyte cell density was significantly higher in the distal stump
of CLC-repaired nerves compared with SIS-repaired nerves, P =.006
(Fig. 5).

The Schwann cell density decreased from the proximal to the
distal nerve in SIS-repaired nerves and CLC-repaired nerves (Fig. 6).
Significantly higher Schwann cell density was observed in repairs
with SIS versus CLC conduits at all histological levels, P < .001 in the
proximal nerve and mid-implant regions and P =.004 in the distal
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Table
Location of Histological Staining and Imaging Techniques Within Nerve Explants
Explanted Sample Target Antibody Proximal Mid- Distal Nerve
Nerve Graft
Conduit (CLC and SIS) Schwann cells— Primary: S100 (1:500 Abcam) X X X
Contralateral Healthy immunohistochemistry Secondary: Goat anti-rabbit IgG HRP
Nerve (1:2000, Abcam)
Conduit (CLC and SIS) Triple Schwann cells— Primary: S100 (1:1000, Abcam) NA NA X
Stain immunofluorescence Secondary: Alexa Fluor 488 (1:200,
Invitrogen)
M2 macrophages— Primary: CD163 (1:1000, Abcam)
immunofluorescence Secondary: Alexa Fluor 594 (1:200,
Invitrogen)
Vectashield mounting medium with
DAPI (Vector Laboratories)
Axon components— Primary: Neurofilament (1:500, Abcam) X X X

neurofilament Secondary: Goat anti-rabbit IgG HRP

(1:1000, Abcam)
Primary: a-smooth muscle actin X X X
(1:1000, Abcam)
Secondary: Goat anti-rabbit IgG HRP
(1:2000, Abcam)

Vascular components

Collagen Picrosirius red (Abcam) NA X NA
Macrophages and Foamy Primary: CD68 (1:500, Abcam) NA NA X
phagocytes Secondary: Goat anti-rabbit IgG HRP

(1:1000, Abcam)
Primary: CD163 (1:100, Abcam) NA NA X
Secondary: Goat anti-rabbit IgG HRP
(1:500, Abcam)

M2 macrophages

DAPI, diamidino-2-phenylindole; HRP, horseradish peroxidase.
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Figure 3. Representative photomicrographs of A CD68 immunohistochemistry of nerve repaired with SIS conduit showing macrophages, indicated by black arrows; B CD68
immunohistochemistry of nerve repaired with CLC conduit showing macrophages, indicated by black arrows; C CD68 immunohistochemistry of nerve repaired with SIS conduit

showing foamy phagocytes, indicated by black arrows; and D CD68 immunohistochemistry of nerve repaired with CLC conduit showing foamy phagocytes, indicated by black
arrows; magnification x 400. Scale bar is 50 pm.

nerve region. Additionally, the Schwann cell density of the
contralateral healthy nerve was similar to the Schwann cell density
nerves of repaired with CLC conduits in the proximal nerve region
and SIS conduits in the mid-implant/distal nerve region.

Schwann cell (green) and M2 macrophage (red) expression was
visually distinguishable in triple-stained immunofluorescence im-
ages. Less robust staining was noted in nerves repaired with CLC
conduits (Fig. 7A-D) compared with nerves repaired with SIS
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Figure 4. A Macrophage cell density was significantly higher in the distal stumps of SIS-repaired nerves versus CLC-repaired nerves, P = .002. B M2 macrophage density was
significantly higher in the distal nerve regions of SIS-repaired nerves versus CLC-repaired nerves, P < .001.
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Figure 5. Foamy phagocyte cell density was significantly higher in the distal stumps of
nerves repaired with CLC versus those repaired with SIS, P =.006.

conduits (Fig. 7E-H), which supports the quantitative assessments
in Figures 4B and 6.

No change was observed in vascular component density from
the proximal nerve through the distal nerve within each group. The
density of the vascular components in the proximal nerve, mid-
implant, and distal nerve was significantly higher in nerves
repaired with SIS conduits compared with nerves repaired with CLC
conduits (P = .01 in the proximal nerve region and P < .001 in the
mid-implant and distal nerve regions, Fig. 8).

