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Abstract

Background: In peripheral nerve injury, end-to-side neu-
rorrhaphy involves cooptation of the distal stump of a transect-
ed nerve to the trunk of an adjacent donor nerve. It has been
proposed as an alternative technique when the proximal stump
of an injured nerve is unavailable or the nerve gap is too long
to be bridged by a nerve graft. End-to-side neurorrhaphy was
first documented in the 19th century [1]. However; the tech-
nique has not been a clinical routine for almost a century. In
early 1990s, Viterbo et al., [2] demonstrated successful nerve
regeneration and muscle re-innervation in a rat end-to-side
neurorrhaphy model.

Aim of Study: A prospective experimental study was done
to study, evaluate, and compere the histological results of
neurorrhaphy in rats using end-to-end, end-to-side and end-
to-side long contact neurorrhaphy. Thereby presenting a
different techniques and for the first time a comparative
analytic study for the end-to-side long contact neurorrhaphy.

Material and Methods: The experiment carried out on 74
male rats, divided into three groups. After two months all rats
were evaluated histologically with immunohistochemistry
staining.

Results: The repaired grafts from the three groups were
obtained from the animals for histological examination.

Conclusion: End-to-side neurorraphy presently does not
replace a sound primary nerve suture. It should be seen as an
excellent, viable option when planning to address difficult
peripheral nerve injuries.

Key Words: End-to-end neurorrhaphy — End-to-side neuror-
rhaphy — Long contact — End-to-side neurorrhaphy
— Histological analysis.

Introduction

END-TO-SIDE neurorrhaphy was first document-
ed in the 19th century [1]. However, the technique
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has not been a clinical routine for almost a century.

In early 1990s, Viterbo et al., [2] demonstrated
successful nerve regeneration and muscle re-

innervation in a rat end-to-side neurorrhaphy model.

Immunocytochemical staining and retrograde nerve

tracing confirmed the presence of regenerated
axons in the attached nerve [3]. Most studies favor
direct end-to-end neurorrhaphy in favor of other
techniques. End-to-end nerve repair, when circum-
stances allow, yields the best results regardless of
timing [4] . As a continuation of previous serial

clinical studies done by the two senior authors of
this study [5,6,7] in establishing end-to-side neuror-
raphy in brachial plexus injuries, we attempted to
focus on histological outcome of end-to-side neu-

rorraphy techniques.

Patients and Methods

From May 2013 till July 2016 this prospective
animal experimental study was carried out on 74
male rats weighing on average 100-150 grams.
Out of 74 rats 14 rates were excluded;, 8 died early
and late post operatively and 6 were excluded due
to surgical site auto injury and destruction by the
rats themselves. All rats included were free of
visible signs of infection through their lives at the
time of the experiment.

Anesthesia: An intraperitoneal injection of a
Ketamine-Xylocaine solution (90mg/kg-10mg/kg)
was used. Supplemental doses may be used, over
the course of surgical procedure to maintain an-
esthesia.

Rats grouping: The animals were divided ran-
domly into three groups with 20 animals per group
according to the operative procedure:
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» Group 1. End-to-end neurorrhaphy between the
proximal end of femoral nerve and distal end of
the sciatic nerve (n=20).

» Group 2: Standard end-to-side neurorrhaphy
between the proximal end of femoral nerve and
distal end of the sciatic nerve (n=20).

* Group 3: Long contact end-to-side neurorrhaphy
between the proximal end of femoral nerve and
distal end of the sciatic nerve (n= 20).

Surgical procedure: Rats were immobilized in
the supine position on a corkboard. By making 3-
4cm length incision (Fig. 1) started from the mid
inguinal point downwards and laterally on the
thigh. The femoral nerve was exposed, followed
by muscle splitting to localize and dissect the
sciatic nerve.

Using 9/0 nylon sutures, the three different
techniques were used to repair the cut nerves.

Surgical steps: It usually takes about 40- 60
minutes to finish the surgical procedure including
the anesthesiatime. At first we identified the intact
femoral and sciatic nerves. Then the femoral nerve
is dissected free, aswell asthe sciatic nerve. The
cut proximal femoral nerveis sutured to the distal
cut femoral nerve either:

* End-to-end.

* End of femora nerve to side of the sciatic
nerve.

* Long contact femoral to side of sciatic nerve
(Fig. 2).

The prepared nerves are now sutured together,
making sure that the neurorrhaphy and the nerves
are not impinge on any structures, not kinked, and
free of any tension when attached to each other.
Great care was taken not to damage the underlying
axons while doing epineural widow in end-to-side
and long contact end-to-side techniques. Threeto
four (with only one stitch end were kept |ong about
1 cm to make latter identification easy) epineural
sutures using 9/0 Prolene are placed in position,
suturing the proximal and distal nervesusing 2.5
X-3 X microscope magnification.

Sciatic nerve cut Proximal. (postponing this
step making suturing of end-to-side and long con-
tact end-to-end more easy). The wound is closed
interrupted with prolene 4/0.

