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Abstract 

Introduction: Peripheral nerve regeneration needs research. Studying nerve regeneration 

requires animal models. Acute peripheral nerve crush injury animal models are not standard. 

This study compares nerve clamping time-based animal models of peripheral nerve crush 

injury. There is no standard method for generating acute nerve crush injury, and nerve 

clamping time can vary between investigations. Many studies employ animal models to 

explore peripheral nerve regeneration. This work reveals the best nerve clamping period for a 

peripheral nerve crush injury animal model, which can help researchers design more uniform 

and similar experiments. This study compares nerve clamping time-based animal models of 

peripheral nerve crush injury. 

Methods: PubMed, google scholar, Cochrane, NCBI articles from 2017–2022. PICO 

question: How long should nerve clamping be for acute peripheral nerve crush injury animal 

models? Animal models; Nerve clamping duration; Nerve clamping durations; Acute 

peripheral nerve crush damage in animal models. Acute peripheral nerve crush injury animal 

models were included. The articles were evaluated by year, experimental animal, nerve, 

clamping duration, and outcome. 

Results: Sixteen articles were examined. Clamping lasted 5–3 minutes, with 10 seconds 

being the most common. Functional index and nerve microscopic features showed that the 

smallest clamping period of 5 seconds caused acute crush injury to peripheral nerves. A 
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prolonged clamping time than 30 seconds with serrated forceps may cause neurotmesis and 

prevent animal model production. 

Conclusion: This review suggests that 5 seconds of clamping can cause peripheral nerve 

crush injury in animal models. This work emphasizes standardized animal models of 

peripheral nerve crush injury. This study can inform future research. 

 

Keywords: peripheral nerve, acute nerve crush injury, animal model, clamping 

duration.  

Introduction 

Peripheral nerve injuries are mostly caused by trauma factors and cause a fairly high 

level of disability worldwide.(1) The therapeutic approach taken is adjusted to the degree of 

nerve damage that occurs. Between 2000 and 2018, preclinical research has shifted a lot from 

the development of direct neural repair to indirect neural repair.(2) This of course requires the 

support of making animal models that are in accordance with the required research. One of 

the common types of peripheral nerve injury is acute crush injury in which the cause of nerve 

damage is caused by ischemia and deformation of the nerves. The method of making animal 

models used is usually done by compression of the peripheral nerves which is the focus of 

research with the aim of interrupting the continuity of the axon but without breaking the 

continuity of the supporting connective tissue (especially the epineurium) so that the nerve 

trunk is still generally connected.(3) 

Nerve deformation that occurs due to compression is influenced by the magnitude of 

the pressure and the duration of compression. The standard amount of pressure on the nerves 

for non-serrated clamps is 8.98 – 22.5 MPa, and this can be used as a reference for making 

animal models.(4) The use of several variations of forceps has also been carried out in 

modeling.(5) The challenge is that most studies cannot determine exactly how much pressure 

is produced by the clamp tool used, because of the large variety of each tool, so the 

researchers only rely on previous researchers. And the clamping duration is a very influential 

factor, namely the minimum duration needed for nerve clamping which is considered 

sufficient to produce nerve damage for the acute crush injury model and the maximum 

duration that can cause damage to the epineurium until nerve trunk are severed. 

Based on several published studies, the available data can be used as a basis for 

formulating the appropriate clamping duration for acute crush injury animal models. And for 

that purpose, this study was made. 

Methods 

Information source and search 

This study was conducted by searching the PubMed electronic database between 2017 

and 2022, in English, using the “acute nerve injury model” and “acute nerve compression 

model” as the keywords. 

Study selection 

The titles and abstracts of the filtered articles were then evaluated according to the 

inclusion and exclusion criteria. Inclusion criteria included: English language, original article, 
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using experimental animal subjects, and peripheral nerve clamping in the treatment group. 

The flow diagram (Figure 1) shows the flow of this study. 

Data collection process 

The data collected from the articles collected are summarized in table (Table 1) for 

further analysis. Information taken from the article includes: first author, title, year of 

publication, experimental animals used, type of nerve, clamping tool, duration of clamping, 

and measures. 

Statistical analysis 

In this study, no statistical analysis was carried out. 

