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ABSTRACT 

 

 Pre-exercise stretching has the potential to influence the ability of the 

active muscular control system to dynamically stabilize affected joints during 

high-risk athletic maneuvers.  Likewise, even though controversial research 

evidence exists regarding the role of stretching, many athletes continue to 

perform pre-exercise stretching and continue to believe it is important to engage 

in this practice, suggesting an underlying psychosocial interaction.  Therefore, 

the purposes of this study were to:  (1) explore the influence of pre-exercise 

stretching on measures of neuromuscular control of the lower extremity during 

landing; (2) evaluate the relationship between historical educational messages 

about pre-exercise stretching and current perceptions of its value; (3) evaluate 

the relationship between subjects’ perceptions and actual performance 

outcomes; (4) investigate the influence of the type of warm-up intervention on 

subjects’ perceptions of its value; and (5) evaluate the influence of current 

educational messages on perceptions of the value of pre-exercise stretching.  

Forty-four college-age recreationally active individuals participated in a clinical 

control trial design requiring one day of testing involving a warm-up followed by a 

vertical drop jump test before and after a stretching intervention or rest period.  

The stretch-intervention group participated in a 16 minute stretching routine, 

while the control group rested for the same time period.  Pre and Post-

intervention measurements of electromyography (EMG), knee and hip 
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kinematics, ground reaction force (GRF), and muscle flexibility of the dominant 

lower extremity were examined for both groups.  The EMG, kinematic, and GRF 

measurements were gathered during the first landing phase of a vertical drop 

jump test.  Upon completion of the second vertical drop jump test, subjects 

completed a survey instrument utilizing a standard visual analogue scale to 

evaluate perceptions.  Inferential statistical analyses demonstrated no significant 

differences between the stretching and control groups in EMG, kinematic, GRF 

or flexibility measurements as a result of the stretching intervention.  Additionally, 

correlation analyses found no relationship between what the subjects had been 

taught regarding the value of pre-exercise stretching and their perception of its 

value, yet a positive relationship was found between perceptions and the actual 

vertical drop jump measures.  Finally, inferential statistical analyses revealed that 

written educational messages significantly altered subjects’ perceptions of the 

value of pre-exercise stretching.  Based on these findings it was suggested that a 

moderate stretching routine prior to a landing task may not negatively influence 

the ability of the neuromuscular system to safely control joint motion during 

landing.  Likewise, it was concluded that current educational messages can alter 

perceptions of the value of pre-exercise stretching and perceptions about a 

specific warm-up routine may influence performance outcomes, possibly as a 

result of a heightened state of self-efficacy.   
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CHAPTER I 

INTRODUCTION AND JUSTIFICATION OF THE STUDY 

 

Introduction 

Stretching and Perceptions 

 Muscular stretching prior to exercise historically has been recommended 

by physical educators, individuals involved in athletics, and a variety of 

healthcare practitioners as an integral component of a preparatory program to 

prevent musculoskeletal injury (Best, 1995; Garrett, 1990; Gleim & McHugh, 

1997; Hartig & Henderson, 1999; Safran, Seaber, & Garrett, 1989; Smith, 1994) 

and improve muscular performance (Anderson & Burke, 1991; Baechle & Earle, 

2000; Shellock & Prentice, 1985).  This educational message often has been 

dispersed without appropriate scientific support (Shrier, 1999).  In fact, critical 

evaluation of clinical and basic science evidence demonstrates conflicting 

findings related to the value of stretching prior to exercise (Shrier, 1999).  

Consequently, there currently is insufficient evidence to suggest that acute 

stretching prior to exercise is beneficial for the prevention of musculoskeletal 

injuries.     

An acute bout of pre-exercise stretching appears to be detrimental for 

muscle strength and power performance measures for certain athletic 

populations (Young & Behm, 2002) as a result of alterations in neurological 

properties (Cramer et al., 2004) and viscoelastic properties (Avela, Finni, 
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Liikavainio, Niemela, & Komi, 2004) of the stretched muscle.  Therefore, it may 

not be appropriate to alter the fine dynamic interactions of neural, architectural, 

and electrophysiological properties present in muscle for force production 

immediately prior to participation in exercise (Fowles, Sale, & MacDougall, 2000).  

Nonetheless, many athletes continue to perform pre-exercise stretching (Young 

& Behm, 2003) and continue to believe it is important to engage in this practice 

(Nyland, Kocabey, & Caborn, 2004).  In light of this information, one might 

conclude that there is a psychosocial component to these perceptions of the 

benefit of pre-exercise stretching.   

One psychological phenomenon that has been extensively researched 

across a variety of performance domains and may provide insight into the current 

perceptions of the value of stretching is the self-perception of efficacy, also 

known as self-efficacy (Bandura & Locke, 2003; Feltz, 1982; Feltz & Weiss, 

1982; Moritz, Feltz, Fahrbach, & Mack, 2000).  Stronger self-efficacy has been 

shown to enhance performances in a variety of physical activities including 

bowling (Boyce & Bingham, 1997), diving (Feltz, Landers, & Raeder, 1979), 

gymnastics (McAuley, 1985), bench pressing (Wise & Trunnell, 2001), and 

muscle endurance (Feltz & Reissinger, 1990; George, Feltz, & Chase, 1992; 

Gould & Weiss, 1981).  It plays a major role in human performance, and 

teachers, physical educators, and coaches can influence individuals’ perceptions 

of efficacy (Chase, 1998; Feltz & Doyle, 1981; Gould, Hodge, Peterson, & 

Giannini, 1989; Harrison, Fellingham, Buck, & Pellett, 1995).   
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Traditional teachings and beliefs of many coaches, teachers, physical 

educators, and healthcare providers regarding the impact of stretching on human 

performance may have influenced certain athletes’ perceptions of the value of 

pre-exercise stretching (Nyland et al., 2004).  This perception of that value may, 

in turn, affect specific exercise self-efficacy, which could potentially influence 

motor performance.  Perhaps, athletes fear their confidence level or physical 

performance will suffer without engaging in pre-exercise stretching because it 

has been a part of their educational background and exercise routine for a long 

time.  Therefore, evaluating the relationship between an individual’s perception of 

the value of stretching and their motor performance following a stretching 

sequence warrants investigation.  Likewise, it stands to reason that the 

potentially harmful effects of stretching prior to exercise may be present 

regardless of his or her perception of the value of pre-exercise stretching; 

therefore, appropriate education regarding pre-exercise stretching and injury 

prevention becomes increasingly important.   

