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ABSTRACT 

 

Introduction: Flexibility of the hamstring muscle can enhance performance in sports through 

prevention of injury, muscular and postural imbalance, maintenance of full range of joint 

movement and optimal musculoskeletal function (Schuback, Hooper & Salisbury, 2004). Sullivan, 

Murray & Sainsbury (2009) stated that decreased hamstring flexibility was suggested to be one of 

the predisposing factors for hamstring strains and hamstring stretches were routinely used as 

part of an exercise routine. Purpose: The purpose of this study was to determine the more 

effective stretching method between static, PNF, and dynamic stretching on the activation of 

hamstring muscles among preadolescence and its relationship with power. Method: This research 

employed pre and post experimental design which comparing between and within subjects. Eighty 

subjects were assigned to four groups consist of static, PNF, dynamic and control group. Each 

participant exhibited tight hamstrings. Tight hamstrings were defined as a 30 degree knee 

extension deficit with the hip at 90 degree as described by Bandy et al (1997) & Gajdosik et al 

(1983). All of the participants was sedentary and not athletes. They were selected based on the 

low result from SEGAK (National Physical Fitness Standard).Each of the group followed six weeks 

intervention program except the control group. Outcome measures were measured using pre and 

post test. Statistical analyses used were mixed between-within subjects ANOVA and Pearson 

product moment correlation. Result & Discussion: Hamstring muscle activation following 

interventions with PNF was superior compared to other forms of stretching (p < 0.05). Sit and 

reach test, F (3, 76) = 25.57; p < 0.05, knee flexion test (dominant leg), F (3, 76) = 17.414; p < 

0.05, knee flexion test (non dominant leg), F (3, 76) = 22.264; p < 0.05. Relationship between sit 

and reach test with vertical jump, r = -0.435, p < 0.05. Conclusion: PNF stretching was the 

effective treatment compared to static or dynamic stretching, however moderate and inverse 

relationship between flexibility and power. 

 

Keywords: Proprioceptive neuromuscular facilitation, dynamic streching, hamstrings activation. 

 

 

Introduction 

 

Flexibility of the hamstring muscle can enhance performance in sports through prevention of 

injury, muscular and postural imbalance, maintenance of full range of joint movement and 

optimal musculoskeletal function (Schuback, Hooper & Salisbury, 2004). Sullivan, Murray & 

Sainsbury (2009) stated that decreased hamstring flexibility was suggested to be one of the 

predisposing factors for hamstring strains and hamstring stretches were routinely used as part of 

an exercise routine. According to Nelson et al (2004), stretching was the way or method to gain 

flexibility in our body. This was similar with a statement suggested by Zakas, Grammatikopoulou, 
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Zakas, Zahariadis & Vamvakoudis (2006), in which they had found out that stretching, helped the 

biochemical accuracy of competitive movements by improving the muscle function with 

increasingly raised the body temperature, decreased the muscle stiffness and increased the range 

of motion (ROM) at the joint, especially at the lower extremity (hip flexion, hip abduction, knee 

flexion and knee dorsiflexion, and also trunk flexion).  

According to Rowlands et al (2003), there were two types of PNF, which were: a. 

contracted-relax-contract (CRC) that the procedures lead to increase tension on the Golgi Tendon 

Organ (GTO) through the isometric contraction, b. contract-relax-agonist-contract (CRAC) 

methods that the procedures utilized additional reflexes in the form of reciprocal inhibition. The 

third type of stretching was dynamic stretching which Yamaguchi & Ishii (2005) said that 

dynamic stretching of muscle groups of the lower limbs enhanced leg extension power. The 

intensity of dynamic stretching should vary according to the level of athlete or the person 

involved especially to the preadolescence and should not cause undue fatigue. From all of this 

advantage and positive effects of stretching not only able to be applied to the athlete and sports 

setting, but for the general population as well especially to the preadolescence in which it would 

be very good in adapting flexibility for their body. In some cases, they’re better than adolescence 

as study by Koley & Singh (2008) shows that children between the ages of 5-9 years old had 

greater upward rotation of shoulder than adults. Relationship between flexibility and power was 

very important to identify because according to Duncan et al. (2006) there may be some 

advantage to performing a low to moderate stretching prior to activities that require high power 

outputs. This proof can be further confirmed with this study. 

