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Research Highlights 

(1) This study made innovative use of stress relaxation and creep as indices of the anastomotic ef-

fects of nerve autografts compared with poly(lactic-co-glycolic acid) tubes used to treat a model of 

sciatic nerve injury. 

(2) A better understanding of the stress relaxation and creep properties of nerve autografts and poly 

(lactic-co-glycolic acid) tubes will help to demonstrate the feasibility of poly(lactic-co-glycolic acid) 

tubes for the repair of sciatic nerve injury. 

 

Abstract  
Medical-grade synthetic poly(lactic-co-glycolic acid) polymer can be used as a biomaterial for nerve 

repair because of its good biocompatibility, biodegradability and adjustable degradation rate. The 

stress relaxation and creep properties of peripheral nerve can be greatly improved by repair with 

poly(lactic-co-glycolic acid) tubes. Ten sciatic nerve specimens were harvested from fresh corpses 

within 24 hours of death, and were prepared into sciatic nerve injury models by creating a 10 mm 

defect in each specimen. Defects were repaired by anastomosis with nerve autografts and 

poly(lactic-co-glycolic acid) tubes. Stress relaxation and creep testing showed that at 7 200 seconds, 

the sciatic nerve anastomosed by poly(lactic-co-glycolic acid) tubes exhibited a greater decrease in 

stress and increase in strain than those anastomosed by nerve autografts. These findings suggest 

that poly(lactic-co-glycolic acid) exhibits good viscoelasticity to meet the biomechanical require-

ments for a biomaterial used to repair sciatic nerve injury. 
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INTRODUCTION 

    

In many previous studies, nerve autografts 

are most frequently used to repair sciatic 

nerve injury
[1-11]

. Recently, owing to devel-

opments in tissue engineering technology 

and the emergence of new biomaterials, 

synthetic polymers have been synthesized 

to meet demand. Degradable synthetic po-

lymers can be absorbed in vivo. Poly (lac-

tic-co-glycolic acid) can be used as a scaf-

fold material for tissue engineering owing to 

its good biocompatibility and biodegradation 

properties
[12-25]

. Hou et al
 [26]

 used 

poly(lactic-co-glycolic acid) tubes loaded with
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mesenchymal stem cells or nerve autographs to bridge  

10 mm sciatic nerve gaps. They found similar outcomes 

for these groups, including the density of myelinated 

nerve fibers, the average diameter of nerve fibers and 

the myelin sheath thickness of proximal sciatic nerve. 

Pan et al 
[27]

 transplanted dextran/poly(lactic-co-glycolic 

acid) scaffolds into mouse subcutaneous tissue. The 

transplanted scaffolds were reduced to 50% the original 

size after 3 days, 75% of them by size were absorbed 

after 3 weeks and the surrounding tissue was completely 

recovered. Liu et al 
[28]

 concluded that poly(lactic-co- 

glycolic acid) tubes exhibit some reparative effects on 

sciatic nerve injury. 

 

The biomechanical properties of poly(lactic-co-glycolic 

acid) have been widely studied. Yu et al 
[29]

 reported that 

poly(lactic-co-glycolic acid) scaffolds were safe and 

non-toxic, degrading in solutions at pH 6.68–7.33. During 

degradation, the elastic modulus first increased and then 

decreased. They also found that the degradation of em-

bedded poly(lactic-co-glycolic acid) scaffolds was syn-

chronous to the in-growth of newly generated tissue, with 

the number of macrophages surrounding the poly(lactic- 

co-glycolic acid) scaffold increasing at first and then de-

creasing. Zhao et al 
[30]

 confirmed that the tensile 

strength of poly(lactic-co-glycolic acid) scaffolds in-

creased with an increasing proportion of polylactic acid. 

These previous studies focused on peripheral nerve in-

jury repair by poly(lactic-co-glycolic acid) from the pers-

pectives of biocompatibility, degradation and preparation 

of tissue-engineered scaffolds. However, the viscoelas-

ticity of injured sciatic nerve is important in the repair of 

sciatic nerve injury. For this reason, this study prepared 

sciatic nerve injury models and investigated the stress 

relaxation and creep of these models after anastomosis 

with nerve autografts or poly(lactic-co-glycolic acid) 

tubes.   

