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CHAPTER 1: & INTRODUCTION 

1 . 1 INTRODUCTION 
1.2 MOTIVATION FOR STUDY 
1.3 STUDY AIM 
1.4 OBJECTIVES OF STUDY 
1.5 BENEFICIARIES OF STUDY 

1.1 INTRODUCTION 

One of the main reasons why physical acti vity is emphasized these days is to maintain good 

health. With physica l acti vity, which can vary fro m brisk walking to strenuous exercises, comes 

the ability to have more energy, maintain a healthy weight, perfo rm daily tasks better, contro l 

chronic diseases, improve fi tness levels, find stress reduction and enjoy overall health (Gloang, 

1992 :377). 

One of the abovementioned benefits, the ability to perform daily tasks better - which include, for 

example, being able to move around more, bend, sit and stand up - is not possible without 

attaining some degree of a fitness component called musculo-skeletal flexibility. 

Flexibil ity is defined as the abi lity of the neuromuscular system to allow a muscle to lengthen so 

that it can provide effi cient movement of a joint or joints through their ful l range of motion, 

without any restrictions or pain (Prentice, 20 I 0: I 06; Armstrong, Balady, Berry, Dav is, Davy, 

Davy, Frankl in, Gordon, Lee, McConnel, Myers, Pizza, Rowland, Stewart, Thompson, Wallace, 

2005:85). 
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The question that has been rai sed over the past few years and is still asked today is whether 

flexibility is really that important. Limited time avai lable in daily schedules often cause people 

to overlook flexibility as a component of physical activity and therefore in many cases, it then 

only becomes a concern for the average person after joints stiffen and muscles shorten as a result 

of injury, disuse or disease (Lucas & Koslow, 1984:615). 

Di Lorenzo ( 1999:20) exp lains in her article entitled Physical Therapy Positive Change that for 

our bodies to move around 430 muscles and for those muscles to work efficiently, they need to 

be strong, supple and able to go the distance. 

Stretching to improve flexibility has long been recognized as an important component of total 

fitness for generati ng and maintaining overall flexibility as well as for sporting events and 

activities of daily living (Wallmann, 2009:355). Together with the abovementioned , much 

literature with regard to flexibility emphasizes the importance of flexibility as an aspect of 

everyday human function (Davis, Ashby, McCale. Mcquain & Wine, 2005:27). 

When a muscle loses its elasticity or suppleness it can cause a decreased range of motion around 

joints - wh ich in turn can lead to other soft tissue restrict ions, because the muscle's ability to 

deform decreases (Decoster, Scanlon, Horn & Cleland, 2004:330). In addition, a decrease in 

joint mobility and range of motion may lead to incorrect body a lignment, chronicall y tight 

muscles, faulty compensation patterns, inefficient body mechanics and a potential increased risk 

of injury (Wallmann. 2009:355). 

This is why muscle stretching has in recent years become such a widespread practice, and plays 

such an important role in preparation for athletic performance, rehabilitation of patients at a ll 

levels, general conditioning programs, public sports and especially high-performance sports 

(Magnusson & Renstrom, 2006:87; Decoster et al. , 2004:330; Kubo, Kanehisa & Fukunaga, 

2002:595; Handel, Horstmann. Dickhuth & Gulch, I 997:400; Guissard, Duchateau & Hainaut, 

1988:47). Attempts to improve flexibility in order to reduce the possible risk of injury is one of 

the reasons why stretching is so common among the ath letic population (LaRoche & Connolly, 

2006: I 000), and al so why fitness instructors, therapists and personal trainers encourage people to 

2 
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participate m stretching programs. When a muscle has good flexibility the result is more 

effective and efficient movement, because the flexible muscle allows the muscle ti ssue to 

accommodate imposed stresses more easily - which can result in reduced ri sk of skeletal muscle 

strains during exercise (Wallmann, 2009:355; Bandy, Irion & Briggler, 1998:295; Magnusson, 

1998:66). 

It should be observed that a 'too high' degree of flexibility of certain joints might not be a 

positive desire after all , chiefl y in contact sports. For example, there might be injury rate 

increases when a rugby player' s shoulder joint is too flex ible, because the muscles lose its ability 

to provide stabi li ty of the humeral head in the shallow glenoid fossa. Too much flexibi li ty can 

lead to instability in contact and/or overhead sports and therefore flexibility needs be sport 

specific (Powers & Howley, 2004:439). 

Sti ll, a moderate amount of flexibility is needed to perform activities of daily living (Wallmann, 

2009:355; Armstrong et al., 2005:85), and for that reason it is important that everyone must 

include a stretching program into their normal everyday routine (Masterson, Herrington, 

Muchow & Powell, 2008:68). 

A variety of stretching exercises to improve the range of motion of a joint or joints have been 

implemented in sport programs, rehabilitation programs and general conditioning programs. 

Among these methods are the four most used stretching exercise techniques that have emerged 

and grown among the population: I. Static stretching, 2. Proprioceptive Neuromuscular 

Facilitation (PNF) 3. Ballistic stretching and 4. Dynamic stretching (Prentice, 2010: I 09; 

Roberts & Wilson, 1999:259). 

It is understandable and accepted that the static stretch is the most simplistic and safest stretching 

technique to use by any popu lation, trained of sedentary, because of the above mentioned. Also, 

and the chance that the muscle will be stretched beyond its extensibility limi ts is small, given 

that the individual is in total control during its execution (Prentice, 20 I0:1 1 O; Roberts & Wilson, 

1999:259). 

3 
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For safety reasons and the fact that its advised that ballistic stretching must only be practiced and 

performed by highly-trained individuals (Prentice, 2004: 126), this study will compare the 

effectiveness of the PNF contract-relax-, PNF hold-relax-, Static stretching- and dynamic 

stretching-techniques on the hamstring muscle group in order to determine the most effective 

technique to promote flexibility as well as the overall effectiveness of the four different 

techniques on flexibility in general. 
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1.2 MOTIVATION/ PROBLEM STATEMENT 

Several studies over the past years have been done on various stretching techniques, comparing 

different methods of stretching, different designs to use; however, none of the investigations 

produced consistent results over the most effective stretching technique (Lucas & Koslow, 

1984:615), as well as the intensity, frequency and duration of the methods to use (Feland, Myrer 

& Merrill, 200 I :186). Flexibility is now known to play a vital role in younger as well as older 

populations and it is therefore necessary to gain more information on wh ich stretching technique 

will be the most efficient to use in a stretching program. 

Many people do not spend much or even any time at all on their muscle flexibility because of the 

lack of time to do these exercises, lack of knowledge on how much is needed and the lack of 

knowledge on how important it really is. Therefore, the studies that have been done can provide 

some basic information on the intensity, frequency and duration needed for improvement effects 

and effective stretching programs. For example, Bandy & Irion ( 1994:849) and Bandy et al. 

( 1998:299), found that a s ingle 30-second stretch is just as effective as a single 60-second stretch 

if one engages in a stretching training program for 6 weeks, 5 times per week. Also 3x30-second 

stretches are just as effective as a I-minute stretch. Overall, the researchers reported that a 30-

second stretch is efficient enough to improve flex ibi I ity if an athlete stretches 5 times per week. 

These studies were conducted using the common static stretching technique. 

T here are so many conflicting results in studies that have been done comparing stretch ing 

techniques. Sady, Wortman & Blanke ( 1982:263), Tangiwa ( 1972:725) and Holt, Travis & 

Okita (1970:614) fo und in the ir ind ividua l studies that the proprioceptive neuromuscular 

technique was superior to static stretchi ng and balli stic stretching, whi le Davis et al. (2005:30) 

and Bandy et al. ( 1998:299) found the static stretch superior to the dynamic stretch and 

proprioceptive neuromuscular technique. Nonetheless, many other studies found no difference 

between the effect iveness of the techniq ues (Ne lson & Bandy, 2004:257; Feland et al. , 200 1: 190; 

Williford & Smith , 1985:32). 
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Due to contrasting results there is no one exact method or technique prescribed to use in practice 

today. Therapists mostly use the technique they are familiar with. Therefore, the current study 

will not only provide clarity with regard to which stretch is superior to others, if any, but will 

also be beneficial to therapi sts when prescribing flexibility exercises to different individuals in 

whatever setting they find themse lves in . 

1.3 PRIMARY AIM OF THE STUDY 

The main aim of this study is to determine if there is a sign ificant difference (p<0.05) between 

the 4 stretching techniques used by the experimental groups and the control group over a 6-week 

period. The second aim is to determine what stretching technique is more significantly superior 

(p<0.05) to other techn iques over a 6-week period. The third aim is to determine which 

stretching technique to use (p<0.05) if increased flex ibility is desired over a 3-week time span. 

For safety reasons and the fact that ballistic stretching must only be practiced and performed by 

highl y-trained individuals (Prentice, 2004: 126), this study will compare the effectiveness of the 

PNF contract-relax-, PNF hold-relax-, Static stretching- and dynamic stretching-techniques on 

the hamstring muscle group in order to determine the most effective technique to promote 

fl exibility as well as the overall effectiveness of the four different techniques on flexibility in 

general. 

1.4 OBJECTIVES 

In order to achieve the aim of thi s study, the following objectives will be pursued: 

I. I. I A Literature review on all aspects of flexibility and stretch ing; 

1.1.2 A 6-week flexibility-training program done by 4 experimental and I control group, using 

4 different stretching protocols; 

l .1.3 Data collection of hamstring muscle fl exibility measures of each participant before, 

during and after completion of the training program, and 

1. 1.4 A comparison of the experiment's stati stics. 

6 
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1.5 BENEFICIARIES OF STUDY 

I. Biokineticists in practice concerned with rehabi I itation at all levels. 

2. Physiotherapists treating sports- and everyday injuries. 

3. Coaches and fitness trainers. 

4. Competitive and recreational athletes of all ages to know the condition of their bodies 

prevent inj uries and promote everyday activities, and benefit from long-term health. 



CHAPTER2: 
LITERATURE 

2.1 INTRODUCTION 

2.2 TYPES OF STRETCHES 

2.3 FLEXIBILITY AND AGE 
2.4 STRETCHING AND INJURY 

PREVENTION 
2.5 EFFECT OF STRETCHING ON 

PERFORMANCE 

2.6 IMPORTANCE OF STRETCHING IN 
REHABILITATION 

2.7 GUIDELINES IN STRETCHING 
2.8 FLEXIBILITY AND RESISTANCE 

TRAINING 
2.9 COMPONENTS OF IMPORTANCE IN 

STRETCHING 
2.10 BENEFITS AND RISKS ASSOCIATED 

WITH STRETCHING 
2.11 FLEXIBILITY AND QUALITY OF LIFE 
2.12 SHORT· AND LONG· TERM 

STRETCHING 

2.1 INTRODUCTION 

Flexibility training/stretching has in the last few years, after being touted for long, begun to be 

viewed from a different perspective and with new understanding as part of fitness and exercise. 

Sports medicine profess ionals, instructors and personal trainers now recognize the complexities 

8 
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of improved flexibility and has renewed their interest in incorporating stretches into exercise 

programs for injury prevention and sports performance enhancement (Costa, Graves, Whitehurst, 

& Jacobs, 2009: 141 ; Torres, Conceicao, Sampaio, De Oliveira & Dantas, 2009:52; 

Woolstenhulme, Griffiths, Woolstenhulme & Parcell , 2006:799). N ot only is flexibility and 

stretching important in reducing injuries, but it al so holds benefits for everyday liv ing and 

improved performance (Yuktasir & Kaya, 2009: 11 ; Nelson, Drisco ll, Landin, Young & 

Schexnayder, 2005:449; Spernoga, Uhl , Arnold & Gansneder, 200 I :45), as well as the reduction 

of soreness after exercise (Herbert & Gabriel , 2002:468). 

Lack of flexibility can create uncoordinated and awkward movement patterns resulting from the 

loss of neuromuscular control (Prentice, 2010: 106) and can also lead to a series of implications 

including bad posture, muscle stiffness, spasms, back pain, limited range of motion of a joint or 

joints that could be associated with active process or joint diseases such as Osteo Arthritis (De 

Freitas, Silva, Fernandes, Carazzato & Dantas, 2007:347). Jf all is added up, lack of flexibi lity 

predisposes a person to risk of injury to li gaments, tendons or soft tissue and decreases t he 

quality of everyday li fe (De Freitas et al. , 2007:347). Still , many people do not realize t he 

importance of incorporating flexibility training into their everyday routine and only focus on 

stamina and strength training. which can lead to painful syndromes and muscle imbalances in the 

long run. De Lorenzo ( 1999:20) explains thi s phenomenon by saying that the human body is 

designed to work in balance and that when a muscle is tight or weak it will cause painfu l 

imbalances in the body. Thus, a ti ght musc le is just as dangerous as a weak muscle and a ll 

components of fitness must be incorporated into an exercise program . 

In addition to the definition prov ided in 1.1, fl ex ibility has been defin ed as the range of mot ion 

that is available in a j o int or j o ints that is influenced by muscles, li gaments, tendons and bones 

(Prentice, 201 0: 106; Youdas, Hae fl inger, Kreun, Ho lloway, Kramer, Ho llman, 20 10:240; 

Prentice & Arnhe im, 2008 :66: Baum gartner, Jackson, Mahar & Rowe, 2006:255; Bandy & Irion, 

1994:845). When one thinks of fl ex ibility, one thinks of how far a lim b can be moved; however 

there are two kinds of fl ex ibility that shou ld be kept in mind when assessing a person ' s 

fl ex ibility: I. Dynamic or Acti ve flex ibility and 2. Passive or Stati c fl ex ibil ity. 

9 
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Dynamic flexibil ity or range of motion is the degree to which a joint can be moved via a muscle 

contraction. Active flexibili ty is not necessaril y a good indicator of the stiffness or looseness of 

a joint because it applies to the ab i I ity to move a joint efficientl y, with I ittle resistance to motion 

(Prent ice, 20 I0: 123; Prentice & Arnheim, 2008:67). Passive flexibi lity refers to the total range 

of motion (to the endpoint) a limb can be moved with passive resistance/force given by a trainer. 

No muscle contraction is therefore needed (Prentice & Arnheim, 2008: 123; Prentice, 2004: 123). 

When a muscle contracts, it can move through a specific range of motion; however when passive 

resistance is applied and no muscle contraction occurs, the limb can usually be moved through a 

further range of motion (Prentice & Arnheim, 2008: 123). Both active and passive flex ibili ty is 

important, especially in sporting activities. A muscle must be ab le to move through as much 

range of motion as poss ible without any restrictions or pain and should be able to handle forces 

that will stretch the musc le beyond its extensib ility limits. This is the reason why passive range 

of motion is so important because it starts and continues where active or dynamic range of 

motion stops. Dynamic range of motion is just as important, for the performance of normal 

everyday exercises or activities without restrictions or pain (Prentice, 20 I0: 123; Prentice & 

Arnheim, 2008:67). For th is reason different stretches for each specific joint must be done to 

improve the articulations of a joint in all possible ways. 

The main goal of a flex ibility program should be to improve the range of motion of a joint by 

altering the extensib ility limits of the specific muscle' s musculo-tendinous unit and fasc ia to 

increase the range of motion and effic iency of movement of the specific joint or joints. The two 

kinds of fl exibility will be discussed in more detai l in the next section in terms of stretches. 

10 
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2.2 TYPES OF STRETCHES 

2.2.1 STATIC STRETCHING 

Static stretching invo lves a stretch of a musc le o r muscle group via passively placing the 

antagonist in a max imal position of stretch (Workman, 20 10:2; Prentice, 201 0: 11 O; Prentice & 

Amheim, 2008:70; Feland et al.. 200 I :187). Literature describes it to be the safest method of 

stretching because the stretch can be contro lled by the subject and the likelihood of stretch ing the 

muscle past its extensibility limits are minimal. Less energy is also required to perform the 

stretch , which also minim izes the li ke lihood of muscle soreness (Sekir, Arabaci, Akoval & 

Kadagan, 20 I 0:268; Prentice, 2004: 126; Bandy & Irion, 1994:846). 

Static stretching is probab ly the most used stretch in athletic, coaching, rehabilitation and 

recreational departments as part of a warm-up or cool-down (Youd as et al. , 20 I 0 :240; Prentice & 

Amheim, 2008:70; Chan. Hong & Robinson. 200 I :8 1 ), but Murphy (199 1 :68) rejects the use of 

the static stretch and claims that the static stretch ' s passive nature does not a id in increasing the 

muscle 's temperature and should therefore not be done prior to any sporting demands. Workman 

(20 I 0:2), Prentice and coll eague (2008:70) and Murphy ( 199 1 :68) suggest that prior to activity a 

dynamic stretch is probably the best cho ice to increase a muscle's temperature for the demands 

of the activity and that static stretching can still be done, but prior to the dynamic stretch. 

In the rehabilitation department, static stretching is the ma in stretch used for increasing range of 

motion of the joint o r j o ints after injury because of its passive nature. In add ition, it can be 

controlled, does not cause soreness and a full-non-restricted range of motion can be obtained 

over time (Prentice, 20 I0: 11 O; Plowman & Sm ith, 2002:582). Passive range of motion is 

important to prevent further o r re-inju ry. Jn fact, research indicates that static stretching may 

a lso reduce the ti me needed for recovery after an injury was sustained (O'Su llivan , Murray & 

Sainsby, 2009:42) . It has also been shown that static stretching improves joint position sense, 

which is crucial in retraining neuromuscular cont ro l, the mechanism for increased balance, which 

plays an important ro le in future sports participation (Costa et al.. 2009: 144 ). 

II 
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One of the reasons why static stretching is said to be the golden standard for measuring 

flexibility and lengthening of a muscle is that the rate of change in the musc le length is slow 

when the limb is passively moved into position and then non-existent as the position is held 

(Davis et a l., 2005:27; Plowman & Smith, 2002:583). A static stretch is usually held from 3- to 

60-seconds (Prentice & Arnheim, 2008:70), which causes the dynamic phase of the 

neuromuscular spindle to be bypassed. The annulospiral nerve endings are then not stimulated to 

fire strongly, causing the absence of a strong re fl ex contraction (Francisco & Pilar, 20 I 0:434; 

Plowman & Smith , 2002:583 ). When the stretch is held for longer than 3-seconds, the Golgi

tendon organ responds and overrides the impulses coming from the muscle spindle, causing a 

myostatic reflex that relaxes the musc les that are being stretched; this is also called autogenic 

inhibition (Prentice, 20 I 0: I 08; Davis et al., 2005:27; Nelson & Bandy, 2004:257). 

N umerous studies have been done on the efficient and appropriate parameters for static 

stretching programs for the improvement of fl exibility. The duration, frequency, number of 

repetitions, dai ly dose and length of the program as we ll as efficiency have been studied, but 

many outcomes raise questions that still cause uncertainty as to the parameters that are most 

efficient (Francisco & Pilar, 20 I 0:434; Davis et a l., 2005:30; Chan et al. , 200 I :84; Bandy & 

Irion, 1994:849). 

Table 2. 1 summarizes the studies done, their parameters and outcomes that can help identi fy the 

most efficient and different parameters to use in different, individual programs to obta in 

maxim um benefits from a flexibi lity program. 
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Table 2. 1: 

Author: 

Francisco & 

Pilar, 

(20 I 0:434) 

Roberts & 

Wilson, 

( 1999:259) 

Summary of studies done on static stretching 

Intervention: Results: 
----~ ____, 

Subjects were random ly assigned to I No significant differences were found 

o f 4 groups (3 treatment groups and I between the 3 treatment grou ps. This 

control group). The 3 treatment study indicates that 12 x 15-, 6 x 30-, I 
groups participated in an active and 4 x 45-second single durations of 

stretching program 3 times per week active stretching were equal ly 

for a 12-week period, holding each effective at increas ing hamstr ing 

stretch exercise for a duration of 15, length when performed 3 days per 

30, or 45 seconds. The total dai ly week fo r 12 weeks in thi s population. 

dose of the stre tches was 180 seconds 

for each group . The control group did 

I not stretch. 

Investigated 2 groups over 5 weeks,l Holding stretches for 15 second~ 

stretching 3 times per week. opposed to five seconds results m 

First gro up: nine 5s stretches greater improvements m range of I 
~Second group: th: 15s stretches -,- motion (ROM). J 

In vesti gated 3 groups over 6 weeks, Effecti ve increases 111 flex ibil ity m 

Bandy & Irion, 

stretching 5 times per week. 