 

Stretching and Control      

Greater numbers of individuals are participating in athletics or other 

recreational physical activities because of social changes and a growing 

knowledge of the value of healthy lifestyles (Thacker, Gilchrist, Stroup, & Kimsey, 

2004).  Thus, education about injury prevention becomes more important.  One 

specific injury which has recently received increased educational and public 
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awareness efforts regarding injury mechanisms and preventive measures is the 

injury of the anterior cruciate ligament (ACL), an important stabilizing knee 

ligament.   

Several risk factors for ACL injuries have been identified and 

understanding these factors could offer a basis for the development of prevention 

strategies in high-risk populations.  These factors can fall into the following 

categories:  environmental, anatomical, hormonal, biomechanical, and 

neuromuscular (Griffin et al., 2000).  Biomechanical and neuromuscular risk 

factors have received a large focus in the recent literature.  It has been well 

established that impaired passive joint restraints and/or active muscular control 

systems that biomechanically influence the dynamic stability of the knee may 

increase one’s risk for non-contact ACL injuries (Dugan, 2005; Griffin et al., 2000; 

Lephart, Abt, & Ferris, 2002).  These non-contact episodes typically take place 

during deceleration, lateral pivoting, or landing tasks and are often associated 

with high external knee joint loads (Boden, Dean, Feagin, & Garrett, 2000).   

One such condition where these biomechanical and neuromuscular 

factors have been examined in the recent literature is landing from a jump.  In 

fact, some authors have reported that 58% to 61% of non-contact injuries occur 

during landing from a jump (Gerberich, Luhmann, Finke, Priest, & Beard, 1987; 

Gray et al., 1985).  In a retrospective analysis, it was established that the body 

positioning associated with most non-contact ACL injuries consisted of the 

following:  external rotation of the tibia, the knee was close to full extension, the 
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foot was planted, and a deceleration occurred which resulted in valgus collapse 

at the knee (Boden et al., 2000).  

Many biomechanical and neuromuscular deficits have been identified in 

the literature and are thought to contribute to a higher incidence of ACL injuries 

(Lephart, Abt, & Ferris, 2002).  Some of these deficits include:  decreased knee 

flexion angles, greater knee valgus angles, increased quadriceps muscle 

activation, and decreased hamstring muscle activation found during the stance 

phases of running and cutting maneuvers (Malinzak, Colby, Kirkendall, Yu, & 

Garrett, 2001).  Malinzak et al. suggested that these body positions and muscle 

actions during high risk activities result in increased strain on the ACL.  These 

findings have been supported by several studies investigating kinematic and 

kinetic variables in the sagittal plane (Chappell, Yu, Kirkendall, & Garrett, 2002; 

Decker, Torry, Wyland, Sterett, & Steadman, 2003; Hass et al., 2005; Huston, 

Vibert, Ashton-Miller, & Wojtys, 2001; Lephart, Ferris, Riemann, Myers, & Fu, 

2002; McLean, Lipfert, & Van Den Bogert, 2004; Salci, Kentel, Heycan, Akin & 

Korkusuz, 2004) and frontal plane (Chappell et al., 2002; Ford, Myer, & Hewett, 

2003; Ford, Myer, Toms, & Hewett, 2005; Hass et al., 2005; Hewett, Myer, & 

Ford, 2004; Hewett  et al., 2005; McLean, Lipfert, & Van Den Bogert, 2004) 

during landing and other high risk activities.   

Of special interest in this investigation is the interaction between muscular 

activation and dynamic knee valgus positioning with a landing sequence that 

follows acute static stretching.  Coordinated muscular activation surrounding the 
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knee and hip during landing is important for controlling the dynamic knee valgus 

positioning and moments which have been shown to be predictive of ACL injury 

(Hewett et al., 2005).   

Acute static stretching has the potential to alter neuromuscular (Cramer et 

al., 2004) and biomechanical (Avela et al., 2004) properties of muscle; therefore, 

the influence of stretching on neuromuscular and biomechanical measures 

surrounding the knee during a landing sequence warrants investigation.  

Exploring this interaction will provide valuable insights into the role of acute 

stretching in biomechanical behaviors at the knee and, combined with survey 

measures will provide an understanding of the psychosocial interactions between 

educational messages, stretching perceptions, and stretching practices.    

 

Purpose Statement                     

 There were several objectives in conducting this investigation.  First, this 

study examined the influence of acute static stretching on selected 

biomechanical measures of neuromuscular control that affect the knee and hip 

during landing.  More specifically, electromyography (EMG), kinematic, and 

ground reaction force (GRF) measurements of the dominant lower extremity 

were obtained during the initial landing and ground contact (GC) phases of a 

vertical drop jump test.  Second, this study evaluated the relationship between 

subjects’ historical educational background and current perceptions regarding the 

value and appropriate practice of pre-exercise stretching.  Specifically, subjects 
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completed a survey instrument using a standard visual analogue scale (VAS).  

Third, using the same survey instrument, this investigation evaluated the 

relationship between subjects’ perceptions of the influence of the warm-up 

intervention on their current performance outcomes and the actual change in 

performance outcomes (vertical jump height).  Fourth, using the same survey 

instrument, this investigation examined the difference in subjects’ perceptions of 

the influence of the warm-up intervention on their current performance outcomes 

between those that stretched (experimental group) and those that did not stretch 

(control group).  Finally, this study evaluated the influence of current written 

educational messages on subjects’ perceptions of the value of pre-exercise 

stretching and their future level of participation in pre-exercise stretching.  

