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Abstract 

Background: Hamstring strain injury is a very common injury in sports like basket ball, hockey, football and athletes. In 

hamstring strain injuries due to change in muscle length and strength will leads to altered recruitment pattern of lumbo-pelvic 

muscles activation. The present study is about the effect of activity pattern of lumbo-pelvic muscles in plyometric exercises and 

eccentric hamstring exercises during prone hip extension test in hamstring strain injuries. 

Objective: To compare the activity pattern of the ipsilateral erector spinae, contralateral erector spinae, gluteus maximus, medial 

and lateral hamstring muscles in hamstring strain injuries in plyometric exercises and eccentric hamstring exercises during prone 

hip extension test.  

Study Design: Experimental study. 

Procedure: Thirty players with acute hamstring strain injury were conveniently divided in to two groups: Group A (plyometric 

group) and Group B (eccentric group) for 8 weeks exercise program. The outcome measures are through EMG study.  

Results: The findings showed that there is a significant difference between both the groups at p value less than 0.005. 

Conclusion: Eccentric hamstring exercises showed statistically significant improvement in activity pattern of lumbo-pelvic 

muscles than Plyometric exercises. 

 

Keywords: plyometrics, eccentric hamstring exercises, hamstring strain injury, EMG study, prone hip extension test 

Introduction 

Hamstring strain is a common injury in sports like football, 

basketball, sprinters and hockey which involve sprinting, 

kicking, high-speed skilled movements and jumping actions. It 

is a frustrating injury well known to physiotherapists, coaches, 

and athletes due to its prolonged periods of recovery, acute 

functional loss of performance, and subsequent increase of 

reoccurrence in athletes [1, 2, 3]. A recent review indicated 

hamstring strain injuries have the highest recurrence rate in 

sports, ranging from 12 to 31% [4, 5, 6]. Hamstring strain 

injuries are caused due to a stretch, tear, or rip in the muscle or 

adjacent tissues of biceps femoris, semitendinosus or 

semimembranosus. It occurs mostly during the terminal swing 

phase, just before foot strike, during sprinting [6, 7, 8]. 

A muscle strain is defined as an excessive stretch, which leads 

to muscle fiber damage and disrupts the integrity of vascular 

and connective tissue structures. A muscle is commonly 

strained or torn during acceleration or deceleration. 

Specifically the previous injured athletes are more than twice 

as likely to be injured again, suggesting that post injury 

changes to the muscle and altered movement patterns may 

persist that contributes to increased risk of recurrence [9, 10, 11]. 

During the decades the approach of assessment and treatment 

of musculoskeletal pain has been changed from exercises 

targeting at strength alone. The balancing exercises of agonists 

and antagonists in coordinated way of activation of muscles 

have been delivered [12]. 

Due to the change in muscle length and strength can also lead 

to altered recruitment pattern of movement and muscle 

activation, pain and movement disorders [13, 14, 15]. Several 

authors had been shown altered recruitment pattern of lumbo-

pelvic muscles such as gluteal muscles, trunk extensors, trunk 

flexors and hip extensors in lumbo-pelvic disorders [16, 17, 18]. 

Prone hip extension test (PHE) is commonly and widely used 

to access the muscular activity pattern of the lumbo-pelvic 

area [19]. In Prone Hip Extension Test, subjects lie in prone 

position and lift the chosen leg off the bed to 10 degrees of hip 

extension by keeping the knee straight [23]. Good reliability has 

been reported during prone hip extension test. Both timing 

(onset time) and amplitude of muscle activity are commonly 

calculated using electromyography (EMG) to investigate 

muscular activation patterns in musculoskeletal disorders [20, 

21]. The normal movement pattern also can be changed if the 

muscle activity is increased or decreased and delayed during 

the movements [22, 23]. 

The activity pattern of muscles during prone hip extension in 

normal people without any hip pain or back pain will show the 

order of activation from medial hamstrings, followed by 

lateral hamstrings and gluteus muscles [24-27]. Early activation 

of the spinal erector and hamstrings muscles and decreased or 

delayed activation of the gluteal muscles has been interpreted 

as an indication of faulty muscle activation [12, 28]. 