No significant differences were found in the axon component
density, quantified by neurofilament density, in the proximal nerve
and distal nerve regions between nerves repaired with SIS conduits
versus nerves repaired with CLC conduits, P = .21 and P > .99,
respectively. In the mid-implant region, the axon component
density was significantly higher in nerves repaired with SIS con-
duits compared with nerves repaired with CLC conduits (P =.006,
Fig. 9).

Overall, a low density of collagen was noted in both groups, but
significantly higher collagen density was observed in the mid-
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Figure 6. A decreasing trend was observed in Schwann cell density from the proximal
to the distal nerve sections in nerves repaired with SIS and CLC conduits. Schwann cell
density was significantly higher in nerves repaired with SIS versus CLC conduits at all
histological levels, P < .001 in the proximal nerve and mid-implant regions and P =
.004 in the distal nerve region. The contralateral healthy nerve Schwann cell density
was higher than nerves repaired with CLC conduits in the mid-implant and distal
nerve regions but similar in the proximal nerve region. The contralateral healthy nerve
Schwann cell density was lower than nerves repaired with SIS conduits in the proximal
nerve and mid-implant regions but higher than nerves repaired with SIS in distal nerve
region.

implant intraneural space of nerves repaired with CLC conduits
versus nerves repaired with SIS conduits, P = .01 (Fig. 10).

Discussion

A previous in vivo nerve transection study showed a greater
M2:M1 response, more revascularization, more fibroblast
ingrowth, and more lymphocytes through the mid-implant wall of
SIS nerve conduits versus CLC nerve conduits, and more regener-
ated nerve cable density of the mid-implant region of the nerve
within SIS-repaired nerves versus CLC-repaired nerves at 4 weeks
post-transection.'® We expanded on these findings and quantified
macrophages, M2 macrophages, foamy phagocytes, Schwann cells,
axon components, vascular components, and collagen density to
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Figure 7. Representative photomicrographs of triple immunofluorescence staining for M2 macrophages (red), Schwann cells (green), and cell nuclei (blue) within the distal nerve
region. There appeared to be fewer M2 macrophages and Schwann cells in A—D nerves repaired with CLC conduits than in E-H nerves repaired with SIS conduits.
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Figure 8. The vascular component density of nerves repaired with SIS conduits was
significantly higher than nerves repaired with CLC conduits at all histology levels, P =
.01 at the proximal nerve region, P < .001 at the mid-implant and distal nerve regions.

evaluate the progression of Wallerian degeneration and nerve
regeneration. We investigated the total macrophage and M2
macrophage populations in the distal nerve, as macrophage dif-
ferentiation has been reported to influence peripheral nerve
regeneration more than the number of total macrophages.'
Modulating the initial macrophage phenotype has been shown to
influence the biochemical cascade of the inflammatory process,

Axon Component (Neurofilament) Density
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Figure 9. Density of axon components, measured by neurofilament staining, showed a
decreasing trend in density in both groups. A significantly higher density was observed
in nerves repaired with SIS conduits versus CLC conduits in the mid-implant region,
P =.006. No significant differences were observed in nerves repaired with SIS conduits
versus nerves repaired with CLC conduits in the proximal nerve and distal nerve re-
gions, P = .21 and P > .99, respectively.

resulting in either a proinflammatory (higher M1) or anti-
inflammatory (higher M2) response.!! This early influence in
macrophage modulation lessens the need to modulate the process
downstream after a peripheral nerve injury.!! The transformation
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Figure 10. Collagen density in the mid-implant intraneural space was significantly higher
in nerves repaired with CLC conduits versus nerves repaired with SIS conduits, P = .01.

of macrophages to foamy phagocytes has been shown to play a role
in Wallerian degeneration, as these cells remove regeneration-
limiting components, myelin, and axonal debris.>"> We also
investigated collagen density and vascular components, which
provides valuable information regarding tissue remodeling, as
scarred nerve exhibits more collagen and less vasculature.”!