After aperiod of two months the rats were
sacrificed to retrieve the nerve segment proximal
and distal to repair. Nerve segment were labeled
with prolene 3/0 at both ends with identifying

distal from proximal ends with different stitches
length. Afterwards specimens were sent for histo-
logical analysis.

Histological analysis: The repaired grafts from
the three groups were obtained from the animals
for histological examination. The harvested nerves
were cut transversely 1cm distal to the repair and
they were fixed in 10% formol saline, washed then
gradually dehydrated. Tissues were then cleared
in xylene followed by impregnation then embedding
to obtain paraffin blocks. These were cut to obtain
5-6 pthick sectionsto be stained by:

* Hematoxylin and Eosin.

» Immunohistochemically staining for: Neurofila-
ments protein antibodies (catalog number isMS-
359-R7). Neurofilaments are intermediate fila-
ments of neurons and their processes. It is protein
triplets composed of three major subunits of MW
68kDa, 155kDa, and 200kDa. It |abels neurons,
neuronal processes, and peripheral nerves.

Immunostaining: Paraffin sections were depar-
affinized, rehydrated and washed. After washing,
inactivation of endogenous peroxidase was per-
formed and sections were washed again. No pre-
treatment was required for retrieving the epitopes.
The primary antibody for neurofilament protein
was applied over sections for 30 minutes. Immu-
nohistochemical staining was completed by the
use of ultravision detection system ABC kit (cata-
logue number TP- 015- HD). DAB (3,3 di-amino-
bezidinetetrahydrochloride) as chromogen was
applied for each slide and the slides were incubated
for 5 minutes at room temperature. Counterstaining
was done using Mayer's Hematoxylin (catalogue
number TA- 060- MH). Negative control was used
as reference; this was done by following the steps
of immunostaining but omitting the step of the
primary antibody. Positive immunoreactivity ap-
peared as brown deposits.

Morphometric study: The area of positiveim-
munohistochemical staining was measured in the
neurofilament sections. This was performed for
the specimens from all animals of all groupsin-
volved in the study. Measurements were donein
five non overlapping fields at X 400 magnification
inafield area of 7286.783.m2 for every subject
using Leica Qwin500C ® image analyzer computer
system (England) present in Histology Department,
Faculty of Medicine, Cairo University. Images
were captured live on the screen from sections
under alight microscope (Olympus ® BX-40,
Olympus Optical Co.Ltd., Japan). Binary images
were generated by color thresholding for the brown
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color then the area of these binariesis measured
by the Lecia Qwin ®500 software. Thisis done
for every field of the five fields for each subject
to obtain a mean area for each. Mean area percent
isthe relation between the areas of positivity
marked by the binary imagesto the field areawhich
iS7286.783 gn2aResults obtained were subjected
for statistical analysis.

Fig. (1): The surgical incision.

Fig. (2): Microscopic picture of long contact end-to-side
neurorrhaphy with redundant femoral nerve before taking the
slackness, suturing the nerve, and the severing the sciatic
nerve just proximal to the repair. Proximal, D; distal, T; plastic
tube, blue arrow pointed at sciatic nerve and green arrows
point at femoral nerve before and after the anastomosis.

Results

The area of positive immuno staining was meas-
ured in neurofilament Immunohistochemical stained
sections. This was performed for the specimens
from all animals of all groups involved in the study
lcm distal to repair site. Measurements were done
in five non overlapping fields at X 400 magnifica-
tionin afield area of 7286.783 gn2#or every
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subject. After taking the average of the five reading
for every subject, data were plotted in (Table 1)
which shows the surface area percentage of positive
immuno staining neurofilament for all the subjects.

» Group A: End-to-end neurorrhaphy between the
proximal end of femoral nerve and distal end of
the sciatic nerve (n=20).

» Group B: End-to-side neurorrhaphy between the
proximal end of femoral nerve and distal end of
the sciatic nerve (n=20).

* Group C: Long contact end-to-side neurorrhaphy
between the proximal end of femoral nerve and
distal end of the sciatic nerve (n=20).

Statistical analysis was conducted using statis-
tical package for the social sciences (SPSS) for
windows, version 22 (SPSS, Inc., Chicago, IL).
The current test involved one independent variable
was the (tested groups); between subject factor
which had three levels (group A, group B, group
C). In addition, thistest involved one tested de-
pendent variable (neurofilaments surface area 1cm
distal to the repair site). Prior to final analysis,
data were screened for normality assumption,
homogeneity of variance, and presence of extreme
scores. This exploration was done as a pre-requisite
for parametric calculations of the analysis of dif-
ference.

Descriptive analysis using histograms with the
normal distribution curve showed that the neuro-
filaments surface area was normally distributed
and not violates the parametric assumption for the
measured dependent variable. Additionally, testing
for the homogeneity of covariance revealed that
there was no significant difference with p-values
of >0.05. The box and whiskers plots of the tested
variable to detect the outliers were done. One way
ANOVA (Analysis of variance) was used to com-
pare the tested variables of interest at different
tested groups. With the initial alphalevel set at
0.05.

