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The Acute Effect of Static Stretching of Quadriceps, Hamstrings 
and Gastrocnemius Muscles on Knee Joint Position Sense in 
Football Players

Purpose: Everything that impairs joint proprioception system can harm joints. It has been stated 
that stretching exercises can change properties of the proprioceptive receptors and as a result 
changes the sensibility of the joints proprioception. Due to fact that static stretching has greater 
use between athletes, it is necessary to give useful information about the safety of these stretching 
exercises and their effect on knee joint position sense. Therefore, the purpose of this study was 
to determine the effect of static stretching of selected muscles around knee on knee joint position 
sense in football players.

Methods: This study was a quasi-experimental research with pretest and posttest design. In this 
study, 30 soccer players at the college level, with the mean age of 23.20 ± 1.45 years were 
selected through purposeful sampling. Before performing stretching exercises and measuring, 
subjects had 5 minutes warm up on a fixed bike with the same speed. Then, knee joint position 
sense were measured by electrogoniometer SG150 model and the achieved figures were recorded 
as pretest record in the record sheet. Then static stretching exercise protocol was applied on the 
selected muscle and immediately after that, joint position sense was measured. The obtained data 
were recorded as posttest record. The paired t test was used to compare the mean of pretest to 
the posttest mean. 

Results: The results of the study showed that there is no significant difference between the mean 
of knee joint position sense before doing static stretching exercises and thereafter (P = 0.13). 

Conclusion: According to the results of this study, athletes, trainers and coaches can use the 
static stretching without fear of negative effects on the proprioception.
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1. Introduction 

tretching exercisers are usually done before 
sport activities in order to improve function 
and decrease the risk of injury [1]. Coaches 
and trainers believe that applying stretching 
protocols before competition reduces injury 

and improves athletes’ performance [2]. Dynamic and 
static stretching are among common stretching exer-
cises used by the athletes [3]. Since static stretching can 
increase motion range and reduce risk of musculoskel-
etal injury, it can be used as a part of warm up program 
before exercise and competition by many athletes [4]. 
There is some concern that stretching exercises may in-
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fluence proprioceptive receptors and impair them [5]. 
Since disorder in proprioception impairs transmission of 
afferent messages from joint, it can impose too much or 
inappropriate load on the joint, which as a result, these 
factors can lead to progressive joint degeneration and 
continuous failure in balance as well as neuromuscular 
imbalance [6].

Proprioception is a general term refers to spatial posi-
tion sense of a joint and its movement, which receives 
sensory inputs from muscle spindle, tendon, joint, and 
existing receptors in skin and considering these inputs, it 
specifies position, direction, intensity, and speed of joint 
movements [7]. Planning and doing sports exercises de-
pend on athlete’s ability to use nonvisual information 
about joints position. However, different mechanorecep-
tors have been placed in skin, joint capsule, and connec-
tive tissue. It is generally accepted that the greatest and 
most important determining factor in joint propriocep-
tion are receptors, which are placed in muscles and re-
sponsible for movement and control of a certain joint [8].  

Proprioception is necessary in knee joint for better con-
trol of lower limbs while walking, running and doing 
daily tasks. Brain awareness of knee joint position leads 
to contribution of muscles around knee. These muscles 
have an important role in the stability of knee joint and 
absorb strikes during exercises [9].  

Muscle spindles are important part of proprioceptive 
receptors. Therefore, one of the factors, which may af-
fect the function and precision of this sense are muscles 
around each joint. While stretching muscles around each 
joint, the muscle spindles are stimulated and they send 
sensory inputs to central nervous system and conse-
quently stimulate motor nerve receptors. Thus, stretch-
ing exercises can affect muscular receptors and relevant 
joints proprioception [10].