Specifically, subjects were presented with either a positive or a negative written 

educational message about the value of pre-exercise static stretching on the 

current measurement outcomes.   After reading this scenario, the subjects were 

asked to complete the same survey questions as above dealing with their current 

perceptions of the value of pre-exercise stretching.           

 

Research Questions and Hypotheses 

 The following research questions with the following hypotheses were 

explored in the present study.   

1. How did EMG, kinematic, and GRF measurements of the dominant lower 

extremity change during landing that followed acute static stretching of the 
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dominant lower extremity?  It was hypothesized that measures of 

neuromuscular control of the dominant lower extremity during landing would 

be compromised as a result of a stretching intervention.   

2. Based on information derived from survey measures, was there a relationship 

between what the subjects had been taught about pre-exercise stretching and 

their current perception of its value?  It was hypothesized that a positive 

relationship would exist between the subject’s former education about 

stretching and his or her perception of its value.   

3. Based on information derived from the vertical drop jump test and survey 

measures, was there a relationship between performance outcomes and the 

subject’s perception of how the warm-up intervention influenced their current 

performance outcomes?  It was hypothesized that no relationship would exist 

between vertical drop jump measurement outcomes and the subject’s 

perception of the influence of the warm-up intervention.   

4. Based on information derived from survey measures, was there a difference 

in the perception of how the warm-up intervention influenced their 

measurement outcomes between the control and the stretching intervention 

groups?  It was hypothesized that the stretching intervention group would 

perceive the influence of the warm-up intervention on performance outcomes 

to be more beneficial than the control group.   

5. Following implementation of an educational scenario and based on further 

inquiry from subjects, was there a difference in the subjects’ current 
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perception of the value of pre-exercise stretching between the group receiving 

the positive written educational message and the group receiving the negative 

written educational message?  It was hypothesized that a written educational 

message would alter current perceptions of the value of pre-exercise 

stretching.  

 

Operational Definitions 

 The following list describes commonly used terms in the investigation. 

Acute Static Stretching:  Slowly elongating a muscle group and holding it in the  

stretched position immediately prior to exercise.        

Compliance:  “A material that is easily elongated with low levels of force.   

Compliance is the opposite of stiffness or elasticity” (Knudson,  

Magnusson, & McHugh, 2000, p. 2).  

Dynamic Valgus:  “The position or motion, measured in three dimensions, of the  

distal femur toward and distal tibia away from the midline of the body”  

(Hewett et al., 2005, p. 495).  

Elasticity:  “The property of a material to resist deformation from a force and to  

quickly return to its normal shape.  The mechanical measure of a  

materials elasticity is stiffness” (Knudson et al., 2000, p. 2).  

Extensibility:  “The ability of a muscle to allow elongation, more specifically the  

range of motion (ROM) over which the limb can be passively moved”  

(Halbertsma & Goeken, 1994, p. 976). 
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Flexibility:  “The intrinsic property of body tissues which determines the range of  

motion achievable without injury at a joint or group of joints” (Holt, Holt, &  

Pelham, 1996, p. 172). 

Neuromuscular Control:  “The unconscious activation of the dynamic restraints  

surrounding a joint in response to sensory stimuli” (Griffin et al., 2000, p.  

144).  

Static Stretching:  “Slowly elongating a muscle group and holding it in the  

stretched position” (Knudson et al., 2000, p. 2).  

Stiffness:  “The measure of a materials elasticity, defined as the ratio of force to  

elongation” (Knudson et al., 2000, p. 2).  

Viscoelastic:  “Complex mechanical behavior of a material because the resistive  

force in the material is depending on elongation (elastic) and the rate  

(viscous) at which the force is applied” (Knudson et al., 2000, p. 2).  

 

Assumptions 

 The following assumptions were identified for the current investigation: 

1. Subjects gave maximal effort during all intervention and measurement 

procedures. 

2. Subjects fully, accurately, and honestly completed the background 

questionnaire and the survey of perceptions and practices. 
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3. Subjects included in the analysis of survey data had been exposed to some 

form of educational message regarding the value and practice of pre-exercise 

stretching.  

4. The subjects were representative of typical recreational athletes at specific 

institutions.   

 

Delimitations 

  The following delimitations were identified for the current investigation:   

1. The study can be generalized to males and females between the ages of 18 

and 35 years. 

2. The study can be generalized to individuals who engage in regular 

cardiovascular exercise and occasional pivoting sports. 

3. The study can be generalized to moderately active individuals who are not 

considered formal collegiate athletes.   

4. The study can be generalized to a healthy population devoid of lower 

extremity pathology restricting joint range of motion or function.         

 

Limitations 

The following limitations were identified for the current investigation: 

1. The entire sample was comprised of volunteers from a convenience sample.  

These responses may not be representative of non-participant recreational 

athletes. 



                                                                                                                                                                                                          

12 

2. Instrumentation from EMG and kinematic measures may have restricted 

movement techniques during the vertical drop-jump test.   

3. The survey data were self-reported and may not fully, accurately, and 

honestly reflect beliefs of the subjects. 

4. The results and conclusions of the survey data were based on information 

provided by the responding sample.   

 

Rationale and Relationship 

 Biomechanical measures of neuromuscular control were utilized for a 

portion of the current investigation to examine the influence of stretching on 

neuromuscular control during a landing maneuver.  Chapter IV presents the 

abstract, introduction, literature review, methodology, results, and conclusions in 

a journal article format for the biomechanical measures component of this 

investigation.  Additionally, a survey instrument was utilized for a portion of the 

current investigation to examine the psychosocial interactions between historical 

and current educational messages about pre-exercise stretching, and to evaluate 

the influence of perceptions on human muscle performance.  Chapter V presents 

the abstract, introduction, literature review, methodology, results, and 

conclusions in a journal article format for the survey component of this 

investigation.  Exploring the influence of stretching on the selected biomechanical 

measures will provide valuable insights into the role of acute stretching in 

neuromuscular control of the lower limb during landing, and combined with 
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survey measures, will provide an understanding of the psychosocial interactions 

between stretching practices, educational messages, and muscular performance 

outcomes.  Although each topic is of sufficient length and scope conducive to 

submission separately as journal articles, a significant relationship between the 

two topics exists.  Therefore, Chapter VI will present additional summary and 

conclusions related to both topics.     