First group: one I 5s stretch 

Second group: one 30s stretch 

Th ird group: one 60s stretch 

the 30s and 60s groups. No 

significant difference (p>0,05) 

existed between the 30s and 60s ! 
groups. Gains was respectively 3.78° 

( 1994:845) 

fo r the I 5s group, 12,5° for the 30s 

group and I 0,86° for the 60s group. 

Three 30s supine and standing Significa;;=-difference (p>0,05) f~ 

Decoster et al. hamstring stretches, 3 times per week pre- and post measurements for both 

(2004:330) over 3 weeks. groups. No significant difference 

between the 2 groups. 
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Author: 

Bandy et al. 

(1998: 195) 

Intervention: Results: 
~ 

Three 30s stretches. 5 times per week Signifi cant mcrease 111 hamstring 

over 6 weeks for the hamstring range of motion of 10.1°. 

muscle group. 

Two groups stretched 5 times per No significant di ffe rence (p>0,05) 

Masterson et week over 2 weeks. between the 2 groups but the 30s 

group showed higher increases 111 al. 

(2008:68) 

Nelson & 

Bandy, 

(2004:245) 

Chan et al. 

(200 1 :81 ) 

Davis et al. 

(2005:27) 

First group: three 30s stretches 

Second group: 5 ti mes five 3s flex ibility gains. 

stretches. 

One 30s stretch, 3 ti mes per week S igni ficant range of mot ion increases 

over 6 weeks. of 12.05°. 

Two intervention groups. Significant increase in hamstring 

Fi rst group: five 30s stretches, 3 flexibility in both of the two training 

times per week over 8 weeks. groups. No difference in ROM 

Second group: 2 times fi ve 30s gained between two training groups. 

stretches, 3 times per week over 4 

weeks. 
..-----

' One 30s stretch, 3 times per week Increases in range of motion of 

over 4 weeks. 

I First group: static stretching 

Second group: PNF stretch ing 

Thi rd group: self-stretching 

hamstring muscle group in a ll groups 

but only static stretching showed 

significantly greater improvements 

than the control group. 

From the di fferent investigations and outcomes seen, it is the opinion of the researcher that a 

static stretch held for anyth ing from 15 to 120 seconds is effecti ve enough to sign ificant ly 

increase fl ex ibili ty, and that anything from one repeti tion once a week, 3-7 days per week also 

seems to be efficient enough for increasing fl ex ibility. The parameter with the most significant 

increases and best results still need to be investigated. 
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The main goal of any flexibility program is to cause plastic deformation of the connective ti ssue 

to gain permanent lengthening of the muscle (Chan et al., 2001 :82) and for this reason a 

stretching program should contain the highest number of repetitions (>3) and done as frequently 

(>3/4days) as possible per week for the long haul in order to gain and maintain the necessary 

degrees of flexibility. 

Literature reveals that the effect of position on a hamstring stretch does not make a significant 

difference in the magnitude of range of motion improvements. The most common hamstring 

static stretch used is the standing hamstring stretch, which according to literature is validated as 

an effective means of improving flexibility (Nelson & Bandy, 2004:256; Bandy et al., 1998:297; 

Bandy & Irion, 1994:84 7). Notwithstanding pelvic positioning whilst performing the stretch is 

directly proportionate to the significance of the stretch (Decoster et al., 2004:333). In a study 

done to compare the standing and the supine hamstring stretch, equal improvement was seen in 

the effectiveness of both stretches. It was suggested, though, that the supine hamstring stretch 

should be preferred to the standing hamstring stretch to ensure and enhance hamstring isolation. 

Also, in the supine position pelvic positioning does not need to be monitored and the stretch can 

therefore be used in unsupervised settings (Decoster et al., 2004:334). Sullivan, Dejulia & 

Worrel ( 1992: 1387) emphasize that with the use of standing hamstring stretching with an 

anterior pelvic tilt and no hip internal or external rotation, more significant increases in range of 

motion can be attained, but that supervision is needed to ensure correct execution. Therefore, the 

use of the supine hamstring stretch is preferred and should be done to ensure maximal 

effectiveness. 
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2.2.2 PROPRIOCEPTIVE NEUROMUSCULAR FACILITATION 

The proprioceptive neuromuscular fac ilita ti on technique was introduced by Knott and Voss and 

involves a combination of contractions and relaxations of the antagonist muscle pai rs whilst a 

partner/trainer applies a passive stretch. The classic PNF techniques are performed by the 

activation of muscle groups in a diagonal pattern (Youdas et al., 20 I 0:240). It can also be 

explained by the involvement of isometric (relax phase) and concentric contract ions (push

phase) that cause the Golg i-tendon organ to inhibit the muscle and uses the theories of autogenic 

and reciprocal inhi bition to re lax the muscle before it is stretched, to lengthen the muscle 

(Nieman, 2009: 194; Davis et a l., 2005:28; Bandy et al. , 1998:296) . 

This is a fairly new technique and was first used by physical therapists for treating patients with 

neuromuscular paralysis, but more freq uently been used by athletic trainers and rehabilitation 

therapists for increasing flexibility (Prentice, 2010: 11 0; Prentice & Amheim, 2008:70; 

Williford & Smith, 1985:30). When the antagonist muscle relaxes via a maximal isometric 

contraction durin g the push-phase of the stretch , the Golgi-tendon organ effect a reflex relaxation 

of the antagonist before the musc le is placed in a position of stretch; as was pointed out above, 

this is called autogenic inhibition. When the antagoni st passively relaxes via the concentric 

contractions of the agoni st muscle that moves the limb further into an agonist pattern and causes 

the antagonist to relax, it is call ed rec iprocal inhib ition. Reciprocal inhibition allows the muscle 

to be stretched while protected from inj ury (Fasen. O 'Connor, Schwartz, Watson, Plastaras, 

Garvan, Bulcao, Johnson & Akuthota, 2009:660; Prentice, 2004: 132). 

According to some researchers thi s techniq ue might produce larger gains in flexibility of some 

joints when compared to other techniques (Ekblom, G rahn & Nordenburg, 1985 cited in Fasen et 

al., 2009:660; Lucas & Kus low, 1984:6 15). but the need of assistance in the performance of the 

stretch makes it less practical. The larger gain is due to a larger reduction of motor neuron 

excitation during stretching due to the submax i mal isometric contractions (Nieman, 2009: 195 ). 

Various authors have identified propriocept ive neurom uscular faci litation as the most effective 

stretch to improve flexibi lity (Sad y et al., 1982:26 1; Tangiwa, 1972:725; Holt et a l. , 1970:6 11 ). 

but much controversy ex ists around thi s phenomenon as o ther authors that found static stretching 
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to be more effective (Davis et al., 2005:28; Bandy et al. , I 998:295) and because proprioceptive 

neuromuscular fac ili tation stretching requires an experienced practi tioner to help with the safe 

performance of the stretch , these stretches should only be used in athletic populations when 

performed by experienced personnel (Roberts & Wi Ison, 1999:259). 

Knowledge about the acute effects of stretches is important for determining the efficiency of 

stretching and expected improvements and because literature on this phenomenon is so scarce, 

more research is needed. Fasen et al. (2009:660) found the greatest improvement in hamstring 

fl exibility after 4 weeks in their PNF stretching group as opposed to the static stretching group -

which ind icates that more research about the time effects of different stretching protocols is 

essential. Fasen et al. (2009:660) also investigated the term "neuromobilization" or nerve glide, 

such as the slump-test, stretches which are acti ve stretches in which the nervous system is made 

taut and then slack, and its effect when used in combination with PNF stretches. The results of 

the study emphasized the fact that fl exibili ty is not only influenced by muscle elasticity but also 

by connective tissue/nervous tissue extensibi lity. Shrier (1999:22 1) found a reduction in return 

to activity time after injury with the use of neuromobilization techniques, which correlates with 

Kornberg and Lew's assumption (cited in Fasen et al., 2009:66 1) that if abnormal neural 

retraction predisposes the hamstring to strain, then stretching these neural structures should 

improve flexibili ty and protect one against injury. 

There are three proprioceptive neuromuscular faci litation techniques used regularly today. The 
1 Hold-relax method that is the mostly used, is when the athletic trainer moves the limb passively 

into the agonist pattern, meaning that all muscle groups in the pattern are activated isometri call y 

(Youdas et al., 20 10:24 1). After the lengthened time held the athlete uses the antagonist muscle 

and performs a concentric contraction aga inst resistance given by the trainer fo r the period of 

time stated. The limb is then aga in moved in to the agonist pattern (Prentice, 20 10: 128; Prentice 

& Arnheim, 2008:70; Plowman & Smith , 2002:583). 

In the 2Contract-re lax method, the rotators or the extremity are allowed to shorten, whereas all 

other muscle groups in the pattern contract under isometri c condit ions (Youdas et al., 20 I 0:24 1 ). 

It starts with an isometric contraction or the antagonist muscle against resistance, fo llowed by a 
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concentric contraction of the agonist muscle against resistance to produce a maximal stretch of 

the antagonist (Prentice, 2004: 126; Prentice & Arnheim, 2008:70). 

The 3Slow-reversal-hold-relax method combines both hold-relax and contract-relax procedures 

(Youdas et al ., 2010:24 1). This technique starts with a concentric contraction of the agonist 

muscle that often limits range of motion in the agonist pattern, followed by an isometric 

contraction of the antagonist during the push-phase. During the re lax-phase the antagonist is 

stretched via the contraction of the agonist muscle that moves the limb back into the agonist 

pattern (Prentice & Arnheim, 2008:70; Prentice, 2004: I 27; Plowman & Smith, 2002:583). 

According to literature the holding times of the respective push-phases and the relax-phase vary 

from 3- to l 0-seconds at 20-75% of maximum voluntary contraction per phase. (Prentice, 

2010:127; Nieman, 2009:1 94; Feland et al., 200 1:186; Lardner, 2001 :259; Williford & Smith, 

1985:3 1). 

Although many sources speculate that proprioceptive neuromuscular fac ilitation can cause more 

muscle lengthening over time because of the neurophysiological mechanisms mediated by the 

Golgi-tendon organ and muscle spindle (Youd as et al., 20 I 0:24 1 ), they also indicate that it can 

cause more muscle stiffness and muscle soreness than static stretching does and it is 

disadvantageous because an experienced trainer is needed to help with the execution of each 

stretch (Brooks, Fahey, White & Baldwin, 1999:453). 

18 



Stretchin g techniques on hamstrin g fl ex ibility in female adolescents Chapter 2: Literature 
"' - - - -

2 .2.3 BALLI STIC STRETCHING 

Ballistic stretching can be characterized by an action-reaction bounding motion that uses 

rhythmic motion and momentum of a swinging body segment to lengthen the muscle vigorously 

(Nieman , 2009: 194; Plowman & Smith, 2002:582; Bandy et al. , 1998:295). The repetiti ve 

bouncing-motion contractions of the agoni st muscle group causes the antagonist musc les to relax 

thus, the group are stretched quick ly and forced to e longate (Prentice, 20 I 0: I 08; Plowman & 

Smith, 2002 :582). 

Although literature states that significant increases in range of motion can be obtained from 

ballisti c stretching, many authors recommend that ballist ic stretching should rather not be used as 

part of a flex ibil ity tra ining program (Roberts & Wilson, 1999:259; Bandy et a l. , I 998:295; 

Bandy & Irion, 1994 :846). The ir reason for the recommendation is due to the quick stretch that 

distorts the intrafusal fibres of the neuromuscul ar spindle and acti vates the annulospiral nerve 

endings that sends an impulse to the spinal cord that results in a strong myostat ic stretch refl ex of 

the muscles being stretched , which can alternatively cause a strain or rupture of the involved 

tissue (Plowman & Smith , 2002 :582; Bandy et al. , 1998:295). 

Ballistic stretches do not last longer than six seconds, which means that the Golg i-tendon o rgan 

is not activated and that the lengthening of the musc le re lies on the muscle spindle onl y. A n 

example of ballistic stretching is a bouncing movement bending forward from the hips, keeping 

the legs extended and reaching fo r the toes v ia momentum (Prentice, 20 I 0: I 08). 

When compared with static stretching, La Roche and Connoly (2006: I 006) found that bo th 

increased range of moti on and stretch to lerance, w ith no changes in muscle stiffness, work 

absorption or delayed-onset-muscle-soreness (DOMS). In addi tion, both static and ballist ic 

s tretching cause's small amounts of DOMS (delayed-onset-muscle-soreness) in a manner similar 

to eccentric exercise and should prov ide as a protection shield against further damage. Fu rther, 

they advised in thei r arti c le to use ballis ti c stretching prior to eccentric exercise because it 

invokes a greater amount of eccentric muscle acti v ity - which would place greater s trai n on the 

musculo-tend inous structures and therefore provide protection aga inst futu re bouts of exercise 
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and injury (La Roche & Connoll y, 2006: I 006), but must only be practised by high-performance 

athletes that are used to balli sti c stretching and not by untrained or sedentary individuals. 

2.2.4 DYNAMIC STRETCHING 

Dynamic range of motion is a fairly new method of lengthening the muscles and was suggested 

by Murphy in 199 1. He claimed that dynamic range of motion (DROM) has been shown to 

cause greater amounts of increases in muscular relaxation than other stretching techniq ues, is 

more effective at increasing range of motion and strength and prevents large discrepancies 

between active and passive flexibility and is therefore a better way to increase flexibility than 

static stretching because of static stretching's passive nature and in that it does not increase 

muscle temperature to prepare it for the activity to fo llow (Murphy, 199 1 :68). 

Dynamic range of motion invo lves a grad ual movement - a contraction of the antagoni st muscle 

that cause the lengthened muscle at the joint crossed by the agonist muscle to move through a 

full range of motion at a controlled, slow tempo - from one body position to another (Nieman, 

2009: 194; O ' Sullivan et al., 2009:38; Bandy et al., 1998:296; Murphy, 199 1 :68). When DROM 

is performed, metabolic processes increase that cause an increase in muscle viscosity and allows 

for a smoother contraction (M urph y, 199 1 :67; Nelson & Bandy, 2004:254). 

DROM starts from the neutra l position. The limb is then slowly (approximate ly 4- to 5-seconds) 

moved to its end range of motion , whereafter the limb is briefly held for 4- to 5-seconds at this 

end range and thereafter is moved back slowly to the origina l neutra l position using an eccentric 

contraction (O ' Sulli van et al., 2009:38; Murph y, 199 1 :68). 

DROM is a fai rl y new technique and very few stud ies have been done comparing DOMS with 

other stretching techniques. Bandy et al. ( 1998 :299) found in their experiment that both static 

stretching and dynamic range of mot ion cause increases in hamstring flexibi li ty when both 

groups stretched for 5 days per week for six weeks, 30 seconds per day, but the static stretching 

group showed two t imes the increase in flexibility compared to the DROM group. 
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Stretching that is done in a controll able manner does not cause muscle soreness, which expla ins 

why dynamic s tretching has become the technique of choice in the athletic population. Dynam ic 

stretching can also be perfo rmed for any j o int, which means that it can be more c lose ly re lated to 

the type of acti v ity o r sport that the athl ete engages in . In other words, dynamic stretching is 

highl y funct ional when it comes to sport and is recommended for athl etes prior to beginning an 

activi ty (Prentice, 20 I 0: I I 0). 

2.2.5 COMPARISON BETWEEN DIFFERENT STRETCHING TECHNIQUES 

Although all fo ur stretching techniques have been demonstrated to increase or improve 

flexibili ty, there is still a cons iderable amount of debates concerning the technique that produces 

the greatest increases in fl exibili ty and range of motion (Prentice, 2010: 1 I I). As ment ioned, 

numerous studies have been done comparing different stretching techniques and parameters, but 

conflicting results cause uncerta inty as to which stretching technique or which parameters to use 

to get the most benefit fro m your stretching program. 

A lthough ball istic stretching has not been recommended because of its potenti a l damaging 

effects, it causes sim ilar amounts of range of mot ion increases than static stretching, and may be 

considered for h ighly tra ined athl etes whose sport in volves bouncing and rapid movements 

(Prentice, 20 I0 :11 O; N ieman, 2009: 194; Woolstenhulme et al. , 2006:802). PNF stretching may 

produce slightly larger gains in range of motion than the other stretching techniques du ring one 

session or if one is look ing to increase fl ex ibility in a short t ime span, but is less practical than 

static-, ball ist ic and dynamic stretching (N ieman, 2009: 194). PNF and static stretching produce 

greater gains in range of moti on than dynamic stretching (Nieman, 2009: 194). 

Table 2 .2 summarizes a ll studies referred to on compari son of techniques, the di fferent 

parameters and res ul ts. The table can he lp identify the techn ique and parameters to use to obta in 

maxima l results for the specifi c goa l to be reached. 
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Table 2 .2: 

Author: 

Davis et a l. 

(2005:27) 

LaRoche & 

Connoly, 

(2006: I 000) 

Feland e t a l. 

(200 I :186) 

Willi ford & 

Smith , 

( 1985:30) 

Nelson & 

Bandy, 

(2004:254) 

Comparison of stretching techniques 

In tervention: Results: 

4 groups (3 intervention grou ps and All stretching techn iques increase 

1 control) stretched 3 times per hamstring fl exi bility after 4 weeks, but 

week over 4 weeks. 

Gro up 1: one 30s stati c stretch. 

Gro up 2: one 30s PNF stretch. 

I Grou p 3: one 30s self-stretch. 

2 intervention groups stretched 3 

times per week, over 4 weeks. 

~ Group I : ten 30s static stretches. 

Group 2 : ten 30s ball istic stretches. 

onl y the static stretching group 

showed signifi cantly greater increases 

compared with the control group . 

After 4 weeks the range of motion was 

significant ly h igher in both static 

(9,5% ±6,7%; p=0,02) and bal listic 

(9,3%±9,3%; p=0,02) stretching 

groups. 

Two treatment groups. "'i7epetit io;-r=Both traini ng groups significantly 

o f 32 seconds. 

First group: stat ic stretching. 

Second group: PNF stretching. 

Two train ing groups. Stretched 2 

days per week fo r n ine weeks. 

First gro up: static stretchin g. 

Second group: PNF stretching. 

improved hamstring fl ex ib il ity. 

Both PNF and static stretching 

improved flex ibility equally. No one 

was found more effecti ve than the 

other. 

Three gro ups (2 intervention and I Increases in hamstring fl exibility 

control group) stre tched 3 times per when comparing 2 intervention groups 

I week over 6 weeks. 

! Group I : one 30s static stretch. 

Group 2: six 5s eccentric exercises. 
ij 

with the control group. No significant 

difference between 2 intervention 

groups in respective gains. 

Static group 12, 79°. 

Eccentric group 12,05° . 
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Author: 

Bandy et al. 

( 1998:295) 

Sady et al. 

( 1982:26 1) 

Lucas & 

Intervention: Results: 

Three groups (2 intervention and I Significant difference between control 

control group) stretched 5 days per group and intervention groups. 

week for 6 weeks. Sign ificant difference (p>0,05) 

Group I: one 30s static stretch . between static group ( 11,42°) and 

Group 2: six 5s dynam ic range of 

motion stretches. 

Four groups (one control and 3 

intervent ion groups) stretched 3 

ti mes per week fo r 6 weeks. 

I Group I : two 6s static stretches. 

Group 2: two 6s P F stretches. 

Group 3: 20s ba ll istic bounces. 

Three groups (3 intervention 

DROM group (4,26°). 

I Only the PNF group showed 

significant increases in flexib ility 

( I 0,6°) when compared to the other 2 

! intervention groups and the control 

group. 

All groups showed significant 

groups) stretched 3 t imes per week increases in fl ex ibi li ty. 

Koslow, for 7 weeks. 

( 1984:615) All groups did 5min of stretching of 

i 20s each. 
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2.3 FLEXIBILITY AND AGE 

2.3.1 CHILDREN AND ADOLESCENTS 

Regular physical fitness and exercise are known to have favorable effects on growth and 

maturation of children and adolescents (Ribeiro, Portal, Da Silva, Monte & Dantas, 20 I 0 :38). 