Hamstring muscle weakness or tightness has been reported in 

athletes sustained with hamstring strain injury, it is possible 

that altered muscle activity pattern may exist during prone hip 

extension in this subjects [29]. 
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Plyometric exercises are defined as eccentric loading 

immediately followed by a concentric contraction. Plyometric 

exercises improve the landing and cutting biomechanics by 

increasing the muscle activation and improving the neuro 

muscular effectiveness [31]. Plyometric training is an 

established technique for enhancing athletic performance but 

may also facilitate beneficial adaptations in the sensorimotor 

system that enhance dynamic restraint mechanisms and 

correct faulty jumping or cutting mechanics [32, 33]. 

Eccentric exercises increase the optimum length tension 

development in the muscles by increasing the length of the 

muscle fibres. It is characterised by active lengthening of 

muscle fibres, in which the force of contraction increases as 

the speed of contraction increases. It has been argued that, 

hamstring injuries can be prevented by increasing the optimal 

length of tension by eccentric exercises [35]. 
 

Methodology 

 Study Design: Experimental study 

 Study Type: Comparative 

 Sampling Method: Simple random technique 

 Sample Size: 30 players 

 Setting: S.R.M University 

 Study Duration: 2 months  

 

Materials to be used 

 EMG machine 

 Electrode gel 

 Micro pore 

 Couch  

 Hurdle hops 

 Towels 

 Digital metronome 

 Plyometric box 

 

      
 

 Fig 1: EMG Machine  Fig 2: Plyometric table  Fig 3: hurdles  Fig 4: Micropore  Fig 5: Gel bottle  Fig 6: Towels 

 

Procedure 

Samples were selected based on the inclusion and exclusion 

criteria. The purpose of the study was explained to the 

subjects and signed printed informed consent form was taken. 

A group of 30 players with a history of hamstring strain injury 

from football, hockey, basketball and sprinters were selected 

randomly and divided them in to two groups as group-A 

plyometric group and group-B eccentric group.  

In group-A plyometric group the athletes are trained with five 

types of plyometric exercises for 8 weeks and 3 days in a 

week. In group-B eccentric group the athletes are trained with 

five eccentric exercises for 8 weeks and 3 days in a week. 

 A pre-test and post test result of EMG activity pattern is taken 

for both the groups on ipsilateral erector spinae(IES), 

contralateral erector spinae(CES), gluteus maximus(GM), 

medial hamstrings(MH) and lateral hamstrings(LH) during 

Prone Hip Extension Test (PHE).  

The subjects are asked to lift the chosen leg off the bed to 10 

degrees of hip extension whilst keeping the knee straight, as 

soon as they heard the command “lift”. 

The equipment was set to the following parameters. 

1. 500mv 

2. Sweep speed 500 ms/ div 

3. 200HZ to 2KHZ 

The amplitude values for all the five muscles are taken 

individually by placing the electrodes on their marked 

placements. 

The Electrode placement to collect EMG signals was as 

follow: For the erector spinae muscles ES, bilaterally at least 2 

cm lateral to spinous process of L3 parallel to the vertebral 

column on the muscle belly; for the gluteus maximus GM, at 

the midpoint of a line running from S2 to the greater 

trochanter; for the lateral hamstring HAM, laterally on the mid 

distance between gluteal and popliteal fold; and for the medial 

hamstring HAM, medially on the mid distance between 

gluteal and popliteal fold.  

The maximum voluntary electrical activity (MVE) for each 

muscle was calculated for use during normalization. Testing 

procedure to calculate maximum voluntary electrical activity 

were similar to those described for manual muscle testing of 

the muscles, as described by Kendall et al. [20]. 
 

 
 

Fig 7: Prone hip extension test 
 

Group A: Plyometric exercises 

 Group A 15 subjects will be trained with plyometric 

exercises for 8 weeks and 3 days in a week. 
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Phase 1: (1-4 Weeks) 
 

S. No Plyom Etric Exercises Metronome Set Sets 

1 Double-leg sagittal plane hurdle hop 60 BPM 2 

2 Single-leg sagittal plane hurdle hop 60 BPM 2 

3 Box jump 60 BPM 2 

4 Linear acceleration wall drill 60 BPM 2 

5 Knee tuck jump 60 BPM 2 

 
Phase 2: (5-8 Weeks) 

 

