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Abstract

Purpose: To evaluate three different kinds of neurorrhaphy of the peroneal nerve.
Methods: Eigthy rats were divided into 5 groups. Control: nerve had no intervention. End-to-
end (EE): nerve was cut and elongated with a nerve graft with two end-to-end neurorrhaphies. 
End-to-side (ES): nerve was cut and sutured to the graft with at the lateral side of the nerve. 
Side-to-end (SE): the nerve was cut and sutured to the graft with end-to-end neurorrhaphy. 
Denervated: nerve was cut and both endings were buried into the muscle. The evaluation 
was done by walking track analysis, electrophysiology, body mass, cranial tibial muscle mass, 
nerve and muscle fibers morphometry.
Results: The EE, ES and SE have the same potential of reinnervation. 
Conclusion: There is no functional or histological difference between these different types of 
neurorrhaphy.
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The mechanism of this absortion and axonal 
lateral sprouting is still unknow. Some authors 
demonstrated that nerve growth factors and 
other substances are probably involved18. 
Although many authors believe the ES or SE 
neurrorhaphies are good procedures, they 
only use them in difficult cases, where no other 
options could be used. It is almost a consensus 
that the EE is superior to both ES or SE18,19. 
Some experimental studies found superiority 
of the EE compared to the ES or SE, but they 
used different donor nerves18,19. The objective 
of this study is to compare end-to-side, side-
to-end and end-to-end neurorrhaphies of the 
peroneal nerve in rats with the same donor 
nerve, the peroneal nerve.

 ■ Methods

 The study was previously aproved by 
the Animal Ethics Comittee of Universidade 
Estadual Paulista. 
 Eighty male Wistar rats with a mean 
weight of 283.44 g (+/- 34.03) were used. All 
animals were provided by the Central Animal 
Laboratory of the Paulista State University 
(UNESP), at Botucatu Campus and were 
randomized into 5 groups. 
 The animals had their body mass 
measured and submited to intramuscular 
anaesthesia with Xylasine (Anasedan®) 30 mg/
Kg and Ketamine 70 mg/Kg. The lateral dorsum 
of one posterior member, rigth or left, had a 2.5 
cm longitudinal skin incision. The side depended 
on blind randomization. The peroneal nerve 
was dissected through a posterior muscle 
divulsion. The same procedure was used in 
all experimental groups. Two plastic surgeons 
trained on microsurgery did the procedures.
 Control group (CG) (10 animals): The 
peroneal nerve was dissected without nerve 
section or neurorrhaphy.
 Denervation group (DG) (10 animals): 
The peroneal nerve was sectioned, the distal 

