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ABSTRACT

Objective: Analyze in vitro the mechanical response of bovine 
calcaneus tendons subjected to static stretching in three di-
fferent intervals (15, 30, 45 s). Methods: Six groups of bovine 
calcaneus tendons (n=10) were formed according to the sta-
tic stretching protocol: three different intervals (15, 30, 45 s) 
and initial stretching percentage (2.5% and 3.5%). The control 
group (n=10) did not perform prior stretching. At the end of 
the stretching tests, the specimens were subjected to stress 
rupture tests. Results: The values for force relaxation presen-
ted stability after the 30th second (p<0.0001) at both levels of 
deformation. Greater force relaxation (p<0.0026) and the least 

tensile strength (p=0.0123) was observed in the group that 
was subjected to the highest stretch percentage (3.5%). No 
difference was observed between the rupture parameters of 
the stretch and control groups. The variables, stretch duration 
and percentage did not demonstrate interaction. Conclusion: In 
relation to force relaxation, the 30 second interval seems to be 
the most effective when stretching tendons. This fact should be 
considered when establishing new clinical stretching protocols. 
Laboratory investigation.
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INTRODUCTION

The importance of regular physical activity is widely recog-
nized and confirmed by countless scientific articles. It has 
a positive effect not only on the locomotor system but also 
improves functional performance of the cardiovascular and 
immunological systems1,2 whereby influencing quality of life. 
In this context, stretching exercises play an important role as 
they help regulate the functional balance of the musculoske-
letal system.
Some studies have suggested that stretching can help pre-
vent lesions, reduces tissue stiffness, and improve range of 
movement,3-6 it is also recommend by the American College of 
Sports Medicine7 as essential for those who regularly practice 
physical activities.
However, the parameters that govern the practice of stretching 
have still not been established 8. The duration of stretching 
proposed in the literature is highly variable. Clinical studies, 
in general, analyze stretching intervals between 15 to 120 
seconds,3,9-13 while in vitro studies consider 100,14 600,15 or 

even 1,800 seconds.16 Another parameter studied is the initial 
stretch percentage. Studies have shown that greater the initial 
deformation (stretch), greater is the tissue relaxation.14,17

Wren et al.18 state that initial deformation has a direct effect on 
injury, and is the main parameter to predict rupture.
In clinical practice, the rule for stretching in most cases is empirical 
“stretch to a degree of tension that causes no pain”.19,20 Lack of 
consensus, which very often is due to diversity of methodolo-
gy, has raised questions that reflect the difficulty encountered 
in interpreting and comparing results.
Physiologically, when biological tissues are submitted to stre-
tching they present progressive decrease in tensile strength 
resistance, until they reach a plateau and, consequently, the 
functional balance of the tissue.
This phenomenon is called force relaxation.21

Accordingly, the aim of this study was to analyze in vitro the 
mechanical force relaxation response, in tendons submitted 
to static stretching, considering intervals commonly used in 
clinical practice and verify the possible influence of stretching 
on the injurious event (rupture).
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Table 1. Mean values of the dimensional parameters and standard 
deviation in the seven groups studied.

Groups (% stretching/time)

2.5/15s 2.5/30s 2.5/45s 3.5/15s 3.5/30s 3.5/45s Control

CSA (mm2)
27.62 ± 

7.27
24.67 ± 

7.98
24.42 ± 
14.13

26.12 ± 
6.17

22.46 ± 
8.76

23.6 ± 
14.94

27.0 ± 
8.18

L0 (mm)
14.51 ± 

4.3
15.4 ± 
3.89

16.39 ± 
5.88

14.78 ± 
3.43

11.89 ± 
2.65

14.55 ± 
3.75

14.3 ± 
5.24

CSA: Cross-sectional area; L0: initial length..

Table 2. Statistical analysis of the mean values and standard deviation 
of the percentage of relaxation, obtained in the static stretching tests, 
in the three intervals of time (15s, 30s, 45s) and stretching percentages 
(2.5 and 3.5%) studied.