S. No Plyom etric exercises Metronome set Sets 

1 Double-leg sagittal plane hurdle hop 60 BPM 3 

2 Single-leg sagittal plane hurdle hop 60 BPM 3 

3 Box jump 60 BPM 3 

4 Linear acceleration wall drill 60 BPM 3 

5 Knee tuck jump 60 BPM 3 

   
 

 Fig 8: Double-leg sagittal plane hurdle jump  Fig 9: Single-leg sagittal plane hurdle jump  Fig 10: Box Jumps 

 

  
 

 Fig 11: Linear acceleration wall drill  Fig 12: Knee tuck jump 

 

Group B: Excentric Exercises 

 Group B (15 subjects) will be trained with Excentric exercises for 8 weeks and 3 days in a week. 

 
Phase 1: (1-4 Weeks) 

 

S. No Excentric Exercises Repititions Sets 

1 Eccentric box drops 10 2 

2 Nordic hamstring exercise 10 2 

3 Weighted lunge box 10 2 

4 Towel pulls 10 2 

5 Eccentric resisted pushes 10 2 
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Phase 2: (5-8 Weeks) 
 

S. No Excentric Exercises Repititions Sets 

1 Eccentric box drops 15 3 

2 Nordic hamstring exercise 15 3 

3 Weighted lunge box 15 3 

4 Towel pulls 15 3 

5 Eccentric resisted pushes 15 3 
 

 Starting Position  Ending Position 
 

  
 

Fig13: Eccentric box jumps 
 

 
 

Fig 14: Nordic hamstring exercises 
 

 Starting Position  Ending Position  
 

  
 

Fig 15: Weighted lunge box 
 

  
 

 Fig 16: Towel Pulls  Fig 17: Eccentric resisted pulls 

 

 

 

Data Analysis 

The recorded data were tabulated. The data was analyzed 

using statistical package for social science (SPSS) to present 

the findings of effectiveness of plyometrics exercises and 

eccentric hamstring exercises during prone hip extension test 

in hamstring strain injuries. Data analysis was done with SPSS 

Software version 20.0. “p” value was set at less than 0.05 as 

significance for all analysis, “paired t” test was done. 

 
Table 1: Comparison between pre and post among the plyometric 

group 
 

Paired Samples Statistics 

Plyometric Group Mean N SD Paired t Test P Value 

Pair 1 
Pre IES 6.165 15 1.953 

1.695 
0.112 

NS Post IES 5.926 15 1.969 

Pair 2 
Pre CES 6.409 15 2.295 

1.346 
0.200 

NS Post CES 6.104 15 2.231 

Pair 3 
Pre GM 9.036 15 2.433 

4.974 
0.001 

*** Post GM 6.591 15 0.765 

Pair 4 
Pre MEDHAM 5.987 15 1.590 

2.276 
0.039 

* Post MEDHAM 5.281 15 0.861 

Pair 5 
Pre LAT HAM 5.301 15 1.206 

0.237 
0.816 

NS Post LAT HAM 5.222 15 0.682 

*** and * There is a statistical significance difference between Pre 

and Post test for GM and MEDHAM at 95% (P < 0.05) 

NS- Not statistical significance difference between pre and post for 

IES, CES and LAT HAM at 95% (P> 0.05) 

 

 
 

Fig 18: Comparative mean values for pre and post test in group-a 

plyometric group 

 
Table 1A: Correlation 

 

Paired Samples Correlations 

Plyometric Group N Correlation (r) Sig. Level 

Pair 1 Pre IES & Post IES 15 0.961 0.001 *** 

Pair 2 Pre CES & Post CES 15 0.925 0.001 *** 

Pair 3 Pre GM & Post GM 15 0.774 0.001 *** 

Pair 4 
Pre MEDHAM & Post 

MEDHAM 
15 0.667 0.007 ** 

Pair 5 
Pre LAT HAM & Post 

LAT HAM 
15 0.149 0.595 NS 

*** - There is Statistical significance Correlation Between pre and 

Post test for IES, CES, GM and MEDHM at 95% (P < 0.05) 