Introduction
 Peripheral nerve can have inflammatory, 
traumatic, metabolic, toxic, genetic and 
neoplastic diseases, which develops different 
types and grades of nerve lesions. To 
repair peripheral nerve injuries the end-to-
end neurorrhaphy (EE) is frequently used 
connecting the proximal to the distal ending. 
However, the proximal end of the nerve may 
be lost sometimes or not available. One of the 
solutions is to use a neighbouring nerve as 
donor, but this leads to a functional deficiency 
to the innervated structures1. 
 A choice to avoid donor nerve 
morbidity is the side-to-end (SE) or end-to-
side (ES) neurorrhaphy proposed by Viterbo 
et al.2-4. These authors demonstrated the 
reinnervation of the cranial tibial muscle in 
rats after a suture between the distal ends 
of the peroneal nerve to the lateral side of 
the tibial nerve. Viterbo et al. also compared 
in the same experimental model SE with and 
without epi-perineurium window. The results 
in reinnervation demonstrated no significant 
morphological or electrophysiological 
differences5. Ballance et al.6 proposed a similar 
end-to-side neurrorhaphy with the distal end of 
the facial nerve to the lateral side of the spinal 
accessory nerve, but the facial movements 
were simultaneous to the shoulder. Other 
authors also used this technique; however, 
all of them did a partial incision at the donor 
nerve, connecting endoneural tubes between 
donor and receptor nerves in an end-to-end 
model. However, harming the donor nerve led 
to functional problems6-11.
 The absence of functional deficiency 
in the donor nerve with the end-to-side 
neurorrhaphy makes any nerve a potential 
donor one. This fact allows new treatment 
possibilities to several different nerve injurie12-16. 
The axonal lateral sprouting occurs after the 
absortion of the three-conjuntival layers: 
epineurium, perineurium and endoneurium17. 
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end was turned 180 degrees and fixed into 
the adjacent muscle. The proximal end was 
transpassed through the gluteous muscle 
and fixed outside to avoid motor nerve 
contamination.
 End-to-end group (EE) (20 animals): 
peroneal nerve was cut and repaired with end-
to-end neurorrhaphy with an interposition of a 
1 cm sural nerve graft. 
 End-to-side group (ES) (20 animals): 
The peroneal nerve was seccioned and the 
proximal end was sutured to a 1 cm sural nerve 
graft. The distal end was buried into an adjacent 
muscle and the nerve graft was sutured at the 
lateral side of the distal peroneal nerve 0,5 cm 
distant from its extremity with two stitches of 
a 10.0 mononylon suture. 
 Side-to-end group (SE) (20 animals): 
The peroneal nerve was sectioned, a 1 cm sural 
nerve graft was sutured at the proximal end and 
the distal graft end was fixed into the adjacent 
muscle. The distal peroneal end was sutured to 
the lateral side of the nerve graft distant 0.5 
cm from its extremety.  Neurorrhaphies were 
done without epineural resection (Figure 1). All 
sutures used two stitches of a 10.0 mononylon 
suture. 

Figure 1 - A: Denervated group (DG). B: End-to-end 
neurorrhaphy (EE). C: End-to-side group (ES). D: 
Side-to-end group (SE). (PN - Peroneal Nerve, TN - 
Tibial Nerve, SN - Sural Nerve, CTM - Cranial Tibial 
Muscle).

 The surgeries were performed with the 
surgical microscope MU-M19 DF Vasconcelos 
(Sao Paulo-SP) with magnification of 10 and 
16 times. At the end of the procedure, skin 
and subcutaneous tissue were sutured with 
mononylon 5.0. Animals were maintained 
in appropriate cages (five rats by cage) in 
the Technique and Experimental Surgery 
Laboratory, Surgery and Orthopedic 
Department, UNESP, with 24ºC temperature 
(± 0.5ºC), water and food ad libitum and a 12h 
day/night cycle. 

Walking track analysis

 A physician did walking track analysis 
in a blinded manner at 90 and 180 days post 
operative. Previously trained animals walked 
in a 9 cm wide by 78 cm long chute with their 
floor covered with a strip of appropriately sized 
white paper after their hind feet were painted 
with black ink to mark the paper footprint. 
The footprints marked on the sheet of paper 
were analyzed by the measures of Normal Toes 
Spread (NTS); Experimental Toes Spread (ETS); 
Normal Print Length (NPL) and Experimental 
Print Length (EPL). It was used a functional 
index of the peroneal nerve according to Bain 
et al.20,21.

Electrophysiological test

 For electrophysiological testing, the 
temperature was maintained around 25°C. The 
compound action potential was recorded by 
needle electrodes active and reference. The 
reference electrode was placed in rats cranial 
tibial muscle tendon, the active electrode in 
cranial tibial muscle belly, and the dispersive 
electrode, introduced in a location away from 
the test region. The electrodes recorded the 
amplitude and latency of the muscle action 
potential. The pulses were generated by a 
bipolar electrode, whose cathode and anode 
were 2 mm apart, which was positioned directly 
over the sciatic nerve prior to neurorrhaphy 
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region, and the stimulation was made proximal 
to the neurorrhaphy, enabling the spread 
of electrical impulses through them. The 
frequency of the stimulus was set at 1 pps 
and 100 ms in duration. The stimulus intensity 
used, constant in all animals was 5.1 volts. 
The Electrophysiology apparatus used was the 
Sapphire II 4ME. 