 

Summary 

In spite of controversial evidence that suggests pre-exercise stretching 

may be detrimental to injury prevention and muscular performance in select 

populations, its practice continues to be recommended and utilized.  It is quite 

possible that there is a psychosocial reason for the continued practice of pre-

exercise stretching and the perception of its value.  It is reasonable to suggest 

that the traditional teachings and beliefs of many coaches, teachers, physical 

educators, and healthcare providers have influenced selected athletes’ 

perceptions of the value of pre-exercise stretching (Nyland et al., 2004).  

Likewise, it stands to reason that the potentially harmful effects of stretching prior 

to exercise on neuromuscular control may be present regardless of one’s 

perception of its value.  Therefore, it is increasingly important for educators to 

provide physically active individuals with appropriate education about stretching 

and its effect on measures of neuromuscular control associated with injury.  

Consequently, static stretching prior to exercise has the potential to alter the fine 
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dynamic balance between biomechanical and neuromuscular factors critical for 

safe and stable muscular performance.  Exploring the influence of stretching on 

these factors will provide valuable insights into the role of acute stretching in 

neuromuscular control of the lower limb during landing, and combined with 

survey measures, will provide an understanding of the psychosocial interactions 

between stretching practices, educational messages, and muscular performance 

outcomes. 
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CHAPTER II 

REVIEW OF THE LITERATURE 

 

 Muscular stretching has long been recommended as being a vital 

component of fitness programs that help decrease the risk of sports-related 

injuries (Best, 1995; Garrett, 1990; Gleim & McHugh, 1997; Hartig & Henderson, 

1999; Safran et al. 1989) and enhancement of physical performance (Anderson 

& Burke, 1991; Baechle & Earle, 2000; Pollock et al., 1998; Shellock & Prentice, 

1985).  Recent critical reviews of literature have presented conflicting evidence 

which has challenged traditional perspectives related to the role of stretching and 

injury prevention (Herbert & Gabriel, 2002; Shrier, 1999; Thacker et al., 2004; 

Weldon & Hill, 2003; Witvrouw, Mahieu, Danneels, & Mcnair, 2004).  However, 

exploring the literature related to the role of pre-exercise stretching and injury 

prevention is wrought with problems, due to shortcomings in methodological 

quality and consistency.  In spite of the lack of evidence, stretching continues to 

be widely accepted and recommended by coaches, athletes, athletic trainers, 

and physical therapists (Bandy & Irion, 1994; Smith, 1994; Worrell & Perrin, 

1992; Worrell, Smith, & Winegardner, 1994).   

Additionally, strong evidence exists that is contradictory to the supposition 

that stretching aids performance (Young & Behm, 2002).  Consequently, findings 

in the muscular performance literature can offer insights into the role of stretching 

and injury prevention.  Likewise, understanding the biomechanical responses of 
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muscle to acute static stretching is vital for a critical review of research in this 

area.  This investigation will delineate clearly the role of pre-exercise stretching in 

neuromuscular control about the knee and hip during landing.    

 

Neurophysiologic and Biomechanical Responses of Muscle to Stretching 

To understand the influence of stretching on human muscle performance, 

one should first examine muscle properties affected by static stretching.  

Examining these properties in the literature can be quite difficult, due to 

inconsistent use of terminology in flexibility and the related areas of stretching 

and joint range of motion (Knudson et al., 2000).  Suggested reasons for 

stretching have been related to the beliefs that these exercises will increase 

flexibility and decrease muscle stiffness (Corbin & Noble, 1980; Madding, Wong, 

Hallum, & Medeiros, 1987).  Even though it is widely accepted that stretching can 

improve flexibility, the topic of muscle stiffness is more widely debated.  One 

reason for this controversy is because many investigators have historically 

defined muscle stiffness as simply the resistance to deformation; however, the 

appropriate definition of muscle stiffness is the rate of increase in resistance to 

stretch which is represented by the slope of the stress/strain curve in the linear 

region (Magnusson, Simonsen, Aagaard, & Kjaer, 1996; Whiting & Zernicke, 

1998).  These discrepancies will be clarified within this literature review as they 

relate to the current investigation.   
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The mechanisms by which muscle static stretching increases joint range 

of motion or flexibility have been attributed to both neurophysiological (Anderson 

& Burke, 1991; Prentice, 1982; Shellock & Prentice, 1985) and biomechanical 

processes (Taylor, Dalton, Seaber, & Garrett, 1990).  It has been suggested that 

during a prolonged static stretch the Golgi tendon organs (GTO’s), 

mechanoreceptors sensitive to increases in muscular tension and located near 

the musculotendinous junction, are activated causing a reflexive relaxation of the 

stretched muscle which allows further muscular lengthening (Anderson & Burke, 

1991; Prentice, 1982).     