NS – Not statistical significance correlation Between pre and Post 

test for LATHAM at 95% (P> 0.05) 
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Table 2: Comparison between pre and post among the eccentic 

group 
 

Paired Samples Statistics 

Eccentic Group Mean N SD Paired t Test P Value 

Pair 1 
Pre IES 7.124 15 1.685 

2.745 
0.016 

** Post IES 6.400 15 1.511 

Pair 2 
Pre CES 5.781 15 0.514 

4.175 
0.001 

*** Post CES 6.496 15 0.329 

Pair 3 
Pre GM 8.011 15 1.515 

3.838 
0.002 

*** Post GM 10.876 15 3.147 

Pair 4 
Pre MEDHAM 4.997 15 0.652 

5.178 
0.001 

*** Post MEDHAM 5.876 15 0.725 

Pair 5 
Pre LAT HAM 5.381 15 0.821 

4.096 
0.001 

*** Post LAT HAM 5.969 15 0.834 

*** and * * There is a statistical significance difference between Pre 

and Post test for IES, CES, GM, MEDHAM and LATHAM at 95% 

(P < 0.05) 

 

 
 

Fig 19: Comparative mean vaues for pre and post test in group-

beccentric group 
 

Table 2: A Correlation 
 

Paired Samples Correlations 

Eccentic Group N Correlation (r) Sig. Level 

Pair 1 Pre IES & Post IES 15 0.801 0.001 *** 

Pair 2 Pre CES & Post CES 15 -0.193 0.491 NS 

Pair 3 Pre GM & Post GM 15 0.404 0.136 NS 

Pair 4 Pre MEDHAM & Post MEDHAM 15 0.549 0.034 * 

Pair 5 Pre LAT HAM & Post LAT HAM 15 0.774 0.001 *** 

*** - There is Statistical significance Correlation Between pre and Post test for IES, MEDHAM, and 

LATHAM at 95% (P < 0.05) 

NS – Not statistical significance correlation Between pre and Post test for CES and GM at 95% (P> 0.0) 
 

Table 3: Group Statistics 
 

 Group N Mean SD Independent t Test P Value 

Pre IES 

 

Plyometric group 15 6.165 1.953 
1.440 0.161 NS 

Eccentric group: 15 7.124 1.685 

Pre CES 
Plyometric group 15 6.409 2.295 

1.034 0.310 NS 
Eccentric group: 15 5.781 0.514 

Pre GM 
Plyometric group 15 9.036 2.433 

1.385 0.177 NS 
Eccentric group: 15 8.011 1.515 

Pre MEDHAM 
Plyometric group 15 5.987 1.590 

2.231 0.034 NS 
Eccentric group: 15 4.997 0.652 

Pre LAT HAM 
Plyometric group 15 5.301 1.206 

0.212 0.833 NS 
Eccentric group: 15 5.381 0.821 

Post IES 
Plyometric group 15 5.926 1.969 

0.739 0.466 NS 
Eccentric group: 15 6.400 1.511 

Post CES 
Plyometric group 15 6.104 2.231 

0.672 0.507 NS 
Eccentric group: 15 6.496 0.329 

Post GM 
Plyometric group 15 6.591 0.765 

5.122 0.001 *** 
Eccentric group: 15 10.876 3.147 

Post MEDHAM 
Plyometric group 15 5.281 0.861 

2.046 0.050 NS 
Eccentric group: 15 5.876 0.725 

Post LAT HAM 
Plyometric group 15 5.222 0.682 2.685 

 

0.012 * 

 Eccentric group: 15 5.969 0.834 

 

 
 

Fig 20
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Results 

According to table 1, the muscle firing pattern for plyometric 

group during the pre test and post test shows the mean values 

for, ipsilateral eretor spinae(IES) in pre test is 6.165 and post 

test was 5.926. Hence, the mean value for ipsilateral erector 

spinae(IES) is statistically not significant. The mean values for 

contra lateral erector spinae(CES). The mean value for 

contraleteral erector spinae(CES) during pre-test is 6.409 and 

post-test is 6.104. This shows that the contraleteral erector 

spinae is statistically not significant. The mean value for 

gluteus maximus (GM) during pre-test is 9.036 and post test is 

6.591. It shows that the gluteus maximus (GM) is statistically 

significant. The mean value for medial hamstring(MED 

HAM) during pre-test is 5.987 and post test is 5.281. this 

shows that the medial hamstring is statistically significant. 