Table 1 Summary of the studies included in this review 

No. 
Animal Nerve Tools Duration Measures 

1.  8-week-old 

Sprague-

Dawley rat 

Sciatic 

nerve 

Clamps (not 

specified) 

60s SFI is decreased (from day 0 

to 7) and recovery is visible 

from day 7 to 14(6) 

2.  7-week-old 

Sprague-

Dawley rat 

Sciatic 

nerve 

Small forceps 

(not specified) 

5s Magnetic Resonance is 

more visible on day 10 

than on day 3, Histologic  

neurofilament is 

destroyed in the injury 

site, and decreased in the 

distal portion of the 

injury(7) 
3.  11-week-old 

Sprague-

Dawley rat 

Cavernosal 

nerve 

Microsurgical 

vascular clamp 

60s At 2-week postinjury, erectile 

response is decrease(8) 

4.  54-week-old 

mice 

Sciatic 

nerve 

Smooth forcep 30s SFI is decreased (from day 0 

to 7) and recovery is visible 

from day 7 to 15(9) 

5.  6 to 8-week-old 

mice 

Sciatic 

nerve 

Haemostatic 

forcep (not 

specified) 

20s at 3rd 

click 

Compound muscle action 

potential (CMAP) is 

decreasing on day 3 and 

recovery is visible on day 18 

to 36(10) 

6.  4 to 6-month-

old mice 

Optic 

nerve 

Dumont forcep 

No. 5 

3 to 5s Intrinsic apoptotic signaling is 

detected after 6 hours post-

injury(11) 

7.  6 to 10-month-

old Wistar rat 

Optic 

nerve 

Dumont forcep 

No. 7 

10s Retinal nerve fiber layer 

thickness is decreased from 

week 1 to 5 post-injury(12) 

8.  Rat Sciatic 

nerve 

Sugita clip 3 min Phosphatase and tensin 

homolog (PTEN) was 

reduced from day 3 and began 

to increase from day 14 

postinjury(13) 

9.  3-month-old 

mice 

Optic 

nerve 

Dumont forcep 

No.5 

10s TNF upregulated at 6 hours 

and remained at 24 hours(14) 



Comparison of Nerve Clamping Time-Based Animal Models of Acute Peripheral Nerve Crush Injury: 

A Narrative Review 

Section A-Research paper 

6020 
Eur. Chem. Bull. 2023,12(5), 6017–6029 

 

No. 
Animal Nerve Tools Duration Measures 

10.  6 to 8-week-old 

mice 

Ventral 

roots 

spinal 

nerve L4, 

L5, and L6 

Forcep No. 4 

(not specified) 

3x10s Neuronal survival rate 

decreased on day 7, 14 and 28 

postinjury(15) 

11.  3 to 6-month-

old mice 

Optic 

nerve 

Self-closing 

forcep No. 7 

(Fine science 

tools or Roboz 

surgical 

instrument) 

5s Retinal ganglion cells loss by 

3 weeks postinjury(16) 

12.  Sprague-

Dawley adult 

rat 

Sciatic 

nerve 

Needle holder 10s SFI is decreased at day 7 and 

increased significantly from 

day 14 to 42(17) 

13.  10-week-old 

mice 

Sciatic 

nerve 

Integra Miltex 

18-1107 

30s SFI is at its lowest level on 

day 1, and starts to increase 

from day 7 to 28(18) 

14.  6 to 8-week-old 

mice and 

Sprague-

Dawley rat 

Optic 

nerve 

Curved forcep 

(not specified) 

10s 4-sulfated 

(19)glycosaminoglycans are 

elevated on day 1, 3 and 7 

postinjury(20) 

15.  10-week-old 

mice 

Sciatic 

nerve 

Integra Miltex 

18-1107 

30s at  a 

preassure of 

4.4 MPa  

SFI is decreased at day 1 and 

start to increase significantly 

from 12 weeks postinjury(21) 

16.  Adult Wistar 

rat 

Sciatic 

nerve 

Non-serrated 

hemostatic 

forcep 

20s Functional deficit of injured 

limb is detected on day 3 and 

visible recovery from day 15 

to 30(22) 
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Figure 1 Flow diagram of the study 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Results 

Study selection 

As shown in Figure 1, there are a total of 74 articles obtained from the PubMed 

database using two keywords. After removing duplicate articles, there were 71 articles which 

were then screened based on title and abstract. Of the 71 articles, there were 50 articles that 

did not meet the inclusion criteria, and the remaining 21 articles were searched for the full 

text for further screening. Of the 21 articles, there were 2 articles that fail in obtaining full 

text, leaving 19 articles. After further screening, there was 1 article that did not include the 

duration of clamping, Ultimately, 16 articles were selected for this review. 
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Acute nerve compression 
model (n = 32) 
Acute nerve crush injury 
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Study characteristics 

Year of publication 

The analysis was carried out in the year of publication, in 2017 there are 2 articles, in 

2018 there are 4 articles, in 2019 there are 3 articles, in 2020 there are 5 articles, in 2021 

there are 1 articles, and in 2022 there are 3 articles. 