The participation of children in organized sports and the emphasis on fitness and skill s of these 

young athletes have increased tremendously in recent years - to such an extent that the number of 

sports-related injuries have mu ltiplied in this population (Dahab & Mccambridge, 2009:223; 

Micheli & Klein, 199 1 :6). Advancements in the duration and intensity of the sports discipl ine' s 

training have increased in both children and adolescents' sports and generated new patterns of 

injury that was previously rare (Micheli & Fehlandt, 1992:71 3; Micheli & Klein, 199 1 :6). 

Whether or not a lack of fl ex ibility could be a direct cause of injury is still very much debatable, 

but its importance after inj ury is heavily documented in literature (Wallmann, 2009:35 5). 

Research shows that children have greater flexibility measures during elementary school phases 

and stages of development up unti l the age of 12 whereafter any changes in fl ex ibility arc 

negative (Valdivia, Canada, Ortega. Rodriquez & Sanchez, 2009: 11 ). The cause of this greater 

fl exibility/joint looseness, which can be seen during ages I 0-14, is related to the release of 

androgens and estrogens during growth and start to decrease by the onset of puberty around age 

12 (Valdivia et al.. 2009: 11 ). Physiological changes that occur with aging are responsible for the 

decrease in fl exibi lity that comes with aging (Wallmann, 2009:356). 

Despite the fact that fl exibility often benefits maximal performance and the lack thereof 

predisposes adolescents and children to inj ury and restricted mobil ity, young athletes often 

overlook this part of their phys ica l train ing, only emphasizing strength and endurance (Haywood 

& Getchell , 200 I :333). It has therefore been suggested that fl ex ibility is a quality that must be 

developed as part of the curri culum in primary and secondary schools (Vald ivia et al. , 2009: 11 ). 

Chron ic overuse inju ries were previously rare in thi s adolescent age group, but numbers have 

recently increased tremendously due to the repetit ive microtrauma placed on the body during 

24 



Stretching techniques on hamstring flexibility in female adolescents Chapter 2: Literature 
- -~---

sports (Micheli & Klein, 1991 :6). These overuse injuries can be divided into 5 broad spectrums, 

namely stress fractures, tendonitis, traction apophysitis, bursitis and joint disorders (Micheli & 

Klein, 1991 :6). 

Growth has also been identified as the centra l factor in the development of overuse injuries in the 

young athletic population (Micheli & Klein, 1991 :7). From birth to four years the greatest 

growth rates are recorded in both boys and girls after which rates level off and eventually 

decrease until the rapid adolescent gro~h spurt (Micheli & Fehlandt, 1992:724). 

It is also during the phases 3 to 12 years that "growing pains" are a common complaint in 

pediatric visits and a prevalence of 2,6 to 49.4% has been reported (Cardin, Magalhaes & 

Marcolin, 2008:2). Growth plates or epiphysis are growing areas of the long bones of the 

extremities which remains vu lnerable to injury from childhood into adolescence (McDaniel, 

Jackson & Gaudet, 2009: 18; Micheli & Klein, 199 1 :7). The apophysis undergoes slower growth 

with fewer proliferative-layer cel ls and increased longitudinal collagen fibers transversing the 

physis and reflecting forces placed upon it (Micheli & Fehlandt, 1992:724). During growth the 

soft tissues elongate passively in response to the longitudinal growth of the bones, which cause 

the muscle-tendon unit to tighten (Gal lahue & Ozmun, 2006:252; Micheli & Klein, 1991 :7). The 

apophysis then often becomes the "weakest-link" because of the muscle-tendon unit's tightening 

and the loss of flexibility that exposes the environment to apophyseal injury owing to increased 

forces transmitted across the joint and from the re lative weakening of the apophysis caused by 

rapid clonal expansion of chondrocytes (Micheli & Fehlandt, 1992:725). In other words, during 

rapid growth, bone growth precedes muscle and tendon growth and results in a tighter muscle

tendon unit, making the ath lete more susceptible to injury (Gallahue & Ozmun, 2006:252). This 

occurs especial ly during early adolescence when the bones grow in length and stimulates the 

muscles to grow in length, causing temporary loss in flexibility (Haywood & Getchell, 

200 I :335). 

Girls begin their ado lescent growth spurt at around age 9 and on average reach their peak height 

veloci ty at ages 11 ,5 to 12 years that tapers off at approx imately age 14 (Valdivia et al., 2009: 15; 

Haywood & Getchel I, 200 I :54 ). Ages 14 to 16 are the ages that girls are the most prevalent to 
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injuries especially inj uries to the growth plates if they participate in a program that does not take 

th is into account (McDanie l et a l. , 2009: 19). Data clearly indicate linear improvement in the 

average female's sit-and-reach scores from ages I 0 to 16 years fo llowed by a slight decline. 

Around age 17 a plateau is reached and regress ion might start occurring in flex ibility scores 

slightl y after this age (Ga ll ahue & Ozmu n, 2006:340-341 ). Girls as a group are usuall y more 

flexi ble than boys because stretching exercises are more socially acceptable for girls than 

vigorous activity and girl s tend to engage in dancing and gymnastics more typicall y than boys 

(Haywood & Getchell, 200 I :335). Gi rl s al so tend to outperform their male counterparts at al I 

ages which may be due to anatom ical differences and sociocultural variances in activity 

(Gallahue & Ozmu n, 2006:340). 

Boys only start their adolescent growth spurt around age 11 and reach their peak velocity he ight 

at 13,5 to 14 years, which tapers off at 17 amounting to I 0 to 13 centimeters of height gained 

more than girls because of the 2 extra years of growth spurt (Haywood & Getchell, 200 I :54-55). 

Boys show declines in fl exibility scores from age 12 and increases in growth plate inj uri es at 

around ages 11 to 13 years if not participating in a well-conditioned program, which might 

already be due to the rap id growth spurt during which the Jong bones grow faster than the 

muscles and tendons. A plateau and regression can also be seen at age 17 (Gallahue & Ozmun, 

2006:340-341; McDaniel et al. , 2002: I 9). From the aforementioned it can be concluded that 

girls do not necessarily lose fl ex ibil ity measures during adolescent growth but stays linear or 

even improve, whereas boys show declines in fl exibility from age 12 till I 7 years. 

As gender is a maj or factor in the ti ming as well as the extent of growth (McDaniel et al.. 

2009: 18), it is essenti al that prepubescent and adolescent boys and g irls engage in a proper 

stretching program along w ith strength and endurance training to counter the tendency of 

reduced flex ibility (McDaniel et a l.. 2009:20; Ga llahue & Ozmun, 2006:252 & 34 I). A good 

amount of fl ex ibility can be ma intained well into adul thood and beyond if appropriate acti v iti es 

and fitness parameters are mainta ined (Wallmann, 2009:356; Ga llahue & Ozmun, 2006:341 ). 

Gall ahue and Ozmun (2006:34 1) use the expression " Use it or lose it". 
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A study done by Valdivia et al. (2009: 15) found that the greatest increases in flexor muscle 

performance range from ages 10-11 years, with a gradual decrease in flexibility as the age ranges 

increased. Twenty-nine and thirty-year old participants showed the minimum increase. 

To prevent musculo-tendinous injury and especially overuse injuries, an assessment of any risk 

factors needs to be done (Micheli & Klein, 1991 :8). It is necessary to assess the overall fitness, 

flexibility and medical condition of the sports candidate and measure it against the demands of 

the sport (Valdivia et al., 2009: 11 ; Micheli & Klein, 1991 :8). The guidelines for youth training 

programs should include the necessity of flexibili ty exercises and the need for slow, progressive 

increases in training and intensity (McDaniel et al., 2009: 19; Micheli & Klein , 1991 :8). The 

decrease in flexibility caused by the growth spurt or the decrease that accompanies the spurt 

should be addressed by a prophylactic stretching program (Michel i & Klein , 1991 :7) to avoid 

weakening of the apophysis with subsequent injury or inflammation (Micheli & Fehlandt, 

1992:725). 
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2.3.2 ADULTS 

According to literature, fall s is one of the most common causes for accidental deaths among 

elderly people, because old age is associated with time-dependant losses in physical capabilities 

(Hong & Robinson, 2000:29; Bassey, 1998: 12). These dependent losses refer to the decrease in 

balance control , decrease in muscle mass and strength and increases in muscle stiffness. 

Although the improvement of physical function is frequently overlooked by physicians caring for 

the elderly, it has been shown that participating in phys ical exercise can significantly increase 

musculoskeletal function and help improve the so-called losses that are common in the elderly 

(Galloway & Joki , 2000:37). 

As stated in literature, children have greater flexibility in joints than adults (Wallmann, 

2009:356), but as one ages the flexibility scores decrease. This is due to physiological changes 

that cause decreases in overall musculoskeletal flexibility. Loss of muscle function , increased 

intramuscular connective ti ssue, certain physical and biochemical changes that occur in collagen 

all result in decreased range of motion, a gradual decline in the efficiency of performance of 

activities of daily living and a decrease in muscle extensibility (Wallmann, 2009:356). For 

maintenance of the musculoskeletal function, balance and agility in the older population, an 

adequate amount of flexibility and ranges of motion is needed that will enhance an individual" s 

functional capabilities; for example, bending, picking something up, reaching for something and 

in fact will also decrease the possible ri sk of injuries associated with joint or muscle stiffness. 

Although a physical program must place emphasise on cardiovascular and strengthening 

exercises, stretch training for all major muscle groups must al so be included and done on a da il y 

basis because flexibility usuall y declines and visibly reduces by the third decade of life and 

progresses with aging, and also because good muscle flexibility can counteract the decline in 

physical capabilities that is usuall y associated with the elderly (Wallmann, 2009:356; Armstrong 

et al., 2005:250). 
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2.4 STRETCHING AND INJURY PREVENTION 

The use of stretching as part of an injury prevention program has been widely accepted and 

promoted among the sporting and ath letic communities. Despite thi s widespread use of 

stretching regimens there is still no conc lusive evidence to support thi s practice. 

Stretching is believed to decrease visco-elasticity and increase the compliance of a muscle and 

through that increase the range of motion of the joint. Shrier (2004:268) defines compliance as 

the reciprocal of stiffness and points out that it is equal to changes in tissue divided by the force 

applied to achieve the changes in length. 

In the literature it seems that the compl iance of the muscle-tendon unit plays a critical role in 

what may cause a decrease in injury rates (Witvrouw, Mahieu, Danneels & McNai r, 2004:445), 

and it is therefore of importance to understand how the muscle-tendon unit works during 

activities and stretching. 

A muscle-tendon unit consist of both active- (contractile) and passive- (non-contractile) 

components, which both play a role in the absorption of energy (Safran et al. , cited in Witvrouw 

et al., 2004:445). As seen in the basic literature (Anderson, 2005:219; Witvrouw et a l. , 

2004:445), a muscle at rest can be associated with increased compliance and a decrease in the 

ability to absorb energy/ forces ; whereas an active muscle can be associated with a decrease in 

compliance and an increase in energy absorption of the force applied on the muscle. When the 

contractile (muscle) components are active to a high level , forces can be absorbed to a higher 

level , which again results in a reduction in muscle fiber trauma (Witvrouw et al. , 2004:445). In 

accordance with that, if tendon (passive components) stiffness increases in the outer ranges of 

movement due to low compliance, greater passive forces are generated in the muscle that cause 

the force to be transferred to the contractile components, leaving little energy to be absorbed by 

the tendon tissue, but increasing forces to be absorbed by the active components, resulting in 

increased risk for trauma (Anderson, 2005:2 19; Witvrouw et a l. , 2004:445). 
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Therefore, the objective of any injury reduction regimen should be to decrease the compliance of 

the tendon tissue resulting in more energy absorption that then leads to reduced injury rates. 

In two separate studies, researchers reported that tendon stiffness can be reduced through 

stretching exercises because periodic stretching leads to structural changes in the collagen. This 

decrease in compliance and stiffness of the tendon tissue leads to an increase in energy 

absorption by the stretched tendon, in turn resulting in lower injury risk because stresses on the 

tendon will less likely reach the maximal point of energy-absorption and less energy will 

therefore be transferred to the contracti le components, thereby reducing the risk of muscle injury 

(Witvrouw et al., 2004:448; McNair, Dombroski , Hewson, Stanley & Stephan, 2001 :355). 

One problem that exist in stretching of the passive components is that it is necessary to initiate 

plastic deformation in order to effect a change in normal but short, healthy tissue, which is, on 

the other hand, not a recommendation in using it as part of a warm-up because of the potential 

damage or fatigue it can cause by overstretching of the tissues . It is also important to identify the 

end point before the muscle enters the plastic region through a point of stretch and not pain 

(Weldon & Hill , 2003:147). 

Whether injury can occur when a muscle is stretched beyond normal length is another debate in 

literature. It appears that sacomere length is more related to exercise-induced muscle injuries 

than muscle length itse lf (Shrier, 2004:268), because when the actin and myos in myofilaments 

are stretched to a point where they no longer overlap, forces are transmitted to the cytoskeleton 

and muscle damage occurs (Anderson, 2005:2 19). This can even occur if a muscle has a normal 

range of motion and therefore it appears through the literature that under this hypothesis, muscle 

compliance may be irrelevant to injury, whereas sacromere's energy absorption capabil ities is of 

greater importance (Anderson. 2005:219). According to the literature this also makes it difficult 

to identify the stretching technique that wil l cause the least muscle fiber damage, because even 

strains as little as 20% beyo nd resting fiber length can cause fiber trauma (Macpherson, Schork. 

Faulkner 1996, cited in Shier 2004:269). 
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Despite these claims stretching immediately before exercise may have different effects on 

muscles than stretching during other times or just after exercise as a cool-down and should be 

considered as different interventions. 

2.4.1 STRETCHING BEFORE EXERCISE 

Warm-up exercises prior to any activity whether moderate or strenuous, have always been a 

recommendation made for all in vo lved in varies types of activities. A warm-up usually includes 

exercises that are directly related to the sport performance to follow; it can be identical to the 

sport or indirectly related to the sports performance (McHugh & Cosgrave, 20 I 0: I 79; Powers & 

Howley, 2004:536). The main aim of a warm-up is to increase the body's temperature and to 

prepare the body for the transition from rest to the exercise state (Powers & Howley, 2004:325). 

According to Plowman & Smith (2002:586) stretching exercises alone do not increase body 

temperature and can therefore not be related to as a warm-up. In fact, cardiovascular exercises 

should be done prior to stretching to increase the body temperature to ± 39° Celsius that has 

shown beneficial effects, because increased body temperature leads to increased metabolic 

processes and decreased viscosity and also increase oxygen uptake and neuromuscular 

transmission and improve the elasticity of the collagen; which all lead to the muscle being more 

receptive to stretching (Prentice, 2004: 133; Plowman & Smith, 2002:587; Brooks et a l. , 

1999: 146). 

Although considerable confusion exists about the relationship between warming-up and 

stretching prior to exercise/performance it is generally accepted that stretching will increase joint 

range of motion (Powers & Howley, 2004:536) and will especially be beneficial to individuals 

partak ing in sports that requires extreme range of motion (Plowman & Smith 2002:587). 

McHugh & Cosgrave (20I0: 171) stated that stretching before performance may have an impact 

on some types of injuries and no impact on other types, for example, muscle strains where they 

plausible theorized it to ( I) Stretching that makes the muscle-tendon unit more compliant, (2) 

increased compliance shift angle-torque relationship to allow greater relative force production at 

longer muscle length, and (3) the enhanced ability to resist excess ive muscle elongation may 

decrease the susceptibili ty to a muscle strain injury, but they stated that more adequate research 
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is needed in sports w ith a high incidence of muscle strains to thoroughly explain this phenomena 

and that it doesn ' t apply to non-contractile component injuries. 

Several studies have examined the association between pre-participation stretching and injury 

risk (Table 2). Of the eight studies examined, only three showed no efficacy of stretching in 

reducing injury risk (Pope, Herbert, Kirwan & Graham, 2000:271; Van Meche len, Hlobil, 

Kemper, Voorn & De Jongh, 1993:71 1) while the other fi ve showed some efficacy of stretching 

reducing in injury ri sk (Hada la & Barrios, 2009: 1587; Olsen, Myklebust, Engebretsen, Holme & 

Bahr, 2005:6; Amako, Oda, Masuoka, Yokoi & Campisi, 2003:442; Bixler & Jones, 1992:134; 

Ekstrand, Gillquist & Liljedahl, 1983: 116). 

Olsen et al. (2005 :5) report a period prevalence o f 129 knee injuries per 1000 player hours 

among 123 youth sports clubs after completion of a program that included ballistic stretching, 

warm-up running, technique, balance and strength and power. Of the 129 knee injuries 81 

injuries occurred in the control group population. Bixler & Jones (1999: 134) report a significant 

decrease in lower extremity injuries in the ir study on the effect of a 90 second static stretch 

followed by a 90 second warm-up just after half-time. Ekstrand et al. (1983: 116) report an injury 

prevalence of 0,6 injuries per month for the intervention group and 2,6 injuries per month for the 

control group after completion of a I 0 minute PNF stretching program, a warm-up and the use of 

leg guards, correct rehab ilitation, supervision and taping by the intervention group. Amako et al. 

(2003:442) reported a muscle/tendon injury prevalence of 2.5% in the intervention group and 

6.9% in the control group and a prevalence of 1 % in the intervention group and 3.5% in the 

control group for lower back injuries. Together a tota l of a 66% reduction in musculo-tendinous 

injuries was found in the intervention group when compared to the control group, who actuall y 

performed some unsupervi sed stretches. Lastly, Hadala & Barrios (2009: 1587) report that a 30 

minute stretching session with two warm-up exercises resulted in a reduction of 82% in muscle 

injuries when compared to the same gro up in the pre-intervention season where 22 muscle 

injuries over a course of 9 days of competition was recorded , efficient in reducing the number of 

injuries when compared to no stretch ing. 

In contrast to the above, Pope et al. (2000:271) found no significant difference in injury rates 

between the intervention group, who stretched sta ti ca lly for 20 seconds over a period of 12 
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weeks, and the control group. Pope et al. (2000:275) conclude that each recruit will have to 

stretch for 3 100 training sessions to prevent I injury. In another study the same researchers 

(Pope, Herbert & Kirwan, 1998: 165) again found no effect of a 20 second stretching plus warm

up protocol for one muscle group. Despite the limitation to the time of stretch, Pope et al. 

(1998: 165) do not suppo11 the proposal that stretching before exercise might reduce inj ury rates. 

The researcher found one study that reported an increase in injury occurrence in the intervention 

group that followed a stretch ing program with a warm-up program twice a day for 16 weeks. 

The injury prevalence was recorded as 4,9 running injuries per I 000 hours for the control group 

and 5,5 running injuries per I 000 hours for the intervention group (Van Mechelen et al. , 

1993:7 1 I). 

As seen in all the above studies, literature has fa iled to support this injury prevention notion. 

Although all of the above studies used static stretching protocols, no studies have been done to 

show that static stretching as means of establishing flex ibility does anything to prevent injury 

(Murphy, 1991 :68). In fact, static stretching can cause hypo-activity and lead to overstretching 

because of stretch tolerance increases (Shrier, 2004:33) and can cause instabil ity, weakness and 

injury (Murphy, I 991 :69). 

Although static stretching was done in most of the studies that fo und positive outcomes between 

stretching and injury prevention occurrence, is was in all cases either followed by or done post 

other warm-up ski ll s including running which support Plowman & Smith (2002) that 

cardiovascular exercises need to be done to increase body temperature to al low the muscle

tendon unit to become more resi I ient to the stretch. McHugh & Cosgrave (20 l 0: 179) present the 

fo llowing stretching recommendations as reasonable for injury prevention : ( I) pre-participating 

stretching should target muscles susceptible to higher injury occurrence, for example, hamstrings 

strains in soccer and footba ll , (2) at least four to five 60 second stretches to pain tolerance must 

be appl ied and performed bilatera ll y to decrease pass ive resistance to stretch , (3) to avoid 

lingering stretch-induced stretch loss, dynamic pre-participation dril ls must also be performed 

before actual performance. 