The mean values for lateral hamsting (LAT HAM) during pre-

test are 5.301 and post test is 5.222. This shows that the lateral 

hamsting (LAT HAM) is statistically not significant. 

According to table 2, the muscle firing pattern for eccentric 

group during the pre test and post test shows the mean values 

for, Ipsilateral erector spinae(IES) in pre-test is 7.124 and post 

test is 6.400. This shows that the ipsi lateral erector 

spinae(IES) is statistically significant. The mean value for 

contraleteral erector spinae(CES) during pre-test is 5.781 and 

post-test is 6.496. This shows that the contraleteral erector 

spinae(CES) is statistically significant. The mean value for 

gluteus maximus (GM) during pre-test is 8.011 and post test is 

10.876.This shows that the gluteus maximus (GM) is 

statistically significant. The mean value for medial hamstring 

(MED HAM) during pre-test is 4.997 and post-test is 5.876. 

This shows that the medial hamstring (MED HAM) is 

statistically significant. The mean value for lateral hamstring 

(LAT HAM) during pre-test is 5.381 and post-test is 5.969. 

This shows that the lateral hamstring (LAT HAM) is 

statistically significant. 

 

Discussion 

The review of existing literature regarding the role of 

plyometrics and eccentric hamstring exercises on 

improvement of recurrent hamstring injuries reveals confusion 

about which technique is more effective in improving the 

activity pattern of lumbo- pelvic and hamstring muscles in 

individuals with hamstring strain injuries. There is no study 

has been compared about effectiveness in activity pattern of 

these two exercises in hamstring strain injuries during prone 

hip extension test. The current study compared the muscular 

activation pattern of lumbo-pelvic and hamstring muscles in 

hamstring strain injuries during prone hip extension test in 

individuals trained with plyometrics and eccentric hamstring 

exercises. The results of this study showed that there was only 

statistically significant improvement seen in Gluteus maximus 

(GM) and Medial hamstrings (MED HAM) in plyometric 

group but the eccentric group showed statistically significant 

improvement to all the muscles. These findings demonstrate 

that there is a significant difference between both the groupsat 

p value less than 0.005.Hence, we reject null hypothesis and 

accept alternate hypothesis. 

According to the review of literature hamstrings are thought to 

act as transducers of power. Hamstring muscle dysfunction 

followed by strain injury may cause the gluteus maximus to be 

overactive. Both of these two actions may predispose an 

athlete to re-injury. Lumbo-pelvic dysfunction and disorders 

has been associated with HAM strain [59]. 

Some investigators, have shown altered muscular activation 

pattern of the erector spinae, gluteal maximus, and hamstring 

muscles during prone hip extension (PHE) subjects with and 

without low back pain [21, 24]. Considering the association 

between hamstring strain and lumbo-pelvic abnormality or 

dysfunction in low back pain athletes, participants are 

excluded in study with low back pain athletes. Plyometric 

exercises can improve the speed, agility and neuro muscular 

coordination in athletes by concentric contraction of muscles 

followed by eccentric contraction Chimera et al. [60]. Hence, in 

present study the athletes had improved the strength only in 

GM and MED HAM thigh muscles due to hamstring 

activation plyometric exercises but there is no improvement 

seen in erector spinae muscles. Several authors have stated 

that the optimum angle of torque development should be 

considered when attempting to rehabilitate hamstring injuries 

(Brockett et al., 2004). When an activated muscle is 

lengthened beyond its optimum length (i.e. the descending 

limb of the length-tension relationship), it is thought to be in a 

vulnerable position for injury (Brockett et al., 2004). 

Furthermore, if this optimum length can be increased through 

training the muscle is thought to be stable over a greater range 

of motion (Brockett et al., 2004) [56]. 

It has been well established that eccentric exercise can shift 

the optimum length to longer muscle lengths (Bowers et al., 

2004; Kilgallon et al., 2007) [57, 58]. The present study supports 

about the lumbo-pelvic altered activity pattern can be 

corrected in acute hamstring strain injuries in eccentric 

training athletes, due to increase in length of the muscles, 

strength and flexibility. It shows that the lumbo-pelvic altered 

activity pattern can be corrected well in hamstring injuries by 

eccentric training exercises comparing to the plyometric 

training exercises. 

