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Abstract

BACKGROUND: Considering the common origin of skin and peripheral nervous system, a tube of dermal layer of skin
hypothetically can be an ideal conduit for nerve reconstruction. An experimental study performed to evaluate the nerve
regeneration of efficacy into adermal tube.

METHODS: Sixty male Wistar rats were used. A 10 mm gap was produced in right sciatic nerves. In group A the autoge-
nous nerve grafts were used to bridge the defects. In group B vein conduit were use to reconstruct the gaps. In group C
dermal tube were used to bridge the defects. Morphologic studies were carried out after 3 month.

RESULTS: The density of nerve fibers was significantly higher in autogenous nerve graft group. The efficacy of nerve
growth into the dermal tube group was significantly poor in comparison to other groups.

CONCLUSIONS: In the present study, dermis was used as the nerve conduit for the first time. This study indicates that the
dermal tube is not a suitable conduit for nerve regeneration till further studies to resolve the problems before clinical

application.
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estoration of peripheral nerve injuries
Rwith sufficient functional recovery is a
significant consideration in reconstruc-
tive surgery.12
The clinical outcome is often unsatisfactory
and there is rarely a complete return of func-
tion.34
Those injuries that produce a gap in the
nerve are more difficult for reconstruction.!?
The standard technique for reconstruction
of a large nerve gap is autogenous nerve
graft.1-4
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When a nerve graft bridge a nerve defect
the graft functions as a conduit for regenerat-
ing axons. It produces a guidelines and bio-
logical environment for nerve regeneration.!

Limited sources of nerve grafts, mismatches
between host and donor nerves, morbidity of
donor area and neuroma formation as compli-
cations of nerve graft procedure, has stimu-
lated many researchers to evaluate alternative
methods for nerve gap reconstruction.>-¢

One possible alternative method to nerve
graft is to use nerve conduits with similar
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Divided sciatic nerve growth

efficacy.56

A tube functions as nerve guidance aid for
nerve fibers growth and also minimize scar
formation and inflammatory cells invasion.
Different natural, synthetic absorbable and
synthetic non absorbable materials have been
used to make a tube.*”

A wide range of natural, synthetic non-
degradable, and synthetic degradable vein,
tendon, fascia, muscle, silicon, poly (glycolic
acid), poly (lactic acid), collagen and bioglass
extensively used to bridge gap of the nerve.46$

The disadvantages of non-degradable tubes
are foreign body response, scar formation, in-
fection and mechanical impigment.+”

Recent research has focused on degradable
artificial nerve tube, however, resorption of
this conduits may result inflammatory reac-
tions and fibrosis around the nerve.+6910

A large variety of substances such as neuro-
trophic factors or Schwann cells have been
used to promote nerve regeneration, especially
in larger gaps.268

Neural crest stem cells that are the precur-
sor cells for peripheral nervous system have
the same emberyonical origin with ectodermal
layer. Is there any possibility that this common
origin enhance nerve regeneration through a
tube from this layer?24

The present study examined the efficacy of
dermal conduit in bridging a gap of 10 mm by
assessing the morphometric parameters of sci-
atic nerves in rats.

Methods

Animals

Sixty male rats (Wistar) with the weight of 250-
300 g were used in this experimental study.
Animals were divided into 3 groups according
to the types of nerve conduits.

Operative Technique

Each rat was anesthetized separately with an
intra muscular injection of Ketamin (50
mg/kg) and Xylazin (5 mg/kg). All proce-
dures were performed by the researcher with
microscopic magnification during surgery.
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Using 3 cm incisions to the dorsal gluteal
areas and dissection in inter-muscular plan,
right sciatic nerves were exposed and the
nerve defects were developed by resection of a
10 mm segment of the nerves. An extensive
literature search suggests that rat peripheral
axons can cross an inter stump gap of 10 mm
and it is well documented in a variety of ex-
perimental studies (Figure 1).256

Figure 1. Resection of 10 mm of sciatic nerve.

In group A (autogenous nerve graft) (n =
20) the transected segment of the nerve was
immediately repaired primarily in a retrograde
type (when the nerve is repaired in a retro-
grade fashion, potential side branching of re-
generating axons are prevented). Each nerve
end was sutures with four 10-0 nylon (Ethicon)
epineural sutures with microscopic magnifica-
tion and microsurgical instrument (Figure 2).
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Figure 2. Repair of nerve with interposition
nerve graft.
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In group B (vein tube) (n = 20), a 10 mm
segment of femoral vein was harvested
through another incision in left inguinal area.
The vein was dilated over a no 18 epidural
catheter (Figure 3). The vein was grafted in ret-
rograde fashion between the nerve stumps.
Both proximal and distal ends were positioned
into the vein tube and fixed by four 10-0 nylon
(Ethicon) sutures between epineural layer and
vein wall.
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Figure 3. Harvesting and dilating of femoral
vein.

In group C (dermal tube) (n = 20), the epi-
dermis of a 10x5 mm area from the back of the
rat removed (Figure 4). Then a thin dermal
layer harvested carefully with loupe magnifi-
cation and by use of 15 blade surgical knife.

< (0

Figure 4. Preparation of dermal lyer.

After that a 10 mm dermal tube was made over
a no 18 epidural catheter with microscopic
magnification and by interrupted 8-0 prolen
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(Ethicon) sutures (Figure 5). The tube posi-
tioned into the nerve gap and after insertion of
both nerve ends into the tube each nerve end
was sutured. Both proximal and distal part of
the nerve were sutured to the tube using four
10-0 Nylon (Ethicon) sutures.

; 75 3

Figure 5. Reconstruction of dermal tube over
epidural catheter.