 

 

RESULTS 

 

Stress changes of sciatic nerve injury models after 

anastomosis with nerve autografts or poly(lactic-co- 

glycolic acid) tubes 

In both the nerve autograft and poly(lactic-co-glycolic 

acid) tube groups, the stress in sciatic nerve injury spe-

cimens decreased rapidly in the initial 600 seconds. 

Thereafter, the rate of decrease slowed, and tended 

towards stability at 7 200 seconds. The stress relaxation 

curves of both groups decreased exponentially. In the 

nerve autograft group, the stress was 0.500 MPa at     

0 seconds and 0.424 MPa at 7 200 seconds (decreased 

by 0.076 MPa). In the poly(lactic-co-glycolic acid) tube 

group, the stress was 0.50 MPa at 0 seconds and  

0.419 MPa at 7 200 seconds (decreased by 0.081 MPa). 

The decrease of stress at 7 200 seconds was similar in 

both groups (P > 0.05, Figure 1).  

 

The stress values in sciatic nerve specimens from both 

groups were normalized. The functions describing the 

normalized stress relaxation values in each group at 0 

seconds were 1. At 7 200 seconds, the normalized stress 

relaxation value functions were 0.85 in the nerve auto-

graft group and 0.84 in the poly(lactic-co-glycolic acid) 

tube group (Figure 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1  Stress relaxation curves for the nerve autograft 
and poly(lactic-co-glycolic acid) (PLGA) groups.  

Data are expressed as mean ± SD of 10 sciatic nerve 
specimens for each group and were analyzed using paired 
t-tests. σ represents the stress value. 

Figure 2  Normalized stress relaxation functions for the 
nerve autograft and poly(lactic-co-glycolic acid) (PLGA) 
groups.  

Data are expressed as mean ± SD of 10 sciatic nerve 
specimens for each group and were analyzed using paired 
t-tests. G represents the normalized, dimensionless, 
stress relaxation functions. 
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Normalized stress relaxation value functions for 

sciatic nerve in the nerve autograft and 

poly(lactic-co-glycolic acid) tube groups 

Following previously described methods
[31]

, normalized 

stress relaxation functions were established for sciatic 

nerve specimens from the two groups. Because Figure 1 

demonstrated that the stress relaxation curves de-

creased exponentially, the functions took the form: 
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In this equation, c, d are undetermined coefficients. 
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In this equation, c, d are undetermined coefficients.  

Experimental data were fit to equation (2) and parame-

ters c and d were calculated for the nerve autograft and 

poly(lactic-co-glycolic acid) tube groups. The calculated 

values of c and d were introduced into equation (1) to 

generate the normalized stress relaxation functions for 

the two groups. 

 

Nerve autograft group:  

 

 

 

 

 

 

Poly(lactic-co-glycolic acid) tube group:  

 

 

 

 

 

Strain changes in sciatic nerve injury models after 

anastomosis with nerve autografts or poly(lactic-co- 

glycolic acid) tubes 

In both the nerve autograft and poly(lactic-co-glycolic 

acid) groups, the strain increased rapidly in the first 600 

seconds. The rate of increase slowed down thereafter 

and tended towards stability at 7 200 seconds. The creep 

curves of the two groups increased exponentially. In the 

nerve autograft group, the strain was 9.28% at 0 seconds 

and 12.48% at 7 200 seconds (increased by 3.20%). In 

the poly(lactic-co-glycolic acid) tube group, the stress 

was 9.50% at 0 seconds and 13.75% at 7 200 seconds 

(increased by 4.25%). Paired t-tests showed that the 

increase in strain at 7 200 seconds in the poly(lactic- 

co-glycolic acid) tube group was significantly greater 

than in the nerve autograft group (P < 0.05; Figure 3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The strain values in the sciatic nerve specimens from the 

two groups were normalized. The normalized strain val-

ue functions in both groups were 1 at 0 seconds. At  7 

200 seconds, the normalized strain value was 1.128 in 

the nerve autograft group and 1.138 in the poly(lactic-co- 

glycolic acid) tube group. The creep function value at   

7 200 seconds in the poly(lactic-co-glycolic acid) group 

was significantly greater than in the nerve autograft 

group (P < 0.05; Figure 4). 