 

Conclusion 

The study concluded that firing patterns for both the groups, 

Group A(plyometric group) and group B(eccentric group) 

showed a great improvement but group A is significantly 

improved only in gluteus maximus (GM) and medial 

hamstring(MED HAM) muscles and group B is statistically 

improved the firing pattern in all the ipsi lateral erector spinae 

(IES), contralateral erector spinae(CES), gluteus maximus 

(GM), medial hamstring (MED HAM) and lateral hamstring 

(LAT HAM) muscles. Hence, the results shows that the group 

B(eccentric group) is yielded satistically more improved than 

group A(plyometric group). 

 

References 

1. Ekstrand J, Gillquist J. Soccer injuries and their 

mechanisms: a prospective study. Med Sci Sports Exerc. 

1983; 15:267-70. 

2. Garrett WE Jr. Muscle strain injuries. Am J Sports Med. 

1996; 24(6 suppl):S2-8. 

3. Askling C, Karlsson J, Thorstensson A. Hamstring injury 

occurrence in elite soccer players after preseason strength 

trainingwith eccentric overload. Scand J Med Sci Sports. 

2003; 13:244-250. 



International Journal of Yoga, Physiotherapy and Physical Education 

20 

4. Bing Yu RMQ ANA, Yu Liu, Claude T. Moorman, 

William E. Garrett. Hamstring muscle kinematics and 

activation during overground sprinting. J Biomech. 2008; 

41:3121-3126. 

5. Application of eccentric exercise on an Australian Rules 

football player with recurrent hamstring injuries. Matt 

Brughellia,*, Ken Nosakaa, John Cronin a, b 

6. Hoskins WPH. The management of hamstringinjury--Part 

1: Issues in diagnosis. Man Ther. 2005; 10(2):96-107. 

7. Hunter D SC. The assessment and management of 

chronic hamstring/posterior thigh pain Best Pract Res 

Clin Rheumatol. 2007; 21(2):261-277. 

8. Arnason A, Sigurdsson S, Gudmundsson A, Home I, 

Engebretsen L, Bahr R. Risk factors for injuries in 

football. American Journal of Sports Medicine. 2004; 

32(Suppl. 1):5S-16S. 

9. Bennell K, Tully E, Harvey N. Does thetoe-touch test 

predict hamstring injury in Australian rules footballers? 

Aust J Physiother. 1999; 45:103-109. 

10. Engebretsen AH, Myklebust G, Holme I, Engebretsen L, 

Bahr R. Intrinsic risk factors for hamstring injuries among 

malesoccer players: A prospective cohort study. Am J 

Sports Med. 2010; 38:1147-1153. 

11. Gabbe BJ, Bennell KL, Finch CF, Wajswelner H, 

Orchard JW. Predictors of hamstring injury at the 

elitelevel of Australian football. Scand J Med Sci Sports. 

2006; 16:7-13. 

12. Sahrmann S. Diagnosis and treatment of movement 

impairment syndrome: 1th ed. St Louis: Mosby. 2002. 

13. VJ. On the concept of postural muscles and posturein 

man. Aust J Physiother. 1983; 29(3):83. 

14. O’Sullivan P PD TL, Allison G. Evaluation of specific 

stabilizing exercise in the treatment of chronic low back 

pain with radiologic diagnosis of spondylolysis or 

spondylolisthesis Spine. 1997; 22(24):2959. 

15. VJ. Pain in the locomotor system-A broad approach. 

Aspects of Manipulative Therapy Melbourne: Churchill 

Livingstone. 1985, 148-151. 

16. Hodges MG P. Pain and motor control of the lumbopelvic 

region: Effect and possible mechanisms. J Electromyogr 

Kinesiol. 2003; 13:36-70. 

17. Hungerford B GW, Hodges P. Evidence of altered 

lumbopelvic muscle recruitment in the presence of 

sacroiliac joint pain. Spine. 2003; 28:1593-1600. 

18. Leinonen V KM, Airaksinen O, Hanninen O. Back and 

hip extensor activities during trunk flexion/extension: 

Effects of low back pain and rehabilitation. Arch Phys 

Med Rehabil. 2000; 81:32-37. 