Despite Plowman & Smith·s outcome, Murphy ( 199 1 :67) doubt the use of static stretches even 

after cardiovascular warm-up because of its passive nature. He argues that passive acti vity docs 
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not increase temperature and therefore if done post cardiovascular warm-up will only allow the 

muscle to get cold again (Murphy, 199 1 :67). Therefore it is also important to note that the 

frequency for stretching may be different fo r different muscle groups because of different 

temperatures and different amounts of pennation fo r each muscle to be able to get most benefit 

out of a stretching session (Shrier, 2004:269). Murphy proposed the use of dynamic range of 

motion exercises to accomplish normal range of motion which is all that is needed because of 

sacromere heterogenei ty and the fact that most strains occur during eccentric exercise and not in 

the outer ranges (Anderson, 2005 :2 19), which wil I also prevent the detrimental factors of static 
I 

stretching (Murphy, I 991 :69). This type of stretch will not only accomplishes range of motion, 

but will also help the athlete to stay strong throughout the range of motion. 

Although many sources do not support the use of any stretching exercises to decrease injury 

rates, dynamic range of motion exercises seem I ike a very good means to prepare the muscles for 

the activity to follow by increasing core temperature (Murphy, 1991 :67) and loosening of the 

joints in normal range of motion limits when used in conjunction with warm-up exercises. 

Therefore, the use of only stretching as warm-up is not supported and is not recommended. 

Intramuscular temperature should first be increased before stretching to get most effic iency out 

of a stretch during either a rehabilitation program or general conditioning program and it can be 

achieved with low-intensity warm-up exercises (Prentice, 2004: 133). 
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Examples of dynamic range of motion exercises are li sted in Table 2.3. 

Table 2.3: Dynamic range of motion exercises 

Dynamic stretching exercise: 

Deep lunge w alk 

Swing leg in sagital plane while w alking (every 3rd step) 

-- - ~ 

Take frontal support aga inst a gym ladde r and swing leg in frontal plane 

nd trunk forwards, catch ladder Stand in stradd le pos ition, take support, be 
bar at hip level and b 

~--
end deeper 

Stand fronta lly on the lowest ladde r bar, lower and li ft heels 

-
Stradd le in sitting position, knees bent, lo 

touching the gr 
wer knees alternately inwards 

ound 
-

Sit in hurd ling position, bend trunk towar ds straight leg and back, slowly 

-

Take fron tal support against a gym ladder and swing leg high backwards 

--
Take frontal support aga inst gym ladder and circle free leg, knee bent 

-

he noor; lift hee ls alternate ly, the 
n the fl oor 

Lean aga inst the gym ladder, both feet on t 
bal Is of feet rest ing o 

-
(Makaruk, Makaruk & Kedra, 2008:24) 

Chapter 2: Literatu re 

Ti!!!! (s): . 

2 x JO 

2 x 15 

2 x 15 

2 x 10 

2 x 10 

2 x 20 

2 x 20 

2 x 15 

2 x 15 

2 x 15 

35 



Stretching techniques on hamstring flex ibility in female adolescents Chapter 2: Literature 
- _,. - - - - - - ___ .... 

2.4.2 STRETCHING EXERCISES DURING OTHER TIMES OR AS COOL-DOWN 

The reason for the recommendation of a cool-down period after exercise sessions is to provide 

gradual recovery from the endurance or game phase (A rmstrong. Balady, Berry. Davis, Davy, 

Davy, Franklin , Gordin, Lee, McConnol, Myers, Pizza, Roland, Stewart, Thompson & Wallace, 

2009: 154) and to return the heart rate and blood pressure to normal gradually (Powers & 

How ley, 2004:312), reduce potential post-exercise hypotension, facilitate diss ipation of body 

heat, promote rapid remova l of lactic acid and combat the potential , deleterious effects of the 

post-exercise ri se in catecholamine (Armstrong et a l., 2009: 154). 

Cool-down periods can vary from anyth ing between I 0-30 minutes of continuous activity, 

depend ing on environmental conditions, fitness levels and the nature of the training sess ion 

(Powers & Howley, 2004:427). The cool-down usuall y includes low-moderate intensity 

cardiovascular exercise such as walk ing or j ogging and can be fo llowed by stretching 

(Armstrong et al., 2009: 154; Powers & Howley, 2004 :3 12). 

Flexibility and extensibility of the muscles and fascia are important in ma intaining a normal 

ran ge of motion, wh ich in turn is important for athletic performance (Murph y, 199 1 :69). 

Through stretching during the cool-down phase, bu t preventing excessive stretch ing to ma inta in 

normal muscle tension, the fasc ia can stay intact (M urphy, 1991 :69), actin and myosin will not 

overlap and cause muscle damage (Anderson , 2005 :2 19) and the athlete's performance w ill not 

be affected. Yet again Murphy ( 199 1 :68) di sregards the use of stat ic stretching even as part of 

cool-down because of its passive natu re. The cont in uous activity during cool-down (Powers & 

Howley, 2004:427), but at lower intensity to redi rect blood flow away from the muscles can be 

obtained via a dynam ic range of motion exerc ises, which w il l a lso help the athlete to stay strong 

through the ful l ran ge of motion of the joint (Murphy, 199 1 :69). 

In a study done on in fa ntry bas ic trainees, inj ury prevalence of 29.1 % for the contro l g roup and 

16.7 % for the intervention group was recorded after 13 weeks of extra 3 times daily stretching 

by the intervention group (Harti g & Henderson. 1999: 175). It was conc luded that increased 
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hamstring flexibil ity resulted in fewer overuse injuries and the use of flexibi lity exercises 

multiple times daily to maintain the stretch effect was recommended. 

From the literature it follows that stretching during cool-down is most effective in improving or 

maintaining the functional range of motion needed for sport (Anderson, 2005:2 19) and that 

stretching over the long-term, several times daily, decreases injury rates. 

Whether or not dynamic range of motion is the only benefi cia l means as part of a cool-down 

phase cannot be supported by the researcher. Further research on different stretching techn iques 

during cool-down is needed to e lucidate the issue. 

2.5 EFFECTS OF STRETCHING ON PERFORMANCE 

Athletic trainers and rehabilitat ion speciali sts usuall y recommends pre-exercise stre tching and 

encourage their athletes or pati ents to perform stretching exercises before engaging in 

strengthening exercises or strength assessment tests to reach the ultimate goal of improved 

performance (Sekir et a l. , 20 I 0:268; Marek, C ramer, Fincher, Massey, Dangelmaier, 

Purkayastha, Fitz & Culbertson, 2005 :95; Ingraham, 2003:5). A lthough a majority of athletes 

will state that they feel better after stretching, authors of recent research have suggested that pre

exercise stretching may tem porarily compromise a muscle's ability to produce maximal force 

and power (Torres et a l., 2009:52; Sim, Dawson, Guelfi , Wallman & Young, 2009:2 155; 

Beckett, Schne iker, Wallman, Dawson & Guelfi , 2009:444; Makaruk et al., 2008:25 ; Marek et 

a l., 2005 :95; Sekir et a l., 2005:268; Evetovich, Nauman, Conley & Todd, 2003:486). Passive 

muscle stretchi ng before engaging in physical acti v ity is a common practi ce among many 

athl etes, but their efforts to believe that the stretching effect may improve their perfo rmance 

might be fut ile, as recent evidence shows detrimenta l e ffects on performance when fo llowed by 

acute stretching (Ne lson et a l. , 2005:449). 

Previous studies have examined the effects o f acute stretching on perfo rm ance and reported that 

static stretching does indeed decrease peak torque, max imum power output, isometri c 

contractions, isotonic contractions and isok inetic power. Jn a criti cal review of pre-exercise 
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stretching and its effect on performance, 20 studies were fo und that a ll reported dimini shed 

performance in force, torque and jump after acute stretching (Shrier, 2004:268). In the same 

review no studies were fo und that suggested that stretching is benefi cial fo r performance (Shri er, 

2004:268). A study on changes in isometric grip strength over ten trials in a sample o f young 

adults reported a decline of 88,8% in isometric grip strength after I 0 seconds of static stretching 

(Knudson & Noffal, 2005:350). Nelson et al. (2005:452) reported signi ficant increases in 20 

meter sprinting times after static stretching. In two stud ies that both examined maximal force 

production of the leg extensors and fl exors a decrease of 7.3% and 8.1 % was reported (Cramer, 

Housh, Miller, Coburn & Beck, 2004:239; Kokkonen, Nelson & Cornwell, 1998:41 3). 

Two hypotheses have been made to explai n the possible negative effect of acute static stretching 

on force/to rque producti on. The fi rst hypothesis is that mechanical factors such as alterations in 

the visco-elastic properties of the musc ulo-tendinous unit may be an a ttributor (Seki r e t a l., 

20 I 0:276; Marek et a l., 2005: I 0 I). A lso, increased muscle compliance may alter the length 

tension relationship of the muscle, increasing sacromere shortening d istance and velocity and 

decrease fo rce production due to force-velocity re lationship (Cramer et al., 2004:239). It has 

a lso been hypothesized that neura l factors such as decreases in motor neuron pool excitabil ity 

that may reduce peripheral muscle activati on or altered refl ex sensiti vity that may resul t from the 

inh ibition of the acute response of musculotendi nous proprioceptors, may contribute to the 

stretching-induced decrease in force (Sekir et a l. , 20 I 0:276; Cramer et al. , 2004:240). A 

reduction in torque may be due to a g reater autogenic inhibition function and a lso decrease the 

ability to recruit motor units (Evetovich et a l., 2003:484), wh ich resul ts in d isruption of the 

stretch-reflex activity and the acute response of the muscle's and/or joint' s proprioceptors 

(Nelson et al., 2005:453). Fowles, Sale & MacDougall (2000: 11 86) c la ims that the stretch

induced decreases in neural dri ve cou ld only accou nt fo r a percentage of the force defi cit, and 

thus its mechanical and neura l factors that contribute to the stretch-induced de fi cit. The negative 

effect of stati c stretches on runn ing performance can be exp lained by these two hypotheses via 

the increased extensibil ity o f the muscle-tendo n un it (mechan ical) and the enhanced autogenic 

inhibition reflex init iated in the Golgi-tendon organ (neuro log ica l) (Marek et a l., 2005: I 0 I). 
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In sports where success depends on the rate of force production or power, rather than just the 

ability to maximize force output, prior-stretching can compromise the performance of the 

specific skill (Nelson et al., 2005:452). Rugby, soccer, basketball, badminton, sprinting and 

netball are examples of sports that require high stretch-shortening cycle movements (Witvrouw 

et al., 2004:446) and with static stretching this stretch-shortening cycle ' s effect is reduced -

which results in the contraction that fol lows the relaxation to produce higher force or terminal 

velocity and therefore delay reaction time and duration of isolated movements (Makaruk et al., 

2008:25). 

The reduction in vertical j um p height, standing jump height (4,4 %), counter movement jumps 

(4,3 %) and sprinting times can also be attributed to the diminishing effects of acute static 

stretching and is therefore said to influence all movements in sports with either pure concentric 

contractions (explosive take-off out of starting blocks) or a concentric phase followed by 

repetitive stretch-shortening cycle actions (long jump, high-jump) (Nelson et al., 2005:453 ; 

Young & Behm, 2003:2 1; Cornwell , Nelson, Kokkonen, E ldredge & Glickman-Weiss, 

2001 :307) . 

A recent study by Sekir et al. (20 I 0:268) is the only known study to date that investigated the 

effects of static and dynamic stretch ing of the leg flexors and extensors on concentric and 

eccentric peak torque of the leg extensors and flex ors in women athletes. The researchers found 

that concentric and eccentric quadriceps and hamstring muscle strength at both 60 and 180° s· 1 

displayed a significant decrease following static stretching and, in contrast, significant increases 

after dynamic stretching during quadriceps and hamstring muscle actions at both concentric and 

eccentric testing modes. Their finding suggested that dynamic stretching as opposed to static or 

no stretching may be an effective means of enhancing musc le performance during the prc

competition warm-up routine in elite women athletes. 

The researcher can therefore, based on the abovementioned literature, not recommend static 

stretching as a tool to induce pre-exercise performance improvement. Moreover, the debate 

about the contrast between ba llistic and dynamic stretching and whether it has a pos itive or 

negative outcome on performance a lso continues. Several other researchers also found that 
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balli stic and dynamic stretch ing protocols prior to competition/performance increased vertical 

jump height and 20 and 40 m sprinting times (Taylor, Sheppard, Lee & Plummer, 2009:661; 

McMillian , Hutler & Taylor, 2006:492; Woolstenhu lme et al. , 2006:799). Negative resu lts were 

found for ballistic stretching and proprioceptive neuromuscular faci litation stretching in two 

other studies consulted by the researcher (Marek et a l., 2005: 101 ; Kokkonen et al. , 200 1 :417). 

One other stud y was found that showed significant increases in sprint performances after doing 

dynamic range of motion exercises as part of a warm-up routine when compared with static 

stretching (Makaruk et al., 2008:25). As to PNF stretch ing techniques and its effect on jump 

performance, it was found that it had no influence whatsoever on drop jump (Yuktasir & Kaya, 

2009: 11 ). 

However, in the rehabilitati on setting where stretching is used to maintain or improve functional 

range of motion for an injured muscle of joint, Marek et al. (2005: I 03) proposed the use of a 

risk-to-benefit ratio that weighs the ri sks of decreases in strength, power and muscle activation 

against the benefit of maintaining a functiona l range of motion . The regaining of range of 

motion during the early stages of rehab ilitation is more important than regaining maximal muscle 

force production, wh ile focus shi fts during the later stages of rehabilitation where the 

redevelopment of strength and power is of im portance. The clinician should also consider the 

possible effects of pre-exercise stretching on strength exerc ises before engaging in strength 

assessment tests used to make important decisions on rehabilitation progression (Marek et a l., 

2005: 103). 

Although pre-exercise stretching shows no benefi c ial effects on max imal force and power, the 

long-term effects of static stretching and proprioceptive neuromuscular fac il itation stretching 

seem to indicate the oppos ite. An investigat ion into the long-term effects of static and PNF 

stretching exercises on jump performance reviewed six stud ies that all reported significant 

increases in jump performance and max imum torque . Table 2.4 summarizes the six studies and 

the fi ndings rega rdi ng performance and torque. 
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Table 2.4 Studies on stretching and performance 

Author: 

Hortobagyi et al. 

(1985) 

Handel et al. 

( 1997) 

Wi Ison et al. 

( 1992) 

Godges et a l. 

( 1993) 

Ferreira et al. 

(2007) 

Worrel et al. 

( 1994) 

Intervention: 

7 weeks of passive stretching 

8 weeks of unilateral contract-relax 

stretching 

3 weeks of hip extension stretching 

or trunk fl ex ion exercises 

6 weeks of static stretching 

3 weeks. Two stretching 

techniques. PNF and static 

stretching 

(Yuktasir & Kaya, 2009: 18) 

Result: 

Significant improvement in speed 

of concentric contractions 

Significant improvement in 

maximum torque and work, 

increases of concentric work for the 

knee flexor and extensor muscles 

Increase in performance of bench 

press lift 

Significant improvement in trunk 

tlexor muscle performance 

Significant increases in muscular 

torque production of knee tlexors 

and extensors 

Significant increase in peak torque 

of hamstring acting eccentrically 

and concentrically 
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The positive outcomes seen through Jon g-term stretching can be attributed to muscle hypertrophy 

that leads to an increase in both serial sacromere number and in the cross sectional area of the 

muscle fibers (Y uktasir & Kaya. 2009: 19). These findings encourage the use of stretching 

exercises in sport and rehabilitation (Yuktasir & Kaya, 2009: 19), but evidently more research is 

needed to clarify the effects of long-term stretching on power and strength, what technique to 

use, choice of exercises and time of stretching in the sport and rehabilitation setting. 

In summary, acute bouts of stretching cause an increase in muscle compliance that may alter the 

muscle ' s length-tension relationship, increase sacromere shortening di stance and velocity and 

results in a decreased force production due to the force-velocity relationship (Cramer et al., 

2004:239). However, long-term stretching causes hypertrophy of the muscles and increase the 

number of linearly arranged sacromeres due to the increase in muscle length. This increase in 

thickness with an increase in the number of fibril s would then lead to an improved torque 

maximum and increase in work (Handel et al. , 1997:404). 

After all of the above mentioned findings, literature states that static stretching can in fact be 

done before performance but must be followed by a SKILL warm-up routine to dissipate the 

negative effects, and the same implies for a dynamic stretching protocol. The SKILL component 

needs to incorporate activities with very similar neuromuscular and energetic requirements as 

those needed to successfu lly perform the performance (Taylor et al. , 2009:660). 

It is the opinion of the researcher that pre-exercise stretching must be followed by a SKILL 

warm-up before engaging in sporting activities, regardless of the stretching technique, if muscle 

performance relies on maximum power output and to rque. More research is needed to identify 

the parameters for long-term stretching in respect of performance and prevention. 
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2.6 IMPORTANCE OF STRETCHING IN REHABILITATION 

One of the most essential components of a rehabilitation program is regaining full flexibility of 

j oints or soft tissue. Flexibility can also be referred to as the range of motion of a specific joint 

and the degree of movement that occurs at a joint (Brukner & Khan, 2006: 183). 

Following injury, musculo-tendinous fl ex ibility can be restri cted by either pathological factors 

(resistance of the musculo-tendinous unit to stretch), contracture of the connecti ve ti ssue, muscle 

imbalances, neura l tension and joint dysfunction (Prentice, 20 10:41 7; Brukner & Khan, 

2006: 183; Prentice, 2004: I 0). It is therefore of great importance that the therapist first evaluate 

what the cause of the limited range of motion is before engaging in either fl exibility or 

mobilization exercises (Prent ice, 20 I 0:4 17). An experienced athletic trainer or rehabilitation 

specialist can detect soft tissue resistance to motion by the quality of the feel of the resistance at 

the end of the range (Prentice, 2004:533). Joint range of motion is usually decreased after 

prolonged immobilization or relative immobilization that causes adaptive tightening of the joint 

capsule or ligaments, muscles and tendons (Brukner & Khan, 2006: 184). If range of motion is 

limited due to joint ath rokinematics, mobili zation traction exercises should be practiced first in 

order for the muscle fl ex ibility exerc ises to be effective (Prentice, 20 I 0:41 7). 

Stretching exercises have been advocated widely as an effective means of reversing the serial 

sacromere Joss and morphologic changes and induce the sufficient growth of normal ti ssue 

(Harvey, Batty, Crosbie, Poulter, 2000: 1340) that occurs after injury. Stretching exercises to 

regain range of motion must be designed to restore normal functional range of motion to rega in 

normal function and overstretching must be avoided to protect against fu rther or re-inj ury 

(Prentice, 2004: 12 1 ). 

During the earl y stages of rehab i I itation, modal ities to restore range of motion is first ly addressed 

before focusing on progressive resistive exercises and endurance (Kjaer, Krogsgaard, 

Magnusson, Engebretsen, Roos, Takala & Woo. 2003 :204 ). A I though isometric strength 

exercises are done during the early stages of rehab ilitation, they wil l not interfere wi th range of' 

motion, as it is useful to increase stat ic strength and decrease atrophy (Prentice, 20 10:4 17). 
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Heavy resistance exercises or strength training during the early stages of rehabilitation might 

decrease range of motion because of limited movement possible during this stage and therefore 

the necessity of regaining normal range of motion before engaging in progressive resistive 

exercises is of great importance (Baech le & Earle, 2008:298). The athlete's focus must be on 

developing both antagonistic and agon istic muscles and exercise through a full available range of 

motion to prevent loss in range of motion and to ga in most efficiency when starting with strength 

and endurance training (Baech le & Earle, 2008:298). Functional progression is the key 

(Prentice, 20 I 0:420) and, therefore, the need for fu ll, non-restricted range of motion is essential 

before the start of progressive, resistive exercises. 

On ly normal range of motion of joints and muscle flexibility are necessary in most sports in 

order to perform and, therefore, overstretching of the muscle-tendon unit is one of the biggest 

mishaps occurring. Uninformed athletes and coaches seem to think that increasing flexibility 

will lead to reduced injury ri sk o r improved performances and spend a lot of time and focus on 

gaining flexibility. In cases where overstretching occurs, the subjects are more susceptible to 

injury because of lengthening of the muscle-tendon unit and passive structures and although 

muscles and tendons have the ability to return to normal length after stretching, ligaments and 

joint capsules do not, and instabi lity occurs. 