% stretching

Stretching time

15 s 30 s 45 s

2.5 31.57 ± 6.14 Ab 38.86 ± 5.57 Aa 38.60 ± 4.84 Aa

3.5 34.53 ± 4.09 Bb 43.27 ± 9.21 Ba 48.05 ± 5.43 Ba

N.B.: Measurements with the same letter do not differ at the probability of 5%, with rank transform 
ANOVA. Lower case letters compare the means on the horizontal axis, while upper case letters 
compare the means on the vertical axis.
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MATERIAL AND METHODS

The study material consisted of 70 specimens of bovine cal-
caneal tendons, from Nellore males, with average age of three 
years. The material was obtained after death, according to 
the ethical principles in animal experimentation. The research 
project was approved by the Committee of Ethics in Animal 
Use (CEUA/Unicamp), protocol 2005-1/2009. 
After harvesting, the tendons were packed in plastic bags, 
wrapped in gauze dampened in a 0.9% saline solution. The 
tests were carried out within 5 hours after their obtainment 
at ambient temperature (28°C). For the performance of the 
tests, each specimen was carefully dissected, removing all 
the structures around the tendon, including the paratendon. 
Then rectangular strips were removed from the tendons 
using a scalpel.
The test were conducted with a LOYD TA 500 model (Fa-
reham UK) texturometer type press, with a 500N load cell, 
force resolution of 0.01% and charging speed control between 
0.0017 and 17mm/s.

Test protocol

Six groups of ten specimens of bovine calcaneal tendons were 
defined according to the static stretching protocol: intervals 
(15, 30, 45 seconds) and initial stretching percentages (2.5 and 
3.5%). At the end of the stretching test, all the specimens were 
immediately submitted to the stress rupture test. The control 
group (n=10) only performed the stress rupture test. 

Cross-sectional area

After the fixation of the gripper system to the Texturometer (Uni-
versal Testing Machine), the measurements of length, width and 
thickness were recorded with a digital caliper (Starret, model 
727-6 A150; 0.01mm of precision). Each measurement was 
taken three times, considering the average of these to calculate 
the cross-sectional area (CSA).
This procedure favors the use of the tension concept (force/
CSA), as it standardizes the force values in relation to the di-
mensions of the test body.

Mechanical tests

The specimens were submitted to uniaxial tensile tests, con-
ducted at a speed of 10% of the initial length of the test speci-
men per second. Once the pre-established stretching was 
reached, force decreases were recorded at one second inter-
vals, within the timeframe considered.
Immediately after the end of the stretching, all the specimens 
were submitted to the uniaxial tensile test until rupture at a 
speed of 100% of the initial length per second.

Data acquisition system

The data acquisition system consisted of a standard interface, 
coupled to the texturometer, and composed of a Pentium Pro 
computer and NEXIGEN 3.0 software. 
Force and deformation were recorded continuously at the fre-
quency of 10 Hz. The values of force (N) and time (s), were 
used as a basis to calculate: the percentage of force relaxation, 
for the stretching tests; and the tension (FR/CSA), the relative 
deformation (L/L0) and the rupture energy per cross-sectional 
area (FR*L0/CSA) for the rupture tests.

Statistical analysis

A descriptive analysis was used with presentation of position 
and dispersion measurements for numerical variables. Rank 
transform ANOVA was used to compare parameters among 
the factors studied, while the Kruskal-Wallis test was used to 
compare the independent groups. We used the SAS System for 
Windows program (Statistical Analysis System), version 9.2, SAS 
Institute Inc, 2002-2008, Cary, NC, USA. The confidence interval 
was set at 95%, and the comparison parameter was p = 0.05.

