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Objective (s): Scar formation in injured peripheral nerve bed causes several consequences which 
impede the process of nerve regeneration. Several animal models are used for scar induction in 
preclinical studies which target prevention and/or suppression of perineural scar. This study 
evaluates the translational capacity of four of physical injury models to induce scar formation 
around the sciatic nerve of rat: laceration, crush, mince and burn.  
Materials and Methods: Functional (Toe out angle), macroscopic, and microscopic evaluations 
were performed weekly for four weeks and correlation of findings were analyzed. 
Result: While macroscopic and microscopic findings suggested a well-developed and adhesive 
fibrosis surrounding the sciatic nerve, functional assessment did not reveal any significant 
difference between control and experimental groups (P>0.05).  
Conclusion: Our study suggests that none of the applied animal models reproduce all essential 
features of clinical perineural scar formation. Therefore, more studies are needed to develop 
optimal animal models for translating preclinical investigations. 
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Introduction 
Peripheral nerve repair has always been a 

challenging problem in the context of scar formation 
at the injury site. Clinical consequences of scar 
formation include chronic compression, preventing 
mobility and thus tethering of nerves due to 
adhesion to adjacent tissues (1). In the case of 
peripheral nerve injuries successful interventions 
and strategies should lead to improvement of quality 
of life in patients with chronic nerve injuries (2, 3). 
Animal models are the primary preclinical pathway 
in translating regenerative medicine to reduce scar 
accompanied in nerve injuries. Thus, effective and 
reliable translational animal models should meet two 
criteria: First, they should provide an environment 
that matches, to the greatest extent possible, the 
clinical and biomechanical properties in which 
interventions are assessed in the nerve bed. Second, 
they should provide objectives and parameters to 
assess functional performance resulting from 
interventions (4). 

Currently preclinical research of nerve regeneration 
is generally performed on the sciatic nerve of rat. To 
mimic scar formation scientists have applied a variety 
of interventions. Interventions have been either 
chemical such as administration of talc powder (5), 
tetracycline (6) and silver nitrate(7); or physical, as in 
crushing (8), abrading (9-11), lacerating (12) and 
burning (1, 8, 9) of muscles which are more 
comparable to clinical setting. Yet, little information has 
been published on the nature of such scar-inducing 
interventions concerning their real impact on nerve 
function and its correlation with morphologic 
properties of scar. More importantly, the translational 
capacity of these models should be questioned when 
we compare great regeneration potential of rodents 
with humans. In this preliminary study, using a 
behavioral assessment, we examined whether 
lacerating, crushing, mincing and burning of muscles, as 
physical interventions for scar induction around the 
nerve, affect sciatic nerve function in rat and thus 
mimic the key features of clinical settings of scar 
formation. 
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Materials and Methods 
A total number of thirty two female Wistar rats 

weighing 150-200 g were randomly divided into four 
groups (n=8) each sustaining any of laceration, 
crush, mince and burn injuries. Animals were 
handled according to the laboratory animal care and 
treatment protocol of Tehran University of Medical 
Sciences. After anesthesia (Ketamine100 mg/kg, and 
Xylazine 5 mg/kg, IP), and under aseptic conditions, 
the right sciatic nerve was carefully exposed and 
isolated through a gluteal muscle-splitting approach. 
Over a length of 1.5 cm of the exposed surface of the 
adductor muscle and 5 mm edge of the biceps 
femoris muscle, both facing the sciatic nerve, four 
interventions were applied. For the laceration group, 
surgical blade (#15) was used to make five axial and 
three vertical slashes, each 2 mm-deep in both 
muscles (12). For the crushing group, the two 
muscles were compressed with forceps at its 
maximum closure point for 10 sec (8). For the 
mincing group, 5 mm edge of the biceps femoris and 
whole adductor muscle were severed and taken out, 
then minced into small pieces and returned back to 
the nerve periphery. As a modified burning 
procedure, a wide-tip pincer (5×5 mm) was heated 
by flame until became reddish and pressed onto the 
muscles (8, 9). During these procedures the nerve 
was gently retracted and protected against direct 
injury. Muscles and skin were sutured and an anti-
bite (Mavala Stop Inc UK) was administered on the 
operated limb for prevention of probable 
automutilation. 