 

 

Background of study 

 

There has been growing confusion among physical fitness practitioners especially teachers and 

coaches on which particular type of stretching method should be chosen. There was a debate 

about which one stretching protocols was more effective as we can see that the past researchers 

were given conflicting opinions among each other. Young, Elias & Power (2006), said that static 

stretching remain a popular method of increasing the ROM at a joint (flexibility) but differed with 

Spernoga et al (2001), which they said a number of previous studies had demonstrated that 

Proprioceptive Neuromuscular Facilitation (PNF) stretching techniques produced greater increase 

in ROM than passive, static or ballistic stretching methods. But differ with Yamaguchi et al 

(2005) said that dynamic stretching enhances muscular performance. So, this study was focus in 

determine on which particular type of stretching method was more effective among static, PNF or 

dynamic stretching towards the activation hamstring muscle among preadolescence. 

 

 

Problem Statement 

 

Although there had been significant research on static, PNF and dynamic stretching, the 

participants that were involved in previous research were reported as post adolescence athletes 

and physically active individuals. Studies on static, PNF and dynamic stretching on untrained 

individuals and preadolescence were lacking. It was understood that, post adolescence and 

preadolescence had different body capabilities and therefore we cannot generalize those post 

adolescence with the results to preadolescence respectively. Therefore, there was clearly a need 

for further research on the effects of different stretching protocols on untrained preadolescence.  
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Purpose of the Study 

 

The purpose of this study was to determine the more effective stretching method between static, 

PNF, and dynamic stretching on the activation of hamstring muscles among preadolescence and 

its relationship with power. 

 

 

Objective of the Study  

 

The objectives of the study were, 

a. To determine difference between pre and post test of sit and reach, knee flexion and 

vertical jump test following static, PNF and dynamic stretching. 

b. To determine difference in sit and reach, knee flexion and vertical jump test between 

group of static, PNF and dynamic stretching. 

c. To determine relationship between flexibility and power. 

 

 

Methods 

 

Study design & sample 

 

This research employed pre and post experimental design which comparing between and within 

subjects.The subjects for this study come from Sekolah Kebangsaan Taman Desaminium, Taman 

Lestari Perdana, 43300, Seri Kembangan, Selangor Malaysia. Sample participants followed the 

literature and effect size meaningfulness. 

 

Description of sample  

 

Before data collection, power analysis to determine a prior number of participants needed to 

provide sufficient power so that probability of rejecting type II error (accepting the null 

hypothesis when it was false) will not happen. Power gives probability of making a correct 

decision by detecting real differences. Since null hypothesis always be false in meaningful 

behavioral studies, having statistical power increases the odds of making correct decision.  

 

Internal validity 

 

History, maturation, instrumentation, experimental mortality and additional threats such as 

Pygmalion effect, Hawthorne effect,  

 

Instrumentation 

 

Sit and reach test, Knee flexion test and Vertical jump test  

 

Data collection procedure 
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All eighty participants were divided into four groups with using randomized selection. The 

division of groups follow their stretching method with first group or Group A (n=20) performed 

static stretching. The second group or group B (n=20) performed PNF stretching and the third 

group or group C (n=20) performed dynamic stretching. The fourth group or group D (n=20) 

performed no training program.  

 

Intervention phase 

 

This experimental research lasted for six weeks (refer appendix G for manual stretching exercise). 

The training programs involved three meetings per week for six weeks to see the effect of the 

stretching on their flexibility ability. The stretching protocols were done in one period of time in 

physical education subject (30 minutes).  

 

Post intervention phase 

 

After the 6 weeks training program, there was a post-test to measure the improvement of their 

flexibility and relationship of flexibility and power. The flexibility level measured using sit-and-

reach (SR) test and knee flexion test again. Relationship of flexibility and power were measured 

using vertical jump test. 