Dependent variable:

Aspresented in (Table 1), and illustrated in
(Chart 1) the mean = SD values of neurofilaments
surface areain the "group A", "group B”, and
"group C” were 17.91+1.73, 11.16+2.31, and
14.45+ 1.71 respectively. The one way ANOVA
revealed that there were significant differencesin
the mean values of surface area of neurons among
three groups (p=0.0001*). Aswell as, multiple
pai rwise comparison tests (Post hoc tests) revealed
that there was significant difference between (group
A Vs. group B) with (p<0.05) and this significant
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increases in neurofilaments surface area in favor
to group A.

Additionally, there was significant difference
between (group A Vs. group C) with (p<0.05) and
this significant reduction in neurofilaments surface
area in favor to group A. Finally, there was signif-
icant difference between (group B Vs. group C)
with (p<0.05) and this significant increase in neu-
rofilaments surface area site in favor to group C.

This mean that group B has lower neurofilaments
surface area than other groups (A,C) (Chart 1).

Table (1): The surface area percentage of positive immuno
staining neurofilament for all the 60 specmens.
Group A represents end-to-end neurorrhaphy, group
B represents standard end-to-side neurorrhaphy,
group C represents Long contact technique end-to-
side neurorrhaphy.

1 16.85 | 8.34 | 15.33
2 15.3 2 8.85 2 17.13
3 20.65 3 12.68 3 14.18
4 20.49 4 9.28 4 12.52
5 16.37 5 11.53 5 12.51
6 15.5 6 15.7 6 13.06
7 19.25 7 13.1 7 16.9
8 18.13 8 10.3 8 17.13
9 17.57 9 10.05 9 15.98
10 20.42 10 12.9 10 13.34
11 15.96 11 8.53 11 14.86
12 18.98 12 12.9 12 13.35
13 17.94 13 15.35 13 12.89
14 16.99 14 9.76 14 15.76
15 19.08 15 11.15 15 13.89
16 18.59 16 8.9 16 12.96
17 17.8 17 14.47 17 12.53
18 20.07 18 9.99 18 14.39
19 15.87 19 10.85 19 17.31
20 16.39 20 8.67 20 13.09
Mean 17.91% Mean 11.17% Mean 14.45%
SD 1.736 SD 2.315 SD 1.716
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Chart (1): Mean values of the of neurofilaments surface area
at different groups.

Discussion

This study confirming that there is nothing
more useful than direct, end-to-end nerve repair,
when circumstances allow. Long contact end-to-
side neurorrhaphy is more histologically superior
to end-to-side neurorrhaphy. To our knowledge
there is no other studies showing histological
superiority of long contact end-to-side neurorrhaphy
over standard end-to-side neurorrhaphy.

In 2003 Hayashi et al., [8] study was of the first
ones to assess collateral sprouting occurs following
end-to-side neurorrhaphy Using sample size of 15
rats divided into 3 groups, the sciatic nerve was
transplanted between the left and right median
nerves either end-to-end or end-to-side in three
different groups. Histolgical analysis after 60 days
concluded that nerves regenerate by collateral
sprouting from the donor nerves following end-to-
side neurorrhaphy.

In a histological study conducted by De Sa et
al., [9] using the peroneal and the sciatic nerve rats,
in sample size of 28 rats divided into 4 groups,
they concluded that end-to-side repair is not as
efficient as the conventional end-to-end nerve
repair.

Histolgical analysis done after 56 days which
was retrieved 10mm distal to repair. According to
this results, a quite satisfactory morphologic re-
generation occurred 8 weeks after an end-to-side
nerve repair.

Along wih De Sa et al., [9] study, Kanit Sanan-
panich et al., [10] emphasized the same superiority
of end-to-end over end-to-side in 24 rats but after
3 months.

Bontioti et al,. [11] also showed superiority of
end-to-end neurorrhaphy over end-to-side neuror-
rhaphy in sample size of 34 rats.

As early as 1994, Lundborg et al., [12] . Using
similar histological technique to our study also
emphasized collateral sprouting following end-to-
side neurorraphy.

In contrast to the fore mentioned experimental
studies, end-to-side was not done extensively in
humans until 1988, in which year Ulrich Mennen
[13] emphysizied good clinical results in 22 patient
suffering variety of nerve injuries, all was treated
with end-to-side neurorraphy.

The two senior authors of this study [5-7] also
established end-to-side neurorraphy in brachial
plexus injuries with fair results.
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Conclusion:

Direct, end-to-end nerve repair, when circum-
stances allow, yields the best results.

End-to-side neurorraphy presently does not
replace a sound primary nerve suture. It should be
seen as an excellent, viable option when planning
to address difficult peripheral nerveinjuries. In
the future Long contact end-to-side could replace
end-to-side neurorrhaphy in situations like avulsed
brachial plexusroots. There were no added diffi-
culties while doing the Long contact technique
end-to-side neurorrhaphy. Although long contact
end-to-side is better than end-to-end neurorrhaphy,
further clinical studies are needed to validate our

study.
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