For four weeks, behavioral, histological and 
macroscopic assessments were performed weekly on 
animals: the Toe Out Angle (TOA) test was engaged 
as the behavioral assessment. By definition, “The 
angle in degrees between body’s direction of 
progression and the line which passes through the 
tip of third digit and the calcaneus is defined as TOA” 
(13). For monitoring of this angle a Perspex walking 
pathway was placed in front of a recording camera 
(SONY, DCR-DVD305, Japan, Tokyo). A mirror with 
45 degree angle was placed beneath the walking 
track which provides the bottom view of animals’ 
feet plantar surface for the recorder. Continuous 
stepping of animals was recorded and frames in 
which the animal was running, crouching or 
intermittently stepping were considered 
inappropriate and removed from calculations. The 
TOAs were then calculated using the public domain 
software ImageJ (www.rsb.info.nih.gov accessed Nov 
2007). TOA measurement of another nineteen rats 
served as control in our study. 

 At the end of each week, two animals from each 
group were sacrificed; one for macroscopic and the 
other for microscopic evaluations. Peterson grading 
scale was used to indicate scar severity and nerve 
adherence as a macroscopic assessment (Table 1) 

(14). In histological assessment, 12-micrometer 
paraffin cross sections which encompass nerve, scar 
and surrounding muscles were stained by Masson 
trichrome and the surface area of scar to nerve was 
calculated as a ratio (15). The left hind limbs of four 
animals from each group which sustained no 
intervention, served as control group. 

Two-way ANOVA was used for statistical analysis 
of functional assessment (TOA), followed by 
Bonferroni’s test as multiple comparison of means. 
One-sample T test was used to compare TOAs with 
the normal baseline. Correlations between TOA and 
Peterson, and TOA and scar index were analyzed by 
Spearman test. Measurements were considered 
significant when P<0.05. 

 
Results 
Mean TOA of right hind limb which was subjected   to 
scar inductions, showed no significant differences 
neither among the groups, nor between 
experimental groups and normal baseline for four 
weeks of follow up (P=0.78, Table 2). In macroscopic 
assessment, skin and muscle fascia were entirely 
closed in all animals during the study, while nerve 
adherence existed and showed variations among 
experimental groups (Table 3). Masson trichrome A 
thick layer of dark blue tissue was observed and 
measured with different intensities in experimental 
groups (data not shown) which histologically 
confirm formation of scar (Figure 1). Using 
Spearman test TOA had no correlation with either 
scar index or Peterson scores within the groups 
(P=0.083). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Photomicrograph of sciatic nerve (N) and surrounding scar 
(S) and muscles (M) in third week. A: control, B: laceration, C: crush, 
D: mince and E: burn. In the normal tissue, note the thin darkly stained 
collagen fibers of epineurium (arrow), which in the scarred tissue 
becomes a dense band around the nerve (two-head arrow). Masson 
trichrome staining. (Magnification A: ×100, B-E: ×50) 
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Table 1. Numerical grading scheme of peterson for gross evaluation of scar 

 
 

 
 
 
 
 
 

 
 
 
 
 
 
 

Table 2. Toe out angle of right hind limb. Values present mean ± SD. Normal toe out angle was measured 12.6 ± 4.1 
 

Week Laceration Crush Mince Burn 

1 12.5 ± 5.4 11.9 ± 3.2 13.1 ± 5.8 13.5 ± 1.5 

2 9.9 ± 4.6 12.7 ± 3.5 10.5 ± 1 10.6 ± 4.5 

3 13.9 ± 3 17.2 ± 2.3 10.2 ± 3.4 12.8 ± 6.5 

4 10 ± 1.9 13.1 ± 0.1 9.9 ± 6.9 12.6 ± 10.3 

 
 

Discussion 
This study aims to evaluate the translational 

capacity of four animal models of perineural scar 
formation in the sciatic nerve bed.Our results 
demonstrated no correlation between macroscopic 
or histological findings, and functional assessment 
(TOA). This suggests that function of the sciatic 
nerve is not affected by scar formation in spite of 
macroscopic and microscopic evidences which 
shows presence of intensive scar.  

