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Abstract 

The production of a standard and reproducible experimental mode of peripheral nerve injury, has been a long-time 
quest in nerve regeneration research. The aim of this pilot study was to reproduce sciatic nerve crush injury model in 
Wistar rats and also use the established method for broader and future research.  

Materials and Methods: twenty (20) rats grouped into five (5) of five (5) rats each. Normal control (G1), the sciatic 
was not exposed nor crushed; Sham (G2), the sciatic nerve were surgically exposed but not crushed; Crushed (G3), the 
sciatic nerve were surgically exposed and uniformly crushed, using a non-serrated heamostatic forceps that exerted a 
compressive force of 33N for a duration of 30 seconds and Transected (G4), the sciatic nerve were exposed and 
completely transected. Sciatic nerves were harvested at seven (7) days (post-injury) for histological evaluation and the 
groups were compared for histopathological changes.  

Results: Transverse sections of toluidine blue (TB) stained sciatic nerve micrograph, showed degenerative changes in 
the axons, myelin ballooning and surveiling white blood cells, all of which were consistent with Wallerian degeneration 
in G3, when compared with groups G1 and G2. The G4 group showed more severe degenerative changes when compared 
with group G3.  

Conclusion: The histopathological analysis suggest that the modified induction method used in this study, caused 
Axonotmetic lesion in the crushed sciatic nerves of the Wistar rats.  

Keywords: Peripheral Nerve Injury; Sciatic Nerve Crush Injury; Universal Testing Machine; Central Nervous System; 
Peripheral Nervous System 

1. Introduction

Injury to peripheral nerves happen frequently in humans, leading to severe and long-term physiological and functional 
disabilities [1, 2]. Given that peripheral nerve injury (PNI) occurs so frequently, it has a high clinical relevance [3,4]. 
Peripheral neural damage has several and different underlying causes, some of which can be traumatic events or 
iatrogenic damage that most often result from medical or surgical procedures [5,6]. The primary associative 
complications of nerve injury may either be loss of motor, sensory or autonomic function in the denervated body 
segments, which typically causes a mild, moderate or severe functional impairment [7,8]. The peripheral nervous 
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system (PNS), going by its cellular characteristics, has been found to show a better self-reparative and regenerative 
capacity, when compared with the central nervous system (CNS).  

In the quest to optimize functional recovery in victims of PNIs, areas of interest include the investigation factors that 
directly influence and improve the success of nerve regeneration and reinnervation of end organ. Though invasive 
experimental studies designed to explore and understand the mechanism of PNI are difficult and unethical in human 
subjects, the use of animal experimental models of peripheral nerve damage, has since remain the preferred research 
option [9]. Because of the availability and ease to procure rats and also due to the distribution of nerve trunks of rats, 
which is similar to that of humans, rats are mostly used in experimental studies of peripheral nerve regeneration, using 
the sciatic nerve crush injury model [10,11]. The peripheral nerve injury seen in humans, can be modelled in rats with 
the characteristic features of transient or permanent injury to the neural functions. This is possible because the of the 
lengthy structure of the nerve trunk, situated within a spacious mid-thigh that allows for surgical procedure that 
involves the application of standard direct mechanical trauma [12].  

The induction methods of nerve crush injury model used in studies, have unique advantages and disadvantages that are 
associated with them. The use of non-serrated haemostatic forceps in most studies, as a mechanical method of inducing 
crush injury model, has the advantage of reducing the surgical procedure time [13]. Micro-forceps are used in 
experimental crush injury procedure sand is usually done by application of effective mechanical pressure that 
compresses the nerve tissue [14, 15, 16, 17], some studies use clamps [18, 19, 20], tourniquets [21], or other devices 
and tools [22, 23, 24]. Attempts have been made in published studies to produce crush injury that is reproducible, the 
efforts notwithstanding [25], standardized method for inducing crush nerve injury model has remain difficult to 
establish [26, 3]. Studies have reported methods of induction that differ widely as regards the instrument used, the 
duration of compressive force applied, the injury size, and reproducibility of the resulting nerve injury [27, 28]. Because 
of these varying methods that is devoid of defined standard of induction, attempt at making comparisons between 
different experimental studies are often difficult. 