 

 

Results  

 

Difference in sit and reach test within groups 

 

TABLE 1: Descriptive statistics of pre and post for sit and reach test 

 

Group Mean pre-test Mean post-test SD pre-test SD post-test 

1) Control 15.1500  15.0000 3.32890 3.38728 

2) Static  17.5500 19.5000 2.06410 2.23607 

3) Dynamic 20.0500 21.6750 3.49398 3.97451 

4) PNF 20.1000 21.9250 5.21788 5.08422 

 

 

In the table above, for the pre sit and reach test, the scores were in ascending order with the 

control group has the lowest mean score of 15.15 (±3.33), followed by static group, 17.55 (± 2.06) 

and dynamic group, 20.05 (± 3.5). PNF group has the highest mean which was 20.1 (± 5.22). In 

post sit and reach test, the order was remained the same. The control group scored a mean of 15.0 

(± 3.39), followed by static group with 19.5 (± 2.24), dynamic group with 21.68 (± 3.97) and the 

highest mean score was PNF group with 21.93 (± 5.08). The total mean for pre test were 18.21 (± 

4.17), while for post test were 19.53 (± 4.67). Each of the group consisted of 20 subjects. 

Therefore, the total subjects in this study were 80 (n=80). 

 

Difference in knee flexion test (dominant leg) within groups 

 
TABLE 2:  Descriptive statistics of pre and post for knee flexion test (dominant leg) 

 



Jurnal Pemikir Pendidikan (Journal for Educational Thinkers) 

Vol. 5, pp. 203-216, ISSN 1985-3637 (Print)   

© Universiti Malaysia Sabah, 2014 

Group Mean pre-test Mean post-test SD pre-test SD post-test 

1) Control 136.20 135.85 7.59917 7.74104 

2) Static  136.45 135.80 9.07556       8.76956 

3) Dynamic 142.30 145.95 3.96166 3.64872 

4) PNF 142.15 147.70 3.32890       2.02874 

 

 

In table above, the highest mean score in pre test was dynamic group, 142.30 (± 3.96), 

followed by PNF group, 142.15 (± 3.33). Both static group and control group scored 

almost the same mean score; static group was 136.45 (± 9.07) and control group was 

136.2 (± 7.6). In post test, PNF has the highest mean, 147.7 (± 2.03) followed by dynamic 

group with 145.95 (± 3.65) and control group, 135.85 (± 7.74). The lowest mean score 

was static group with 135.8 (± 8.77). The total mean for pre test was 139.28 (± 7.0), while 

for post test the total mean was 141.33 (± 8.25). Each group consisted of 20 subjects, 

therefore the total subjects involved in this study were 80 (n=80). 

 
Difference in knee flexion test (non-dominant leg) within groups 

  

 

TABLE 3: Descriptive statistics of pre and post for knee flexion test (non-dominant) leg 

 

Group Mean pre-test Mean post-test SD pre-test SD post-test 

1) Control 135.70 135.80 7.63717 7.58530 

2) Static  134.90 135.35 8.65052            8.27981 

3) Dynamic 142.55 144.05 4.11000 4.23612 

4) PNF 143.30 145.30 3.78501 4.01445 

 

 

In the table above, the highest mean score in pre test was PNF group, 143.30 (± 3.79), followed 

by dynamic group, 142.55 (± 3.79) and control group, 135.70 (± 7.64). Static group has the lowest 

mean which was 134.90 (± 8.65). In post test, the order was remained the same. The PNF group 

scored a mean of 145.30 (± 4.01), followed by dynamic group with 144.05 (± 4.24), control group 

with 135.80 (± 7.59) and the lowest mean score was static group with 135.45 (± 8.28). The total 

mean for pre test were 139.11 (± 7.38), while for post test the mean were 140.12 (± 7.73). Each of 

the group consisted of 20 subjects, therefore the total subjects involved in the study were 80 

(n=80) 

 