It is essential that the rehab ili tation speciali st is aware of the specific demands of the individual' s 

sport (Brukner & Khan, 2006: I 09) and the physical requirements, including flexibility, for each 

specific joint (Prentice, 2004: 125) to restore the normal range of motion after injury, yet 

preventing overstretching. Static- and dynamic range of motion exercises should be done to train 

the muscle for unexpected stretching beyond the normal extensibi lity limits that might occur 

during activities (Prentice, 20 I0: 11 0). Pass ive (static) range of motion exerci ses are usually used 

during the early stages of rehabilitation when active (dynamic) range of motion exercises are too 

painful, while active range of motion exercises, for example proprioceptive neuromuscular 

fac ilitation stretches, are done later on to rega in and maintain fl exibi lity (Brukner & Khan, 

2006: 184). Passive range of motion exercises includes the static stretch, which is also the safest 

method of stretch ing because it is controlled (Pren ti ce, 20 I0: 11 0). Progressive res istive 

exercises are not yet a focus during these earl y stages and will therefore not interfere with the 
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performance of the muscles if done as part of a warm-up (Makaru k et al ., 2008:25, Marek et al. , 

2005: I 03). A combination of these two stretching modalities during the later stages of 

rehabilitation is essential to maintain the necessary passive and active range of motion needed for 

sport. 

The trainer must al so acknowledge the dangers that can occur with inappropriate stretches. The 

intensity, frequency and velocity needs to be monitored closely and progressed gradually during 

the rehabi I itation process to prevent pain fu I experi ences and/or overstretch ing. The 

rehabilitation speciali st also needs to be fam iliar with inappropriate stretches with specific 

injuries to prevent re-inj ury or pa in (Brukner & Khan, 2006:6). Table 2.5 summarizes examples 

of stretches that must be avoided with specific inj uries. 

Table 2.5 Examples of stretches that must be avo ided with injury 

.-~----In-jury: 1- Stretch: 

L 

Anterior instabil ity 

Shoulder impingement 

or khyphosis 

Shoulder impingement 

Disk disease 

A void stretches of anterior capsule (Brukner & Khan, 

2006: 186) 

A void stretching rhomboids, rotator cuff and lower 

trapezius if muscles are inactive (Prentice, 2004:404) 

Avoid external rotation stretches because o f anterior 

laxity of j oint capsule (Prentice, 2004:404) 

--- -A void trunk and hip flex ion stretching because of 

abnormal strain on the lumbar region (Prentice, 

2004:678) 
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2.7 GUIDELINES FOR STRETCHI NG 

Various techniques can be used to perform flexibility exercises and these vary from stretchi ng 

while doing normal everyday acti vi ties to specialized techniques that involve muscle refl exes 

(Brooks et al. , 1999:449) 

A lack of knowledge about technique and parameters prevent the correct execution of stretching 

exercises in the general population. Guide li nes and precautions need to be incorporated and 

taught to not only high-performance athletes, but also recreational ath letes to ensure a complete 

understanding of fl exibi lity trai ning. Guidelines and precautions can be divided into a DO and 

DON'T list that will ease the identification of individual imprecision in a stretching program . 

Table 2.6 contains guide lines that can form a basis to inform and teach high-performance and 

recreational athletes about the correct execution of stretches. 

Table 2.6 Guidelines for stretching 

i DO ~~-'T~~~~~~~~--~~~--4 
Warm-up before stretching Do not stretch to a point of pain 

Stretch on a regular 3-5 times per week basis Ball istic stretching must be avoided if not 

Perform stretching exercises on contra latera l highly trained 

sides Do not stretch excessively around painful 

Hold each stretch for 30 - 60 seconds with 60 joints 

second rest intervals 

Stretch at least 3 times 

ij Do not overstretch ligaments and joints 

because of lax ity risk 

Breath normally while perfo rming the I Do not stretch muscles together if ind ividual 

stretches 

If improvement 111 fl exibility is 

perform Static- and/or PNF stretches 

! stretching has not been done 

desired, ! Do not stretch a muscle after immobi lization. 
i Mobilize first. 

• Stretch accord ing to your own body 
i 

Do not stretch 
~ 

swollen joints without 

• Stretch with care with osteoporosis and supervision 

arthriti s 
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• Make sure the body is in good alignment 

when stretching 

• Stretch muscles of small joints m 

extremities first, then progress towards the 

trunk with muscles of larger joints 

• Feedback is essential when applying 

passive assistance 

Brukner & Khan, 2006: 185; Prentice, 2004: 134; Brooks et al., 1999:450 
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Stretching of the whole kinetic chain must be done as flexibility is described as movement of just 

one joint or a series of joints (Kjaer et al., 2003: 142). Lack of flexibility in one joint can affect 

movement of the entire kinetic chain and can cause muscle imbalances, resulting in excessive 

pain (Prenti ce, 2004: 132). 

2.8 FLEXIBILITY AND RESISTANCE TRAINING 

A joint' s range of motion largely depends on a combination of muscular, tendinous and capsular 

characteristics including skeletal muscle, tendons and fibrous capsules with different proportions 

in various joints in addition to the neuromuscular activation of related muscle groups (Nobrega, 

Paula & Carvalho, 2005:842). The fast and safe recovery of patients from injury depends on 

numerous factors, wh ich include resistance training and flexibility (Armstrong et al., 2009: 165; 

Nobrega et al., 2005:842). 

One would assume that a higher volume of flexibility training would have to be employed when 

practicing resistance/strength training, but the literature indicates that it might not be necessary 

after all. When a person spends a lot of time strength training it is often assumed that the person 

has a decrease in joint range of motion because of the large muscle bulk that that person 

develops (Prentice, 20 10: 106). Stud ies found that resistance training, in fact, has no effect on 

range of motion nor does it interfere with increments in flexibility, or change current levels of 

flexibility (Nobrega et al., 2005:842). Prentice (20 10: 106) agrees with the abovementioned, but 
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emphasizes the necessity of performing the strength training exercises through a full range-of

motion, which will probably lead to increased dynamic flexibility. 

However, when hypertrophy exists and a person has extreme increased muscle bulk, a strong 

flexibility program must be included in the regular training regime to avoid decreases and 

restri ctions in range of motion (Prentice, 20 I0:106; Nobrega et al., 2005:845). The type of sport 

also plays a major role when considering the alteration of an individual 's program. Although an 

athlete with large biceps and deltoids may experience difficulty in stretching the triceps, raking a 

power clean or holding a bar when performing a front squat, athletes such as shot-putters, 

offensive linesmen might need extreme joint mobility for injury prevention and it is advised not 

to alter their program (Baechle & Earle, 2008:298). 

2.9 COMPONENTS OF IMPORTANCE IN STRETCHING 

2.9.1 NEUROPHYSIOLOGICAL BASIS OF STRETCHING 

A muscle or dynamic constraint system has nerve endings called mechanoreceptors, which 

function to detect the deformation of tissue and change that into neural signals (Prentice, 

2010: I 08). Stretching is based on a neurophysiologic phenomenon that involves these 

mechanoreceptors and is called the stretch-reflex (Prentice, 2010: 108). 

Numerous muscles-spindles are present in a muscle and have parallel-arranged muscle fibers, 

each with sensory and motor neurons that detect changes in muscle length when stretched 

(McGinnis, 2005:278). Changes in joint position stimulates the sensory neurons that force 

muscles to change in length, after which the motor neurons reset the tension in the muscle fibers 

caused by the stretch, and contraction of the stretched muscle is faci litated (Prent ice, 20 I 0: I 08; 

McGinnis, 2005:279). The Golgi-tendon organ , situated in the tendon close to the muscle, is 

stimulated via tension with in the tendon, caused by stretching or contraction of a muscle. When 

the stretch is held long enough, the motor neurons of the muscle spindle synapse with the 

sensory fibers of the tensed muscle, which cause relaxat ion (McGinnis, 2005:280). Unlike the 

muscle spindle' s impulses, the Golgi-tendon organ' s impulses cause relaxation of the antagonist 
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muscle (Prentice, 20 I 0: I 08), which serves as protection mechanism to prevent muscles from 

rupture or tearing via disruption of the active development of tension if tensile stress is too high 

(Prentice, 20 I 0: I 08; McGinnis, 2005:280). 

2.9.2 EFFECTS OF STRETCHING ON MUSCLES 

Gains in muscle length due to stretching occurs via changes in the viscoelastic properties of the 

active and passive components of a muscle-tendon unit after several given durations and 

resistance to stretch (McHuge & Cosgrave, 20I0:170; Prentice, 20 I 0: I 09). Both muscle and 

tendon are composed of non-contractile col lagen and elastic fibers that respectively enable tissue 

to resist mechanical forces and deformation and also assist in the recovery from deformation 

(Prentice, 20 I 0: I 09). The viscoelastic properties of the muscle-tendon unit allow elongation 

over time via an external load or via stretch ing to a constant length. 

The major contributor to the passive tension or stiffness inside the muscle-tendon unit is the 

connective ti ssue in the muscle-belly that consists of elastic components and parallel elastic 

components that both have viscous and elastic properties. The passive tension in the muscle

tendon unit is caused by elongation of the epimesium, perimesium and endomesium (collagen) of 

the muscle-bel ly, but largely due to the great number of perimesial and endomesial fibers 

(paral lel elastic component) that prevent the muscle from being overstretched (Kubo et a l. , 

2002:599). Unlike tendons, muscles have active components called actin and myosin 

myofilaments, which means that both the contracti le and non-contracti le components determine 

the muscle-tendon unit ' s capability to stretch and recover (Prentice, 20 I 0: I 09). 

It appears that the more intense the stretch the more muscle elongation is contributed by the non

contractile elements because of the primary resistance to the degree of lengthening, while the 

active components limit high-velocity deformation (Prentice, 20 I 0: I 09). If the velocity of 

deformation is too high, the chance of exceeding the tissue' s capabilities to undergo viscoelastic 

and plastic changes decrease. Passive stretching of a muscle causes autogenic inhibition to re lax 

the muscle reflexively, which can cause the connective tissue to resist the stretch, but with active 

contraction the para llel elastic components are unloaded and the passive fibers are stretched 
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according to the external force and workload the musc le develops while contracting (McHugh & 

Cosgrave, 20 I 0: I 07). Autogenic inhibition allows for viscoelastic and plastic changes in muscle 

length if the stretching program is continued for long periods of time (Prentice, 20 I 0: I 09). Any 

stretch training program' s goal should be to lengthen the muscles permanently to keep normal 

range of motion and must therefore continue throughout someone's lifespan. An important goal 

of stretching before sports performance is to increase range of motion and to decrease resistance 

to stretch, al lowing a freer movement pattern (McH uge & Cosgrave, 20I0:170). 

The literature consulted advises the use of low-load stretching if permanent elongation is desired 

which will al so in turn, prevent too high-velocity contractions (Plowman & Smith, 2002:578). 

2.10 BENEFITS AND RISKS ASSOCIATED WITH STRETCHING 

The importance of stretching in sports and dail y activities is recognized more and more by 

coaches, trainers and therapists. Through literature gathered by the researcher, stretching in 

sports have different outcomes of importance, but apart from that, more benefits, summarized in 

table 2.7, exist that can be associated with flexibility. 
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Table 2.7 Benefits of fl exibi lity tra ini ng 

Most widely known benefits from flexibility training: 

Injury prevention if done long-term 

Muscular relaxation 

Improved range of motion 

Maintenance of good posture 

Mental relaxation 

Relief of aches and pain 

Improved blood and lymph flow 

Improved muscle coordination 

Reduced risk of lower back pain 

Enhanced enjoyment of physical activities 

Joint health 

Improved body position and strength in sport and everyday living 
-

Yayes, 2007:2; Brooks et al., 1999:482; De Lorenzo, 1999:2 1 

Chapter 2: Literature 

However, the demands of sports require a certain sport-specific musculo-skeletal flexibility and 

vary from sport to sport (Brukner & Khan, 2006: 142). It is clear that gymnasts need excessive 

amounts of joint flexibility to perform routines and that a hurdler needs good hamstring 

flexibil ity to clear the hurdle with ease and improve stride length, but a long-distance runner does 

not need excessive flexibility and , therefore, individual sports requires individual ly designed 

fl ex ibility programs (Prentice, 20 I 0: I 06; Brukner & Khan, 2006: 142). 

Plowman & Sm ith (2002:579) modified a tab le with the most popular sports and physical 

activities and the relative level of fl ex ibility required. Table 2.8 summarizes the levels 

UV - UFS 
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Table 2.8 Levels of flexibi lity required for sports 

Skills requiring extreme 

range of motion in specific 

joints 

Figure skating 

Gymnastics 

Diving 

Hurdling 

Pitchers 

Dancing 

(ball et, modern) 

Karate 

Yoga 

Skills requiring greater 

than normal range of 

motion in one or more 

joints 

Jumping 

Swimming 

Wrestling 

Spri nting 

Racquet sport s 

Team sports 

Skills requiring only normal 
~ 

~ range of motion in involved 

~ joints 

I Boxing 

Long distance running 

Archery 

Shooting 

Curling 

Basketball 

Cross-country skiing 

Bicycling 

Stair climbing 

Roller skating 

Horseback riding 

Resistance training 

It is the responsibi lity of the coach/trainer to know the levels required for the sport and train the 

ath letes accord ingly to ensure that a lack of fl ex ibil ity is addressed to avoid potential damage 

caused by exceeded muscle extensibilities and proneness to injury and to counteract the tendency 

of muscles to shorten via regular partic ipation in fl ex ibil ity train ing (Plowman & Smith , 
2002:578). 

ACSM Guidelines for exercise testing and prescription (2009) summarizes key points about 

stretching that will also be useful when prescribing a stretching exercise program. These are 
given in Table 2.9 below. 
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Table 2.9 Stretch ing key points 

Key points: 

[ Stretching exercises is ~ost effective when the muscles are warmed up 

Stretching exerci ses should be performed before or after the condition ing phase in the program 

i S port~ for which muscular strength, power and endu rance are essential must include stretching 

exercises 

Stretching does not necessarily prevent inj ury 

Stretching exerci ses should be performed 2/3 days per week 

Static, balli stic, dynamic and PNF stretching exercises improve flexibility 

Four or more repetitions per muscle group are necessary 

Static stretches should be held for 15 to 60 seconds 

For PNF stretches a 6 second contraction should be fo llowed by a I 0 to 30 second assisted 

stretch 

2.11 FLEXIBILITY AND QUALITY OF LIFE 

When one thinks of effi ciency of movement and how it relates to flexibility, the first thing that 

comes to mind is POSTURE. Why it plays such a vital role in posture has in recent years been 

discussed so many times and the reason is always the same, to maintain good body mechanics. 

Good posture is explained as a good habit that contributes to the well-being of an individual., 

With maintenance of thi s good posture, body mechanics will automat ically be enhanced. This 

body mechanics requires that the range of motion in a joint or joints must be adequate but not 

excess ive, because with excessive fl exibility comes instability, which is not a positive desire 

(Kendall , Kendall, McCreary, Provance, Mcintyre, Rogers & Romani , 2005:5 1 ). 

It is optimal to explain the causes, precautions, and methods of correction fo r this abnormality, 

because incorrect or faulty posture is such a common sight in recent years. The most important 

implications of incorrect posture are the discomfo11, pain and di sability it causes. It involves a 

combination of lengthened and shortened muscles that interrupt the complete kinetic chain of the 
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body that determines optimal and efficient movement in everyday life (Prentice, 2004: 132). 

Stretching the shortened muscles, tightening the lengthened muscles and activating the inhibited 

muscles can help improve the musc le imbalances that are, in most cases the cause of the pain and 

discomfort and must be addressed for the long term. If not, the beneficial effect may only be 

temporary (Lardner, 2001 :25 7). 

Assessment of the entire kinetic chain is needed to identify the causes of posture-related 

syndromes. Only then can corrections begin through strengthening, stretching and activation. 

When muscles are in balance and the correct range of motion occurs around a joint, efficient 

movement - whether it is walking, running, playing a sport, sitting or picking something up from 

the ground - can be accomplished without the arising of pain and discomfort. Therefore normal 

flexibility is a huge attribute to form balance in all muscles of the body so that it can provide the 

correct alignment of joints, minimize stress and relieve undue strain on ligaments, muscles and 

bones. 

2.12 SHORT- AND LONG-TERM STRETCHING 

A major issue addressed by numerous authors is whether stretching does indeed have an 

influence on the muscle-tendon unit over short-term periods and/or for the long term 

(Magnusson & Renstrom, 2006:87; Kjaer et al. , 2003: 143). 

If the muscle is held stationary at a fi xed or new length, the tension will decline and the 

resistance to elongate (measured as joint moment) will decrease over time in a non-linear 

fashion. This is called viscoelastic-stress relaxation and shows that the muscle-tendon unit is 

indeed influenced by a stretch manoeuvre (Magnusson & Renstrom, 2006:87; Magnusson, 

1998:74). 

Kjaer et al. (2003: 143) explain vi scoelastic stress relaxation by stating that during the dynamic 

loading phase of a stretch, there is a non-linear increase in resi stance to stretch, followed by a 

non-linear decline in resistance during the static loading phase and that this response' s usua ll y 
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pronounced during the first 10 to 15 seconds of a stretch and significantly continues for 

approximately 45 seconds. 

It appears that the literature attributes the acute effect of stretching in short-term period to the 

neurophysiologic events occurring during single stretching (Kjaer et al., 2003:144). Magnusson 

(1998:69) investigated the effect of five 90-second stretches with 30-second rest intervals to see 

if there was a lasting effect t ill up to I hour thereafter. He found significant decreases in 

stiffness (13%) and energy (30%) in the dynamic phase and a decrease in passive torque during 

the static phase, but the decline was only temporary and with measurement I hour later, the 

effects had already vanished. 

As previously mentioned, the muscle-tendon unit consists of connective tissue with both elastic 

and parallel elastic components. Magnusson (I 998:69) attributes the effect of the fi ve stretches 

to the possibility of a load placed on both elastic and parallel elastic components, and points out 

that the viscoelastic effect seen can be due to acute adaptations of the parallel elastic components 

to reduce the load. Because muscle strains is the most common injury suffered by athletes in 

sports, and passive stretch in a physiological range results in 2% tendon strains and 8% muscle

tendon junction strains; stretching of the muscle-tendon unit is beneficial to reduce injury ri sk 

because of changes in the viscoelastic properties that results in less tension across the 

myotendinous junction where muscle strains occur primarily (Kjaer et al., 2003: I 44). 

Through the available literature we can infer that repeated stretches have an effect on the short

term lengthening of the muscle and should be practiced by athletes before engaging in their sport 

(although the effect would be transient a fter 1 hour) to reduce possible risk of injury 

(Magnusson, 1998:70). 

Long-term effects of fl exibili ty are usually ascribed to the changes in the passive properties of 

the muscle, but Magnusson ( 1998:7 1) found in hi s investigation that after stretch ing two times 

per day for 45 seconds for 20 consecutive days, there was no difference in stiffness, energy and 

passive torque, but that the joint range of motion increased. He ( 1998:7 1) attributes this to an 

increase in stretch tolerance rather than changes in the viscoelastic properties of the muscle. 
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Although the mechanism for altered stretch tolerance is currently unknown (Kjaer et al. , 

2003: 144), the increased tolerance that is seen on the stretched training side and lack of increased 

tolerance on the opposite side that served as controls, can be because of peripheral mechanisms 

with the poss ibility of central factor also playing a ro le (Magnusson, I 998:72). 

Because long-term flexibility leads to improvements in joint range of motion with no changes in 

the passive properties of the muscle, it is advised that sport-specific stretching is done to meet 

the demands of the activity (Kjaer et al., 2003: 145 ). 
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CHAPTER3: 
METHODOLOGY 

1r:l 1NTRODUCTION 
3.2 SUBJECTS 
3.3 PROTOCOL 
3.4 EQUIPMENT 
3.5 PROCEDURE 
3.6 STATISTICAL ANALYSIS 

3.1 INTRODUCTION 

3.1.1 EXPERIMENTAL APPROACH TO THE PROBLEM 

A repeated measures design was used was used during thi s study to determine the effectiveness 

of 4 stretching technique training programs on hamstring muscle flexibil ity. The four techniques 

included: I. Stati c stretching, 2. Hold-relax Proprioceptive Neuromuscular Faci litation, 3. 

Contract-relax Neuromuscular Facilitation and 4. Dynamic stretching. Determination of the 

most effi cient parameters including intensity, frequency and duration of a stretching program, 

was also done by use of the data captured from the first three weeks of training and comparing 

the results with the data captured from the second three weeks of training. 