Of greater importance for the current investigation is the understanding of 

the biomechanical responses of muscle to acute static stretching.  For example, 

Taylor et al. (1990) characterized the viscoelastic behavior (having both elastic 

and viscous properties) of the muscle-tendon unit of rabbit muscle using a model 

simulating cyclic and static stretching.  The experimental procedures of Taylor et 

al. were divided into three parts.  Part one repeatedly stretched the muscle-

tendon units to a pre-determined length (modeling cyclic stretching) and 

examined the viscoelastic response.  Part two examined the characteristics of 

repeated stretching of the muscle-tendon units to the same tension and held at a 

fixed length (modeling static stretching).  Finally, part three examined how 

varying the stretch rate and denervating the muscles affected the muscle-tendon 

unit characteristics during stretch.  In parts one and two of the investigation, the 

muscle demonstrated the viscoelastic property of stress relaxation which leads to 
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a decline in peak tension with each consecutive stretch.  In part three of the 

experiment, both the peak tensile force and absorbed energy were dependent 

upon the rate of stretch applied, while denervation of the muscle had no 

significant effect on the muscles behavior during stretch.  The authors concluded, 

based on the viscoelastic response of the muscle-tendon unit, that greater 

flexibility could result if similar stretch techniques were applied to human subjects 

in the clinical setting (Taylor et al., 1990). 

Halbertsma and Goeken (1994) conducted research that utilized human 

subjects to explore the effect of a four week stretching program on passive 

muscle extensibility (ability of the muscle to allow elongation), passive muscle 

stiffness, and electromyographic activity of the hamstrings.  The authors utilized 

an instrumented straight-leg-raising set-up that could measure the ROM over 

which the limb could be passively moved (extensibility) and the ratio of the 

change in passive muscle moment to the change in muscle stretch (muscle 

stiffness).  Measurements of the subjects were conducted before and after a four 

week stretch training program of the hamstrings muscle group.  Upon completion 

of the stretching program, a significant increase in the extensibility of the 

hamstrings, an increase in the passive elastic muscle moment, and an increase 

in ROM at the first detection of pain was found.  Based on these findings, the 

authors concluded that the change in ROM observed following the four week 

stretching program was a result of an increase in the stretching moment tolerated 

and not a result of decreased muscle stiffness or elasticity (Halbertsma & 
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Goeken, 1994).  In support of these findings, Magnusson, Simonsen, Aagaard, 

Sorensen, and Kjaer (1996) later determined that both muscle stiffness and 

energy were unaffected by a long-term stretch training program.  These authors 

additionally concluded that the underlying mechanism for increased joint range of 

motion following a long-term stretching program was the result of an increase in 

stretch tolerance as opposed to altered tissue properties (Magnusson, Simonsen, 

Aagaard, Sorensen et al., 1996).   

Reid and McNair (2004) expanded upon the work of Halbertsma and 

Goeken (1994) and Magnusson, Simonsen, Aagaard, Sorensen et al. (1996) to 

investigate the changes in passive resistive forces and relate those changes to 

increases in ROM gained after a long-term stretching program.  Reid and McNair 

utilized a randomized control group repeated measures design with 43 school-

age subjects to examine the influence of a six week hamstring-stretching 

program on knee extension ROM, passive resistive forces, and muscle stiffness.  

The stretching program involved three 30 second hamstring static stretches to 

each lower extremity performed once a day for five consecutive days of the 

week.  Measurements were taken before and after the six week intervention and 

consisted of a passive knee extension test using a Kin-Com dynamometer.  

Analysis of the data following the intervention demonstrated a significant 

increase in maximal knee extension ROM, maximal passive resistive force during 

the passive knee extension, and an increase in muscle stiffness over the final 

10% of the knee extension ROM for subjects in the stretch group.  The authors 
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concluded that the change in stiffness over the newly gained ROM provided 

evidence of structural changes in the muscle occurring as a result of the six-week 

stretching program (Reid & McNair, 2004).  These findings were contrary to the 

findings of Halbertsma and Goeken (1994) and Magnusson, Simonsen, Aagaard, 

Sorensen et al. (1996) who found no change in muscle stiffness.  One possible 

reason for these differences was suggested to be the age differences in subjects 

used between the different investigations, Reid and McNair utilizing a 

significantly younger population of subjects.  Although these findings shed some 

light on the influence of an extended stretching program on biomechanical 

properties of muscle, they failed to provide insight into the acute effects of static 

stretching, which is more important for the current investigation.     

Therefore, in an effort to evaluate the acute effects of stretching on 

biomechanical properties of human hamstring muscles, Halbertsma, van Bolhuis, 

and Goeken (1996) used similar testing procedures of those mentioned above 

(Halbertsma & Goeken, 1994) before and after a ten minute stretching 

intervention.  The stretching intervention consisted of several 30 second static 

hamstring stretches with 30 second rest intervals lasting a total of 10 minutes.  

The results demonstrated an increase in hamstring extensibility, passive muscle 

moment, and stretch tolerance with no change in hamstring muscle stiffness.  

Consequently, similar to the authors of the previous investigation (Halbertsma & 

Goeken, 1994), these authors concluded that the increased ROM, the 
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extensibility of the hamstrings, resulted from an increased stretch tolerance 

(Halbertsma et al., 1996). 

 In further efforts to explore the response of muscle to acute stretching, 

Magnusson, Simonsen, Aagaard, and Kjaer (1996) evaluated the biomechanical 

properties of muscle during a stretching maneuver in the human hamstring in 

vivo.  They examined the passive muscle stiffness (slope of the linear region of 

the load/deformation curve), stored energy (area under the load/deformation 

curve), and passive torque (resistance to stretch) in the dynamic and static 

phases of the stretch maneuver using a test-retest protocol and a repeated 

stretches protocol.  The test-retest protocol consisted of two sessions of a static 

stretch maneuver for 90 seconds each, administered one hour apart using a 

KinCom dynamometer to elicit passive knee extension.  In the repeated stretches 

protocol, five sessions of a static stretch for 90 seconds each were administered 

30 seconds apart followed by one 90 second stretch one hour later (Magnusson, 

Simonsen, Aagaard, & Kjaer, 1996).   

The results of the test-retest protocol demonstrated no significant 

differences in the dependent variables found.  In the repeated stretches protocol 

however, there was a significant decrease in stored energy and muscle stiffness 

in the dynamic phase of the stretching maneuver between stretches one and five.  