Difference in sit and reach test between subjects 

 

TABLE 4: Tests of between subjects effects for sit and reach test 

 

Source 

Type III Sum 

of Squares df Mean Square F Sig. Partial Eta ² 

Intercept 56964.756 1 56964.756 2.046 .000 .964 

Group 923.256 3 307.752 11.052 .000 .304 

Error 2116.237 76 27.845    
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The table above showed the tests of between-subjects effects for independent variables, stretching 

groups (control, static, PNF and dynamic). The Sig. value is .000. As p was less than 0.05, it can 

be conclude that the main effect for group was significant. There was a significant different in the 

flexibility between static, PNF and dynamic stretching groups (those who received static, PNF 

and dynamic stretching intervention). The effect size of the between subject effect can be saw in 

the Partial Eta Squared, and value for group was .304. This was moderate effect size and achieved 

desired effect size. 

  

Difference in knee flexion test (dominant leg) between subjects 

 

TABLE 5: Tests of between-subjects effects for knee flexion test (dominant leg) 

 

Source 

Type III Sum 

of Squares df Mean Square F Sig. 

Partial Eta 

Squared 

Intercept 3149454.400 1 3149454.400 4.202 .000 .998 

Group 2869.100 3 956.367 12.759 .000 .335 

Error 5696.500 76 74.954    

 

 

The table above showed the tests of between-subjects effects for independent variable, 
groups of control, static, dynamic and PNF.  The result can be reported as F (3, 76) = 
12.759, p < 0.05. As p was less than 0.05, it can be conclude that there was a significant 
main effect for control, static, dynamic and PNF group on the pre and post for knee 
flexion test. 
 

Difference in knee flexion test (non-dominant leg) between subjects 

 

TABLE 6: Tests of between-subjects effects for knee flexion test (non dominant leg) 

 

Source 

Type III Sum 

of Squares df Mean Square F Sig. 

Partial Eta 

Squared 

Intercept 3118943.256 1 3118943.256 3.861E4 .000 .998 

Group 2825.069 3 941.690 11.658 .000 .315 

Error 6139.175 76 80.779    

 

 

The table above shows the tests of between-subjects effects for groups (control, static, dynamic 

and PNF). The result can be reported as: F (3, 76) = 11.658, p < 0.05. As p was less than 0.05, it 

can be conclude, there was a significant main effect for groups. There was a significant difference 

on overall between control, static, dynamic and PNF group on the pre and post knee flexion tests 

for non dominant leg scores. 

As a conclusion from between-subjects effect, there was a significant difference between 

groups with Wilk’s Lambda = 0.532, F (3, 76) = 22.264; p < 0.05, partial eta²= 0.468. There was 
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also a significant effect for between-subject effects in pre and post knee flexion tests for non-

dominant leg with Wilks’ Lambda = 0.396, F (1, 76) = 116.0; p < 0.05., partial eta²= 0.604. These 

results suggested that there were effectiveness in the treatment approaches as both pre and post 

tests showed significant differences for dynamic and PNF group. PNF group showed the most 

effective treatment for increasing the range of motion in knee flexion for non dominant leg. 

Therefore, second null hypothesis was rejected because there was a significant different between 

post test in knee flexion test (non dominant leg). 

 

Relationship between flexibility and power 

 

TABLE 7: Pearson product-moment correlation between flexibility and power 

 

 Pre sit & 

reach 

Post sit & 

reach 

Pre vertical 

jump 

Post   vertical 

jump 

Pre sit & reach      -   0.969  -0.339  -0.056 

Post sit & reach   0.969       - -0.336 -0.435 

Pre vertical jump  -0.339   -0.336      -         0.535 

Post vertical jump  -0.056   -0.043  0.535  -      - 

 

There was a moderate, negative correlation between the two variables, pre vertical jump test and 

pre sit and reach test; r = -0.339, n = 80, p < 0.05 and post vertical jump test and post sit and reach 

test; r = -0.435, n = 80, p < 0.05.  Both pre and post tests of the two variables were strong, 

positively correlated with each other with pre and post vertical jump tests; r = 0.535, p < 0.05 and 

pre and post sit and reach tests; r = 0.969, p < 0.05. Therefore, null hypothesis was rejected. 