Before the study commenced and before the subjects were recruited, the study was approved by 

the Department of Human Movement Science at the Uni versity of the Free State and the Ethical 

Board of the Depanment of Humanities. 
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3.2 SUBJECTS 

A total of I 00 girls between the ages of 13 and 17 years were recruited from a school hostel in 

Bloemfontein to participate in this study. Subjects were randomly assigned to either a control 

group or one of the 4 experimental groups with 20 subjects in each group. A meeting with the 

Principal was arranged in order to obtain full permission for execution of the investigation as 

well as to explain the procedures that followed. An informed consent form approved by the 

University of the Free State' s Ethical Board and Department of Human Movement Science was 

handed out and had to be signed by the individual 's legal guardians, because the partaking 

individuals were minors. 

The minor individuals themselves received a child assent form that confirmed their participation 

and presented full explanation of the purpose of the study. 

3.2.1 REQUIREMENTS TO BE MET BY THE SUBJECTS 

I. Subjects had no history of impairment to the knee, hip, thigh or lower back in the past year. 

2. Subjects were required not to participate in any other stretching regimens other than of this 

study for the period of time. 

3.3 PROTOCOL 

The ages of all subjects were documented . Hamstring muscle flexibility was measured before 

the initial start of the experiment, after 3 weeks of intervention and then after the last 

intervention session at the end of the 6 weeks flexibility-training program, by means of the 

90°/90° knee extension test. 

The training sessions took place 3 times per week over a period of 6 weeks, for a total of 18 

training sessions. After initial measurements, the subjects were randomly assigned to 5 groups 

(4 experimental and I control group). 
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3.4 EQUIPMENT 

• Hamstring muscle flexibility was measured using a double-armed goniometer of transparent 

plastic. A goniometer is marked off in degrees that are I degree increments apart from each 

other. A 30-centimeter ruler was attached at each arm of the goniometer to ease the reading 

and pos itioning of the goniometer. 

• Subjects were measured in a supine position using a treatment plinth. 

• Two examiners helped with the execution of all measurements and training sessions. 

• Readings was captured and recorded by the use of a HP Laptop. Microsoft Excel 2007 was 

used to collect every individual's data on individ ual spreadsheets. 

3.5 PROCEDURE 

3.5.1 DAT A COLLECTION 

Testing took place at the University of the Free State's Exercise and Sport Science Centre. 

Three testing procedures were done over the 6-week period. The first testing was the initial 

determination of all the subjects hamstring fl exib il ity. This first testing took place before the 

start of the flexibility training program and before subjects were assigned to groups. The second 

flexibility testing took place 3 weeks into the program . The last and final testing took place after 

the last training session. 

Measurements (testing) were done by a registered Biokineticist. Data was captured by a final

year Human Movement Science Student fro m the University of the Free State. 
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3.5.2 TESTING PROCEDURE 

Subjects lay in a supine position on their backs on the treatment plinth. The 90°/90° knee 

extension test was used because it has been shown to be a very reliable measure of hamstring 

flexibility (Nelson & Bandy, 2004:255). Two examiners helped with the testing. Examiner I 

p laced the subject's leg in a 90° hip flex ion and 90° knee flexion position, and made sure that the 

subject's pelvis stayed in neutral position. Palpation of the Anterior Superior Iliac Spine and the 

Lumbar Spinousse Processes was used to monitor pelvic neutralization (Davis et al., 2005:28). 

Examiner 2 then took the bent knee and straightened the lower leg while examiner 1 maintained 

the 90° hip angle. The limb was straightened until the subject reported a point of discomfort. It 

is important to note that when a stretching exercise is done, the limb must only be stretched to a 

point of tightness, to the end Range of Motion and not stretched until d iscomfort is induced 

(Armstrong et al. , 2004: 159). For measurement of flexibil ity, a point of discomfort is used to get 

full passive Range of Motion measurements. 

The goniometer axis was then placed on the lateral condyle of the tibia, wh ich can be felt by 

palpating on the latera l side of the knee. The arms of the gon iometer were then be placed 

parallel to the longitud inal axi s of the femur and tibia respectively. Although both legs 

underwent the stretching regime, on ly the dominant leg of the subject was tested for use in the 

statistical analyses of the study. 
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3.5.3 STRETCHING PROTOCOLS 

Subjects who met the necessary requirements to participate in this study were randomly assigned 

to 1 of 5 groups. All groups were instructed to do a 5-minute warm-up jog before stretching 

exercises commenced. 

Group I performed the static stretching protocol. Subjects in this group statically stretched for 

300 seconds (5x30 seconds with five 30 second rest intervals between sets), 3 days per week for 

6 weeks. The method described by Bandy & Irion (1994:847) and Bandy, Irion & Briggler 

(I 998:297), was used by thi s group. Subjects were instructed to stand erect in front of a chair, 

both feet and toes pointing forward . The heel of the first leg to be stretched was then placed on 

the chair with toes pointing to the ceiling. The subject bent forward from the hips, keeping a 

neutral spine while reaching forward with arms. Both legs had to be extended at all times. 

Subjects flexed forward until a gentl e stretch was fe lt at the posterior thigh region (hamstring 

muscles) and that position was held for 30 seconds. The same procedure followed with the 

opposite leg and for the other rema ining stretches. 

Groups 2 and 3 performed the Proprioceptive Neuromuscular Facilitation- stretching protocols. 

Group 2 performed the Contract-relax method and group 3 the Hold-relax method. Both 

stretching techniques consisted of a combination of isometric and concentric contractions and 

relaxation of the agonist and antagoni st muscles (Prentice, 2004: 126). 

Subjects in the contract-relax group performed 8 Contract-relax cycles (Handel et al., 1997:40 I ) 

that consisted of a I 0 second pushing phase followed by a I 0 second re laxation phase (Prentice, 

2004: 126), with a 20 second rest interva l between cycles. A total of 300 seconds per session . 

The subjects were instructed to relax their limbs so that the trainer could passively move the leg 

into an agoni st pattern to where a point of limitation is felt. This position was then held for I 0 

seconds. Following the passive stretch , the subjects performed a 10 second concentric 

contraction of the antagoni st (hamstring muscles) against resistance given by the trainer. 

Thereafter the subject rel axed the leg and the trainer moved the leg pass ively through as much 
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Range of Motion as possible to a new point of passive limitation. The cycle was repeated 8 

times fo llowed by the same procedure fo r the oppos ite leg. 

Subjects in the Hold-relax group al so performed 8 ho ld-relax cycles. Eight cycles was used to 

keep equilibrium within the two PNF-groups because of the fact that both consist of the same 

basic combination of a I 0 second pushing phase and a I 0 second relaxation phase with a 20 

second rest interval between cycles, and a tota l of 300 seconds per session. The subject was 

instructed to isometrically contract the antagon ist (Hamstring muscles) against resistance g iven 

by the trainer for a period of I 0 seconds; thi s was then followed by a JO second concentric 

contraction of the agonist (quadri ceps muscles) also against resistance given by the trainer to a 

point where a stretch was felt. 

Group 4 performed the Dynamic-stretching protocol. Subjects in this group dynamically 

stretched the hamstring muscles for 300 seconds ( I 0 X 30 seconds). Subjects performed a 

forward and backwards swinging action of the leg to the end range of motion each time. 

Group 5 served as the control gro up. Subjects in thi s group were instructed not to participate in 

any stretching exercises for the length of thi s experiment. 

Two registered biokineticists supervised all groups durin g every session. All the groups did 3 

stretching sessions per week for a period of 6 weeks. To ensure accuracy and compl iance, the 

trainers performed the stretches of both PNF-groups because of the difficulty and level of 

experience needed to perform a proprioceptive neuromuscular facilitation stretch. 

An attendance li st identified comp li ance at every session. Subjects that missed a session a week 

performed 4 sessions the fo llowing week to that ensure that all 18 train ing sess ions were done. 

Subjects that m issed more than 3 sessions were not accounted for in the study. 
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3.6 STATISTICAL ANALYSIS 

Data was captured electronically by the researcher in Microsoft Excel (Microsoft Office 2007). 

Any further analysis was done by a biostatistician using SAS Version 9.1.3. Descriptive statistics 

namely means, standard deviations and minimum and maximum values were calculated for 

hamstring flexibility. The mean values of the 4 stretching intervention groups were compared to 

the control group. The mean values of each intervention group were also compared to the other 

stretching intervention groups. The student t-test was used to test for significant differences 

between the groups. For each of the 5 groups the mean difference over time within the groups 

(i.e. week 0 and 3, week 0 and 6 and week 3 and 6) were calculated. The student t-test was used 

to test for s ignificant differences within the group. A significance level of 0.05 was used 

throughout the study. 
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CHAPTER4: 
RESULTS 

4 . 1 INTRODUCT ION 

4 .2 RESULTS 

4.1 INTRODUCTION 

One hundred gi rls between the ages 13 and 17 years part ic ipated in this study. Subjects were 

randomly assigned to 5 gro ups (i.e. one control group and 4 stretching intervention groups). Thus 

each group consisted of 20 subj ects. Data collected was statistically analyzed to show the 

differences in hamstring flexibility measures (0
) between the control and 4 s tretching 

intervention groups as well as the differences between only the 4 stretching intervention groups. 

Data was further analyzed to show the differences at 0 , 3 and 6 weeks of intervention. A ll 

analyses wi ll be discussed subsequently. 

4.2 RESULTS 

Figure 4. 1 shows the population di stribution at the 3 different testing times namely: 0 weeks, 3 

weeks intervention and 6 weeks intervention. At the start of the test (0 weeks) 59.00% of the 

cand idates fel l in the average hamstring flexibility group, which is 135°-1 50°. Of the remaining 

candidates 18.00% fe ll into the below average group (< 135°) and 23.00% fell in the above 

average group (> 150°). After 3 weeks of interven ti on the below average group fell to 2.50% 

with 33.75% in the average group and the remai ning 63.73% of the cand idates progressing to the 

above average group. After the last testing at 6 weeks the majority of the group 92.50% fe ll in 

the above average group with on ly 7.50% in the average group and none of the candidates were 

in the below average group. 
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Table 4.1 shows the descriptive statistics of the control group and 4 different stretching groups. 

The control group showed a mean hamstring length value (measured in °) of I 48 ± 13 (95%C. I.: 

142; 154 ). T he four intervention groups showed the following mean values (measured in °): 

Contract-relax PNF, 140 ± 9 (95%C. I.: 136; 144); Dynamic, 145 ± 10 (95%C. I.: 14 1; 150); 

Hold-relax PNF, 143 ± 8° (95%C. I.: 140; 147) and Stati c 142 + 10 (95%C.I. : 138; 147) 

respectivel y. These values were taken at the commencement of the study before any intervention 

programs were followed. The table fu rther shows the same data at 3 weeks intervention and 6 

weeks intervention , which wi ll be di scussed at a later stage in thi s di scussion. 

Additionally, no statistically significant difference was found between the 4 stretching 

techniques when compared after 3 weeks and 6 weeks of stretching. 

Table 4. 1 also shows the anal yzed data of the difference in hamstring length. The first group is 

the difference in mean values after the initial 3 week train ing program, w ith the second group 

showing the difference in mean hamstring flexibility for the success ive 3 weeks. The last group 

shows the total progress ion/regression made in mean hamstring flexibility after the total 6 week 

intervention period. P-values for all 3 time periods are also stated as well as 95 % C l fo r each 

group. 
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Table 4.1: Data of stretching techniques over times amongst girls. 

0 weeks 3 weeks 6 weeks 

Mean 
Std 

Min. Max. Mean 
Std 

M in. Max. Mean 
Std 

Min. Max. n 
dev. 

n 
dev. 

n 
dev . .. 

Control 20 148.25 12.7 1 129 169 20 146.70 13.42 128 170 20 147.85 12.66 130 174 

Contract 
relax 20 140.20 8.8 1 122 158 20 150.75 9.43 133.00 175 20 164.50 9.17 143 178 
PNF* 

Dynamic* 20 145.40 9.72 124 16 1 20 155.65 7.74 142 169 20 168 7.87 149 176 

Hold 
relax 20 143. 15 7.75 129 156 20 153.35 9.61 139 170 20 167.30 8.37 150 176 
PNF* 

Static* 20 142.35 9.92 119 163 20 154.95 9.30 134 167 20 166.75 7.85 148 177 

* p < 0.001 for 0-3 , 3-6 and 0-6 weeks as wel l as compared to the control group. 
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Figure 4.2 illustrates the progression/regression made for each of the groups over the different 

time period . The data shows that based on mean values, static stretching produced the greatest 

increase in flex ibility at 3 weeks w ith the hold-re lax stretch producing the greatest increase fro m 

week 3 til l week 6. However, static stretching produced the greatest improvement over the total 

intervention period. Therefore, all 4 stretching techniques increased hamstring flexi bili ty over a 

6 week stretchi ng program. 

Figure 4.3 shows an illustration of mean value difference of hamstring length over ti me for 

di fferent stretching techniques where improvement in each of the four intervention groups can be 

seen for the d ifferent measuring periods. The control groups' decrement and improvement is 

also illustrated where it can be seen and compared to the intervention groups' val ues. 

- -------··---
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DISCUSSION 
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3 WEEKS TO 6 WEEKS TESTING 
HAMSTRING FLEXIBILITY -
6 WEEKS TESTING 
OVERVIEW 

5.1 INTRODUCTION 

The object ive of this study was to compare 4 different stretching techniques to determine which 

one was most e ffi cacious in improvi ng hamstring fl ex ibil ity. The 4 types of stretches studi ed 

were static-, ho ld-relax PNF-, contract-re lax PNF- and dynamic techniques. The results o f this 

investigatio n prov ide evidence to help answer 3 ma in questi ons: (a) Does stretching indeed help 

to increase fl exibility s ignificant ly, (b) is there a difference in the effectiveness of 4 common 

stretching techniques when the stretching parameters are consistent among the stretching 

techniques, and (c) which stretching technique can be used if inc reased fl ex ibility is des ired in a 

short time span (3 weeks)? 

This chapter w ill compare and d iscuss fl ex ibility measure resul ts obtained through this 

investigation at 3 weeks of testing and agai n after 6 weeks of testing, as well as the compari son 

with research a lready done on this subject. 
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5.2 DISCUSSION 

5.2.1 HAMSTRING FLEXIBILITY - 3 WEEKS TESTING 

This investigation demonstrates that signifi cant improvements (p<0.000 I) in hamstring 

flexibility can be achieved with a 3 week stretching program when comparing all 4 stretching 

intervention groups with the contro l group. A ll 4 intervention groups showed sta tistical 

significant (p<0.000 I) increases, from their own baseline, in mean value after the fi rst 3 weeks of 

stretching. Comparin g only the 4 different stretching methods used, the results showed only 

little to no difference in mean value after the first 3 weeks of intervention. The static stretching 

group had a mean increase of 12.60 degrees fo llowed by the PNF-contract relax with a mean 

increase of I 0.55 degrees, the dynamic stretching group with a mean increase of 10.25 degrees 

and lastly the hold-relax group wi th onl y a mean increase of I 0.20 degrees. The lower and upper 

95% CL for the mean also improved in a ll groups (Table 4.2). All of the intervention groups 

except for the static stretching group showed least improvement (95% CL) during the first 3 

weeks of stretching. Thus from the results it can be derived that although not statisticall y 

significant (p<0.000 I), static stretching might be the method to use if increased flexibility is 

desired over a short time period of 3 weeks, fo llowed by the contract relax PNF, dynamic 

stretching group and then hold relax PN F group. 

The results of thi s study a lso supports the findings of Decoster et a l. (2004:330), which al so 

showed s ignificant increases in hamstring length over a 3 week stretching period when stretching 

3 times per week. The findings of Fasen et a l. (2009:660), Woolstenhulme et a l. (2006:799), 

Nelson & Bandy (2005:245), Bandy et a l. ( 1998 :295). Bandy & Irion ( 1994:845) and Sady et a l. 

( 1982:26 1) are also echoed in this study; they concluded stretching as an effective means to 

significantl y increase fl exibility over any period from 2-1 0 weeks. 

This investigation contradicts the findings of researchers who reported stati c stretching as the 

most effi cient stretching technique to signifi cantl y increase hamstring fl ex ibili ty and also 

researchers who reported contract-relax PNF as the most effi cient technique to signi fica ntly 
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increase hamstring flexibility (Nelson & Bandy, 2005:245; Bandy et al ., 1998:295; Bandy & 

Irion, 1994:845 and Sady et al. , 1982:261 ). 

5.2.2 HAMSTRJNG FLEXIBILITY - 3 WEEKS TO 6 WEEKS TESTING 

The hold-relax PNF group showed the greatest mean increase ( 13.95 degrees) in hamstring 

flexibility, again not statistically significant, over the second 3 weeks of intervention followed by 

the contract-relax PNF group with a mean increase of 13 .75 degrees then the dynamic group with 

a mean value of 12.35 degrees and then the static stretching group with the least increase of 11.8 

degrees. Although the hold-relax group showed the greatest increase in flexibility over the 

second 3 weeks of stretching; static stretching still had the greatest overall increase in flexibility 

measure from baseline till 6 weeks. 

The static stretching group was the only intervention group that showed the least increase (95 % 

CL) in flexibility during the second 3 weeks of stretching, all other group measurements showed 

increases greater than the first 3 weeks of stretching. 

The second 3 weeks statistical findings of this study contradicts the findings of Davis et al. 

(2005:27) who also took measurements after 2 weeks and again after 4 weeks of stretching. 

They reported in their study that static stretching showed significantly greater increases in 

flexibility during the second 2 weeks of stretching. All other studies reported in the literature 

review only took measurements at baseline and after the completion of the study, therefore in 

terms of the results of this study and the study done by Davis et al. (2005:27) it can be advised 

that further investigation is needed to identify the stretching technique most effective for 

increasing flexibility during the later stages of a stretching program and to determine whether it 

might be more beneficial to do static stretching during the initial stages of a stretching program -

as it was reported that static stretching showed most improvement during short time periods, and 

whether it is necessa ry to then convert to another stretching technique to keep exercising the best 

technique for improvement. 

-·------··~ --------
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5.2.3 HAMSTRING FLEXIBILITY - 6 WEEK TESTING 

After the 6 weeks of intervention, testing measures again showed significant improvements 

(p<0.000 I) in mean value for all 4 stretching groups when compared to the control group. 

Comparing only the 4 intervention groups' mean value measures from baseline, the static 

stretching group again showed the greatest mean increase (24.4 degrees) in flexibility followed 

by the contract-relax PNF group (24.3 degrees), the hold-relax group (24.15 degrees) and then 

with a 2 degree decrease from the other groups, the dynamic stretching group (22.6 degrees). 

This means that flexibility and the need to improve or have normal functional range of motion 

can be obtained via stretching, independent of the stretching method used. 

All 4 stretching techniques (static, contract-relax, hold-relax and dynamic) produced significant 

improvements (p<0.0001) in flexibility from baseline when compared to the control group. 

Statistically significant improvements (p<0.000 I ) in fl exibility can also be seen for each 

individual stretching technique from their own baseline (static, contract-relax, hold-relax and 

dynamic) at 3 weeks and 6 weeks of stretching. 

Although static stretching showed greater improvements (not stati stically significant) in 

flexibility over the 6-week period when compared to the other intervention groups, all other 

intervention groups al so showed statistica lly significant improvements from their own baseline 

measures at 0 weeks, which suggest that no one of the four techniques can be labelled as the best 

stretching technique (p < 0.000 I). 

The results of this study harmonise with all other studies done on flexibility. LaRoche & 

Connoly (2006: I 000), Davis et a l. (2005:27). Nelson & Bandy (2004:254), Feland e t al. 

(2001 :186), Bandy et al. ( 1998:295), Williford & Smith (1 985 :30), Lucas & Koslow (1 984:615) 

and Sady et al. (1982:26 1) all reported in the ir individua l studies that stretchin g, independent of 

the technique used, showed significant improvements in flex ibility over any time period from 2 -

9 weeks. All of the above authors a lso reported that although no difference ex ist between the 
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different stretching techniques, significant improvements can be seen when comparing 

intervention groups with a control group. 

5.3 OVERVIEW 

The resul ts of th is investigation suggest that a ll 4 stretching techn iques were more efficacious 

compared to the control group for increas ing hamstring length over a 6 week period when 

stretching 3 days per week for a total of 300 seconds per session. 