Likewise in the static phase of this protocol, there was a significant decline in 

passive torque noted, which illustrated the muscular viscoelastic response of 

stress-relaxation (Magnusson, Simonsen, Aagaard, & Kjaer, 1996).  It was 
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additionally discovered that the observed decrease in muscle stiffness, energy, 

and torque returned to baseline values within one hour.  The authors suggested 

that this response could result in less total tension across the muscle-tendon 

junction, where muscle strains are thought to occur, but admitted their 

investigation did not determine the long-term effects of stretching (Magnusson, 

Simonsen, Aagaard, & Kjaer, 1996).  Additionally, the stretching protocol utilized 

within this investigation was of greater intensity than typical pre-exercise 

stretching practices; therefore, generalization of these findings may be suspect.  

A more typical pre-exercise stretching routine consists of one to four 

consecutive stretches lasting 10-60 seconds (Anderson & Burke, 1991; Bandy & 

Irion, 1994; Taylor et al., 1990).  Additionally, Magnusson (1995) demonstrated 

that in a single static stretch the resistance to stretch abates for up to 45 

seconds.  Therefore, Magnusson, Aagaard, and Nielson (2000) utilized a more 

typical pre-exercise static stretching protocol to investigate whether acute 

stretching had a measurable effect on the passive properties of the muscle-

tendon unit.  Twenty recreational athletes participated in three, 45 second static 

stretches with 30 second rest intervals while measurements of passive force 

(resistance to stretch), joint range of motion, angular velocity, and hamstring 

EMG were continuously recorded.  The findings demonstrated a viscoelastic 

stress relaxation response in the static phase of all stretches which were 

consistent with previously mentioned studies.  However, it was demonstrated that 

one stretch did not affect resistance to stretch, energy lost, or muscle stiffness of 
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the subsequent stretches (Magnusson et al., 2000).  It was concluded that a 

stretch greater than 45 seconds was required to have an effect on the resistance 

to stretch of further stretches.  Additionally, the authors concluded that an 

increased joint range of motion as a result of stretching was due to an increased 

stretch tolerance as opposed to any lasting change in viscoelastic properties 

(energy or muscle stiffness) of the muscle-tendon unit (Magnusson et al., 2000). 

In comparison to the Magnusson et al. (2000) investigation, McNair, 

Dombroski, Hewson, and Stanley (2000) compared the effect of static hold 

stretching and continuous passive motion on muscle stiffness and stress 

relaxation of the tissues resisting ankle joint dorsiflexion.  The investigators 

placed the subjects’ ankle in a Kin-Com dynamometer and measured stiffness 

and stress relaxation response during a 1 X 60 second hold, 2 X 30 second 

holds, 4 X 15 second holds, and continuous passive motion for 60 seconds.  

Findings from the investigation demonstrated a mean decrease in stiffness of 

16% for the continuous passive motion condition only.  There was no significant 

decrease in stiffness across any of the stretch hold conditions (McNair et al., 

2000).  

Additionally, stress relaxation was demonstrated for all of the stretch hold 

conditions with the greatest decreases in tension achieved in the first 20 seconds 

of a hold.  The authors concluded that if the aims of a stretching program are to 

reduce stiffness, then continuous passive motion appeared to be more effective 

than stretch holds (McNair et al., 2000).  Consistent with these findings, earlier 
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work by McNair and Stanley (1996) demonstrated that stiffness was more 

effectively decreased at the ankle joint by the repetitive motion of jogging 

compared with static stretching exercises.  Likewise, the investigators concluded 

that if a reduction in peak tension is the main goal of a stretch program, then 

stretch holds appeared to be the more effective technique.  Finally, they 

concluded that a 20 second stretch hold would be an appropriate duration for 

eliciting the most efficient stress relaxation response (McNair et al., 2000).      

 

Summary 

 When examining the influence of stretching on neuromuscular 

performance measures related to injury, one must examine pre-exercise 

stretching and a stretching routine outside of a warm-up as separate events 

resulting in distinctly different muscle responses.  This is quite evident based on 

the differing biomechanical responses illustrated between long-term stretching 

programs and acute stretching events.  This investigation will examine acute 

responses to stretching and its impact on performances associated with ACL 

loading.  

Additionally, the above findings illustrate differences between 

biomechanical properties following stretching interventions of an intensity and 

duration typically used by those engaging in exercise and stretching interventions 

of greater intensity and duration.  It appears that typical pre-exercise static 

stretching interventions (those recommended for individuals engaging in 
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exercise) consistently result in increased extensibility of muscle (greater 

elongation), increased tolerance to the stretch and increased passive moments 

accompanying increases in ROM.  These changes seem to occur as a result of 

improved tolerance to stretch without changes in passive muscle stiffness.  In 

contrast, pre-exercise stretching interventions of greater intensity and duration 

than typically recommended may alter structural properties in muscle and cause 

a reduction in passive muscle stiffness.  These findings may explain some of the 

controversy found in the literature related to the influence of stretching on muscle 

stiffness and performance.  

Another consistent response of muscular properties to static stretching is 

the viscoelastic response of stretch relaxation.  During the static hold phase of a 

stretch, a decrease in the passive tension of the muscle consistently occurs.  

Consequently, it appears that if the aims of a stretching program are to reduce 

stiffness, then continuous passive motion or repetitive motions such as jogging 

appears to be more effective than stretch holds (McNair et al., 2000; McNair & 

Stanley, 1996).  However, if a reduction in peak tension is the main goal of a 

stretch program, then stretch holds appear to be the more effective technique 

(McNair et al., 2000).   

It has been suggested that decreasing muscle stiffness may reduce 

muscle strain injury by allowing greater absorption of energy in response to 

applied forces (Magnusson, Aagard, Simonsen, & Bojsen-Moller, 1998; McNair & 

Stanley, 1996).  As previously demonstrated however, the influence of stretching 
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on muscle stiffness is controversial and very dependent on the specific stretching 

intervention.  This may explain some of the recent controversial findings 

regarding the role of stretching and injury prevention.  Additionally, it has been 

suggested that stress relaxation may decrease the chances of a muscle strain 

injury by allowing the joint to move through a greater ROM (Taylor et al., 1990).  