Björklund and colleagues indicated that stretching ex-
ercises of agonist and antagonist muscles can change 
properties of the muscle spindle and may decrease its 
sensitivity [5]. In this regard, Streepey and colleagues 
reported that proprioceptive neuromuscular facilitation 
(PNF) stretching of hamstrings and quadriceps would 
decrease knee joint proprioception [2]. However, the re-
sults of the studies done by Larsen et al. and Torres et al. 
revealed that static stretching of hamstrings and quad-
riceps muscles had no significant effect on knee joint 
proprioception [11,12]. In a similar study, Ghaffarinejad 
and colleagues also investigated the acute effect of static 
stretching of muscles around knee on knee joint position 

sense and it was determined that stretching exercises im-
proves knee joint position sense at 45 degrees [13].

Few studies have been done on the effect of static 
stretching of muscles around knee on knee joint posi-
tion sense , out of which contradictory results have been 
reported. However, lack of research regarding static 
stretching effect of hamstrings and quadriceps muscles 
on knee joint position sense still exists. Despite the abun-
dant use of this stretching among athletes, there are some 
doubts for its safety use. Therefore, because of the pau-
city of research, contradictory results, and considering 
the fact that no study has been carried out on soccer play-
ers, the present study aimed to provide sport therapist, 
coaches, trainers and other individuals with sufficient 
information by studying the effect of static stretching of 
quadriceps, hamstrings and gastrocnemius muscles on 
knee joint position sense in soccer players. 

2. Materials and Methods: 

This study is a quasi-experimental research in which 
the effect of static stretching of quadriceps, hamstrings, 
and gastrocnemius muscles on knee joint position sense 
in soccer players was measured through pretest and 
posttest. Thirty student soccer player aged 18 to 25 years 
were selected through purposeful sampling. They did ex-
ercise at least three sessions a week over the past three 
years. In order to exclude the probable variables with 
negative influence, we tried to select players with ho-
mogenous weight and height as well as normal BMI (18 
to 25). Furthermore, none of the subjects experienced the 
following problems: record of surgery, neurological and 
musculoskeletal disorders in lower limbs, record of liga-
ment injury and meniscus of knee [14].

Methods of Data Collection and Design Perfor-
mance   

After obtaining consent of subjects to participate in the 
research, the subjects completed the consent form as well 
as data collection form, including demographic informa-
tion and sports record. The measurements of the study 
were done at the laboratory of corrective movements 
and sports pathology, University of Tehran. Before start-
ing the research, the subject were studied regarding their 
height, weight, and lower limbs abnormalities. Since 
there are some reports on similarities of joint position 
sense between the dominant and non-dominant limbs 
[15,16], only the knee of the dominant foot was used 
for assessment. In order to determine the dominant foot, 
tests of shooting foot and going up the stairs was used. 
Furthermore, considering that the highest efficacy of 
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muscle spindles (as main proprioceptive receptors) is in 
middle range of joint movement [17], the target angle 
for measuring position sense of knee joint should be in 
the this range (40-80 degrees flexion) [11]. In this study, 
reconstruction method of 45 degrees angle of knee flex-
ion was used. At first, prior to pretest and stretching ex-
ercises, in order to prevent probable damages and pro-
viding more applicable results, the subjects were asked 
to pedal on a fixed gear bicycle with predetermined and 
fixed speed for 5 minutes in order to warm up. 

Method of Pretest and Posttest 

After warm up, the subject sat in a chair for measuring 
knee joint position sense. The chair height was selected 
in a manner that the sole of subject did not touch the 
ground. Then, arms of electrogoniometer were attached 
to knee joint in specified places by land markers. Knee 
joint position sense was measured by electrogoniometer, 
SG150 (manufactured by Biometrics LTD, England), 
which has high validity and reliability and is used in 
many researches [18, 19, 20, 21]. The reliability of this 
instrument for measuring knee joint position sense in sit-
ting position is (ICC = 0.86) [22]. In order to perform 
the test, each subject wore sport shorts and had no other 
cover for his lower limbs. Each subject was in a free 
standing position and 4 skin markers were stuck on outer 
side of the limb in 4 points. To specify required markers, 
at first greater trochanter of femur was touched and then 
head of the greater trochanter was attached to the middle 
part of outer joint line of knee. 

