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Abstract

Most studies agree on the demonstration of the existence of nerve tissue specificity and that if a non-nervous target (e.g. a tendon) were sutured 
to one of the distal limbs of a Y-shaped nerve guide, independent of the type of guide, all nerve fibers would regenerate toward the nerve tissue. 
Recent studies suggest that optimum nerve regeneration may arise from the tissue environment in general. We developed an experimental model 
in order to eliminate all the microenvironment problems that we experienced in previous studies, and to be able to evaluate the neurotropic affinity 
of various tissues.

Group 1 (n:8): The control group. The sciatic nerve was only explored, but certainly not touched.

Group 2 (n:8): Both lower ends of the peroneal nerve graft, prepared by reverse end-to-side coaptation in the shape of a horseshoe, were coapt-
ed to tibial and peroneal nerves distally by end-to-end coaptation. 

Group 3 (n:8): As one end of the peroneal nerve graft, prepared by reverse end-to-side coaptation in the shape of a horseshoe, was coapted to 
the peroneal nerve distally, the other end was sutured directly by opening the fascia of the gastrocnemius muscle.

Group 4 (n:8): As one end of the peroneal nerve graft, prepared by reverse end-to-side coaptation in the shape of a horseshoe, was coapted to 
peroneal nerve distally, the other end was ligated 

As seen in the histomorphometric analysis, axons were observed to sprout towards both ends of the horseshoe-shaped nerve graft in a free 
fashion without being affected by the negative influences of the microenvironment. 

Keywords: Histomorphometric analysis, Axons

Introduction

Neurons are dependent on neurotrophic factors produced by 
the targets. The target produces neurotrophic factors, which are 
taken up by the axon terminals and transported retrogradely to 
the nerve-cell body to support its normal metabolic processes. At 
the level of axonal transactions, new axonal sprouts begin to grow 
distally. Schwann cells at the site of injury start to produce neuro-

trophic factors supplied locally by Schwann cells. Neurotrophic fac-
tors support the survival and general growth capacities of neurons. 
They are normally present at very low levels in the non-neural cells 
of a nerve trunk, but a local injury will initiate a local synthesis at 
relatively high levels.1 Enclosure of the injury zone in a tube, leaving 
a gap between the ends, may contribute to local accumulation of 
various factors, resulting in the optimal statement of trophic and 
tropic mechanisms.2
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The existence of the specificity of peripheral nerve fiber regen-
eration has been investigated at two levels. The first level specificity 
is “tissue specificity”, which can be defined as the preferential re-in-
nervation of distal nerve tissue versus other types of tissue. Most 
studies agree on demonstrating that there is nerve tissue specificity 
and that if a non-nervous target (e.g., a tendon) were sutured to one 
of the distal limbs of a Y-shaped nerve guide, independent of the 
type of guide, all nerve fibers would regenerate toward the nerve 
tissue. In contrast, there is much less agreement regarding the pres-
ence and features of a second level of specificity, i.e., the possibility 
that peripheral nerve fiber regeneration is not only guided by sim-
ple nerve tissue specificity, but that it also responds to higher and 
more discriminative types of distal lures within the nerve tissue.2-4 
The concept that the distal stump of a transected nerve attracts re-
generating axons, has had a chequered career. This was originally 
avowed by Forssman and Cajal.5,6

Weiss and Taylor then re-investigated the question by in vivo 
experiments in which the proximal end of the divided sciatic nerve 
in the rat was inserted into a Y-shaped tube fashioned from the 
distal aorta from another rat, and its bifurcation into the two iliac 
arteries. This offered the regenerating axons the choice of growth 
into one or other of the iliac arteries. If the distal stump of the sci-
atic nerve were inserted into one of the distal limbs of the graft, the 
other was left empty, ligated or plugged. Weiss and Taylor therefore 
concluded that the distal stump had no attractive effect on regener-
ating axons.7 Weiss later failed to find evidence of neurotropism in 
tissue culture experiments and showed that alteration of the sub-
strate surface influenced the direction of neurite outgrowth.8 The 
concept of a neurotropic influence on nerve regeneration was never 
completely discarded. It was restored to respectability by Politis, et 
al. who produced an in vivo demonstration of a neurotropic influ-
ence from the distal stump on regenerating axons using a Y-shaped 
silicone tube, and Anderson & Turmaine demonstrated why Weiss's 
experiment had failed. Anderson & Turmaine hypothesized that the 
grafted aorta may have become semipermeable.9-11 At about the 
same time, Lundborg & Hansson found that peripheral axons re-
generating through mesothelial chambers would cross to reach the 
distal stump of the nerve at the opposite corner of the chamber.12 
A neurotropic influence of the distal stump on regenerating axons 
was confirmed by Ochii, and in primates, by MacKinnon et al. and 
Nachemson & Lundborg.13-15