RESULTS

Table 1 presents the dimensional parameters of the specimens. 
At both levels of deformation studied, the force relaxation 
value in the 30-second interval was significantly higher than 
in the 15-second interval, yet without any differences when 
compared with the 45 second group (p<0.0001). When com-
paring two different levels of deformation (2.5% and 3.5%) it 
was observed that the higher value resulted in a significant 
increase (p<0.0026) in force relaxation. (Table 2) The analysis 
of interaction between the parameters time and stretching 
percentage showed that the effects are independent (p= 
0.1510). (Table 2)
In the rupture tests it was possible to observe a significant de-
crease of the tensile strength required for rupture in the group 
that performed stretching with a higher rate of deformation 
(3.5%) (p = 0.0123). (Figure 1)
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Table 3. Mean values, standard deviation and statistical analysis of the 
variables obtained in the rupture tests for the seven groups studied.

Groups
Tensile strength 

(mpa)
Relative 

deformation
Rupture energy/CSA

(j/mm2)

2.5 - 15 s 3.9 ± 1.4 1.2 ± 0.4 0.5 ± 0.1

2.5 - 30 s 3.9 ± 1.2 1.4 ± 0.3 0.6 ± 0.2

2.5 - 45 s 3.0 ± 0.8 1.2 ± 0.6 0.6 ± 0.2

3.5 - 15 s 3.4 ± 1.4 1.2 ± 0.5 1.2 ± 1.1

3.5 - 30 s 2.7 ± 1.2 1.4 ± 0.3 0.6 ± 0.2

3.5 - 45 s 2.1 ± 1.2 1.2 ± 0.6 0.6 ± 0.2

Control 3.0 ± 1.1 1.3 ± 0.3 0.4 ± 0.1

p-value 0.0561 0.2082 0.3778

CSA: cross-sectional area
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The statistical analysis did not identify any influence of the 
stretching times (15, 30 and 45 seconds) and of the percent-
ages of stretching (2.5% and 3.5%) in relation to the mean 
values of tensile strength, relative deformation, and rupture 
energy by cross-sectional area (p>0.05) compared with the 
control group, without previous stretching. (Table 3)

DISCUSSION

The most important finding of this study was to identify that 
the parameters of time and stretching percentage influence 
the mechanical response of the tendon. Although several ex-
perimental studies indicate an influence of time and of the 
degree of stretching, in tendon response,14,17 there is not yet 
enough evidence to allow us to establish standardization for 
its performance.

22
 

In literature, the lack of uniformity in the execution of stretching 
is probably a product of the methodological diversity presented 
in the studies.23,24 Within this context, the study of the mechani-
cal behavior of tendons to stretching is essential, as it can help 