We found significantly higher populations of total macrophages,
driven by a similar increase in M2 macrophages, in the distal nerve
region of nerves repaired with SIS conduits versus nerves repaired
with CLC conduits. High M2 macrophage levels are associated with
inflammation resolution and promoting healing.'> The nerves
repaired with CLC conduits contained a higher population of foamy
phagocytes in the distal nerve region compared with nerves
repaired with SIS conduits. A higher population of foamy phago-
cytes may indicate an ongoing Wallerian degeneration process in
the nerves repaired with CLC conduits.

The vascular component density and Schwann cell density of
nerves repaired with SIS conduits were significantly higher than that
in nerves repaired with CLC conduits. This vascular network is crit-
ical to cell survival and provides a pathway for the migration of
Schwann cells,>” which supports the vascular component density
and Schwann cell density data reported in our study. Mokarram
et al'' found that M2 macrophages increased Schwann cell migration
two-fold compared with cell migration induced by M1 macrophages.
It is possible that the higher density of M2 macrophages may have
affected the Schwann cell density, as Schwann cells are critical to
both Wallerian degeneration and nerve regeneration.?>

A higher axon component density was found in the mid-
implant region of nerves repaired with SIS conduits versus
nerves repaired with CLC conduits; however, no differences
were observed in the proximal nerve and distal nerve regions.
Picrosirius red staining showed a significantly lower concen-
tration of collagen in the intraneural space of the mid-implant
region of nerves repaired with SIS conduits compared with
nerves repaired with CLC conduits. The presence of more axon
component density with less collagen density in the mid-
implant nerve region of nerves repaired with SIS versus
nerves repaired with CLC conduits may indicate better axonal
regeneration and less collagenous or scar tissue formation in
the nerves repaired with SIS conduits. Similar results were
noted by Hanwright et al** who found that extracellular matrix
nerve wraps decreased intraneural collagen deposition,

indicating less scar formation. Although the nerves of both
groups were surrounded by a nerve conduit, the differences
between the SIS-repaired nerves and the CLC-repaired nerves
may be attributable to differences in the conduit material.

In summary, these findings demonstrated that the nerves
repaired with SIS conduits exhibited more total macrophages,
specifically due to higher levels of M2 macrophages. These M2
macrophages are a phenotype associated with resolution of
inflammation and conclusion of healing. The foamy phagocytes
were higher in nerves repaired with CLC conduits versus nerves
repaired with SIS conduits, which suggests a slower resolution of
Wiallerian degeneration in nerves repaired with CLC conduits.
However, without additional time points, the resolution of this
process cannot be definitive. Our study showed more vascular
components and Schwann cell density throughout the nerve in
repairs with SIS conduits compared with nerves repaired with CLC
conduits, which is critically important for organized peripheral
nerve regeneration. Axon component density in the mid-implant
region of SIS-repaired nerves was significantly higher than CLC-
repaired nerves. No significant differences were noted in the axon
component density of the distal nerve region; however, this may be
due to the early time point evaluated in this study, where axons
have not yet reached the distal nerve region. Nerves repaired with
SIS conduits showed less collagen deposition and higher axon
component density in the mid-implant region of nerve cross-
sections. These findings suggest better nerve regeneration with
less scar tissue formation in the nerves repaired with SIS conduits
compared with nerves repaired with CLC conduits. A permissive
growth environment is the result of effective myelin and axonal
debris phagocytosis by invading macrophages and resident
Schwann cells, as well as the support of appropriate extracellular
matrix deposition and axon regeneration.?”

The data presented in this study indicate meaningful differences,
particularly in the mid-implant regions of the nerves repaired with
SIS conduits. This study was limited in collected data because nerve
function testing was not performed, and the time point for evalua-
tion was acute at 4 weeks. Although functional testing would be
beneficial to this evaluation, the limited 4-week in-life timeline
precluded adequate time for the evaluation of nerve function. This
study also did not capture any histological evaluations past the 4-
week time point. In-life time points after 4 weeks may provide data
showing the resolution of Wallerian degeneration in the nerves
repaired with CLC conduits and more complete nerve regeneration,
especially in the distal nerve region of both groups. Future studies
should consider including additional in-life time points at longer
durations, which would allow for adequate evaluation of functional
testing and additional histological characterization. Despite these
limitations, this study provides a valuable characterization of the
quality of regeneration after repair with two commonly used nerve
conduits and serves to expand on the current literature.
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