The Range-of-Motion improvement in the straight leg raise static stretching group may be 

attributed to an increase in the subject ' s stretch to lerance or the viscoelastic property changes 

that occur; that is the Golgi-tendon organ that is fac ili tated - which may produce inhibition of the 

muscle that is stretched (Fasen et a l., 2009:664). PNF stretching techniques uses the theory of 

reciprocal and autogenic inh ibition via contraction of the opposing muscle, in this case the 

quadriceps muscle, which, according to researchers fac ilitates the hamstring muscle and can 

therefore not be related to the long-held theory of neural inhibition (Davis et al. , 2005 :3 I). 

However, adding a neuromobilization component to the PNF technique, for example, the slum p 

stretch, emphasizes that fl exib ility is not onl y influenced by muscle elasti city but also by 

connective and/or nervo us t issue (Fasen et al. , 2009:662). During the isometric contracti on o f 

the PNF stretching techn iq ue the autogenic inhibition mechanism is triggered, wh ich reduces the 

muscles ' tension through stimulation of the Go lgi-tendon organs, while the concentric 

contraction of the PNF stretching techn ique causes reciprocal inhi bition - which, in turn, causes 

an active reduction in the target muscles' resistance (Yuktasir & Kaya, 2009: 12). Magnusson 

( 1998:65) reported in his study (that investigated the acute effects of PNF and static stretch ing 

via fi ve 15 second stretches) that PNF stretching does indeed resul t in greater acute increases in 

range of moti on due to an increased stretch to lerance. In contrast to the abovementioned 

statement concerni ng PNF stretching. the resul ts of thi s investigation concluded that PN F 

stretch ing (hold-re lax and contract-relax) is just as an effecti ve means of increasing hamst ring 

fl ex ibility as stati c stretching over a 3- and 6-week period when compared with static- and 

dynamic stretching techniques. 
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On the basis of the results, any stretching technique can be used as an effective method of 

increasing hamstring length in young, healthy adolescents. 
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CHAPTERS: 
SUMMARY & CONCLUSION 

6.1 
6 .2 
6.3 
6 .4 
6 .5 

INTRODUCT ION 

SUMMARY 
CONCLUSION 
LIMITATIONS 
PRACTICAL RECOMMENDATIONS 

6.1 INTRODUCTION 

This chapter will discuss the trends seen in the analyzed data and conclude the findings of thi s 

study. It wil l also discuss further recommendations concerning this particular subject matter. 

6.2 SUMMARY 

The questions subsequently answered were firstly if stretching does indeed help to increase 

fl exibility significantly. Secondly, if there is a difference in the effectiveness of 4 common 

stretching techniques when the stretching parameters are consistent among the stretching 

techniques, and thirdly, which stretching technique can be used if increased flexibility is desired 

in a short time span (3 weeks)? The 4 types of stretches studied were static-, hold-relax PNF-, 

contract-relax PNF- and dynamic techn iques. Answers to these questions from th is research 

study provide groundbreaking results - not on ly towards the scientific literature but also for 

implementation with regard to the general well -being of individuals and for use in sport and 

rehabi litation industries: 

• To date, generali zation has been the onl y means to support individuals in the athletic and 

rehabilitation setting on how to improve muscle fl exib ility, and as to what stretching 

technique to use. Many different studies have been conducted on the different stretching 
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techniques, comparisons of the different techniques, and the intensity, frequency and 

duration of a stretching program, but because of the different outcomes, only insufficient 

knowledge was still available for prescribing flexibility exercises for rehabilitation, sports 

preparation or general conditioning. This present investigation shed light on the possible 

superior stretching technique to use when trying to improve flexibility, warm a muscle up 

in the athletic industry or getting the range of motion back in an injured joint. 

• Apart from insufficient knowledge with regard to the most effective stretching technique 

to use, the same issue exists with stretching parameters, including the frequency, intensity, 

and duration of a stretch. Most literature support the 30 second per stretch 3 times rule, 

but improvements have been seen in the timeframe, 15- and 120 seconds per stretch and 

from only one repetition. The results from this investigation as well as the literature 

reviewed on this parameter topic help to enlighten possible areas of darkness that may 

exists in the rehabilitation setting among therapists. 

• Conflicting views also exist among therapists regarding the importance of flexibility in 

respect of the impact of stretching on the muscle and its implications prior to strength 

training and/or performance. Many of these therapists when randomly asked, believe that 

stretching prior to strength training or competition will lengthen the muscle to such an 

extent that all the power of the muscle will be extracted and the athlete wi ll not be ab le to 

perform to his/her full potential ; others fee l that stretching must be done prior to 

performance to prevent injuries or to warm the muscle up for the demands to follow. The 

literature in this study provides some basic and helpful answers on when and how to use 

stretching exercises when it comes to strength training, performance and injuries. 
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6.3 CONCLUSION 

The following conc lusions can be reached from thi s stud y: 

6.3. 1 Stretching, regardless of the technique used, does significantly (p<0.05) increase 

hamstring flexibility over a 3-week and 6-week time span. 

6.3.2 The results of thi s study showed no significant difference (p<0.05) between the 4 

stretching techniques used to increase hamstring flexibility. Although there was no 

significant difference between the 4 stretching techniques, it appears from the results of 

the investigation that static stretching might be the more superior technique to use to 

increase hamstring fl exibility. 

6.3 .3 Regardless of no s ignificant difference (p<0.05) between the 4 stretching techniques over 

a 3-week time span, it seems that static stretching might be the more superior technique 

to use if increased hamstring flexibility is des ired in a short time span 

(3 weeks), more than the other 3 stretching techniques used in thi s study. 

The main aim of this study was to determine whether there is a significant difference 

(p<0.05) between the 4 stretching techniques and the control group over a 6-week period. 

Through results obtained, th is study's main a im was achieved. 
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6.4 LIMITATIONS 

Despite the randomized controlled design, this study has limitations. Not all items could be 

controlled, such as the acti vity levels of the partici pants. Another limitation of this investigation 

is the sample size. Despite the limited sample, the response to stretching was great enough in al l 

the intervention groups to identi fy the statisti cally significant necessity of flexibility exercises 

and the time at the level of significance (p<0.05). The researcher attempted to obtain flex ibi lity 

measures at approx imate the same time of day for each measuring session. It is a lso important to 

remember that the sample included healthy subjects and the results should therefore not be 

generalized to persons outside the sample population. In addition , because only the hamstring 

muscles were tested, generalization of the results of this investigation to other muscles or muscle 

groups wou Id be inappropriate. 

6.5 PRACTICAL RECOMMENDATIONS 

Only hamstring flexibil ity was tested in this investigation and it is be recommended that other 

muscles or muscle groups be tested with the same parameters used in this study. Stud ies on 

longer intensities, frequencies and durations would also provide interesting results as to which 

stretching technique might be significantly more superior over other techniques. 

80 



REFERENCES: 

AMAKO, M. ODA, T. , MASUOKA, K., YOKO!, H. , CAMPI SI, P. 2003. Effect of stat ic 

stretching on prevention of injuries fo r military recru its. Milit01y Medicine. I 68:442-446, Jun. 

ANDERSO 1, J.C. 2005. Stretching before and after exercise: Effects on muscle soreness and 

injury risk. Journal of athletic training, 40(3):2 I 8-220, Sept. 

ARMSTRONG, L. , BALADY, G.J. , BERRY, M.J., DAVIS, S.E., DAVY, B.M., DAVY, K. P., 

FRANKLIN, B.A., GORDON, N.F., LEE, I. , MCCONNEL, T. , MYERS, J.N., PIZZA, F.X., 

ROWLAND, T.W., STEWART, K., THOMPSON, P.O. , WALLACE, J.P. 2005. American 

College of sports medicine: Guidelines for Exercise Testing and Prescription . ew York: 

Lippincot, Williams & Wilkens. 

ARMSTRONG, L. , BALADY, G.J. , BERRY, M.J., DAVIS, S.E., DAVY, B.M., DAVY, K.P., 

FRANKLIN, B.A., GORDON, N.F., LEE, I. , MCCONNEL, T., MYERS, J.N., PIZZA, F.X., 

ROWLAND, T.W., STEWART, K., THOMPSON, P.O., WALLACE, J.P. 2009. American 

College of sports medicine: Guidelines for Exercise Testing and Prescription. New York : 

Lippincot, Williams & Wilkens. 

ARNHEIM, 0.0. & PRENTICE, W.E. 2008. Prindples of athletic training. A competency

based approach. New York: McGraw-Hill. 

BANDY, W.D. & IRION, J.M. 1994. The Effect of time on static stretch on the flexibility of 

the Hamstring Muscles. Journal of Physical Therapy, 74(9):845-852, Mch 22. 

BANDY, W.D., IRION, J.M .. BRIGGLER, M. 1998. The Effect of Static Stretch and Dynamic 

Range of Motion Trai ning on the Flexibil ity of the Hamstring Muscles. The Journal o/ 
orthopeadic and sports physical therapy, 27(4):295-300, Apr. 

81 



BASSEY, E.J. 1998. Longitudinal changes in selected physical capabilities: muscle strength, 

flexibility and body size. Age and Ageing, 27(3): 12-16. 

BAUMGARTNER, T.A. , JACKSON, A.S., MAHAR, M.T. , ROWE, D.A. 2006. Measurement 

for evaluation. In physical education & exercise science. New York: McGraw-Hill. 

BEACHLE, T.R. & EARLE, R.W. 2008. Essentials of strength training and conditioning. 

New York: Human Kinetics. 

BECKETT, J.R., SCHNEIKER, K.T., WALLMANN, K.E., DAWSON, B.T., GUELFI , K.J. 

2009. Effects of static stretching on repeated sprint and change of direction performance. 

Medicine & Science in sports and exercise, 41 (2):444-450, Feb. 

BIXLER, B. & JONES, R.L. 1992. High-school football injuries: effects of a post half-time 

warm-up and stretching routine. Family Practicioning, 12(2): 134-1 39, Jun. 

BROOKS, G.A., FAHEY, T.D., WHITE, T .P., BALDWIN, K.M. 1999. Exercise Physiology: 

Human Bioenergetics and its applications. United Kingdom: McGraw-Hill. 

BRUKNER, P. & KHAN, K. 2006. Clinical Sports Medicine. Australia: McGraw-Hill.. 

CHAN, S.P., HONG, Y. & ROBINSON, P.O. 200 1. Flexibility and passive resistance of the 

hamstrings of young adults using two different static stretching protocols. Scandinavian Journal 

Medicine Science Sports, I I :81-86, Jun 26. 

CARDIN, S.P., MARCOLI N, A.L.V. & MAGALHAES, C.S. 2008. Muscle strength 

assessment among children and ado lescents wi th growing pains and joint hypermobility. Rev 

Bras Fisioter, Sept 18. [ISSN: 14 13-3555). 

82 



CORNWELL, A., NELSON, A.G., KOKKONEN, J., ELDREDGE, C. & GLICKMAN-WE ISS, 

E. 200 1. Chronic stretch ing and running economy. Medicine and Science in sport and exercise, 

11 (5):260-265 , Feb 13. 

COSTA, P.B. , GRAYES, B.S., WHITEHURST, M. & JACOBS, P.L. 2009. The acute effects 

of different durations of stat ic stretch ing on dynamic balance performance. Journal of strength 

and conditioning research, 23( I): 141-14 7, Jan 

CRAMER, J.T., HO USH, T.J., MILLER, G.O., COBURN, J.W., BECK, T .W. 2004. Acute 

effects of stati c stretch ing on peak torque in women. Journal of strength and conditioning 

research, 18(2):236-241 , May. 

DAHAB, K.S. & MCCAMBRIDGE, T.M. 2009. Strength training in children and adolescents: 

Raising the bar for young athletes? Sports Health: A multidisciplinary approach, 1 (3):223-226, 

Jun 2009. 

DA VIS, D.S., ASHBY, P.E., MCCALE, K.L., MCQUAIN, J.A., WINE, J.M. 2005. The 

Effectiveness of 3 stretching techniques on Hamstring Flexibility using consistent stretching 

parameters. Journal of Strength and Conditioning Research, 19( 1 ):27-32, Feb. 

DE FREITAS, W.Z., SILVA, E., FERNANDES, P.R., CARAZZATO, P.G., DANTAS, E.H.M. 

2007. Development of shoulder and hip flexibility by proprioceptive neuromuscular facilitat ion 

and its relationship to muscle fiber type determined by dermatoglyphic method. Fit Performance 

Journal, 6(6):347-35 1, Aug. 

DECOSTER, L.C., SCANLON, R.L., HORN, K.D., CLELAND, J. 2004. Standing and Supine 

Hamstring Stretching are equall y effective . .Journal of Athletic training, 39(4):330-334, Dec. 

DI LORENZO, C.E. 1999. Phys ical Therapy Pos itive Change. Journal of total Health, 

2 1 (2):20-2 I . 

83 



EKSTRAND, J. & GILLQUIST, J. 1983. Soccer injuries and their mechanisms: a prospective 

study. Medicine and Science in sport and exercise, 15(3):267. 

EVETOVJCH, T.K., NAUMAN, N.J., CONLEY, D.S., TODD, J.B. 2003. Effects of static 

stretching of the biceps brachii on torque, electromyography and mechanomyography during 

concentric isokinetic muscle actions. Journal of strength and conditioning research, 17(5):484-

488. 

FASEN, J.M., O'CONNOR. A.M., SCHWARTZ, S.L., WATSON, 1.0., PLASTARAS, C.T., 

GARYAN, C.W., BULCAO, C., JOHNSON, S.C. & AKUTHOTA, V. 2009. A randomized 

controlled trial of hamstring stretching: Comparison of four techniques. Journal of strength and 

conditioning research, 23(2):660-667, March. 

FELAND, J.B., MYRER, J.W., MERRIL, R.M . 2001. Acute changes in hamstring flexibility : 

PNF versus static stretch in senior athletes. Physical Therapy in Sport, 2: 186-193, May. 

FOWLES, J .R., SALE, D.G. & MACDOUGALL, J .D. 2000. Reduced strength after passive 

stretch of the human plantar flexors. Journal of applied physiology, 89: 1179-1188, Apr 7. 

FRANCISCO, A. & PILAR, S. 2010. Effects of 3 different active stretch durations on hip 

flexion range of motion . Journal o.f strength and conditioning research, 24(2):430-436, Feb. 

GALLAHUE, D.L. & OZMUN, J.C. 2006. Understanding motor development: Infants, 

children, adolescents & Adults. United Kingdom: McGraw-Hill. 

GALLOWAY, M.T. & JOKL, P. 2000. Aging Successfully: The importance of Physical 

Activity in mainta ining health and functi on. Journal of the AmericanAcademy of Orthopaedic 

Surgeons, 8( 1):37-44, Jan. 

GLOANG, D. 1992. Exercise, fitness and hea lth . British Medical Journal, 307:377, Aug 15. 

84 



GUISSARD, N., DUCHATEAU, J., HAfNAUT, K. 1988. Muscle stretching and motoneuron 

excitability. European Journal of Applied Physiology. 58:47-52, May 25. 

HADALA, M. & BARRIOS, C. 2009. Different strategies for sports injury prevention in an 

America 's Cup Yachting Crew. Medicine & Science in sports & exercise, 41 :1587-1596, Aug. 

HANDEL, M. , HORSTMANN, T., DICKHUTH, H.H. , GULCH, R.W. 1997. Effects of 

contract-relax stretching training on muscle performance in athletes. European Journal of 

Applied Physiology, 76:400-408, March I. 

HARTIG, D.E. & HENDERSON, J.M. 1999. Increasing hamstring flexibility decreases lower 

extremity overuse injuries in military basic trainees. American Journal of sports Medicine, 

27(2): 173-176, March. 

HARVEY, BA TTY, CROSBIE, POULTER. 2000. A Randomized trial assessing the effects of 

4 weeks of daily stretching on ankle mobility in patients with spinal cord injuries. Arch Physcial 

Medicine Rehabilitation, 81 : 1340-1347. Feb 28. 

HAYWOOD, K.M. & GETCHELL, N. 2001. L~fe span motor development. New York: Human 

Kinetics. 

HERBERT, R.D. & GABRIEL, M. 2002. Effects of stretching before and after exercising on 

muscle soreness and risk of injury: systematic review. British Medical Journal, 325:468-472, 

Mch 21. 

HOLT, L.E., TRAVIS, T.M., OKITA, T. 1970. Comparative study of three stretching 

techniques. Perceptual Motor skills, 3 I :61 1-616. Oct. 

HONG, Y., LI , J.X., ROBINSON, P.O. 2000. Balance control, flexibility, and cardiorespiratory 

fitness among older Tai Chi practitioners. British Journal o.f Sports Medicine, 34:29-34. Oct 6. 

85 



INGRAHAM, S.J. 2003. The role of Flexibility in injury prevention and athletic performance. 

Minnesota Medical Associations Publications. 86: 1-7, May. 

KENDALL, F.P., MCCREARY, E., PROVANCE, P.G., MCINTYRE ROGERS, M. , ROMANI, 

W.A. 2005. Muscles: Testing and Function with posture and pain. New York: Lippincot, 

Williams & Wilkens. 

KJAER, M., KROGSGAARD, M. , MAGNUSSON, P., ENGEBRETSEN,L. , ROOS, H., 

TAKALA, T., L-Y WOO, S. 2003. Textbook of Sports Medicine: Basic science and cl inical 

aspects of sports injury and physical activity. Oxford: Black Well Science. 

KNUDSON, D. & NOFF AL, G. 2005. Time course of stretch-induced isometric strength 

deficits. European Journal of applied physiology, 94:348-352, Dec 8. 

KOKKONEN, J., NELSON, A.G. & CORNWELL, A. 1998. Acute muscle stretching inhibits 

maximal strength performance. Research quarterly .for exercise and sport, 69(4):411-415. 

KUBO, K., KANEHJSA, H., FUKUNAGA, T. 2002. Effect of stretching training on the 

viscoelastic properties of human tendon structures in vivo. Journal of Applied Physiology. 

92:595-60 I , Sept 25. 

LARDNER, R. 200 I . Stretching and flexibility: its importance in rehabi litation. Journal of 

Bodywork and Movement Therapies, 5(4):254-263. [Abstract in the ELSJVIER database, ISSN 

no. 1360-8592). 

LAROCHE, D.P. & CONNOLY. D.A..J . 2006. Effects of Stretching on Passive Muscle Tension 

and Response to Eccentric Exercise. American Journal o,( Sports Medicine, 34:1000- 1007, Feb 

13. 



LUCAS, R.C. & KOSLOW, R. 1984. Comparative study of Static , Dynamic, and 

Proprioceptive Neuromuscular Facilitation Stretching techniques on flexibility. Journal of 

Perceptual and motor skill, 58:615-618, March 6. 

MAGNUSSON, S.P. & RENSTROM, P. 2006. The European College of Sports Sciences 

Position statement: The role of stretching exercises in sports. European Journal of Sport 

Science, 6(2):87-91 , Jun. 

MAGNUSSON, S.P. 1998. Passive properties of human skeletal muscle during stretch 

manoeuvres. Scandinavian Journal of Medicine & Science in Sporl, 8:65-77, Jan 8. 

MAKAR UK, H., MAKAR UK, B., KEDRA, S. 2008. Effects of warm-up stretching exercises 

on sprint performance. Physical education & sports, 52:23-26, Feb 6. 

MAREK, S.M., DRAMER, J.T., FINCHER, A.L. , MASSEY, L.L., DANGELMAJER, S.M., 

PURKA Y ASTHA, S., FITZ, K.A., CULBERTSON, J .Y. 2005. Acute effects of static and 

proprioceptive neuromuscular facilita tion stretching on muscle strength and power output. 

Journal of A thletic Training, 40(2):94-103, Apr. 

MASTERSON, G., HERRINGTON, J., MUCHOW, J ., POWELL, C. 2008. When Less is 

More: The case for shorter Stretching Durations. Coach and Athletic Directory, The State 

University of Missouri, Springfield, p.68-71 , Apr I. 

MCDANIEL, L.W., JACKSON, A ., GA UDET, L. 2009. Strength development 111 young 

adolescents. lnlernational education studies. 2(3): 18-22, Aug. 

MCGINNIS, P.M. 2005. Biomechanics of sport & exercise. New York: Human Kinetics. 