These assumptions are not well supported in the scientific literature; therefore, 

the role of pre-exercise stretching on injury prevention will be discussed in the 

next section.      

         

Stretching and Injury Prevention 

 Muscular stretching prior to various forms of exercise historically has been 

recommended by athletes, coaches, trainers, physical therapists, and physicians 

as important for the prevention of musculoskeletal injuries (Anderson & Burke, 

1991; Best, 1995; Garrett, 1990; Pollock et al., 1998; Safran et al., 1989; Smith, 

1994).  However, these individuals often fail to support their recommendations 

with appropriate scientific evidence.  In fact, authors of two recent systematic 

review articles (Herbert & Gabriel, 2002; Weldon & Hill, 2003) and one critical 

review article (Shrier, 1999) have thoroughly examined this issue and concluded 

that the available evidence suggests pre-exercise stretching does not prevent 

injury and may increase the risk of injury while authors of another formal meta-

analysis concluded that there was insufficient evidence to either support or 

recommend discontinuing pre-exercise stretching (Thacker et al., 2004).  Finally, 
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an additional critical review article suggested that the benefit of stretching, or lack 

there of, is dependent on the athletic endeavor in which an individual participates 

(Witvrouw et al., 2004).   

As greater numbers of people participate in athletics or other recreational 

endeavors because of social changes and the gaining knowledge of the value of 

a healthy lifestyle, education concerning injury prevention becomes more 

important (Thacker et al., 2004).  Additionally, the majority of research exploring 

the role of stretching in injury prevention focuses on muscular injuries.  

Therefore, the current investigation will consider the role of acute static stretching 

on measures of neuromuscular control at the knee which have been associated 

with incidence of ACL injury.   

Some epidemiological studies have identified decreased flexibility as a risk 

factor for acute muscle strain injuries, which have lead these authors to conclude 

that stretching may reduce injury risk (Agre, 1985; Beaulieu, 1981; Ekstrand & 

Gillquist, 1982; van Mechelen, Hlobil, & Kemper, 1992).  Additionally, it has been 

suggested that stretching prior to exercise could result in the increase in muscle 

compliance, reduced muscle stiffness, which would result in less force generated 

in the muscle for a given stretch (Noonan & Garrett, 1992).  This suggestion 

implies that there is a critical force at which a muscle will fail (Garrett, Safran, 

Seaber, Glisson, & Ribbeck, 1987; Mair, Seaber, Glisson, & Garrett, 1996).  

However, as was established in the previous section of this literature review, the 

influence of acute stretching on muscle stiffness is controversial (Halbertsma & 
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Goeken, 1994; Halbertsma et al., 1996; Magnusson et al., 2000; Magnusson, 

Simonsen, Aagaard, Sorensen, et al., 1996; Reid & McNair, 2004).  Additionally, 

Shrier (1999) suggested that increased muscle compliance places individuals at 

increased injury risk due to a reduction in the energy-absorbing capabilities of the 

muscle, sighting work by Noonan, Best, Seaber, and Garrett (1993).  Therefore, 

this line of reasoning should be critically evaluated, and attempts should be made 

to substantiate or refute these assertions with basic science and clinical 

evidence.    

Shrier (1999) critically reviewed the clinical and basic science literature to 

explore whether stretching before exercise reduced the risk of local muscle 

injury.  In the literature focusing on clinical evidence, the author evaluated 12 

clinical studies that utilized a control group to analyze whether stretching before 

exercise prevented injury.  Four of these articles suggested pre-exercise 

stretching to be beneficial for injury prevention (Bixler & Jones, 1992; Ekstrand, 

Gillquist, & Liljedahl, 1983; Ekstrand, Gillquist, Moller, Oberg, & Liljedahl, 1983; 

Wilber, Holland, Madison, & Loy, 1995).  Additionally, three of the articles 

reviewed suggested pre-exercise stretching to be detrimental (Howell, 1984; 

Jacobs & Berson, 1986; Kerner, & D’Amico, 1983) and five suggested that pre-

exercise stretching made no difference in preventing injuries (Blair, Kohl, & 

Goodyear, 1987; Brunet, Cook, Brinker, & Dickinson, 1990; Macera et al. 1989; 

van Mechelen, Hlobil, Kemper, Voorn, & de Jongh, 1993; Walter, Hart, McIntosh, 

& Sutton, 1989). The author of the critical review pointed out that the four articles 
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promoting a beneficial affect of pre-exercise stretching included co-interventions 

that would have an influence on outcomes and would limit any conclusions to be 

drawn.  Therefore, it was concluded that the clinical evidence did not support the 

hypothesis that pre-exercise stretching reduced the risk of muscular injury 

(Shrier, 1999). 

 Based on the critical review of several basic science investigations, Shrier 

(1999) drafted additional conclusions, which suggested that pre-exercise 

stretching may increase someone’s risk of muscular injury.  First, the author 

concluded that an increase in muscle compliance as a result of stretching may 

decrease the amount of energy that can be absorbed by that muscle during an 

eccentric muscle action.  The investigator cited the work of Noonan et al. (1993) 

as the basis for the assertion that a more compliant muscle would result in that 

muscle rupturing with less force and absorbing less energy.  Second, it was 

suggested that an increase in total muscle length was irrelevant to muscle strain 

injuries due to the fact that these injuries occur as a result of the inability to 

prevent excessive sarcomere length most often taking place within normal joint 

ranges of motion (Shrier, 1999).  The author cited the work of Garrett et al. 

(1987) and Mair et al., (1996) to support the assertion that the energy absorptive 

capability of the muscle was a more important variable than total muscle length 

for injury prevention.   