Due to lack of standardized method for inducing crush injury model, this pilot study was designed with the aims of 
producing sciatic nerve crush injury model in rats, using a standardized and reproducible method in terms of quantified 
compressive force exerted and the duration of the compression, and also, to use the model developed in broader and 
future research in peripheral nerve injury. Using our proposed modified method, qualitative histological evaluation was 
used to describe and suggest structural changes that confirmed the degree of induced sciatic nerve injury. 

2. Materials and methods 

2.1. Experimental Animals 

A total of 20 adult male Wistar rats (weighing 150-200g) were procured from the Animal Laboratory (Faculty of Basic 
Medical Sciences, Department of Physiology, Delta State University, Abraka, Nigeria). The animals were housed in large 
cages in a temperature and humidity controlled room, with 12:12 hour light/dark cycles. The animals were acclimatized 
in the environment 7 days prior to the experiment, during which they had unrestricted access to food and water.  

2.2. Quantification of Heamostatic-Forceps 

Though the use of rat models in studies of PNI by crushing has been done by researchers, there still exist the challenge 
of establishing a perfect and standardized method of inducing crush model of nerve injury, with respect to duration of 
force applied, device used, injury size, magnitude and reproducibility [3]. This difficulty therefore, necessitated a pilot 
study on establishment of nerve crush injury model, as a precursor to PNI study. 

The sciatic nerve crush injury model was done using the non-serrated haemostatic forceps (Pakistan TZ). At the 
Concrete and Material Testing Laboratory, Civil Engineering Department, Faculty of Engineering, Delta State University, 
Oleh, Nigeria, Universal Testing Machine (UTM) (model: UTM-8001 WINCOM COMPANY LTD CHINA) was used to 
quantify the compressive force of the forceps. The forceps was mounted on the UTM and gradually operated to the point 
where the locking sound of the third teeth in the rachet in the handles of the forceps was heard and the operation was 
stopped. The compressive force value on the computer screen was immediately noted and recorded. Three separate 
values were obtained (32N, 33N and 34N) and average value of 33N was recorded as the compressive force of the 
haemostatic forceps used for this experiment (Figure 1. A, B and C). 
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Figure 1 (A) haemostatic forceps, (B) determination of compressive force of forceps using Universal Testing Machine 
and (C) digital recording of the compressive force 

2.3. Surgical Procedures 

Rats were randomly divided into four equal groups of five: group G1 (normal control), the sciatic was not exposed nor 
crushed, group G2 (sham), the sciatic nerve were surgically exposed but not crushed, group G3 (transected), the sciatic 
nerve were exposed and completely transected and group G4 (crushed), the sciatic nerve were surgically exposed and 
uniformly crushed (Figure 2). The surgical crush procedure was a modified methods from previous studies [29, 30]. The 
rats were put under general anaesthesia with intraperitoneal ketamine (90 mg/kg) and xylazine (10 mg/kg), and after 
routine preparation of the operative field (hair trimming, 20% iodine ethylic alcohol solution), the left sciatic nerve was 
bluntly exposed  

 

Figure 2 Isolation of the sciatic nerve, induction of crush injury and anatomical flattening of the sciatic nerve after 
injury 

through a 2 cm long posterolateral longitudinal straight incision on the lateral aspect of the left thigh, following which 
a straight and non-serrated haemostatic forceps with 3mm width was used to uniformly clamp a 3mm long sciatic nerve 
by exerting a constant pressure of 33N for 30s at a point perpendicular to the sciatic notch and approximately 10 mm 
above the sciatic nerve bifurcation, done to obtain good reproducibility of the crush injury model. Distal to the crushed 
part, the crushed nerve was marked with loosely (non-constrictive) tied 2.0 suture and the incision was thereafter 
sutured back. Following induction, each rat was watched to ensure that the nerve had been completely crushed, which 
was demonstrated by the paralysis of the toe muscles and the absence of toes spreading. Rats with toe movement, which 
is a sign of an incomplete nerve crush was not used for the study. 
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2.4. Histological examination 