Histological analysis 

 After 180 post operative days, animals 
were submited to anaesthesia as described 
previously and after the eletrophisiological 
study, the animals were sacrificed with letal 
doses of pentobarbital sodium intraperitoneal. 
The body mass and the cranial tibial mass were 
measured using a balance. Nerves and muscles 
were ressected and histologically prepared to 
mophometric studies. Physicians did not know 
the type of neurorrhapy performed previously 
for each rat.
 Nerve fragments were fixed in Karnovisk 
and posterior osmium tetroxide 1%. They were 
dehydrated in acetone (50%, 70%, 90% and 
100%) in Araldite 502. Transversal cuts were 
done at the distal part of the peroneal nerve 
with 0.3 microns and stained with toluidine 
blue 0.25%. The transversal nerve fragment 
was submited to a transectional fiber number 
analysis, nerve area and diameter with optical 
microscopy. Longitudinal analysis was also 
done to analyse the fiber and the lateral axonal 
sprouting positions. The digital images were 
studied with Sigma Pro Image Analysis 5.0 
software from Jardel Scientific Corporation 
(San Jose, CA).
 Cranial tibial muscles were removed. 
The mass was measured and fixed in liquid 
nitrogen. Histological segments were prepared 
in a LEICA – CM 1800 cryostat at negative 20ºC, 
with 7 micra in transversal direction and tha 
diameter at the central portion of the muscle. 
It was stained with hematoxylin-eosin. The 
minimal diameter and area was simultaneously 
measured and the images were analysed with 

Sigma Pro Image Analysis 5.0 software by Jardel 
Scientific Corporation (San Jose, CA).

Statistical analysis

 The Groups were compared by analysis 
of variance. When this analysis detected 
significant difference, the Tukey test was used 
to multiple comparision of means. When the 
normality test failed, it was used the Kruskal-
Walis followed by the Dunn’s method. Statistical 
significance was defined as p ≤ 0.05. The 
program used for the analysis was SigmaStat 
3.5 Software Jandel Scientific Corporation (San 
Jose, CA).

 ■ Results

 Animals had similar initial and final 
body mass, with no statistical difference at 
variance analysis of the groups (Control, EE, 
ES, SE, Denervated) (initial mass: p=0.542 
and final mass: p=0.086). The cranial tibial 
muscle mass was measured and analysed by 
Kruskal-Wallis test. It demonstrated a higher 
mass in the control group and similar results 
in EE, ES and SE groups. The denervated group 
demonstrated lower muscle mass (p<0.001). 
The latency analysis did not find statistical 
difference between groups according to non-
parametric analysis (Kruskal-Wallis) (p=0.113). 
Parametric analysis of amplitude variance with 
Tukey test demonstrated statistical higher 
values in control group compared to EE and 
denervated groups. There was no statistical 
significant difference between the ES and SE 
groups (p<0.006). Non-parametric analysis 
(Kruskal-Wallis test) of the functional peroneal 
index (FPI) at 90 days demonstrated lower 
values in the denervated group compared to 
the others groups (p<0.004). The variance 
analysis of the functional peroneal index (FPI) 
at 180 days demonstrated also lower results in 
the denervated group and similar results in the 
others groups (p<0.001) (Table 1). 
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Table 1 - All morphometric, eletrophisiological study and functional results.  

Control EE ES SE Denervated p
TCM mass (g)* 0.99 ± 0.1a 0.67 ± 0.18b 0.65 ± 0.14b 0.68 ± 0.16b 0.21 ± 0.11c <0.001
Latency (ms)* 2.03 ± 0.23 1.95 ± 0.32 2.08 ± 0.47 2.32 ± 0.43 3.48 ± 3.48 =0.113

Amplitude (mV)# 21.64 ± 10.74a 11.02 ± 7.79b 14.66 ± 8.57ab 14.47 ± 
8.07ab 8.53 ± 5.45b <0.006

FPI 90 days* -17.65 ± 4.84a -23.92 ± 35.53a -23.46 ± 
34.37a

-28.12 ± 
40.22a

-93.02 ± 
51.83b <0.004

FPI 180 days# -14.27 ± 5.22a -19.25 ± 39.62a -34.89 ± 34.4a -15.0 ± 30.41a -129.34 ± 
49.26b <0.001