19. Arab AM GL, Emami M, Nourbakhsh MR. Altered 

muscular activation during prone hip extension in women 

with and without low back pain. Chiropr Man Therap. 

2011; 19:18-24. 

20. Kendall F ME PP. Muscles Testing and Function. 

Baltimore MD: Williams & Wilkins. 1993. 

21. Cara Lewis L, PhD, PT*; Shirley Sahrmann A, PhD, PT, 

FAPTA Muscle Activation and Movement Patterns 

During Prone Hip Extension Exercise in Women 

22. Sahrmann S. Posture and muscle imbalance. 

Physiotherapy. 1992; 78:13-20. 

23. VJ. On the concept of postural muscles and posturein 

man. Aust J Physiother. 1983; 29(3):83. 

24. Ebrall PS. Assessment of the Spine. St Louis, MO: 

Elsevier Health Sciences. 2004, 85. 

25. Greenman PE. Principles of Manual Medicine. 3rd ed. 

Philadelphia, PA: Lippincott Williams & Wilkins. 2003, 

497. 

26. Vogt L, Banzer W. Dynamic testing of the motor 

stereotype in pronehip extension from neutral position. 

Clin Biomech (Bristol, Avon). 1997; 12(2):122-127. 

27. Bullock-Saxton JE, Janda V, Bullock MI. The influence 

of anklesprain injury on muscle activation during hip 

extension. Int J Sports Med. 1994; 15(6):330-334. 

28. Janda V. Evaluation of muscular imbalance. In: 

Liebenson C, ed. Rehabilitation of the Spine: A 

Practitioner’s Manual. Baltimore, MD: Lippincott 

Williams & Wilkins, 1996, 97-112. 

29. Sahrmann S. Diagnosis and treatment of movement 

impairment syndrome: 1th ed. St Louis: Mosby. 2002. 

30. Bruno P BJ. An investigation into motor pattern 

differences used during prone hip extension between 

subjects with and without low back pain. Clinical 

Chiropractic. 2007; 10:68-80. 

31. Anderson FC, Pandy MG. Storage and utilization of 

elastic strain energy during jumping. J Biomech. 1993; 

26:1413-1427. 

32. Swanik CB, Lephart SM, Giannantonio FP, Fu FH. 

Reestablishing proprioception and neuromuscular control 

in the ACL-injured athlete. J Sport Rehabil. 1997; 6:182-

206. 

33. Swanik KA, Swanik CB, Lephart SM, Huxel K. The 

effects of functional training on the incidence of shoulder 

injury in intercollegiate swimmers. J Sport Rehabil. 2002; 

11:142-154. 

34. Swanik KA, Lephart SM, Swanik CB, Lephart SP, Stone 

DA, Fu FH. The effects of shoulder plyometric training 

on proprioception and selectedmuscle performance 

characteristics. J Shoulder Elbow Surg. 2002; 11:579-

586. 

35. MattBrughellia, Ken Nosakaa, John Cronin. Application 

of eccentric exercise on an Australian Rules football 

player with recurrent hamstring injuries. 2008. 

36. Potteiger JA, Lockwood RH, Haub MD, Dolezal BA, 

Almuzaini KS, Schroeder JM. Muscle power and fiber 

characteristics following 8weeks of plyometric training. 

Journal of Strength and Conditioning Research. 1999; 

13(3):275-279. 

37. Mercer VS, Gross MT, Sharma S, Weeks E. Comparison 

of gluteus medius muscle electromyographic activity 

during forward and lateral step-up exercises in older 

adults. Phys. Ther. 2009; 89:1205-1214. 

38. Lubahn AJ, Kernozek TW, Tyson TL, Merkitch KW, 

Reutemann P, Chestnut JM. Hip muscle activation and 

knee frontal plane motion during weight bearing 

therapeutic exercises. Int. J. Sports Phys. Ther. 2011; 

6:92-103. 

39. Brockett C, Morgan D, Proske U. Human hamstring 

muscles adapt to eccentric exercise by changing optimum 

length. Medicine and Science in Sports and Exercise. 

2001; 33(5):783-790. 

40. Bowers E, Morgan D, Proske E. Damage to the human 



International Journal of Yoga, Physiotherapy and Physical Education 

21 

quadriceps muscle from eccentric exercise and the 

training effect. Journal of Sports Sciences. 2004; 22(11-

12):1005-1014. 