 

Normalized creep functions of sciatic nerve 

specimens in the nerve autograft and poly(lactic-co- 

glycolic acid) tube groups 

Following previously described methods
[31]

, normalized 

creep functions for sciatic nerve specimens from the two 

groups were established. 
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Figure 3  Creep curves of sciatic nerve specimens for the 
nerve autograft and poly(lactic-co-glycolic acid) (PLGA) 
groups.  

The increase in strain at 7 200 seconds in the PLGA group 
was significantly greater than in the nerve autograft group 
(P < 0.05). Data are expressed as mean ± SD of 10 sciatic 
nerve specimens from each group and were analyzed 

using paired t-tests. 
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Creep test data from both groups were introduced into 

equation (4) and parameters a and b were determined 

for both groups. These values of a and b were introduced 

into equation (3) to generate the normalized creep func-

tions for the sciatic nerve specimens of the two groups:  

 

Nerve autograft group:  

 

1 0
( )

1.1690 0.0756 0t

t
J t

e t


 

 
 

 

Poly(lactic-co-glycolic acid) tube group: 

 

1 0
( )

1.1545 0.0705 0t

t
J t

e t


 

 

 

Characteristics of sciatic nerve structure after stress 

relaxation and creep tests 

By scanning electron microscopy, sciatic nerve specimens 

in the nerve autograft and poly(lactic-co-glycolic acid) 

groups after stress relaxation and creep testing exhibited 

poor arrangement of nerve fibers and morphological 

changes to the nerve fiber surface connective tissue, en-

doneurium, myelin sheath and axons, as well as occlusion 

of vessel of the basilar membrane by fragmented axonal 

and myelin sheath tissues. There were no obvious differ-

ences between these two groups (Figure 5). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCUSSION 

 

The synthetic polymer poly(lactic-co-glycolic acid), which 

is approved by US Food and Drug Administration, exhi-

bits good biocompatibility and biodegradability, as well 

as an adjustable degradation rate. It has been used as 

an alternative biomaterial for repair of defected hard tis-

sues and shows great promise in the reconstruction of 

soft tissues, such as tendon and ligament
[32-33]

. 

Poly(lactic-co- glycolic acid) tubes are porous, which 

Figure 4  Normalized creep function curves of sciatic 
nerve specimens for the nerve autograft and 

poly(lactic-co-glycolic acid) (PLGA) groups.  

Creep at 7 200 seconds in the PLGA group was significantly 
greater than in the nerve autograft group (P < 0.05). Data 
are expressed as mean ± SD of 10 sciatic nerve specimens 

from each group and were analyzed using paired t-tests. J 
represents the normalized, dimensionless, creep functions. 

Figure 5  Morphological changes of sciatic nerve 
specimens in the nerve autograft and poly(lactic-co- 
glycolic acid) tube groups (scanning electron microscope, 
× 2 000).  

In the nerve autograft group (A) and poly(lactic-co- glycolic 
acid) tube group (B), nerve fibers were poorly arranged, 
morphological changes to the nerve fiber surface 
connective tissue, endoneurium, myelin sheath and axons 

were observed, and vessels of the basilar membrane were 
occluded by fragmented axonal and myelin sheath tissue. 
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increases nutrient uptake and metabolite excretion dur-

ing the process of neurogenesis, facilitates the in-growth 

of vessels, and provides sufficient nutrients for seeded 

Schwann cells, accelerating neurogenesis. The limited 

pore diameters exclude lymphocytes and fibroblasts, 

effectively avoiding an inflammatory reaction and fibrous 

scar tissue formation
[34]

. Poly(lactic-co-glycolic acid) 

tubes and sciatic nerves are viscoelastic materials. A 

quantitative analysis of stress relaxation and creep cha-

racteristics of injured sciatic nerve specimens after 

anastomosis with nerve autografts or 

poly(lactic-co-glycolic acid) tubes is important for cha-

racterizing the clinical treatment of peripheral nerve in-

jury by poly(lactic-co-glycolic acid) tubes. Strong evi-

dence exists that poly(lactic-co-glycolic acid) has good 

physiochemical and biological properties
[35-39]

. Taken 

together, these data suggest that the viscoelasticity of 

poly(lactic-co-glycolic acid) is superior to that of human 

sciatic nerve. Results from this study have confirmed, as 

expected, that poly(lactic-co-glycolic acid) exhibited good 

viscoelasticity. 