NFN# 2205.75 ± 
289.34

1867.0 ± 
441.51

1810.25 ± 
406.11

1609.25 ± 
278.74 - =0.194

MST(µm)* 3.76 ± 1.68a 2.29 ± 0.46ab 2.45 ± 0.85ab 2.15 ± 0.34b - <0.05
MSA (µm2)# 44.36 ± 26.93a 18.54 ± 8.19b 23.62 ± 11.11b 16.08 ± 5.11b - <0.05
NFMD(µm)# 7.84 ± 2.22a 5.1 ± 1.17b 5.66 ± 1.23b 4.61 ± 0.81b - <0.05
NFTA(µm2)# 63.4 ± 30.5a 29.06 ± 11.83b 37.74 ± 14.29b 25.13 ± 8.24b - =0.05

TCM FA (µm2)* 2716.54 ± 
1544.51a

2480.59 ± 
12.99a

3278.13 ± 
1825.33ª

2898.38 ± 
1006.22a

960.59 ± 
633.85b <0.001

MFMD (µm)# 45.55 ± 12.26a 45.47 ± 8.84a 48.14 ± 13.9a 49.09 ± 9.57a 25.5 ± 9.43b <0.001
*Kruskal-Wallis Dunn´S Method; # ANOVA Tukey Test; Tibial Cranial Muscle mass = TCM mass; Nerve fiber number = NFN; Myelin 
sheath thickness = MST; Myelin sheath area = MSA; Nerve fiber Minimum diameter = NFMD; Nerve fiber transversal area = NFTA; 
Tibial Cranial Muscle Fibers Area = TCMFA; Muscle fiber minimum diameter = MFMD. EE: End-to-end group. ES: End-to-side group. 
SE: Side-to-end group. TCM: tibial cranial muscle. FPI: functional peroneal index.

 The analysis of variance of the nerve 
fiber number demonstrated no statistical 
difference between groups (p=0.194). The 
myelin sheath thickness analysis demonstrated 
statistically higher values in the control group 
compared to SEG (p=0.015), however, there 
were no statistically difference between the 
control group, EE and ES groups (p>0.05) (Table 
1). The analysis of variance of the myelin sheat 
area showed higher values in the control group 
compared to SE (p=0.008), EE (p=0.022) and ES 
(p=0.038) groups and there was no statistically 
difference between ES, SE and EE (p>0.05) 
(Table 1). 
 The minimum diameter of the nerve 
fiber analysis demonstrated statistically higher 
values in the control group than in the ES 
(p=0.001), EE (p=0.01) and SE (p=0.02) groups. 

The ES, SE and EE groups had no statistically 
significant difference in the minimum diameter 
values (p>0.05) (Table 1). The analysis of 
variance of the nerve fiber area demonstrated 
statistically higher values in the control 
group than in the other groups, however the 
comparison of ES, SE and EE demonstrated no 
statistically significant difference in the nerve 
fiber area values (p=0.05) (Table 1).
 Non-parametric analysis of the 
muscle fibers area (µm2) did not demonstrate 
statistically significant difference between 
control, EE, ES and SE groups, but demonstrated 
lower values in the denervated group (p<0.05) 
(Table 1). 
 The analysis of variance of the 
muscle fiber minimum diameter (µm) also 
demonstrated similar statistical values in the 
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control, EE, ES and SE groups, but demonstrated 
lower values in the denervated group 
(p<0.001). During histological preparations, 
some technical problems occurred with the 
resin used in the denervated group. For this 
reason, this group was not included in the 
histological study.
 Morphological results of all transversal 
nerve fragment submitted to nerve fiber 
number analysis, in area and diameter, at an 
optical microscope demonstrated no significant 
difference in the control, EE, ES and SE groups 
(Figure 2).
 Morphological results of the tibial 
cranial muscle submited to area analysis 
showed no significant difference in the control, 
EE, ES and SE groups, but significantly lower 
and smaller muscle fibers in the denervated 
group (Figure 3).