41. Engebretsen A MG, Holme I, Engebretsen L, Bahr R. 

Intrinsic risk factors for hamstring injuries among male 

soccer players. Am J Sports Med. 2010; 38(6):1147-1153. 

42. Friden J, Lieber R. Eccentric exercise-induced injuries to 

contractile and cytoskeletal muscle fibre components. 

Acta Physiologica Scandinavica. 2001; 171(3):321-326. 

43. Woods C, Hawkins R, Maltby S. The football association 

medical research programme: an audit of injuries in 

professional football analysis of hamstring injuries. 

British Journal of Sports Medicine. 2004; 38:36-41. 

44. Orchard J, Seward H. Epidemiology of injuries in the 

Australian Football League, seasons 1997–2000. British 

Journal of Sports Medicine. 2002; 36(1):39-44. 

45. Crosier J. Factors associated with recurrent hamstring 

injuries. Sports Medicine. 2004; 34:681-695. 

46. Yeung SS, Yeung EW. Shift of peak torque angle after 

eccentric exercise. International Journal of Sports and 

Medicine. 2008; 29(3):251-256. 

47. Cibulka MT, Rose SJ, Delitto A, Sinacore DR. Hamstring 

muscle strain treated by mobilizing the SIJ. Physical 

Therapy. 1986; 66(8):1220-1223. 

48. Lehman G LD, Tresidder B, Rayfield B, Poschar M. 

Muscle recruitment patterns during the prone leg 

extension. BMC Musculoskelet Disord. 2004; 5(1):3. 

49. Silder A, Sherry MA, Sanfilippo J et al. Clinical and 

morphological changes following 2 rehabilitation 

programs for acute hamstring strain injuries: a 

randomized clinical trial. J Orthop Sports Phys 

Ther. 2013; 43:284-99.  

50. Askling CM, Malliaropoulos N, Karlsson J. High-speed 

running type or stretching-type of hamstring injuries 

makes a difference to treatment and prognosis.Br J Sports 

Med. 2012; 46:86-7.  

51. Askling CM, Tengvar M, Saartok T et al. Acute first-time 

hamstring strains during slow-speed stretching: clinical, 

magnetic resonance imaging, and recovery 

characteristics. Am J Sports Med. 2007; 35:1716-24. 

52. Askling C, Saartok T, Thorstensson A. Type of acute 

hamstring strain affects flexibility, strength, and time to 

return to pre-injury level. Br J Sports Med. 2006; 40:40-4. 

53. Timmins R, Porter K, Williams M et al. Biceps femoris 

muscle architecture—the influence of previous injury. Br 

J Sports Med. 2014; 48:665-6. 

54. Timmins RG, Shield AJ, Williams MD et al. Biceps 

femoris long-head architecture: a reliability and 

retrospective injury study. Med Sci Sports Exerc. 2015; 

47:905-13. 

55. Clark R, Bryant A, Clugan J, Hartley B. The effects of 

hamstring strength training on dynamic jumping 

performance and isokinetic strength parameters. Phys 

Ther Sport. 2005; 6:67-73. 

56. Brughelli M, Cronin J. Preventing hamstring injuries in 

sport. Strength Cond J. 2008; 30:5564. 

57. Brockett C, Morgan D, Proske U. Predicting hamstring 

strain injury in elite athletes. Medicine and Science in 

Sports and Exercise. 2004; 36(3):379-387. 

58. Bowers E, Morgan D, Proske E. Damage to the human 

quadriceps muscle from eccentric exercise and the 

training effect. Journal of Sports Sciences. 2004; 22(11-

12):1005-1014. 

59. Kilgallon M, Donnelly AE, Shafat A. Progressive 

resistance training temporarily alters hamstring torque-

angle relationship. Scandinavian Journal of Medicine and 

Science in Sports. 2007; 17(1):18-24. 

60. Hennessey L WA. Flexibility and posture assessment in 

relation to hamstring injury. Br J Sports Med. 1993; 

27:243-246. 

61. Chimera NJ, Swanik KA, Swanik CB, Straub SJ. Effects 

of plyometric training on muscle-activation strategies and 

performance in female athletes. J. Athl. Train. 2004; 

39:24-31. 