Perineural scar formation is one of the major 
problems in peripheral nerve surgery by its potential 
hazards such as adhesion, tethering and compression 
of the nerve; all may lead to further functional deficit 
(10). Chronic nerve injury due to tethering and 
compression of the nerves is a central feature                 
of clinical defects, a condition that would be ideal             
to achieve in animal models (16). Rodents, and 
especially rat, have been used in many                            
scar formation models of preclinical research.              
This is mainly because of anatomic and physiologic 
similarities with human as well as ease of handling 
and being large enough for surgical interventions 
(17). Several studies have implemented scarring 
methods such as laceration (12), abrasion (9-11), 
crush (8) and burning of muscles (1, 8, 9).                         
In our study these procedures were engaged as 

conventional physical ways for induction of scar. 
However, mincing of muscles as a new method was 
proposed by authors to maximize scar tissue and 
imitate tissue debris which usually exists after a 
traumatic injury in human.  

We used TOA to assess damage to the sciatic nerve 
which has correlation with sciatic functional index 
(SFI), a universally employed assessment for 
measuring sciatic nerve function in rat (13). TOA is 
advantageous in that it is less affected by technical 
difficulties in analysis of foot print due to flexion 
contractures and automutilation (13, 18). Although 
histological evaluation in this study describes the 
pattern and distribution of scar formation around the 
nerve after all interventions, based on functional results 
it appears that true modeling of nerve injury 
mechanisms is more than just induced morphological 
fibrosis. These shortcomings in the current models may 
root from differences in local biomechanical tissue 
environment between rat and human.  

One possible difference lays in the bone and soft 
tissue elements at the site of injury. For instance in 
rats, unlike clinical cases such as carpal and cubital 
tunnel syndromes, there is less chance of mechanical 
deformation through extrinsic forces imposed to 
sciatic nerve, perhaps due to its less muscular bulk 
and/or lack of enclosed bony tunnel in its path (4, 
19). On the other hand, because of small anatomical 

 
Table 3. Scores of gross evaluation of scar in Peterson’s scale 
 

Experimental 
groups 

Skin and muscle fascia  Nerve adherence 
Weeks  Weeks 

 1 2 3 4  1 2 3 4 

 
Laceration 

 
1 

 
1 

 
1 

 
1 

  
1 

 
1 

 
2 

 
2 

Crush 1 1 1 1  2 1 1 1 
Mince  1 1 1 1  3 3 3 3 

Burn 1 1 1 1  3 2 2 2 

          

Tissue Grade Definition 
Skin and muscle fascia 1 Skin or muscle fascia entirely closed 
 2 Skin or muscle fascia partially open 
 3 Skin or muscle fascia completely open 
Nerve adherence and nerve separability 1 No dissection or mild blunt dissection 

2 Some vigorous blunt dissection required 
 3 Sharp dissection required 
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size and more stable mechanical environment 
around the sciatic nerve of rat, adhesion of nerve to 
its surrounding, which limits its gliding, is less 
probable to cause injurious nerve tethering (20).  

Regarding these differences, the base level of 
outcome of a therapeutic intervention may be 
overestimated when such animal models are 
implemented. 

Taking to account the high healing capacity in 
rodents, it seems difficult to mimic extensive tissue 
damage around their peripheral nerve, like those 
caused by traumatic injuries in humans (4, 17, 21). 
While mincing model which proposed in this study 
did not reproduce all of the elements of an optimal 
model for scar formation, macroscopic and 
microscopic findings suggest a qualitatively intensive 
scar around the sciatic nerve. 
 

Conclusion 
In conclusion, none of the animal models 

mentioned in this paper can reproduce all features of 
the human injury condition of scar formation around 
the nerve. More collaboration between basic and 
clinical scientists is needed to overcome the 
limitations of rat model and develop translational 
pathways to reach bench-to-bedside therapies for 
disabled patients. 
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