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Tendons may be temporarily or permanently dama-

ged under conditions of excessive high-rate loading.  

-

-

mination and understanding of the mechanical respon-

se and the failure modes of tendons under loading. 

One of the important issues concerned with tendons 

is mechanical hysteresis, demonstrating the ability of 

the tendon to dissipate energy, which indicates that the 

muscular tension is not fully transmitted to the skele-

ton. The aim of the study was to determine mechanical 

hysteresis of porcine tendons model under cyclic 

loading-unloading cycles in the quasi-linear tensile test 

were made for three levels of the maximal load: 50 N, 

100 N and 150 N. Three hysteresis loops for each 

level of load were registered (1st, 5th, 10th) and used for 

calculation the values of energy dissipation and me-

chanical hysteresis. The mean values of energy dissi-

 

for load levels 50, 100 and 150 N, respectively.  

of the mechanical hysteresis was observed, its values 

the hysteresis value for the first cycle. The influence 

of the applied loads on the values of both the energy 

of dissipation and the returned energy can be seen 

but the value of mechanical hysteresis is independent 

of load levels. 
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energy of dissipation, viscoelasticity 

The primary role of tendons is to transmit contractile 

-

of the most soft tissues, also tendons, is described as inho-

mogeneous, anisotropic, nonlinear and viscoelastic [1,2].

tendons may be temporarily or permanently damaged.  

It is important for surgery decisions to predict the intensity 

understanding of the mechanical response and the failure 

types of tendons under loading [1]. Many eventual failures 

are tensile in nature, so properties under the quasi-static 
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in vitro, the value 

 

Results obtained in vivo

the in vitro

One of the important issues concerned with tendons 

is the mechanical hysteresis, demonstrating the ability of 

the tendon to dissipate energy. This energy dissipation 

indicates that the muscular tension is not fully transmitted 

allows to assess tendons thermal damage and the amount 

of metabolic energy that can be saved during locomotion, 

what is important for biomechanics of sport or rehabilitation 

the biomechanical investigation of various reconstruction 

techniques of tendon grafts [6]. 

The study was conducted to determine mechanical 

hysteresis of porcine tendons under cyclic loading in the 

quasi-static tensile test. 

were used in this investigation. Tendons were wrapped in 

First step of the investigations was conducting the tensile 

test to characterize the material. The mechanical properties 

under the static tension were determined with the use of the 

 

 

modulus and the tensile strength were shown as the mean 

values (nine specimens) with a standard deviation (X ±SD).

Then, repeated ten loading-unloading cycles in the 

quasi-linear tensile test were made for three levels of the 

load were chosen on the base of the tensile test results, 

within the elastic strain limit of the pig’s tendon. The test 

 

each level of load were registered (1st, 5th th) and used 

for calculation the value of:

- dissipated energy (the area of the loop),

area under curve for increasing strain), 

- energy returned (the area under curve for decreasing 

strain),

- mechanical hysteresis (the proportion of strain energy that 

cycle [7]. It was calculated as the ratio of the area within 

the stress-strain loop (strain energy dissipated) to the area 

beneath the load portion of the curve (strain energy input). 

Two samples for each load level were used. The calcu-

lated values of energies were shown as the mean values 

with a standard deviation (X ±SD).



28

-

 

-

 

-

-

-

-

 

In FIG. 1 mechanical hysteresis loops for porcine tendons 

for three levels of load were shown. For all load levels, the 

corresponds to the preconditioned state of the tendon. The 

cycle of loading-unloading for all levels of load (FIG. 2). 

stored during stretching was returned after the tensile load 

unloading, the stabilization of value of energy dissipation 

was observed. The mean values of energy dissipation for re-

 

-

returned energy during unloading of tendons, the differences 

cycle of the loading-unloading, most of the energy stored 

during stretching was returned after the tensile load was 

both the energy of dissipation and the returned energy can 

of dependency was not found (FIG. 4). The highest values 

load levels. The stabilization of the value of the mechanical 
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respectively. The increase in the value of residual strain 

results from the viscoelastic nature of tendons.

tenth cycle are in agreement with hysteresis values given 

by Maganaris et al. [2] for isolated human tendons in the 

in vitro and 

between 5 and 25% in testes in vivo

on literature review, reported that the hysteresis values 

were between 5 and 19% for selected animals tendons and 

in vivo. The 

showed the value of the mechanical hysteresis between 17.5 

and 24.5%. For rat tendons the mean value of hysteresis 

were lower than presented in this study. The differences in 

reported mechanical hysteresis values are quite large due 

methodological differences (tendon gripping, cross-sectional 

area), anatomical site, ageing, disuse or physical activity [4].
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The investigation of mechanical hysteresis of porcine 

tendons showed that the cyclic loading of the tendons re-

sulted in elastic energy storage and the value of hysteresis 

independence of the value of applied load on tendons. 

that most of the elastic energy stored during stretching is 

returned once after the tensile load is removed. Mechanism 

of energy provision in tendons allows to save metabolic 

energy during locomotion [9]. 

a better understanding of tendons biomechanics and provide 

data for modeling and predicting the tendons behavior under 

the cyclic loading conditions.
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