MCHUGH, M.P. & COSGRAVE, C.H. 20 I 0. To stretch or not to stretch : the role of 

stretching in injury prevention and performance. Scandinavian Journal of medicine scie nce 

sp orts, 20: 169-181 , Oct 5. 

87 



MCMILLIAN, D.J. , HATLER, B.S., TAYLOR, D.C. 2006. Dynamic vs Static stretching 

warm-up: the effect on power and agility performance. Journal of strength and conditioning 

research, 20:492-499, Aug. 

MCNAIR, P.J ., DOMBROSKI, E.W., HEWSON, D.J., STANLEY,N. & STEPHAN, N. 2001. 

Stretching at the ankle joint viscoelastic responses to holds and continuous passive motion. 

Medicine and Science in sport and exercise, 33(3):354-358, March. 

MICHELI, L.J. & KLEIN, J.D. 199 1. Sports injuries in ch ildren & adolescents. British Journal 

of sports medicine, 25:6-9, March. 

MICHELI , M.D. & FEHLANDT, A.F. 1992. Overuse injuries to tendons and apophyses in 

children & adolescents. Clinics in sports medicine, 11 ( 4 ):7 13-726, Oct. 

MURPHY, D.R. 1991. A critical look at static stretching: are we doing our patients harm? 

Chiropractica/ Sports Medicine, 5:67-70. 

NELSON, A.G., DRISCOLL, N.M ., LANDIN, D.K., YOUNG, M.A., SCHNEXNA YDER, J.C. 

2005. Acute effects of passive muscle stretching on sprint performance. Journal of Sport 

Sciences, 23(5):449-454, May 7. 

NELSON, R.T. & BANDY, W.D. 2004. Eccentric Training and Static Stretch ing Improve 

Hamstring Flexibi lity of High School Males. Journal of Athletic Training, 39(3):245-258, Sept. 

NIEMAN, D.D. 2009. Exercise Testing & Prescription. A Health-related Approach. New 

York: McGraw-Hil l. 

NOBREGA, A.C.L., PAULA. K.C. , CARVALHO, A.C.G. 2005. Interaction between 

resistance training and flexibili ty training in healthy young adults. Journal of Strength and 

Conditioning Research, 19( 4):842-846, Nov. 

88 



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. BMC 

Musculoskeletal disorders, 10:37-44, Apr 16. 

OLSEN, 0., MYKLEBUST, G., ENGEBRETSEN, L. , HOLME, I., BAHR, R. 2005. Exercise 

to prevent lower limb injuries in youth sports: cluster randomized controlled trial., British 

Medical Journal, p 1-7, Nov 30. 

PLOWMAN, S.A.& SMITH, D.L. 2002. Exercise Physiology for health, fitness and 

pe1:formance. Philadelphia: Lippincot, Williams, Wikens. 

POPE, R.P., HERBERT, R.D. & KIRWAN, J.D. 1998. Effects of flexibility and stretching on 

injury risk in army recruits. Australian Journal Physiotherapy, 44: 165-1 72. 

POPE, R.P., HERBERT, R.D., KIRWAN, J.D., GRAHAM, B.J. 2000. A randomized trial of 

pre-exercise stretching for prevention of lower-limb injury. Medicine and Science in sports & 

exercise, 32(2):27 1-277, Apr. 

POWERS, S.K. & HOWLEY, E.T. 2004. Exercise Physiology: Theory and Application to 

fitness and performance. New York: McGraw-Hill. 

PRENTICE, W.E. 20 I 0. Principles of athletic training. A competency-based approach. New 

York: McGraw-Hil l. 

PRENTICE, W.E. & ARNHEIM, D.D. 2008. Essentials of athletic injury management. New 

York: McGraw-Hill .. 

PRENTICE, W.E. 2004. Rehabilitation techniques for sports medicine and athletic training 

New York: McGraw-Hill. 

89 



RIBEIRO, L., PORTAL, M., DA SILVA, J.B. , SARAIVA, A., MONTE, G, DANTAS, E.H.M. 

20 I 0. Effects of two modes of exercise training on physical fitness of I 0 year old children. 

Biomedical Human Kinetics. 2:38-41. Nov I I . 

ROBERTS, J.M. & WILSON, K. I 999. Effect of stretching duration on active and passive 

range of motion in the lower extremity. British Journal of Sports Medicine, 33:259-263, Feb 3. 

SADY, S.P., WORTMAN, M., BLANKE, D. I 982. Flexibility Training: Ballistic, Static or 

Proprioceptive Neuromuscular Facilitation? Archives of physical medicine and rehabilitation, 

63:261-263, Aug 6. 

SAFRAN, M.R., SEABER, A.V., GARRETT, W.E. Warm up and muscular injury prevention: 

an update . Sports Medicine, 8:239-249, Oct. 

SEK IR, U., ARABACI, R., KA DAGAN, S.M. 20 I 0. Acute effects of static and dynamic 

stretching on leg flexor and extensor isokinetic strength in elite women athletes. Scandinavian 

Journal of Medicine and Science in sports, 20:268-28 1, Jan 8. 

SHRIER, I. 2004. Does stretching improve performance? Clinical Journal of Sports Medicine, 

14(5):267-273, Sept 5. 

SHRIER, I. 1999. Stretching before exercise does not reduce the risk of local muscle injury: A 

critical review of the clinical and basic science literature. Clinical Journal of Sports Medicine, 

9:221-227, Okt. 

SIM, A., DAWSON, B.T., GUELFI. K.J., WALLMANN, K.E., YOUNG, W.B . 2009. Effects 

of static stretching in warm-up on repeated sprint performance. Journal of strength and 

conditioning research. 23(7) :2 155-21 62, Oct. 

90 



SPERNOGA, S.G., UHL, T.L., ARNOLD, B.L., GANSNEDER, B.M. 2001. Duration of 

maintained hamstring flexibility after a one-time, modified hold-relax stretching protocol. 

Journal of Athletic Training. 36( 1 ):44-48, Jan. 

SULLIVAN, M.K., DEJULIA, J.J . & WORREL, T.W. 1992. Effect of pelvic position and 

stretching method on hamstring flexibi lity. Medicine and Science in sport and exercises, 

24( 12): 1383- 1389, Dec. 

TANGIWA, M.C. 1972. Comparison of the hold-relax procedure and passive mobilization on 

increasing muscle length. Physical Therapy, 52:725-735, Jul. 

TAYLOR, K., SHEPPARD, J.M., LEE, H., PLUMMER, N. 2009. Negative effect of static 

stretching restored when combined with a sport specific warm-up component. Journal of 

Science and Medicine in sport, 12:657-66 1, Apr 28. 

TORRES, J.B., CONCEICAO, M., SAMPAIO, A. , DANTAS, E.H.M. 2009. Acute effects of 

static stretching on muscle strength . Biomedical Human Kinetics, 1 :52-55, May 26. 

VALDIVIA, O.D., CANADA, M.A.M., ORTEGA, F.Z., RODREGUEZ, J.J.A., SANCHEZ, 

M.F. 2009. Changes in flexibility accord ing to gender and educational stage. Apunts Medicine 

Esport, 161:10-17, Nov 24. 

VAN MECHELEN, W., HLOBI L, H., KEMPER, H.C.G. , VOORN, W.J., DEJONGH, H.R. 

1993. Prevention of running injuries by warm-up, cool-down and stretching exercises. 

American Journal of sports medicine, 21 :7 11-7 19, Sept. 

WALLMANN, H. W. 2009. Stretching and flex ibi lity in the aging adult. Home health and care 

management practice. 21 (5):355-357, Apri I 9. 

WELDON, S.M. & HILL, R.H. 2003. The efficacy of stretching for prevention of exercisc

related injury: a systematic review of the literature. Manual Therapy, 8(3): 14 1-150, Jan 15. 

- -----
9 1 



WILLIFORD, H.N. & SMJTH, J. F. 1985. A comparison of Proprioceptive Neuromuscular 

Facilitation and Static stretching Techniques. American Correctional Therapy Journal, 

39(2):30-33, March. 

WITVROUW, E., MAHIEU, N., DANNEELS, L., MCNAIR, P. 2004. Stretching and Injury 

Prevention : an obscure relationship. Sports Medicine, 34(7):443-449. [ISSN: 0112-1642]. 

WOOLSTENHULME, M.T., GRIFFITHS, C.M., WOOLSTENHULME, E.M & PARCELL, 

A.C. 2006. Ballistic stretching increases flexibility and acute vertical jump height when 

combined with basketball activity. Journal of strength and conditioning research, 20(4):799-

803, Nov. 

WORKMAN, C.D. 20 I 0. Effects of static stretching on foot velocity during instep soccer kicks. 

Utah State University. M dissertation. 

Y AKTASIR, B. & KAY A, F. 2009. Investigation into the long-term effects of static and PNF 

stretching exercises on range of motion and jump performance. Journal of bodywork and 

movement therapy, I 3: I 1-21 , Oct 15. 

YA YES, D.C. 2007. Stretching: An important component of everyone's workout. Fanshawe 

Focus, 3(2):2-3, March. 

YOUDAS, J.W., HAELFLINGER, K.M., KREUN, M.K., HOLLOWAY, A.M., KRAMER, 

C.M., HOLLMAN, J.H. 20 I 0. The efficacy of two modified proprioceptive neuromuscular 

facilitation stretch ing techniques in subjects with reduced hamstring muscle length. 

Physiotherapy The01y and Practice, 26(4):240-250, Apr 23. 

YOUNG, W.B. & BEHM, D.G. 2002. Should static stretching be used during warm-up for 

strength and power activities? Strength and conditioning Journal. 24(6):33-37, Dec. 



ABSTRACT 

Stretching techniques on hamstring flexibility in adolescent girls. 

This study compared the effi cacy of 4 different hamstring-stretching techniques. Flexibility can 

be achieved by a vari ety of stretching techniques, yet little research has been performed on the 

most effective method . The four most bas ic stretches includes: Static stretching where the limb 

is held stati onary a t and endpoint for a certain time peri od; Dynamic stre tching, an active stretch 

where the limb is slowly moved from the neutral position to the endpoint; PNF hold-relax- and 

PNF contract-relax stretchi ng wh ich is also referred to as active stretches because of the 

concentric and isometri c contracti ons throughout the stretch (Prentice, 201 0: 11 I). Th is study' s 

aim was to determine which type of stretching technique is most effective in improving 

hamstring length . One hundred female subjects between the ages of 13 and 17 years were 

enrolled in the study. The 90°/90° hamstring length measure was used for a ll measurements to 

measure knee extension angle. A ll I 00 subjects were included in a randomized controlled tria l 

of 5 different groups comparin g different hamstring-stretching techniques. Outcome measure 

(hamstring length) was recorded on a ll subjects initia lly, at 3 weeks and at 6 weeks. After 3 

weeks of stretching, there was a statistica lly s ignificant improvement in hamstring length 

(p<0.000 I) us ing all stretches when compared to the control group . From weeks 3 through 6, 

hamstring length for a ll groups again showed stati stically signifi cant improvement when 

compared to the control g roup. No s ignificant difference was found comparing the intervention 

groups after 3 weeks or after 6 weeks of stretching. After both 3 weeks and 6 weeks of 

stretching the straight-leg-raise (static stretching) group had the greatest improvement in 

hamstring length, a lthough the di fference was not statistica lly significant. 

(flexibility, stretching, hamstring length, neutral position, stretching techniques, endpoint, daily dose, 

knee extension a ngle, strai ght leg raise, time period) 

------------· -- -
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ABSTRAK 

Strekte2nieke op hampese soepelheid van vroulike adolessente. 

Hierdie studie het di e effektiwiteit van verskillende strektegnieke op hampese soepelheid 

vergelyk. Verskeie strektegnieke kan gebruik word om soepelheid te verbeter, maar as gevolg 

van gebrek aan navorsing oor die onderwerp is die effektiefste strektegniek nog nie duidelik 

uitgewys nie. Daar bestaan vier basiese strektegnieke: Statiese strekke waartydens die ledemaat 

by 'n sekere eindpunt gehou word in 'n statiese posis ie vir 'n sekere tydperk; Dinamiese strekke, 

'n aktiewe strek waartydens die ledemaat stadig beweeg word vanaf die neutrale posisie tot by 

die eindpunt; PNF "hold-relax"- en PNF "contract-relax" strekke waarna ook as aktiewe strekke 

verwys word as gevolg van die konsentriese- en isometriese- kontraksies wat plaasvind 

gedurende die strek (Prentice, 20 I0:1 11 ). Die doe I van hierdie studie was om die strektegniek 

wat die effektiefste sal wees om hampese soepelheid in vroulike adolessente te verbeter te 

identifiseer. Een honderd vrou like deelnemers tussen die ouderdomme 13- en I 7-jaar was vir 

deelname aan die studie gewerf. Die 90°/90° hampese soepelheids metings-toets was vir alle 

metings gedurende die studie gebruik om sodoende die knie ekstensie hoek van elke deelnemer 

te bepaal. Die groep van I 00 deelnemers was ewekansig in 'n gerandomiseerde proef wat 

bestaan het uit 5 verskil lende groepe verdeel. Elke groep het 'n ander strektegniek beoefen om 

sodoende na atloop van die studie die effektiefste strektegniek om hampese soepelheid te 

bevorder te bepaal. Resultate (hampese lengte) van elke deelnemer was by 3 weke en 6 weke na 

aanvang van die studie verkry. Na 3 weke intervensie was daar 'n statisties betekenisvollc 

verbetering in alle intervensie groepe vergeleke met di e kontrole groep wat geen intervensie 

ondergaan het nie. Die tydperk week 3 tot week 6 het weereens 'n statisties betekenisvollc 

verbetering getoon wanneer intervensie groepe vergelyk is met die kontrole groep. Geen 

betekenisvolle verskil was tussen di e versk illende intervensie groepe verkry wanneer resultatc 

vergelyk is met mekaar gedurende die eerste 3 weke of 6 weke na intervensie nie. Na beidc 

periodes (3 weke en 6 weke intervensie) het di e statiese strekgroep (regu it-been-lig strek) die 

meeste hampese lengte verbetering getoon, hoewel dit nie statisties betekenisvol bewys is ni e . 

(soepelheid, strekkc, hampcsc lengtc, neutrale posisic, strck tcgnieke, eindpunt, knie ekstensie hoek, daagliksc 

dosis, reguit-been-lig, tydspcriodc) 
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ANNEXUREA 

16 January 2010 

MR SOLLY MAGALEF A 
Head of Communication and Liaison 
Department of Education 
BLOEMFONTEIN 
9301 

Dear Mr S Magalefa 

RESEARCH PROJECT: STRETCHING TECHNIQUES ON HAMSTRING 
FLEXIBILITY IN FEMALE ADOLESCENTS 

The need to identify the importance of flexibility in female adolescents during the growth spurt 
and the benefits of a stretching program has been identified in previous research done. 
Information on the most effective stretching technique to use to obtain these benefits however 
reflect controversy and therefore the need for further experimentation regarding this 
phenomenon has been identified by the Department of Human Movement Sc ience at the 
University of the Free State. The Department hereby request permission for the participation of 
learners from a School in Bloemfontein in order to execute this research project. The title of the 
proposed study is called, 

STRETCHING TECHNIQU ES ON HAMSTRING FLEXIBILITY IN FEMALE ADOLESCENTS. 

T he purpose of this study will be to identify the most effective stretch ing technique to promote or 
maintain muscular flex ibility. T he importance of stretching is often overlooked as part of a daily 
exercise program and onl y becomes a concern after musc les or joints become stiff due to injury, 
inactivity or illness. Therefore flex ibility exercises must form an integral part of a daily exerc ise 
program and play a vital ro le in the performance of athletes, sport injury rehabilitation , 
improvement of qua I ity of Ii fe , sports and high performance sports. 

The study will be executed over a s ix week period w ith three stretching sessions per week. 
Scholars will be divided into one of four groups where each group will perform a different 
stretching technique. 

There are no risks invo lved in participation in thi s study. 

The Princ iple of a school in Bloemfontein, granted permission for the part1c1pation of her 
learners in th is experiment and will receive a parental informed consent form to be completed by 
their legal guardians and each learner w ill rece ive a minor's consent form to be completed. 
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Through this research project, information regarding different controversies on the flexibility, 
performance and injury phenomenon will be gathered and used to inform coaches and trainers on 
the correct usage of flexi bility in all settings of activity among scholars as well as the benefits 
and potential risks associated with stretching. All partaking learners' information will be 
handled confidentially at all times. 

I trust that my application wi ll meet your approval. 

LIZL JANSE VAN RENSBURG 
(RESEARCHER) 

DR. F.F. COETZEE 
(PROMOTOR) 



ANNEXUREB 

INFORMATION DOCUMENT 

Stretching techniques on hamstring flexibility in female adolescents 

You are invited to take part in a research study of the Department Exercise and Sport Sciences, 
University of the Free State. In thi s study, we are interested in how much improvement can be 
gained by a certain identified fl exib ility/stretching exercise done on your hamstring muscle 
group. We have asked you r parents or caregiver to give permission for you to participate, but 
now we want to determine whether you agree to this. 

If you decide to take part in this stud y, you will have to partic ipate in a stretch ing session three 
times a week over a period of six weeks. You will a lso need to complete 3 fl ex ibili ty 
measurements so that we can determine your improvement or lack thereof during these six 
weeks. Each stretching session will take approximately 15 minutes and will include a brief 
warm-up and then stretchin g. 

We shall let you know when you need to come to the univers ity. All the necessary first 
measurements will be taken and exp la ined to you on that day. The benefits of participation in 
this study will also be discussed. There are no risks involved in participation in thi s study 
because of the nature of the stretches and in that a qualified biokineticist will attend and 
supervise all stretching sessions to ensure detailed execution of each stretch. All information will 
be kept confidential. Your answers/questions and measurements w ill be shared among the 
people conducting the research only and your name will not be used. 

By signing this you are showing that you understand what is going to be happening and have 
asked any questions you may have about the research. You can also ask questions later if you 
cannot think of any now. Signing thi s form does not mean you have to finish the study - you 
may withdraw from this study at any time w ithout giving reasons for doing so. 

Signature (part icipant) 

Lizl Janse van Rensburg 
(Researcher) 

Date 
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ANNEXUREC 

INFORMED CONSENT FOR MINORS 

Stretching techniques on hamstring flexibility in female adolescents 

The goal of thi s study is to determine the most effective stretching technique to promote 
hamstring flexibility in female adolescents. 

This master's degree study will not only be of benefit to the participants in the better 
understanding and awareness of their muscles and the ir importance during the growth spurt of 
life but also provide quality information to the Department of Education, Department of Human 
Movement Science and coaches and trainers at school level for the further development and use 
of flexibility programs among adolescents. 

Participation is voluntary and refusal to participate will involve no penalty or loss of benefits; the 
participant may also discontinue participation at any time without penalty or loss. 

Measurements: 
• A 90°190° flexibility test of the hamstring muscle group before the start of the experiment 
• The same flexibility test after three weeks of the program and again after six weeks on 

completion of the program 

The participants and/or guardians will receive fl exibility training prior to the start of the program 
for accurately execution during each stretch ing session. Each stretch ing session wi ll last 
approximately 15 minutes. 

The results of the research study will be used for an article published in health journals. 

l have read the above information. The nature, demands, and benefits of the project have been 
explained to me. I understand that I may withdraw my consent and discontinue my child ' s 
participation at any time without penalty or loss of benefits to my ch ild . In s igning this consent 
form, I am not waiving any legal claims, rights, or remedies. 

I, parent/guardian of 
hereby give 

permission that (participant) may part1c1pate in this study, 
complete the form s and allow the abovementioned measurements to be taken . 

Signature: Lega l Gaurd ian Date 
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ANNEXUREC 

CHILD ASSENT FORM 

Stretching techniques on hamstring flexibility in female adolescents 

I, , understand that my legal guardians have given permission 
for me to take part in a study concerning stretching techniques on hamstring flexibility in female 
adolescents, under the direction of the Department Exercise and Sport Sciences, University of 
the Free State. 

I have read and understand the information document provided to me concerning the nature of 
this study. I understand that I may withdraw form the study at any time without explanation and 
that there is no risks involved in participation . 

Signature (participant) 

Liz! Janse van Rensburg 
(Researcher) 

Date 

UV - UFS 

BLOEMFONTEIN 

BIBUOTEEK - LIBRAJ1V 
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