The first marker was stuck at the upper one-fourth of 
this line, second marker on the neck of fibula and the 
third marker on upper part of outer ankle. Then the sub-
ject sat on a chair knee at 90-degree angle and the fourth 
marker was stuck at upper part of popliteal fold along 

with outer edge of patella. Fixed arm of electrogoniom-
eter was placed along with greater trochanter and upper 
part of popliteal fold and its motor arm was placed along 
with upper head of fibula and outer ankle (Figure 1). The 
places markers stuck were based on studies of Lafor-
tune and colleagues [23], Cappozzo and colleagues [24], 
Lamoreu [25], and Tully and Stillman [26]. 

At first, the subject was asked to move his foot from 90 
degrees of flexion to 45 degrees of flexion 3 times with 
open eyes and actively at an approximate speed of 10 
degrees per second and hold it for 5 seconds. To remove 
visual intervention during measuring, the eyes of the 
subjects were closed by sleep mask and he was asked to 
keep his head straight and fixed. After 7 seconds, he was 
asked to move his leg actively up to the intended angle 
and reconstruct the said angle with the desired speed and 
declared that with the word “arrived”. 

The difference between angle reached by the subject 
and the target one was estimated with absolute error. 
Each movement was repeated 3 times and finally mean 
of 3 obtained error angles was considered as the main 
record for every movement and the achieved results was 
recorded as pretest record. The subjects got prepared for 
reassessment immediately after doing stretching exercis-
es. And the same procedure was carried out in posttest. 

The data in pretest and posttest were analyzed by SPSS 
software, version 18 (manufactured by IBM). The nor-
mal distribution of data were studied by Kolmogorov–
Smirnov test. The data were analyzed by paired t test. 
The level of significance was 0.05. 

Method of static stretching 

In the present study, the muscles stretched were quadri-
ceps, hamstrings, and gastrocnemius. The static stretch-
ing protocol used in this study for each muscle included 
30 stretching for 30 seconds and then 15 seconds rest 
was prescribed between each stretching. For homologiz-
ing stretching, the subjects were asked to stretch the joint 
calmly and carefully with control and up to the pressure 
pain threshold [11]. The mean of the stretching time, in-
cluding stretching and the rest is 2 minutes and 15 sec-
onds and total period of each stretching session was 6 
minutes and 45 seconds. 

Gastrocnemius muscle was stretched at standing posi-
tion so that the subject put his dominant foot backward 
and bent the other one forward. He passed on his weight 
on the front foot in order to feel the stretching in the an-

Figure 1. Subject position on chair and place where markers 
and electrogoniometer are attached.
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kle muscle of dominant foot. The heel of the dominant 
foot should not be raised in this movement. 

The stretching of quadriceps muscles is done at a stand-
ing position. The subject bents his dominant foot and 
holds his ankle by hand behind his hip. In this position, 
he should feel the stretching in quadriceps muscles. Fi-
nally, hamstrings muscle stretching was done in Semi-
Fowler’s position. This was done by putting the knee 
of non-dominant foot on the ground and the dominant 
foot was stretched before the body. Then, he was asked 
to bend his body on the front foot without bending the 
knee in order to feel stretching in the hamstrings muscles 
(Figure 2).  

3. Results 

The mean and deviation of personal particulars of sub-
jects, including age, height, weight, and BMI are men-
tioned in Table 1. 

The results of the study indicated that there is no signif-
icant difference between mean of absolute error of knee 
joint reconstruction before stretching and after static 
stretching of quadriceps, hamstrings, and gastrocnemius 
muscles. 

4. Discusion

The present study aimed to investigate the effect of 
static stretching of hamstrings and quadriceps muscles 
on knee joint position sense of male soccer players. The 
result revealed that static stretching of selected muscles 
around knee has no effect on knee joint position sense 

and cannot considerably change properties of muscle 
spindle. 