Seven (7) days (post-injury) after, the rats were sacrificed, sciatic nerves were harvested and fixed with 4% 
paraformaldehyde. Subsequently, the tissues were dehydrated and embedded in paraffin and sliced into 5 μm sections. 
The Paraffin embedded tissues were then dewaxed with xylene and alcohol and stained with Toluidine Blue (TB). 
Finally, any histopathological changes were observed under an optical microscope. 

3. Results 

3.1. Histological Evaluation 

Seven days after crush, sciatic nerves were removed from the G1, G2, G3 and G4 groups, were TB stained and the 
microscopic images of transverse-sections were examined (Fig. 3). Transverse sections of the sciatic nerve showed 
different sizes of spherically-shaped nerve fibres structures and axons appearing blue were arranged closely in the 
centre of myelinated nerve fibre bundles. The low stained areas that surround the axons, represents myelin structure. 
While the deeply stained areas depicted the nuclei of the Schwann cells, situated between the myelinated fibre bundles. 
Wrapped around the surface of each nerve fibre as a thin layer of connective tissue is the Endoneurium, while the 
perineurium encircled the fibre bundles.  

 

Figure 3 Photomicrograph of transverse sections of TB stained sciatic nerves of normal control (G1), Sham (G2), 
Crushed (G3) and Transected (G4) Rats. In G1 and G2 normal nerve histomorphology was observed, as the axons (AX), 

endoneurium (arrow) and blood capillaries (arrow head) all appeared normal. G3 and G4 showed degenerating and 
degenerated axon (AX), myelin ballooning (line), degenerating and degenerated myelin sheath (arrow) and surveiling 
white blood cells (arrow head), which are features consistent with Wallerian degeneration, which more severe in G4. 

Scale bars = 0.01mm 

The histopathologic changes or lack of it in each control and experimental group was observed in cross section. It was 
found that the sciatic nerve of G1 group, showed nerve fibre consisting of axons (AX) organized in bundles. Each fibre 
is lined by a thin endoneurium (arrow), separated by a loose connective tissue and blood capillaries (arrow head). All 
fibres are encapsulated in a thick perineurium containing the vasa vasorum nervorum. Section is free from 
inflammatory cells infiltration and features consistent with a normal nerve histomorphology. The G2 group, when 
observed, revealed features closely similar to that of G1 group. A degenerating and degenerated axon (AX), myelin 
ballooning (line), degenerating and degenerated myelin sheath (arrow) and surveiling white blood cells (arrow head), 
which are features consistent with inflammatory response, were seen in the section of G3 group. The G4 group, showed 
features consistent with severe inflammatory response, as evidenced by the level of degenerating axons (AX), myelin 
ballooning (line), myelin sheath degeneration (arrow) and surveiling white blood cells (arrow head), when compared 
with the G3 group. 
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4. Discussion 

The research interest in understanding the mechanism of peripheral nerve degeneration and regeneration following 
injury, can be investigated using different experimental models. The axonotmetic class of PNI can be modelled using 
induced crush injury [31, 32]. the crush injury model has the advantage of not requiring microsurgical suture, which 
makes it the most commonly used experimental models for PNI by researchers [33]. In the controlled crush injury, and 
remarkably, some of the axonal protective and connective structures are preserved, which creates enabling 
environment for regeneration to occur, and these can be achieved with basic skill in surgical techniques, using 
inexpensive instruments and materials [34]. 