The skin was closed with 3-0 silk inter-
rupted sutures. To prevent infection all ani-
mals were received one dose of Enrofloxamin
(0.1 mg/kg) before operation and Co-
Amoxiclave were added to drinking water of
rats (1 g/L).

After surgery animals were housed in sepa-
rate cages whose floors were covered with
sawdust. They placed in a standard room with
controlled temperature and 12 hour light/dark
cycle. Sufficient food and water were pro-
vided. After 3 months, rats were killed with an
overdose of the anesthetic.

Histological Evaluation

Two specimens were cut in each rat. The first
specimen was taken from normal sciatic nerve
proximal to the conduit and the second sample
was taken from the mid-point of the tube. The
specimens for tissue evaluation were fixed in
10% formalin (Mojallali) and then processing
by a series of graded alcohols (Visian), Xylol
(Mojallali) and paraffin (Sacura). Then speci-
mens were embedded in paraffin blocks (tis-
sue-tek, VIP, Sakura). After fixation, the tissue
was cut to 4 pm thicknesses by using micro-
tom (Accu-Cut-SRM, Sakura) and was stained
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with Hemotoxylin and Eosin. All samples were
observed under light microscope (Olympus-
BH>) (400 X) and the number of axons in the
mid-part of the tubes were compared with the
normal proximal sciatic nerves.

Statistical Analysis

All the collected data were expressed as mean
and standard deviation. Statistical compari-
sons between there groups were made by SPSS
version 16. The ANOVA test was then used as
a post hoc test. The meaningful differences was
set at p <0.05.

Results

All animals tolerated surgical procedures and
survived well without any serious surgical
complication. During dissection, there was not
evidence of infection around the conduits in all
groups. In dermal tube group, moderate adhe-
sion and developed fibrotic tissue were ob-
served around the conduit and the nerve. Mor-
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phologic analysis that was included density
and also average area of the nerve fiber was
performed in all groups, comparing them to
the normal proximal sciatic nerve samples.

The percentage of axon's number compar-
ing to normal proximal nerve are shown in ta-
blel.

The density of the axon and also average
area of the nerve fiber in the middle section of
the tube was lower than normal nerve in all
rats. In the autogenous nerve graft group, a
good regeneration pattern was observed and
density and average area of nerve fiber was
significantly higher than other groups (p <
0.05).

In the vein tube group, the density and av-
erage area of the nerve fiber was significantly
higher than the dermal tube group (p < 0.05).

In dermal tube group, fibrous tissues were
extended through the entire conduit. Only few
scattered axons were observed.

Table 1. Distal to proximal nerve growth comparison (mean and standard deviation)

Graft type Mean Standard deviation
Autogenous dermal tube 0.225 0.1731
Autogenous vein tube 0.470 0.1750
Autogenous nerve graft 0.780 0.2567
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Figure 6. Perecentage of conduit's axon number to normal proximal nerve
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Discussion

Peripheral nerve has inherent potential for re-
generation after trauma because of the ideal
microenvironment for growth provided by the
distal nerve stump after wallerian degenera-
tion.610.11

The standard technique for the reconstruc-
tion of a nerve defect is still the use of autoge-
nous nerve graft.5

Due to morbidity and limited availability of
nerve graft, the use of various nerve conduits
following nerve laceration has been initiated
clinically.11213

Artificial nerve tubular system containing
viable Schwann cells or neurotrophic factors
are more promising to bridge peripheral nerve
gaps, than using a conduit alone.%1415

Wang et al used an inside-out vein tube as
interposition graft and stated that it has advan-
tages over other techniques such as nerve graft
or standard vein graft. They concluded that
adventitia and the medial layer promote nerve
regeneration due to rich sources of collagen
and Laminin.316

In the present study, dermis was used as the
nerve conduit for the first time. Theoretically,
the rich source of collagen and the common
origin of dermis with peripheral nervous sys-
tem can promote nerve regeneration.81”

Other studies have shown that regenerated
axons are able to bridge the nerve tubes im-
planted between nerve end in rat sciatic nerve
if the defect is equal or smaller than 10
mm.81819

Most studies used morphometric analysis in
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the mid-portion of the conduit to evaluate the
regeneration efficacy.1

The growth of axons observed in the dermal
tube group indicates that the quality of regen-
erated nerve was very poor, compared with
vein tube and autogenous nerve graft. Also,
sever fibrosis, which may be due to collagen,
fibroblast or other components of the dermis
might be able to prevent axonal growth within
this type of conduit. These results suggest that
this type of conduit is not a suitable alternative
for autogenous nerve graft or vein conduit.
The dermal conduit that implanted in this
study was well tolerated, but further studies
are necessary to test the hypothesis that com-
mon origin of skin and peripheral nerves can
enhance nerve regeneration in conduits make
by this layer.

Besides, the functional recovery was not
proportionally improved as the histomor-
phometric results and further studies are
needed to evaluated functional results. Com-
parison between these types of conduits with
artificial tube is another necessary future
evaluation. Further more, the addition of nerve
growth factors and Schwann cells into the
conduit my improve nerve regeneration.!

Conclusions

In conclusion the present study indicates that
the regeneration efficiency of dermal tube is
significantly lower than autogenous nerve
graft and vein tube. It is not a suitable conduit
till further studies to resolve these problems
before clinical application.

MJF suggested and designed the study and performed all microscopic surgical procedures. KSF,
AKA, MJM and RV were microsurgery assistants and also harvested specimens for histological
evaluation. SP was animal anesthetist and also responsible for animal care. FR and SJM conducted
the statistical analysis. AH collected the data and prepared the first draft of the manuscript. All
authors have read and approved the content of the manuscript.
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