The findings of this study corresponds to the findings 
of other researchers. Björklund and colleagues con-
cluded that static stretching of agonist and antagonist 
muscles had no effect on knee joint position sense [5]. 
They assumed that stretching can change the sensitiv-
ity of muscle spindles and improve them. Although the 
joints studied in this research were different from those 
studied by  Björklund and colleagues, our results support 
findings of Björklund and colleagues, thus, static stretch-
ing has probably a similar effect on the position sense of 
different joints. 

One of the reasons stated by Björklund and colleagues 
for justifying the results of their study was using FAS-
TRAK electromagnetic tracking system, which was 
not precise enough to measure changes resulting from 
stretching in the sensitivity of muscle spindle. They 
also reported reasons like fatigue resulting from do-
ing stretching protocol as one of the probable factors 
that stops activity of muscle spindles and prevents any 
changes in the sensitivity of knee joint position sense [5].   

In general, fatigue reduces muscle power and brings 
about disorders in the activity of proprioceptive recep-
tors, especially muscle spindles and Golgi tendon organ 
and finally, reduces their sensitivity in transmission of 
the neural messages [29].  Thus, fatigue resulting from 
static stretching may bring about inefficiency in activ-
ity of muscle receptors and affect transmission of pro-
prioception and prohibit change in the sensitivity of knee 
joint position sense. 

Figure 2. Method of Static Stretching of Quadriceps, Hamstrings and Gastrocnemius Muscles (respectively from left to right) 
PHYSICAL  TREA MENTS
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In another research, Torres and colleagues (2012) con-
cluded that however static stretching changes the visco-
elastic property of muscle spindles, it does not change 
the performance and information of proprioception [12].

Generally, proprioception information is not only lim-
ited to muscle receptors (Golgi tendon organ and muscle 
spindles), joint receptors as well as skin receptors have 
a role in transmission of these information. Although the 
results of the study of Torres and colleagues revealed 
that static stretching had no effect on proprioception 
of joints, but they believe that stretching exercises may 
have fundamental changes on the sensitivity of muscle 
receptors. However, information transmitted via other 
sources of proprioception such as skin receptors and 
joint receptors help maintain proprioception information 
at normal level [12].

On the other hand, in the study of Larsen and colleagues 
in which the acute effect of quadriceps, hamstrings and 
gastrocnemius muscles on proprioception of knee joint 
was investigated, the results revealed that acute stretch-
ing had no effect on the proprioception of knee joint 
sense. In this study, it was assumed that the stretching 
may influence the proprioception of knee joint. In order 
to justify their results they stated that knee joint pro-
prioception was not measured immediately after static 
stretching, and there was a 6-7 minutes pause and during 
this pause the effect may have faded away and the regis-
tered record was not exact [12]. In the current study after 
static stretching, there was a 1-2 minutes pause for in-
stalling electrogoniometer on knee joint, this pause may 
affect the results and the static effect may have faded 
away. But since in Torres and colleagues study the pro-

prioception was measured in 2 times –immediately and 
one hour after stretching – by Biodex and the results did 
not show any change in knee joint position sense, there-
fore, this pause did not have a considerable effect on the 
results. It should be also mentioned that the results of the 
present study is compatible with the findings of Larsen 
and colleagues, then again in their study, the relative er-
ror of constructing target angle of knee joint was mea-
sured while in the present study and other researches of 
the aforementioned person, the absolute error was used. 

As mentioned by Torres et al. and  Larsen et al., one 
of the other reasons for inefficacy of static stretching on 
knee joint position sense may be due to the protocol of 
static stretching. The duration of stretching in the present 
study (30 seconds) may not be enough to change particu-
lars of proprioception receptors. It is determined that 30 
seconds stretching is enough for increasing movement 
range [30, 31]. However, the duration needed for chang-
ing sensitivity of proprioception receptors is not speci-
fied yet. 