 

 

Discussion             

 

For hypothesis one, it was rejected because there was a significant difference between pre and 

post test following static, PNF and dynamic stretching. Hypothesis two, it was also rejected 

because there was a significant difference in post test results of three tests, sit and reach, knee 

flexion and vertical jump test following static, PNF and dynamic stretching intervention.  

Meanwhile, for hypothesis three, from the result of Pearson Product Moment Correlation 

between flexibility and power, the null hypothesis was rejected too. There was a significant 

difference among both of it as we can see the moderate, negative correlation between the two 

variables. Both pre and post tests of the two variables were strong, positively correlated with each 

other. It can be concluded that flexibility was giving significant different in determine relationship 

between flexibility and power. 

From the results, it showed effectiveness in the treatment approaches as both pre and post 

tests showed significant differences. From sit and reach test, we can see three groups of static, 

PNF and dynamic group increased in scores during post test compare to the pre test. As expected 

control group did not showed any improvement in fact it slightly declined in the post test of sit 

and reach. For the second test with involve knee flexion test for dominant leg, it can be seen that 

two groups (PNF and dynamic) increased in the post test compare to the pre test. But not for the 

both static and control group. This may be due to lower effectiveness of the static stretching in 

activating hamstring muscles compare to other stretching protocols. And once again, PNF group 

showed greater increased as compare to dynamic group. 
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 The third objective to determine relationship between flexibility and power, there was a 

moderate, negative correlation between the two variables, the results indicated that a high muscle 

power during pre vertical jump test associated with lower muscle flexibility during pre sit and 

reach test. A high muscle power during pre vertical jump also associated with lower muscle 

flexibility in post sits and reach test. Both pre and post tests of the two variables were strong, 

positively correlated with each other. It showed that, higher flexibility would produce lower 

muscular power ability.  

 

 

Conclusion 

 

This finding suggest that PNF should be practiced among preadolescence because it effectively 

activating hamstring muscles. The teacher and coaches can practice PNF stretching rather than 

practicing static or dynamic stretching. We can found the inverse relationship between flexibility 

and power which participants with lower flexibility score better performance in vertical jump 

compare to the participants with higher flexibility score. 

 

  

Recommendation for Future Study 

 

This study recommendation for future study: 

1) Researchers must try to focus more to the level of flexibility ability for their subjects to 

reduce the risk of injuries and also prevent the subjects from get injuries.  

2) Researchers can combine their method of training to give participants both benefits, like 

combine flexibility and power training together, this is more effective and fast result can 

be seen.        

3) Furthermore, more research should be done on more students in more primary schools in 

Malaysia. Perhaps it will help the physical education teachers with the variety of 

stretching exercise that can be applied in their physical education class rather than just 

embarking students with just playing around during the physical education class without 

any directions and objectives.  

 

 

References 

 

Alpkaya, U., & Koceja, D. (2007). The effects of Acute Static Stretching On reaction Time & 

Force. Journal of Sports Medicine & Physical Fitness; 47, 2. 

Ballantyne, F., Fryer, G., & McLaughlin, P. (2003). The effect of muscle energy technique on 

hamstring extensibility: the mechanism of altered flexibility. Journal of Osteopathic 

Medicine. 

Baltaci, G., Un, N., Tunay, V., Besler, A., & Gerceker, S. (2003). Comparison of  three different 

sit and reach tests for measurement of hamstring flexibility, British Journal Sports Med. 

Bandy, D. W., Irion, M. J., & Briggler, M. (1997). The effect of time and frequency of static 

stretching on flexibility of the hamstring muscles. Journal of ptjournal.apta.org.  

Bonnar, B. P., Deivert, R. G., & Gould T. E. (2004). The relationship between isometric 

contraction durations during hold relax stretching and improvement of hamstring 

flexibility. Journal of Sports Medicine Physical Fitness. 