Classical studies have shown that diffusible factors from the 
distal stumps of transected peripheral nerves exert a eurotropic/
chemiotactic effect on regenerating nerve fibers in vivo.16-18,2,6 Re-
cent studies suggest that optimum nerve regeneration may arise 
from the tissue environment in general.19

The various levels of specificity of regenerating peripheral 
nerve fibers have been addressed by a number of studies. Several 

authors investigated the tissue specificity in vivo, adopting slightly 
different models. These included a Y-shaped artery obtained from 
heterogenic or syngeneic animals and Y-shaped pre-degenerated 
muscle.7,11,20 In particular, tissue specificity was usually investigated 
by the Y-chamber experimental model.7,9,10,11,14,20-27

Autologous nerve grafting is still considered the best method 
for bridging peripheral nerve injuries with substance defects. A 
regenerating nerve should exhibit axonal growth and extension. 
These events are of multifactorial character for which the ideal mi-
croenvironment is a nervous tissue. Therefore, using nerve grafts is 
also the best method for bridging nerve defects. The Schwann cell 
and its basal lamina act as a template in this process.28-32 The seri-
ous problems of using non-absorbable materials are complications 
such as local fibrosis or mechanical discomfort.33 The demonstra-
tion that the peripheral nerve microenvironment will allow regen-
eration of central nervous tissue as well as peripheral axons has 
stimulated significant interest in and brought talent to the study of 
peripheral nerve regeneration.34

The microenvironment of the tip of the regenerating peripheral 
nerve is a major focus of contemporary research into methods of 
enhancing peripheral nerve regeneration. Progress toward isolat-
ing new growth-promoting agents has been accelerated by in vitro 
cell culture methods and more recently by the nerve guide or the 
nerve regeneration chamber model in which agents can be tested 
for the ability to promote nerve regeneration in vivo. The nerve 
guide or nerve regeneration chamber model is an in vivo surgical 
preparation in which we may observe, sample and manipulate the 
microenvironment of the regenerating peripheral nerve.32

The models prepared from non-neural tissues show limited 
success in the evaluation of neurotropism due to failure to obtain 
an appropriate microenvironment and occurrence of foreign body 
reactions.35 A nerve can regenerate itself best within a nervous tis-
sue.32 Therefore, we created a model similar to Y-tube by nervous 
tissue using a combination of reverse end-to-side coaptation tech-
nique and nervous graft. I had introduced this model in my article 
titled as “A Successful Neurotization of Two Different Muscles Using a 
Single Intact Motor Nerve: Experimental Study on Rats” and had not-
ed that horseshoe shaped nerve graft showed a better axonal exten-
sion towards both of the legs compared to the Y-shaped grafts.36-41 
In light of this study, we developed an experimental model in order 
to eliminate all of the microenvironment problems that we experi-
enced in the previous studies, and to be able to evaluate the neuro-
tropic affinity of various tissues.

Material and Methods

Thirty-two adult female Sprague-Dawley rats weighting 300-
350gr. were used in this study. Each was maintained under stan-
dard laboratory conditions. The rats were allowed free access to 
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rat chow and water. They were randomly and equally divided into 
four groups. General anesthesia was accomplished by an intra-
peritoneal injection of a mixture of ketamine (90mg/kg), xylazine 
(10mg/kg). The animals were placed in the prone position on the 
operating table with the lower extremities in extension. A posteri-
or incision, starting from the iliac bone spine, reaching the lateral 
condyle of knee, was used for exposure. The leg muscles, the sciatic 
nerve and its branches were exposed. A 2cm peroneal nerve graft 

was transected, and the tibial nerve was transected. The intact do-
nor nerve end was sutured to the epineural window at the middle 
of the horseshoe shaped nerve graft and one end of the nerve graft 
was coapted to the tibial nerve, and the other end was coapted to 
different tissues according to groups. All neurological surgeries 
were performed carefully under x25 magnification and with 11/0 
prolene sutures (Graphic 1).