Animals  

Of the 16 studies, 9 of them used rats and 9 others used mice. 

Nerve 

Studies included in this review, 9 studies used the sciatic nerve, 7 studies used the 

optic nerve, 1 study used the cavernosal nerve, and 1 study used the spinal nerve. 

Clamping tools 

Of the 16 studies, there were 11 studies using smooth/non-serrated forceps, 6 studies 

did not specify the type of forceps used, and 1 study used serrated forceps. 

Duration 

Out of 16 studies, 4 studies used clamping duration 5s, 5 studies used 10s duration, 2 

studies used 20s duration, 4 studies used 30s duration, 2 studies used 60s duration, and 1 

study used 3 minutes duration. 

Outcomes 

In studies using the sciatic nerve, the SFI measurement results will be at a low level 

on the 3rd day of measurement and will only show improvement on the 7th day and 

thereafter. Observation of the histological features also showed damage to the neurofilament 

around injury and reduced in the distal part of the injury. The results shown were consistent 

both in rats with a clamping duration of between 5s to 3 minutes, and mice with a clamping 

duration of 20s to 30s. 

In studies using the optic nerve, the measurement results showed evidence of an 

intrinsic signal that could already be detected from 6 hours post-injury, and the damage or 

differences in nerve cell characteristics could still be found up to 5 weeks post-injury. In rats, 

the clamping duration is 10s and in mice the clamping duration is 5s – 10s. 

In a study using rat cavernosal nerve, a decrease in erectile function was found in the 

second week post-injury, with the clamping duration being 60s. In a study using mice spinal 

nerves, a reduction in neuronal survival rate was found on days 7, 14 and 28 post injury, with 

the clamping duration was 30s (3x10s). 
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Discussion 

Summary of evidence 

The current research situation is that studies on acute nerve crush injury in rats have 

been common, and the model has been used in various studies. (3) In terms of selection of 

experimental animals, rat and mice are still the main choice, the main basis for this selection 

is probably due to the low cost required, but it still needs to be considered because the mimic 

with actual clinical conditions is very minimal, and when compared to humans these animals 

have a faster nerve regeneration capacity (Fig. 2). (23) 

Figure 2 Map based on nerve crush data from PubMed 2017 – 2022 

 

For the types of nerves that are the focus of research, the sciatic nerve is still the main 

choice (Fig. 3) along with SFI as a hindlimb function analysis tool.(24) In the last five years, 

preclinical research on acute nerve crush injury trend still uses rat models, but the method of 

making animal models is still used in smooth/non-serrated forceps. This is still following 

many previous studies as it has been postulated in the table 1 summary of the studies.(4) 

Figure 3 Map based on sciatic nerve data from PubMed 2017-2022 
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The average clamping duration is close to 30s, with the least duration being 5s, the 

longest duration being 3 minutes, and the most used duration being 10s. From the data of the 

duration obtained, and according to the results of the measurements carried out, with a least 

duration of 5s it can be obtained evidence that axonotmesis has occurred, different when 

compared to the previous study that the minimum duration is 15s,(24) and there is evidence 

that the use of pressure is less than 8MPa can also produce axonotmesis for acute nerve crush 

injury models .(4) The longest clamping duration of 3 minutes that included in this study, the 

evidence of neurotmesis or transection of nerves has not been found. Based on the dominant 

use of smooth or non-serrated forceps and the average duration used is 30s, it can be made as 

a reference that the clamping duration should not exceed 30s, especially for serrated forceps. 

Several research studies have been conducted to improve nerve regeneration after 

acute nerve crush injury. The improvement can be achieved by optimizing nerve crush injury 

methods and using nerve repair materials. This study demonstrates the use of non-serrated 

forceps for acute nerve crush injury. The results show that this method makes nerve crush 

injury models more effective than serrated forceps. One of the main reasons for using serrated 

forceps is that they can exert a greater force, thus reducing the possibility of incomplete 

injury.(25) This study shows that using non-serrated forceps with a small diameter of the tip 

is more effective for making the nerve crush injury model than using serrated forceps. This is 

because the smaller the diameter of the forceps tip, the easier it is to apply pressure on the 

nerve. 