Jurnal Pemikir Pendidikan (Journal for Educational Thinkers) 

Vol. 5, pp. 203-216, ISSN 1985-3637 (Print)   

© Universiti Malaysia Sabah, 2014 

Chan, S.P., Hong, Y., & Robinson P.D. (2001). Flexibility and passive resistance of the hamstring 

of young adults using two different static stretching protocol, Scandinavian Journal of 

Medicine & Science in Sports, 11: 81-86. 

Cochrane, D.J., Legg, S.J., & Hooker, J.M. (2004). The short term effect of whole body vibration 

training on vertical jump, sprint and agility performance. Journal of strength and 

conditioning. 

Cornbleet, S., Woolsey, N. (1996). Assessment of hamstring muscle length in school-aged 

children using the sit-and-reach test and the inclinometer measure of hip joint angle. 

NCBI Journal. 

Cote, M. S., Vaillancourt, T., LeBlanc, J. C., Nagin, D. S., & Tremblay R. E. (2006). The 

Development of Physical Aggression from Toddlerhood to Preadolescence: a Nationwide 

Longitudinal Study of Asian Children. Journal of Child Psychology. 

David, M. (2002). Measurement by the physical educator. Canada: McGrawHill. 

Decoster, L. C., Scanlon, R. L.,  Horn K. D., &  Cleland, J. (2004). Standing and supine 

hamstrings are equally effective. Journal of Athletic Training; 39(4): 330-334. 

Duncan, M. J., & Woodfield, L. A. (2006). Acute effects of warm up protocol on flexibility and 

vertical jump in children. JEPonline; 9(3):9-16. 

Emiliano, C. E., Vittoria, M., Maurizio, C., & Veicsteinas, A. (2008). Effects of Stretching on 

Maximal Anaerobic Power: The Roles of Active and Passive Warm Ups. Journal of 

Strength and Conditioning Research; 22(3), 794-800. 

Feland, B. J., Myrer J. W., & Merrill R. M. (2001). Acute Changes in Hamstring Flexibility: PNF 

versus Static Stretch in Senior Athletes, Journal of Physical Therapy in Sport; 2, 186-

193. 

Funk, D., Ann, S., Mikla, M., Fagan, T., & Faw, K. (2003). Impact of prior exercise on hamstring 

flexibility: a comparison of PNF & static stretching. Journal of Strength & Conditioning. 

Gajdosik, R., & Lusin, G. (1983). Reliability of an active knee extension test. Journal of pt 

journal.apta.org.  

Herda T. J., Cramer, J. T., Ryan, E. D., McHugh, M. P., & Stout J. R. (2008). Acute Effects of 

Static versus Dynamic Stretching On Isometric Peak Torque, Electromyography, and 

Mechanomyography of the Biceps Femoris Muscle. Journal of Strength and Conditioning 

Research; 22(3), 809-817. 

Hutchison, T. A & Stone, L.A (2009). Validity of alternative field system for measuring vertical 

jump height. Journal of Exercise Physiologyonline Vol 12 No 3. 

Jarlais, D. L, Gonstead, J., Lynch, T., Masbruch, L., Schuldt, R., & Zorn, D. (2007). Lower 

extremity performance with proprioceptive neuromuscular facilitation. Journal of 

Undergraduate Kinesiology Research. 

Karemer, M., Vingren, J.W.,  Volek, L.J., Hartfield, S.J.,  Spiering, D., Barry, A., Ho Jen Yu, 

Fragala, Thomas, S.M.,  Gwendoly A., Anderson, J., Hakkinen, M.,  Kijo, M., and Carl 

M. (2008). Effect of stretching on upper body with muscular performance. Journal of 

strength & conditioning research. 

Koley, S & Singh, A (2008). Trends of Active range of Motion at three important joints in school 

going boys of Amritsar, Punjab. Journal of Anthropologist. 

Nelson, R. T., & Bandyt W. D. (2004). Eccentric training and static stretching improve hamstring 

flexibility of high school males. Journal of Athletic Training, 39(3): 254-258. 