Graphic 1: Schematic and in vivo reverse side-to-end coaptation.

Group 1 (n:8): The control group. The sciatic nerve was only 
explored, but certainly not touched.

Group 2 (n:8): Both lower ends of the peroneal nerve graft, 
prepared by reverse end-to-side coaptation in the shape of a horse-
shoe, were coapted to the tibial and peroneal nerves distally by 
end-to-end coaptation.

Group 3 (n:8): As one end of the peroneal nerve graft, prepared 
by reverse end-to-side coaptation in the shape of a horseshoe, was 
coapted to the tibial nerve distally, the other end was sutured di-
rectly by opening the fascia of the extensor digitorum longus mus-
cle.

Group 4 (n:8): As one end of the peroneal nerve graft, prepared 
by reverse end-to-side coaptation in the shape of a horseshoe, was 
coapted to tibial nerve distally, the other end was ligated.

(Graphic 2).

Histomorphometric Evaluation

All rats were sacrificed after 12 weeks, and specimens were 
obtained to be evaluated under light microscopy. The specimens 
were collected from both the peroneal and the tibial sides of the 
nerve grafts and from the proximal end of the tibial nerve, which 

is a source of new axons. They were stained with 0.5% toluidine 
blue for light microscopy to evaluate myelinated and unmyelinat-
ed axons. Photographs at standard size from 5 different regions of 
each specimen were randomly taken during all microscopic exam-
inations. The mean value for each specimen was obtained after the 
number and thickness of axons were calculated on the photographs.

Statistical Evaluation 

Statistical calculations were performed using the One Way Ano-
va (Holm Sidak Method) test and the differences with p, 0.05 were 
considered significant.

Histomorphometric Results

The number of non-myelinated axons

Having determined at least one different group relative to the 
number of tibial non-myelinated axons using the One-way ANO-
VA (Holm Sidak Method) test (p=0.08), we carried out inter-group 
comparisons. In these analyses, Group 1 showed no significant dif-
ference compared to Group 2 and Group 3. However, Group 4 was 
found to exhibit a statistically significant difference compared to 
Group 2 (p=0,041) and Group 3 (p=0,002). There was no difference 
between Group 3 and Group 4 (p=0,116). 
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Graphic 2: Schema of the experimental groups.

After having determined at least one different group relative to 
the number of peroneal non-myelinated axons by the One-way ANO-
VA (Holm Sidak Method) test (P≤0.001), we carried out inter-group 
comparisons. There was no statistically significant difference be-
tween Group 1 and Group 4 (p=0.124). Group 2 and Group 3 did not 
demonstrate a difference either (p=0.275). The other inter-group 
comparisons revealed differences in terms of mean values. 

The number of myelinated axons

Having determined at least one different group relative to the 
number of tibial non-myelinated axons using the One-way ANOVA 
(Holm Sidak Method) test (P=0,009), we carried out inter-group 
comparisons. Group 1 and Group 4 demonstrated a statistically 
significant difference (P=0,002). No other statistical difference was 
observed between the study groups.
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Having determined at least one different group relative to the 
number of peroneal non-myelinated axons using the One-way ANO-
VA (Holm Sidak Method) test (P≤0,001), we carried out inter-group 
comparisons. There were statistically significant differences be-
tween all the groups. As proposed in our experimental study, more 
myelinated axons were expected to be formed in Group 2 peroneal 

legs of our model compared to the myelinated nerves in the peroneal 
legs of Group 3. This was shown statistically when these two groups 
were compared with the Mann Whitney U test and the p value was 
found to be 0.011 (<0.005); namely, more myelinated axons were 
formed in Group 2, as expected (Table 1, Image 1)

Table 1: Histomorphometric data.

a. Tibial Side Non-Myelinized Axons.

Rat No Group 1 Group 2 Group 3 Group 4

1 25 35 29 44

2 23 43 43 49

3 19 41 41 37

4 42 28 37 38

5 34 31 46 40

6 30 30 29 45

7 27 38 32 30

8 18 27 21 44

Mean 27.25 34.125 34.75 40.875

SD 7.996 6.058 8.464 5.915

b. Peroneal Side Non-Myelinized Axons.