Figure 2 – Distal segment of the peroneal nerve. A: 
control group. B: EE. C: ES. D: SE.

Figure 3 – Tibial cranial muscle analysis of the control group (A), EE (B), ES (C), SE (D) and denervated group 
(E).

 ■ Discussion

 All nerves can be used as a potential 
donor nerve since Viterbo et al.2 introduced 
the ES and SE neurorrhaphy without donor 
nerve injury. However, many authors doubted 

wether this nerve repair could substitute 
completely the traditional end-to-end 
neurorrhaphy and keep saying that this is 
the best method to use in nerve repair18,19,22. 
The present study compared the efficiency of 
three different techniques of neurrorhaphy: 
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the end-to-end, end-to-side and side-to-end. 
The most important result was that all three 
methods retained the nerve and muscle 
function without difference in quality and time 
recovery. Unlike these findings, Liao et al.18 and 
Jaeger et al.22 found superior results regarding 
the time and quality of recovery for the group 
with end-to-end neurorrhaphy. However, we 
could observe that the the research conducted 
comparing the end-to-end and end-to-side 
neurorrhaphy used different donor nerves, 
which causes an important bias in the research 
and makes it difficult to compare with our 
findings, since we were careful to marter the 
same nerve as a donor in all techniques18,19,22. 
 The axonal sprouting of end-to-side 
neurrorhaphy is not completely known. It 
remains a research subject. The macrophages 
related to the Wallerian degeneration seem to 
be responsible for the perineurium absorption, 
that allows neurotrophins of the recipient 
nerve to stimulates the axonal sprouting23-25. 
 Concerning the assessment of the 
cranial tibial muscle mass in this study, there 
was no statistically significant difference in 
the EE, ES and SE groups, which can possibly 
be explained by an equal reinnervation in 
the groups. Trumble26 demonstrated that the 
partial mass loss of the muscle is correlated 
with the muscle denervation grade. Besides, 
there was no statistically significant difference 
in the initial and final body mass of the rats 
between groups. These results confirm the 
results found at the cranial tibial measurement.
 A 10 mm nerve graft was used with the 
aim to extend the peroneal nerve to provide 
an ES and SE neurorraphy without tension. This 
length also enables a proper introduction of 
the free neural end into the muscle, preventing 
spontaneous regeneration. Thereby, the 
objective was not to repair the nerve gap. The 
obsevation time of six months aimed at the full 
recovery both nerve and muscle functions, and 
also brain neuroplasticity, since the animals 

march was assessed. We know the robust 
nature of neural regeneration in the rodent 
hindlimb, which could be a potential issue 
with a short nerve graft and a long period of 
study. However, this great potential of neural 
regeneration was similar in all groups, and no 
statistically significant differences were found 
between groups. Then, the high potential of 
neural regeneration did not interfere in the 
analysis.
 In the literature, ES is mainly reported as 
an alternative technique in the worst cases of 
nerve injuries with no proximal nerve end and 
the impossibility to perform EE. This selection 
bias increases the chance of poor results. The 
present study demonstrated similar outcomes 
in EE and ES. The authors consider the findings 
of this study very important. Therefore, ES can 
be used not as a substitute but as an alternative 
to EE in neurorrhaphy situations. The authors 
recommend more experimental studies to 
a better understanding of the intriguing 
phenomenon of ES.
 The results of this experimental study 
demonstrate that there are no functional or 
histological differences between these different 
types of neurorrhaphy. Moreover, ES and SE 
can be safely used for the same indications of 
EE with a lower morbidity, especially when the 
proximal end is not available.
 From all evaluation methods used 
at this study, we considered the functional 
peroneal index the most significant one 
because it demonstrates all regeneration 
process, from the axonal reinervation and 
muscular regeneration to the walking results, 
and at this method the three experimental 
groups were similar and also equal to the 
control group after 90 and 180 days.

 ■ Conclusion

 The experimental model used 
demonstrated that there were no functional 
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or histological differences in the end-to-side, 
side-to-end and end-to-end techniques of 
neurrorhaphy. 
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