O’Connor, M.D., Crowe, M.J., & Spinks W.L. (2006). Effects of Static Stretching On Leg Power 

during Cycling. Journal of Sports medicine and Physical Fitness; 46, 1. 

Odunaiya, N. A., Hamzat, T. K., & Ajayi, O. F (2005). The effects of static stretch Duration on 

the Flexibility of Hamstring Muscle, African Journal of Biomedical. 



Jurnal Pemikir Pendidikan (Journal for Educational Thinkers) 

Vol. 5, pp. 203-216, ISSN 1985-3637 (Print)   

© Universiti Malaysia Sabah, 2014 

O’Sullivan, K., Murray, E., & Sainsbury, D. (2009). The effect of warm-up, static stretching and 

dynamic stretching on hamstring flexibility in previously injured subjects. Journal of 

BioMed Central, 1471-2474/10/3. Doi: 10.1186/1471-2474-10-37. 

Pallant, J. (2010). SPSS Survival Manual, 4
th
 edition. England: McGraw Hill. 

Pinero, J., Chillon, P., Ortega, F., Montesinos, J., Sjostrom, M., & Ruiz, J. (2009), Criterion 

related validity of sit-and-reach and modified sit-and-reach test for estimating hamstring 

flexibility in children and adolescents aged 6-17 years. NCBI Journal. 

Richard, I., & Hudson, N. (2006). Stretching before exercise does not reduce the risk of local 

muscle injury: A critical review of the clinical and basic science literature. Clinical J. 

Sports Med. 9: 221-7. 

Robbins, W. J., & Scheuermann, W. B. (2008).  Varying Amounts of Acute Static Stretching and 

Its Effect on Vertical Jump Performance, Journal of Strength and Conditioning Research; 

22(3):781-786. 

Rowlands, V. A., Marginson, F. V., & Lee, J. (2003). Chronic flexibility gains: Effect of 

isometric contraction duration during proprioceptive neuromuscular facilitation stretching 

techniques. Research Quarterly for Exercise and Sport; 74(1): 47-51. Research; 8(2), 79-

82. 

Schuback, B., Hooper, J., & Salisbury, L. (2004). A comparison of a self-stretch incorporating 

proprioceptive neuromuscularfacilitation components and a therapist-applied PNF-

technique on hamstring flexibility. Department of Physiotherapy, Queen Margaret 

University College, Edinburgh, UK, 90: 151-157. 

Spernoga, S. G., Uhlt, T. L., Arnold, B. L., and Gansneder, B. M. (2001). Duration of maintained 

hamstring flexibility after one time, modified hold relax stretching protocol. Journal of 

Athletic Training, 36 (1)-48. 

Tudor, L. C., Johnson, W., & Katzmarzyk, P. (2010). Accelerometer-Determined  Steps 

per Day in US Children and Youth. Medicine & Science in Sports & Exercise, 42 (12), 

2244-2250. 

Zakas, A., Grammatikopoulou G. M., Zakas, N., Zahariadis, P.,  & Vamvakoudis, E. (2006). The 

effect of active warm-up and stretching on the flexibility of adolescent soccer player, 

Journal of Sports Medicine and Physical Fitness; 46: 57-61. 

Zakas, A., & Vergou, A., Grammatikopoulou., G.M.,  Zakas, N., Sentelidis, T., & Vamvakoudis, 

S. (2003). The effect of stretching during warming-up on the flexibility of junior handball 

players. Journal of Sports Medicine and Physical Fitness; 43, 145–149. 

Yamaguchi, T., & Ishii, K. (2005). Effects of static stretching for 30 seconds and dynamic 

stretching on leg extension power. Journal of Strength and Conditioning Research, 19 

(3), 677-683. 

Young, W., Elias, G., & Power, J. (2006). Effects of static stretching volume and intensity on 

plantar explosive force production and range of motion. Journal of Sports Medicine and 

Physical Fitness; 46(3): 403-411. 

 