 

The viscoelasticity of natural and artificial biomaterials 

can be suitable for human physiological function by 

matching stress relaxation and creep properties. Stress 

relaxation refers to the adaptive response of biomaterials 

to a constant applied strain, and creep refers to the 

adaptive response of biomaterials to a constant applied 

stress. Under the condition of constant tensile strain, 

poly(lactic-co-glycolic acid) tubes exhibit similar stress 

relaxation to nerve autografts, which may help to alle-

viate the tension at the anastomotic stoma after trans-

plantation of poly(lactic-co-glycolic acid) tubes to bridge 

sciatic nerve gaps. Under constant physiological loads, 

the poly(lactic-co-glycolic acid) tubes transplanted into 

the injured sciatic nerve exhibit sufficient length to limit 

the gap in the nerve, prevent shifts of the anastomotic 

stoma, and facilitate regeneration and functional recon-

struction of the sciatic nerve. In previous studies of the 

biomechanical properties of poly(lactic-co-glycolic acid) 

scaffolds, Yu et al 
[29] 

only measured their elastic modulus 

and Zhao et al 
[30]

 only tested their tension. These tradi-

tional methods can help to briefly describe the biome-

chanical behaviors of poly(lactic-co-glycolic acid) scaf-

folds, but cannot describe the rheological and viscoelas-

tic properties of poly(lactic-co-glycolic acid). This study 

made innovative use of stress relaxation and creep as 

indices of the anastomotic effects of nerve autografts 

compared with poly(lactic-co-glycolic acid) tubes used to 

treat a model of sciatic nerve injury. 

 

Poly(lactic-co-glycolic acid) exhibits similar viscoelasticity 

in stress relaxation and creep testing to human sciatic 

nerves, and therefore is suitable for use in the repair of 

injured sciatic nerve. The present findings support that 

poly(lactic-co-glycolic acid) tubes were suitable for repair 

of injured peripheral nerves, such as the sciatic nerve. 

Owing to individual factors, for example human donor age 

and health, the experimental data show a little variation, 

but still provide reasonable clinical reference values. 

 

 

MATERIALS AND METHODS 

 

Design 

A biomechanical contrast observation study. 

 

Time and setting 

This study was performed at the Center for Mechanical 

Experiments, Jilin University, China from December 2010 

to August 2011. 

 

Materials 

Ten sciatic nerve specimens were harvested from five 

fresh Chinese adult male cadaveric donors within 24 

hours of death; these were aged 21–28 years and pro-

vided by the Department of Medical Anatomy, Jilin Uni-

versity, China. These specimens were preserved at 4°C 

in physiological saline before use.  

 

Methods  

Preparation of poly(lactic-co-glycolic acid) tubes 

Poly(lactic-co-glycolic acid) (polylactic acid: glycolic acid 

of 70:30, Changchun SinoBiomaterials Co., Ltd., 

Changchun, Jilin Province, China) was diluted to 10% in 

solution with trichloromethane. The poly(lactic-co-glycolic 

acid) solution was injected into pre-fabricated molds and 

left at room temperature for the trichloromethane to na-

turally volatize over 48 hours. Twenty-five poly(lactic- 

co-glycolic acid) tubes (10 mm in length, 12 mm in ex-

ternal diameter, 9.5 mm in internal diameter) were 

created. After 24 hours of treatment in the solvent ex-

tractor (20 L/h; –0.1 MPa), these poly(lactic-co-glycolic 

acid) tubes were preserved in a vacuum until use. 

 

Preparation of sciatic nerve injury models 

Forty sciatic nerve specimens (25 mm in length) were 

harvested from fresh cadaveric donors, within 24 hours 

of death, by an experienced microsurgery expert. Fol-

lowing previously reported methods
[20]

, these sciatic 

nerve specimens were prepared into sciatic nerve injury 

models by creating a 10-mm-long gap on each specimen 

and then dividing them into two groups: a nerve autograft 

group (n = 20) and a poly(lactic-co-glycolic acid) tube 
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group (n = 20). In the nerve autograft group, a piece of 

nerve autograft was sutured into the gap with 7-0 nylon 

suture (Qingdao Naike Medical Materials Co., Ltd., 

Qingdao, Shandong Province, China). In the poly(lactic- 

co-glycolic acid) tube group, a similar procedure was 

performed using a poly(lactic-co-glycolic acid) tube ra-

ther than the nerve autograft. Eight sutures were re-

quired for each specimen. Specimens not meeting the 

experimental requirements were rejected. 