The nature of inactivity of static stretching is another-
reason thta probably affects the results of the present 
study [32]. The inactivity of static stretching means that 
contrary to dynamic stretching, muscle contraction is not 
used to increase flexibility of muscles and the stretched 
muscle can be used by lateral force such as gravity force, 
other organs or someone else. Some studies have been 
done in this field; the obtained results indicated that no 
electrical activity in muscle has been recorded during 
static stretching by electromyography. Therefore, the re-
searchers reported that the static stretching has no effect 

Table 2. Comparison of precision error in knee joint position sense in pre-test and post-test. 

pdftDifference of errors 
mean (degree)

Mean of error  ±Standard 
deviation 

Position sense 
error 

1.92±3.00Pre-test 

3.53±1.63Post-test 

0.1329-1.520.54

PHYSICAL  TREA MENTS

Table 1. Anthropometrical properties of subjects (n=30).

Standard deviationMeanVariable

1.45±23.20Age (years)

6.196±178.29Height (cm)

9.74±71.03Weight (kg)

1.86±22.14BMI (kg/m2)
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on proprioception receptors of the muscles, which trans-
mit neural messages [33].   

Another factor, which probably affects the result of this 
study is the prolong nature of static stretching in which 
the muscle-tendon unit is stretched. In static stretch-
ing, the muscle is stretched for 10 to 90 seconds; some 
researchers believe that due to the prolong duration of 
static stretching, the muscle spindles accord with these 
conditions and their activity stopped [34, 35]. 

On the other hand, the results of the present study is 
incompatible with the findings of Ghaffarinejad and 
colleagues. The result of their study showed that static 
stretching of selected muscles around knee improves 
knee joint position sense [13]. They stated that static 
stretching improves sensitivity of muscle spindles and 
transmission of neural messages to central nervous sys-
tem. It seems that the contradictory results of the present 
study with findings of Ghaffarinejad and colleagues is 
due to different methods of measuring knee joint posi-
tion sense after static stretching.

In the present study, the position sense in quadriceps, 
hamstrings, and gastrocnemius muscles was gener-
ally measured after stretching, but in the study of Ghaf-
farinejad and colleagues the joint position sense in each 
muscle was measured separately. Thus, position sense in 
the study of Ghaffarinejad and colleagues was measured 
without considering the rest ing time after 1.5 minutes of 
static stretching, but in this study, the knee joint position 
sense was measured after 4.5 minutes of static stretch-
ing. The duration of rest period between the sets in the 
said research was 30 seconds, but the duration in the cur-
rent study was 15 seconds. 

Hence, with reference to the mentioned cases, probably 
the fatigue resulting from stretching which was more 
in present study compared to the study of Ghaffarine-
jad and colleagues was probably one of the reasons for 
contradictory findings in two studies. This fatigue stops 
the activity of muscle spindles and does not bring about 
changes in sensitivity of knee joint position sense. 

In competitive sports, which exorbitant sum of money 
are spent to employ the athletes, any kind of injury, es-
pecially in sensitive sport competitions can make these 
athletes incapable of participation, can incur a loss for 
sports club and can make the athletes withdraw from 
sports competition. Therefore, trainers and coaches must 
have sufficient information concerning the best methods 
for warm up in order to reach maximum function and 
to reduce injuries. According to the results of the pres-

ent study, we can conclude that static stretching has no 
unfavorable effect on knee joint position sense and it is 
considered a safe stretch. Hence, athletes and trainers 
can use this stretch without any concern for its negative 
effects on proprioception.    

References 

1. Shellock FG, Prentice WE. Warming-up and stretching for 
improved physical performance and prevention of sports-re-
lated injuries. Journal of Sports medicine. 1985; 2(4): 267-78.

2. Streepey J W, Mock M J, Riskowski J L, VanWye W R, Vit-
vitskiy BM, & Mikesky AE. Effects of quadriceps and ham-
strings proprioceptive neuromuscular facilitation stretching 
on knee movement sensation. The Journal of Strength & 
Conditioning Research. 2010; 24(4): 1307-42.