The results of this review indicate that many researchers have been using the nerve 

crush method to evaluate nerve regeneration in preclinical studies. However, the selection of 

experimental animals, types of nerves, and methods of nerve crush injury are still varied.(25) 

The findings in this study also indicate that the acute nerve crush injury model is still 

frequently used to evaluate the effect of regenerative therapy. This is because of the ease of 

making the animal model and the low cost required as reviewed in table 1 above. In this 

review, the nerve crush injury model was most often used to analyze the effect of nerve 

regeneration therapy in rats and mice, which is still under previous studies. There are still 

some limitations in this study. One is the need for more ability to capture all the data since 

this study only uses a single database. This means that there is a possibility that other studies 

have been carried out using this acute nerve crush injury model method but have yet to be 

included in this database. Another possibility is that in some studies that have used this 

method of nerve injury, the information about this model needs to be explicitly stated in the 

title or abstract of the study. This occurs because the authors only mention the methods of 

nerve crush injury in the text, which is placed in the methods section.(24,25) 

In the acute nerve crush injury model, the nerve damage that occurs is primarily a 

direct mechanical force on the nerve. In this way, the acute nerve crush injury model is 

similar to the clinical situation that often occurs in humans. However, this acute nerve crush 

injury model has several limitations, including the direct mechanical force that occurs in the 

nerve only at the site of compression (crushed), so the nerve damage that occurs is still very 

minimal. The acute nerve crush injury model is also unsuitable for nerve reconstruction 

procedures; therefore, this acute nerve crush injury model is still prevalent in preclinical 

research. The acute nerve crush injury model has long been a favorite preclinical research 

model, particularly in nerve regeneration. The acute nerve crush injury model has a great deal 

of interest in preclinical research because it has a similar mechanism to the clinical situation 
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that often occurs in humans. However, this acute nerve crush injury model still has several 

limitations. The acute nerve crush injury model is still very common in preclinical research. 

The acute nerve crush injury model is still very common in preclinical research because it has 

a similar mechanism to the clinical situation that often occurs in humans.(25) 

Mechanism of acute nerve injury explained. 

Acute nerve injury refers to damage to the nerve that results in immediate and severe 

pain. This can be caused by a variety of factors, including trauma, inflammation, or disease. 

The most common type of acute nerve injury is traumatic, which can occur due to a direct 

blow to the nerve or a sudden stretch or tear. Inflammatory conditions, such as Guillain-Barré 

syndrome, can also cause acute nerve injury. In some cases, the cause of the injury is 

unknown. The symptoms of acute nerve injury depend on the location of the damage. 

Common symptoms include severe pain, numbness, tingling, and weakness. The pain is often 

described as sharp, shooting, or burning. It may be constant or come and go. The symptoms 

may be worse at night. Acute nerve injury can be diagnosed with a physical examination and 

nerve conduction studies. Treatment typically includes rest, ice, and anti-inflammatory 

medications. In some cases, surgery may be necessary to repair the damage. After an acute 

nerve injury, it is important to rest the affected area and avoid activities that worsen the 

symptoms. Ice can help reduce inflammation and pain. Anti-inflammatory medications, such 

as ibuprofen, can also be helpful. Physical therapy may be recommended to help preserve 

range of motion and prevent muscle weakness. Low-intensity physical exercise can improve 

the injured nerve function.(26) In pre-clinical setting, the improvement of the injured nerve 

function can be proven using walking analysis.(27,28)  Surgery may be necessary to repair a 

severe nerve injury. Acute nerve injuries can be extremely painful and debilitating. With 

proper treatment, most people recover fully. However, some people may experience long-

term pain, numbness, or weakness 

Figure 3 Successful nerve regeneration 
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Table 2 Findings of the study conducted 

Nerve  Clamping 

duration 

Results 

Sciatic nerve 5s-3min A low level on the third day, an improvement on the 

seventh day. Damage to the neurofilament around the 

injury is reduced in the distal part of the injury. 

Optic Nerve 6h-5wks Intrinsic signal already detectable from 6 hours post-

injury. Damage or differences in nerve cell 

characteristics still present up to 5 weeks post-injury 

Cavernosal Nerve 60s Decrease in erectile function in second-week post-injury 

Spinal Nerve 30s Reduction in neuronal survival rate on days 7, 14, and 28 

post-injury 

 

Conclusion 

For the making of animal models of acute nerve crush injury with the expected end 

result being axonotmesis, the duration of clamping can be done at least 5s and not exceeding 

30s for serrated forceps. The parameters of pressure and duration need to be emphasized in 

studies with rats and mice for the acute nerve crush injury model to provide a more 

measurable assessment. 
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