 

Stress relaxation testing 

A universal testing machine (Shimadzu Corporation, 

Tokyo Prefecture, Japan) was used. The machine has 

the ability to apply constant stress or strain while keeping 

time and collecting data. The machine is equipped with 

an incubator (–30–250°C that can maintain constant 

temperatures. Following previously reported methods
[40]

, 

the length (25 mm), external diameter (11.9–12.1 mm) 

and internal diameter (9.4–9.8 mm) of the sciatic nerve 

specimens were measured using a reading microscope 

(Changchun Third Optical Instrument Factory, Chang-

chun, Jilin Province, China).  

 

Following previously reported methods
[31]

, under the 

condition of tensile stress, the specimens were loaded 

and unloaded 30 times for pre-loading and then tested. 

At normal body temperature (36.5 ± 0.5°C), 10 speci-

mens from each group were subjected to strain stimula-

tion at a velocity of 60%/minute. When the stress 

reached 0.5 MPa, the strains were 8.63% in the nerve 

autograft and 9.68% in the poly(lactic-co-glycolic acid) 

tubes groups. The strain was kept constant and the ex-

perimental time was  7 200 seconds. After the desig-

nated time, stress relaxation data were automatically 

output by the computer connected to the universal test-

ing machine. During the experiment, the specimens were 

kep hydrated with physiological saline (Figure 6). Using 

the formula G(t)= σ(t)/σ(0), the normalized stress relaxa-

tion function G(t) was calculated. In the equation, σ(0) 

indicates the stress value at 0 seconds and σ(t) is the 

stress value at t seconds. 

 

Creep testing 

The clamping method, experimental temperature, and 

pre-loading used in creep testing were similar to those of 

stress relaxation testing. Ten specimens from each group 

were subjected to stress stimulation at a velocity of   

0.5 GPa/minute. When the strain reached 8.63% in each 

group, the stress was 0.4 MPa in the nerve autograph 

and 0.31 MPa in the poly(lactic-co-glycolic acid) tube 

groups. The stress was kept constant and the experi-

mental time was 7 200 seconds. After the designated 

time, creep data were automatically output by the com-

puter connected to the universal testing machine (Figure 

7). Using the formula J(t)=L(t)/L(0), the normalized creep 

function J(t) was calculated. In the equation, L(0) indi-

cates the length of the tested specimens and L(t) is the 

length of specimens at t seconds. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Observation of sciatic nerve cross-section 

ultrastructure after stress relaxation and creep 

testing under a scanning electron microscope 

After stress relaxation and creep testing, one sciatic nerve 

randomly selected from each group was pre-fixed with 4% 

glutaraldehyde, post-fixed with 1% osmic acid, hydrated 

by a gradient of acetone, dried at the critical point and 

gold-coated in the vacuum. Finally, the structure of nerve 

cells, myelin sheath, axons and basement membrane on 

the nerve cross-sections was observed under a scanning 

electron microscope (Carl Zeiss, Jana, Germany). 

 

Statistical analysis  

Data were expressed as mean ± SD and statistically 

analyzed using SPSS 11.0 software (SPSS, Chicago, IL, 

USA). Paired t-tests were used to compare experimental 

data between the nerve autograft and poly(lactic-co- 

Figure 6  Experimental process of the stress relaxation 
test.  

The tested specimens were subjected to strain stimulation 
at a velocity of 60%/minute. When the stress reached  

0.5 MPa, the strain was 8.63% in the nerve autograft (A) 
and 9.68% in the poly(lactic-co-glycolic acid) tube groups 
(B). The strain was kept constant and the experimental 
time was 7 200 seconds. 

A 

B 
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glycolic acid) tube groups. A level of P < 0.05 was con-

sidered statistically significant. The stress relaxation and 

creep data from sciatic nerve specimens were norma-

lized and equations of normalized stress relaxation and 

creep data were established. 
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