3. Zimmer A, Burandt A, Kent C, Mikolajczyk T, Bradbury 
E, Knobloch M J, & VanLaarhoven R. The effects of acute 
stretching on running economy. Journal of Undergraduate 
Research. 2007; 3(1): 52-61.

4. Young W, Elias G, Power J. Effects of static stretching volume 
and intensity on plantar flexor explosive force production 
and range of motion. The Journal of Sports Medicine and 
Physical Fitness. 2006; 46(3): 403-11.

5. Björklund M, Djupsjöbacka M, Crenshaw AG. Acute muscle 
stretching and shoulder position sense. Journal of Athletic 
Training. 2006; 41(3): 270-4.

6. Prentice WE. Rehabilitation techniques in sports medicine. 
2nd ed. Vol. 44. Editorial Paidotribo. 2001; p. 114-16.

7. Brunnstrom S, Lehmkuhl LD, Smith LK. Brunnstrom’s clini-
cal kinesiology. FA Davis. 1983; p.111.

8. Proske U. Kinesthesia: The role of muscle receptors. Muscle 
& nerve. 2006; 34(5): 545-58.

9. Bennell KL, Hinman RS, Metcalf, BR, Crossley K M, Bu-
chbinder R, Smith M, & McColl G. Relationship of knee 
joint proprioception to pain and disability in individuals 
with knee osteoarthritis. Journal of Orthopaedic Research. 
2003; 21(5): 792-97.

10. Proske, U., Morgan, D. L., & Gregory, J. E. Thixotropy in 
skeletal muscle and in muscle spindles: a review. Progress in 
neurobiology. 1993; 41(6): 705-21. 

11. Larsen R, Lund H, Christensen R, Røgind H, Danneski-
old-Samsøe B, & Bliddal H. Effect of static stretching of 
quadriceps and hamstring muscles on knee joint position 
sense. British Journal of Sports Medicine. 2005; 39(1): 43-6.

12. Torres R, Duarte J A, & Cabri J M. An acute bout of quadri-
ceps muscle stretching has no influence on knee joint pro-
prioception. Journal of Human Kinetics. 2012; 34(1): 33-9. 

13. Ghaffarinejad F, Taghizadeh S, & Mohammadi F. Effect of 
static stretching of muscles surrounding the knee on knee 
joint position sense. British Journal of Sports Medicine. 
2007; 41(10): 684-67.

14. Abari A, Ghiasi F. [Comparison effects of open and closed 
chain and target angle on knee joint position sense in healthy 
men and women (In Persian)]. Journal of Gorgan University 
of Medical Sciences. 2009; 4(10):22-28.

 Ali Moradi et al.  Acute Effect of Static Stretching of Quadriceps, Hamstrings and Gastrocnemius Muscles on Knee Joint



89

July 2014 . Volume 4 . Number 2PHYSICAL  TREA MENTS

15. Herrington L. Knee-Joint Position Sense: The Relationship 
between Open and Closed Kinetic Chain Tests. Journal of 
sport rehabilitation. 2005; 14(4): 356.

16. Jerosch J, & Prymka M. Proprioception and joint stability 
knee surgery sports traumatology arthroscopy. 1996; 4(3): 
171-79.

17. Hall J E. Guyton and Hall Textbook of Medical Physiology: 
Enhanced E-book. Saunders. 2010; p: 320.

18. Croxford, P., Jones, K., & Barker, K. Inter-tester comparison 
between visual estimation and goniometric measurement of 
ankle dorsiflexion. Physiotherapy Theory and Practice. 1988; 
14(2): 107-13.

19. Edgar, D., Finlay, V., Wu, A., & Wood, F. Goniometry and 
linear assessments to monitor movement outcomes:Are they 
reliable tools in burn survivors? Burns. 2009; 35(1): 58-62.