Rat No Group 1 Group 2 Group 3 Group 4

1 11 34 46 21

2 16 30 28 15

3 24 29 31 12

4 22 46 30 24

5 36 40 34 18

6 28 45 33 9

7 19 36 29 23

8 21 41 41 11

Mean 22.125 37.625 34 16.625

SD 7.856 6.435 6.325 5.731

Image 1: Distribution of the views obtained from histologic sections relative to groups.
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c. Tibial Side Myelinized Axons.

Rat No Group 1 Group 2 Group 3 Group 4

1 23 30 23 30

2 19 31 30 32

3 28 28 26 45

4 30 32 21 38

5 23 18 34 32

6 19 25 38 40

7 29 29 24 27

8 22 36 26 30

Mean 24.125 28.625 27.75 34.25

SD 4.357 5.344 5.825 6.112

d. Peroneal Side Myelinized Axons.

Rat No Group 1 Group 2 Group 3 Group 4

1 13 29 23 2

2 16 32 30 5

3 20 34 19 11

4 21 26 26 2

5 13 26 24 4

6 13 30 30 1

7 25 41 19 1

8 22 31 20 6

Mean 17.875 31.125 23.875 4

SD 4.734 4.853 4.518 3.381

Discussion

The study of peripheral nerve regeneration has always attract-
ed the interest of researchers due to its many peculiar features 
differentiating it from the regenerative processes of all other tis-
sues.30,36-38 Among the different aspects of nerve regeneration, the 
issue of the specificity of peripheral nerve regeneration has been 
particularly debated over the years. Specificity of nerve regenera-
tion can be defined as the ability of the nerve fibers of a peripheral 
nerve, after a lesion, to regenerate preferentially back to its original 
target.4 Enclosure of the injury zone in a tube leaving a gap between 
the ends, may contribute to local accumulation of various factors, 
resulting in the optimal statement of trophic and tropic mecha-
nisms.2 The various levels of specificity of regenerating peripheral 
nerve fibers have been addressed by a number of studies. In par-
ticular, tissue specificity was usually investigated by the Y-cham-
ber experimental model.7,10,11,14,20-24 It may be concluded that trop-
ic factors that exert chemiotactic influence on regenerating axons 
originate from the target tissue (the nervous tissue) and are not 
modified by blood circulation. It is still unclear whether vascular-
ization of the distal nervous end-organ and/or its connection to the 
periphery (intact nerve vs nerve graft) influences the maturation of 
nerve regeneration or not.27

In view of these unclear points, we believe that the pathways 

that will carry and join the proximal end to the targeted distal end 
should generate the ideal microenvironment in a transected nerve. 
To date, many studies have been designed to gain data on tissue 
specificity. Hence, the experiments did not allow investigation of 
other levels of specifity, such as end-organ and topographic.39 The 
reach of the axons to the distal nerve segments is not sufficient for 
ideal innervations. They must also reach their original end organ. 
Otherwise, the distal neurotubules would not be spread by original 
axons, and this is not a functional result. The neuron makes efforts 
to regain its original axoplasm volume by extending peripheral 
processes: the axons regenerate toward the periphery. An ongoing 
exchange of chemical messages between the center and the periph-
ery by anterograde and retrograde axonal transport is essential 
for this process. Neurite-promoting factors promote growth cone 
formation and stimulate the advancement of axons by offering op-
timal and specific local molecular signals. Advancing growth cones 
are dependent on the presence of neurite-outgrowth-promoting 
factors in vivo as well as in vitro. In the extracellular matrix and 
in the basal laminae, which surround Schwann cells, the glycopro-
teins laminin and fibronectin may provide such support of axonal 
growth.2,40