to establish more effective training strategies and possibly has 
a positive impact on injury prevention.12,25 The approach to this 
topic involves clinical and laboratory studies, where in vitro me-
chanical tests represent the initial line of research. These stud-
ies have concentrated on analyzing the mechanical response of 
the tissues (viscoelasticity), in order to establish conducts to be 
tested, and subsequently, applied in everyday practice. Fung26 
defined that 5% of relative deformation in the tendon represents 
the permissible upper limit for normal human activities. When 
analyzing the medial collateral ligament of rats, Provenzano et 
al.27 demonstrated that 5.14% of deformation caused damage 
to the tissue. 
In the present study, the tendons were submitted to percentage 
stretching of 2.5% and 3.5%, as these values do not exceed 
the physiological limit of the tendon. It is worth emphasizing 
that non-destructive tests (viscoelastic) are essential, as they 
can impose mechanical demands on the tendons, similar to 
those that occur in stretching exercises. In practice, these ex-
ercises are based on the pursuit of physiological and functional 
balance. During the mechanical tests, balance is defined in 
the stress X time diagram by the force relaxation stabilization 
plateau.
Screen28 analyzed, under a laser microscope, the phenomenon 
of force relaxation of isolated Wistar rat tendon fascicles. The 
author notes that although about 50% of the relaxation occurs 
in the first 15 seconds of stretching, the phenomenon persists, 
even after the 200th second.
In this study, the force relaxation plateau was identified in the 
three stretching time intervals considered (15s, 30s and 45s). 
However, the 30-second interval was more effective as it pro-
vided greater tissue relaxation than the 15s interval, at a level 
similar to that observed for the 45s interval (p<0.0001).
The tissue relaxation response is also influenced by the stretching 
percentage. Swedlik and Lanir14 and Duewald et al.17 empha-
size that the greater the initial stretching, the greater the tissue 
relaxation. According to Wren et al.,18 this initial deformation 
is the main parameter to predict rupture, and to influence the 
occurrence of injuries. These data corroborate the findings of 
this study, while stretching of 3.5% presented a decrease in 
tensile strength (p= 0.0123), compared with the group with 
2.5%, and also a higher tissue relaxation (stress relaxation) 
rate (p=0.0026). Other studies demonstrated the existence of 
an increase in tendon compliance after stretching, suggesting 
a probable tendineal ability to resist tensile stress during activi-
ties.25,29 On the other hand, in this study, previous stretching 
did not influence the tendineal response in the rupture test 
(injury event). This fact is consistent with the lack of consensus 
observed in the literature, on the effectiveness of stretching in 
injury prevention.22 It is also worth emphasizing that although in 
vitro studies represent the initial line of research in the study of 
the mechanical response of tendons to stretching, the results 
obtained should be ratified by clinical trials. 

CONCLUSION

The data obtained in this study allowed to conclude that the 
30-second stretching interval was most effective, as it presented 
tissue relaxation superior to the 15-second interval, and similar 
to that observed for the 45-second interval, a fact to be consi-
dered when establishing of new clinical protocols for stretching.

Figure 1. Mean values and standard deviation of the tensile strength obtained 
at the different stretching levels (2.5% and 3.5%) and time intervals (15 s, 30 
s and 45 s) studied..

St
re

ss
 (M

Pa
)

time (seconds)



261Acta Ortop Bras. 2013;21(5):258-61

REFERENCES

1. Osinbowale OO, Milani RV. Benefits of exercise therapy in peripheral arterial 
disease. Prog Cardiovasc Dis. 2011;53(6):447-53. 

2. Walsh NP, Gleeson M, Shephard RJ, Gleeson M, Woods JA, Bishop NC, et al. 
Position statement. Part one: Immune function and exercise. Exerc Immunol 
Rev. 2011;17:6-63. 

3. Bandy WD, Irion JM, Briggler M. The effect of static stretch and dynamic range 
of motion training on the flexibility of the hamstring muscles. J Orthop Sports 
Phys Ther. 1998;27(4):295-300. 

4. Bixler B, Jones RL. High-school football injuries: effects of a post-halftime 
warm-up and stretching routine. Fam Pract Res J. 1992;12(2):131-9. 

5. Rosenbaum D, Hennig EM. The influence of stretching and warm-up exercises 
on Achilles tendon reflex activity. J Sports Sci. 1995;13(6):481-90. 

6. Safran MR, Seaber AV, Garrett WE Jr. Warm-up and muscular injury prevention. 
An update. Sports Med. 1989;8(4):239-49. 

7. Franklin B, editor. ACSM's Guidelines for exercise testing and prescription. 
Baltimore: Williams and Wilkins; 2005.

8. Decoster LC, Cleland J, Altieri C, Russell P. The effects of hamstring stretching 
on range of motion: a systematic literature review. J Orthop Sports Phys Ther. 
2005;35(6):377-87. 

9. Amako M, Oda T, Masuoka K, Yokoi H, Campisi P. Effect of static stretching on 
prevention of injuries for military recruits. Mil Med. 2003;168(6):442-6.

10. Feland JB, Myrer JW, Schulthies SS, Fellingham GW, Measom GW. The 
effect of duration of stretching of the hamstring muscle group for in-
creasing range of motion in people aged 65 years or older. Phys Ther. 
2001;81(5):1110-7. 