It is known fact that crush injury to the peripheral nerve leads to complications that may include derangement of the 
nerve structures and loss of motorsensory functions, the severity of which will depend on the strength of the 
compressional force applied [35, 36]. Studies have shown that the structural changes and functional loss associated 
with peripheral nerve compression, may have resulted from non-perfusion of intraneural vessels (vasa nervorum) 
following application of strong compressive pressures, that ultimately lead to focal ischemia. The nature of the 
structural derangement that occur in nervous fibres, is characterized by disorganization of the connective tissues that 
envelopes the axons, which includes the myelin sheath, all of which lead to impairment of motorsensory functions [37, 
38]. 

Studies have abundantly been published about the use of crush nerve injury model to experimentally explore, the 
different facets of neuro-regeneration and treatment of peripheral nerve injuries [39, 40, 41]. Notwithstanding, the 
challenge of non-existence of universal standard mechanism of producing crush model of nerve injury, makes the 
reproduction and comparison of the different methods established in studies difficult [42]. Many mechanisms have been 
suggested, but none has prevailed over the others. The different crush injury induction methods used by different 
authors involve the use of different types of machines, adjustable weights, crush duration and compressive force. 
however, there exist limitations and difficulties with some of the methods. Some of the machines are considerably 
cumbersome and make ease of use highly challenging. Also, some of the methods are lacking in quantification and 
standardization of compressive force applied on the nerve [43].  

Yun et al [44] in their induction method, used toothless forceps which was qualitatively described, but the compressive 
force applied was not quantified. The observed suggestions and conclusions from this study and others, informed the 
idea of using a Universal Testing Machine to quantify the compressive force of the haemostatic forceps, used in crushing 
the sciatic nerve of the rats used in this present study [45, 46, 47]. The experimental nerve crush injury in rats, models 
the axonotmetic class of PNI, and to assess the success of this experimental model, previous studies have used 
electrophysiological, behavioural and histomorphometric assessment as evaluation methods. Research findings that 
have established the success of crush injury models, showed consistent alignment between the electrophysiological and 
behavioural results, and that of histomorphometric observations [48, 49].  

In this present study, evaluation of the histopathologic micrographs of the rats that had their sciatic nerves crushed (G3 
group), showed structural changes that were indicative of Wallerian degeneration, when compared with the nerve 
tissue micrographs of normal control (G1) and sham (G2) groups, while severe Wallerian degeneration was observed 
in the transected nerves of rats in G4 group. These observations were made at 7 days after sciatic nerve injury was 
induced. In the crush injury model, the injured nerves have been reported to have faster rate of regeneration, when 
compared with transection model that presents an extremely slower rate [50, 51, 52]. 

In our present study, the Histo-micrographs of the G3 group, showed axons, endoneurium and perineurium that are 
mildly or moderately damaged, while the epineurium is preserved. This degree of nerve injury presented in G3 group, 
is similar to PNI classification termed as Sunderland Grade IV nerve injury [53, 25, 54, 55]. Therefore, the crush injury 
model established in this study, is suitable for basic research in peripheral nerve degeneration, regeneration and 
recovery management. Our conclusion aligns with findings of studies in animal experiments that modelled Crush injury, 
where the authors abundantly established and confirmed that the preservation of the epineurium, is a significant factor 
that enhances spontaneous nerve axon regeneration [56, 57, 58, 59].  

List of Abbreviations 

 PNI - Peripheral Nerve Injury 
 TB  - Toluidine Blue 
 PNS  - Peripheral Nervous System 
 CNS  - Central Nervous System 
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 UTM  - Universal Testing Machine  

5. Conclusions 

Transverse sections of TB stained sciatic nerve micrograph, showed degenerative changes in the axons, myelin 
ballooning and surveiling white blood cells, all of which were consistent with Wallerian degeneration in G3 when 
compared with G1 and G2, while G4 showed severe degenerative changes when compared with G3. Therefore, the 
histopathological analysis suggest that the modified induction method used in this study, caused Axonotmetic lesion in 
the crushed sciatic nerves of the Wistar rats. This is a part report of a standardized and reproducible crush injury model 
in rat, as ongoing work that encompasses functional and biochemical studies of a larger group of rats will be available 
for publication when completed.  
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