In our study, proximal nerve axons that regenerated inside the 
horseshoe shaped nerve graft had the possibility to choose to grow 
towards either target nerve or to another distal target, or both. In 
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neurotropism studies, while investigating the affinity rates of re-
generating axons towards various tissues and the attractive power 
of various tissues for regenerating axons, the shortcomings of the 
experimental models should not mislead us. Most of the classic neu-
rotropism studies have used either synthetic or non-neural tissues 
as a medium and guide. Many authors have mentioned the negative 
aspects of these environments. In our study, we aimed to eliminate 
this problem by basing our study design on the fact that a nerve 
can accomplish the best regeneration only within a nervous tissue. 
Reverse end-to-side nerve repair was first described by Isaachs and 
colleagues. I had published the results of my previous experimental 
study on the functional efficacy of reverse end-to-side repair.41 In 
the light of these findings, we know that this repair technique al-
lows axonal regeneration from the main nerve trunk to both ends of 
the nerve. Thus, by this study, we were able to show that this repair 
model could be used in studies focusing on tissue neurotropism, 
and it would help us to eliminate the misleadings associated with 
the microenvironment. 

As seen by the histomorphometric analysis, axons were ob-
served to sprout towards both ends of the horseshoe-shaped nerve 
graft in a free fashion, without being affected by the negative in-
fluences of the microenvironment. If the regenerating nerve axons, 
either myelinated or non-myelinated, failed to reach the peroneal 
end organ, they were found to sprout mostly towards the tibial side. 
Furthermore, in Group 4, where there was no end organ, the num-
ber of nerves, both myelinated and non-myelinated, regenerating 
towards the tibial side, was determined to reach maximum values. 
These findings were verified statistically as well. As another signif-
icant data, as proposed in our experimental study, more myelinated 
axons are expected to be formed in Group 2 peroneal leg of our model 
compared to the myelinated nerves in the peroneal leg of Group 3. In 
the statistical comparison, as shown by the Mann Whitney U test ana-
lyzing the difference between myelinated axon counts in Group 2 and 
Group 3 on peroneal side (p:0.011), the mean myelinated axon count 
was higher in Group 2 (Table 2).

Table 2: Statistical result of all the groups.
NPar Tests
[Data Set 0]

Notes

Output Created 18-09-2021 13.57

Comments

Input

Active Dataset DataSet0

Filter <none>

Weight <none>

Split File <none>

N of Rows in Working Data 
File 16

Missing Value Handling

Definition of Missing
User-defined missing 
values are treated as 

missing.

Cases Used

Statistics for each test are 
based on all cases with 

valid data for the variable(s) 
used in that test.

Syntax

NPAR TESTS 
/M-W= Myelined Aksons 

BY Groups (1 2)

/STATISTICS=DESCRIPTI 
VES 

/MISSING ANALYSIS.

Resources

Processor Time 00:00:00.00

Elapsed Time 00:00:00.00

Number of Cases Alloweda 449389

a. Based on availability of workspace memory.
/M-W= Aksons BY Groups (1 2)
/STATISTICS=DESCRIPTIVES
/MISSING ANALYSIS.
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Descriptive Statistics.

N Mean Std. Deviation Minimum Maximum

Myelined Aksons 16 27.5000 5.87651 19.00 41.00

Groups 16 1.5000 0.51640 1.00 2.00

Mann-Whitney Test.

Ranks

Groups N Mean Rank Sum of Ranks

Myelined Aksons

Group 2 8 11.50 92.00

Group 3 8 5.50 44.00

Total 16

Test Statisticsa

 Aksons

Mann-Whitney U  8.000

Wilcoxon W  44.000

Z  -2.537

Asymp. Sig. (2-tailed)  .011

Exact Sig. [2*(1-tailed Sig.)]  .010b

a. Grouping Variable: Groups.
b. Not corrected for ties.

The most important limiting factor of this method is the re-
quirement of an exact match between the diameter of the anasto-
motic area of reverse end-to-side nerve repair and the main nerve 
trunk diameter, along with the need for a very careful coaptation 
procedure. Otherwise, many theoretical advantages of this model 
may not be achieved. A suture reaction or a severe scar formation 
in the coaptation area may also shadow the success of the model.

In short, we know that a nerve regenerates best within a ner-
vous tissue, and microenvironment acts as a very important factor 
throughout this process. It is also known that there are many fac-
tors that affect nerve regeneration. Therefore, we believe that re-
verse end-to-side nerve repair can be applied at least for eliminat-
ing other influential factors. By using this method, we may be able 
to measure the axonal affinity of various tissues in an exact way, 
establish a neurotropism scale for different tissues and thus form a 
new basis for the future nerve repair studies.
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