11. Pope R, Herbert R, Kirwan J. Effects of ankle dorsiflexion range and pre-exer-
cise calf muscle stretching on injury risk in Army recruits. Aust J Physiother. 
1998;44(3):165-172. 

12. Ryan ED, Herda TJ, Costa PB, Defreitas JM, Beck TW, Stout J, et al. Deter-
mining the minimum number of passive stretches necessary to alter muscu-
lotendinous stiffness. J Sports Sci. 2009;27(9):957-61. 

13. Verrall GM, Slavotinek JP, Barnes PG. The effect of sports specific training on 
reducing the incidence of hamstring injuries in professional Australian Rules 
football players. Br J Sports Med. 2005;39(6):363-8. 

14. Sverdlik A, Lanir Y. Time-dependent mechanical behavior of sheep digital ten-
dons, including the effects of preconditioning. J Biomech Eng. 2002;124(1):78-84. 

15. Yamamoto E, Hayashi K, Yamamoto N. Mechanical properties of collagen fas-

cicles from stress-shielded patellar tendons in the rabbit. Clin Biomech(Bristol, 
Avon). 1999;14(6):418-25. 

16. Pioletti DP, Rakotomanana LR. On the independence of time and strain effects in 
the stress relaxation of ligaments and tendons. J Biomech. 2000;33(12): 1729-32. 

17. Duenwald SE, Vanderby R Jr, Lakes RS. Viscoelastic relaxation and recovery 
of tendon. Ann Biomed Eng. 2009;37(6):1131-40.

18. Wren TA, Lindsey DP, Beaupré GS, Carter DR. Effects of creep and cyclic 
loading on the mechanical properties and failure of human Achilles tendons. 
Ann Biomed Eng. 2003;31(6):710-7. 

19. Hartig DE, Henderson JM. Increasing hamstring flexibility decreases lo-
wer extremity overuse injuries in military basic trainees. Am J Sports Med. 
1999;27(2):173-6. 

20. de Weijer VC, Gorniak GC, Shamus E. The effect of static stretch and warm-
-up exercise on hamstring length over the course of 24 hours. J Orthop Sports 
Phys Ther. 2003;33(12):727-33. 

21. Taylor DC, Dalton JD Jr, Seaber AV, Garrett WE Jr. Viscoelastic properties of 
muscle-tendon units. The biomechanical effects of stretching. Am J Sports 
Med.1990;18(3):300-9. 

22. Yeung EW, Yeung SS. A systematic review of interventions to prevent lower 
limb soft tissue running injuries. Br J Sports Med. 2001;35(6):383-9. 

23. Small K, Mc Naughton L, Matthews M. A systematic review into the efficacy 
of static stretching as part of a warm-up for the prevention of exercise-related 
injury. Res Sports Med. 2008;16(3):213-31. 

24. Witvrouw E, Mahieu N, Roosen P, McNair P. The role of stretching in tendon 
injuries. Br J Sports Med. 2007;41(4):224-6. 

25. Teramoto A, Luo ZP. Temporary tendon strengthening by preconditioning. Clin 
Biomech (Bristol, Avon). 2008;23(5):619-22. 

26. Fung YC. Biomechanics: mechanical properties of living tissues. New York: 
Springer-Verlag; 1993. 

27. Provenzano PP, Heisey D, Hayashi K, Lakes R, Vanderby R Jr. Subfailure 
damage in ligament: a structural and cellular evaluation. J Appl Physiol. 
2002;92(1):362-71. 

28. Screen HR. Investigating load relaxation mechanics in tendon. J Mech Behav 
Biomed Mater. 2008;1(1):51-8. 

29. Su WR, Chen HH, Luo ZP. Effect of cyclic stretching on the tensile properties 
of patellar tendon and medial collateral ligament in rat. Clin Biomech (Bristol, 
Avon). 2008;23(7):911-7.