20. Legnani, G., Zappa, B., Casolo, F., Adamini, R., & Magnani, 
P. L. A model of an electro-goniometer and its calibration for 
biomechanical applications. Medical engineering & physics. 
2000; 22(10): 711-22.

21. Sholukha, V., Salvia, P., Hilal, I., Feipel, V., Rooze, M., & Jan, 
S. V. S. Calibration and validation of 6 DOFs instrumented 
spatial linkage for biomechanical applications. A practical 
approach. Medical engineering & physics. 2004; 26(3): 251-
60.

22. Piriyaprasarth, P., Morris, M. E., Winter, A., & Bialocer-
kowski, A. E. The reliability of knee joint position testing 
using electrogoniometry. BMC musculoskeletal disorders. 
2008; 9(1), 

23. Lafortune MA, Lambert C, Lake M. Skin marker displace-
ment at the knee joint. Proceedings of NACOB II. The Sec-
ond North American Congress on Biomechanics; Chicago, 
Illinois. 1992; p.: 101–02.

24. Cappozzo A, Catani F, Leardini A, Benedetti MG, & Della 
Croce U. Position and orientation in space of bones during 
movement: Experimental artefacts. Clinical Biochemistry. 
1996; 11(2): 90-100.

25. Lamoreux LW. Coping with soft tissue movement in hu-
man motion analysis. In: Harris GF, Smith PA (Ed): Human 
motion analysis: Current applications and future directions, 
New York: Institute of Electrical and Electronic Engineers. 
1996; p.: 43–70.

26. Tully E, Stillman B A. revised model for 2D kinematic analy-
sis of Supine hip and Knee motion in the sagittal plane. Pro-
ceeding of the 12th international congress of the world con-
federation for physical therapy. Washington. 1995; p.: 732.

27. Vuillerme, N., Nougier, V., and Prieur, J. M. Can vision 
compensate for a lower limbs muscular fatigue for control-
ling posture in humans? Neuroscience Letters. 2001; 308(2): 
103-106.

28. Caron, O. Is there interaction between vision and local fa-
tigue of the lower limbs on postural control and postural 
stability in human posture? Neuroscience Letters. 2004; 363: 
18-21.

29. Hiemstra, L., Lo, I., Fowler, P. Effect of fatigue on knee pro-
prioception: implications for dynamic stabilization. Journal 
of Orthopaedic and Sports Physical Therapy. 2001; 31(10): 
598-605.

30. McDonald, C. M. Limb contractures in progressive neuro-
muscular disease and the role of stretching, orthotics, and 
surgery. Physical medicine and rehabilitation clinics of 
North America. 1998; 9(1): 187-211.

31. Bandy, W. D., and Irion, J. M. The effect of time on static 
stretch on the flexibility of the hamstring muscles. Physical 
therapy. 1994; 74(9): 845-850.

32. Perrier, E. T. The effects of static and dynamic stretching on 
reaction time and performance in a countermovement jump. 
Thesis of Master of Science. Oregon State University. 2009.

33. Magnusson, S. P., Simonsen, E. B., Dyhre-Poulsen, P., Aa-
gaard, P., Mohr, T., and Kjaer, M. Viscoelastic stress relaxa-
tion during static stretch in human skeletal muscle in the 
absence of EMG activity. Scandinavian journal of medicine 
and science in sports. 1996; 6(6): 323-328.

34. Ferber, R., Osternig, L. R., & Gravelle, D. C. Effect of PNF 
stretch techniques on knee flexor muscle EMG activity in 
older adults. Journal of Electromyography and Kinesiol-
ogy, 2002; 12(5): 391-397.

35. Rowlands, A. V., Marginson, V. F., & Lee, J. Chronic flex-
ibility gains: effect of isometric contraction duration during 
proprioceptive neuromuscular facilitation stretching tech-
niques. Research quarterly for exercise and sport. 2003; 74(1): 
47-51.