Third, Macpherson, Schork, and Faulkner (1996) demonstrated in rats that 

strain of a muscle fiber 20% beyond its resting length could produce damage.  
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Therefore, Shrier (1999) suggested that the potential exists to induce muscle 

damage from over-stretching or improper stretching, which might be detrimental 

if conducted prior to exercise.  Finally, since it has been shown that ROM 

improves following stretching as a result of stretch tolerance (Halbertsma & 

Goeken, 1994; Magnusson, Simonsen, Aagaard, Dyhre-Poulsen et al., 1996), 

Shrier suggested that stretching may mask the muscles’ protective mechanism of 

pain and predispose individuals to injury if conducted immediately prior to 

exercise.  Based on critical evaluation of the clinical and basic science evidence, 

Shrier suggested that stretching immediately before exercise was more likely to 

cause injury than prevent it. 

In a more recent systematic review of the efficacy of stretching for 

prevention of exercise-related injury Weldon and Hill (2003) interpreted results of 

four randomized controlled trials (RCT’s) (Ekstrand, Gillquist, & Liljedahl, 1983; 

Pope, Herbert, & Kirwan, 1998; Pope, Herbert, Kirwan, & Graham, 2000; van 

Mechelen et al., 1993) and three controlled clinical trials (CCT’s) (Bixler & Jones, 

1992; Cross & Worell, 1999; Hartig & Henderson, 1999), which were weighted 

based on methodological quality. Results of the systematic review found that the 

three highest scoring (methodological quality scores) RCT’s demonstrated no 

significant reduction in injury risk following a stretching program (Pope et al., 

1998; Pope et al., 2000; van Mechelen, et al., 1993), while the lowest scoring 

RCT demonstrated a positive influence on injury risk (Ekstrand, Gillquist, & 

Liljedahl, 1983).  However, due to severe limitations of the Ekstrand, Gillquist, 



                                                                                                                                                                                                          

31 

and Liljedahl investigation, the separate analysis of the stretching effect on injury 

prevention was impossible, which made conclusions about their stretching 

programs’ influence on injury risk highly questionable (Weldon & Hill, 2003).  

Additionally, all three of the CCT’s analyzed by Weldon and Hill showed a 

significant reduction in rates of injury in the stretching intervention group (Bixler & 

Jones, 1992; Cross & Worell, 1999; Hartig & Henderson, 1999); however, less 

emphasis was placed on the CCT’s due to weaker trial designs. 

A vote count of the RCT’s interpreted by Weldon and Hill (2003) 

suggested that stretching did not reduce the incidence of injury.  The CCT’s all 

concluded that stretching did reduce injury risk, but these investigations were 

fraught with trial design limitations.  It was noted that the four investigations 

finding a positive influence of stretching on injury risk likewise received the lowest 

methodological quality scores.  Based on their systematic review of the literature, 

the authors concluded that pre-exercise stretching may increase the risk of injury, 

while prolonged stretching in the post-exercise period may reduce the risk of 

injury by increasing the energy absorbing capacity of the muscle (Weldon & Hill, 

2003). 

The findings of Weldon and Hill (2003) were additionally supported by 

Thacker et al. (2004) who conducted a formal meta-analysis using only RCT’s or 

cohort studies for interventions that included stretching.  These authors critically 

analyzed six controlled studies that addressed the role of stretching in injury 

prevention.  Two of the investigations analyzed by Thacker et al. targeted the 
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prevention of shin splints or tibial stress reaction (Andrish, Bergfeld, & Walheim, 

1974; Bixler & Jones, 1992), while the others targeted all lower extremity injuries 

(Cross & Worrell, 1999; Hartig & Henderson, 1999; Pope et al., 1998; Pope et al., 

2000).  Thacker’s pooled analysis of all but one of these investigations 

demonstrated that stretching was not significantly related to injury reduction.        

As mentioned above, Pope et al. (2000), having the highest 

methodological quality score (Weldon & Hill, 2003) found no significant effect of 

pre-exercise stretching on injury risk.  In this investigation, 1,538 male army 

recruits were randomly assigned to a stretch or control group.  All participants 

engaged in 12 weeks of training involving activities such as route marching, 

running, obstacles, circuit training, swim/swim circuit, and battle training.  Both 

groups engaged in an active warm-up prior to physical activity with the 

intervention group adding one 20 second static stretch for each of six major leg 

muscle groups during the warm-up.  During the training period a non-significant 

decrease in lower-limb injuries was found for the stretch group compared to the 

control group (158 to 175 respectively).  Based on these findings the authors 

concluded that pre-exercise muscle stretching did not produce a clinically 

worthwhile reduction in the risk of lower-limb injury.  Additionally, they suggested 

that age and fitness level were more strongly associated with injury risk (Pope et 

al., 2000). 

In opposition to the findings of Pope et al. (2000), a more recent 

prospective study of 901 military recruits found that a combined intervention of 
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pre and post-exercise stretching significantly reduced muscle injury and back 

injury rates, but the overall injury rate reduction (including all types of injuries) 

was not significant (Amako, Oda, Masuoka, Yokoi, & Campisi, 2003).  The 

authors suggested that static stretching may be important for preventing 

muscle/tendon related injuries, injuries involving low-energy stresses, and 

overuse injuries with little influence on bone-related or high-energy injuries 

(Amako et al., 2003).  However, this investigation utilized both pre and post-

exercise stretching.  Therefore, in light of other evidence, one must be cautious 

making assumptions about the value of pre-exercise stretching from this 

investigation.  Further research designed to differentiate between the role of pre 

and post-exercise stretching on injury prevention is warranted.     

In a more recent critical review article, Witvrouw et al. (2004) suggested 

that the benefit of stretching, or lack there of, was dependent upon the sports 

activity in which an individual participates.  The authors inferred that sports 

involving high intensity stretch-shortening cycles (SSCs), such as jumping and 

bouncing, would have injury prevention benefits from more compliant muscle-

tendon units (MTU) allowing for the adequate storage and release of elastic 

energy.  Conversely, they inferred that sports involving the rapid development of 

isometric or concentric muscle actions (cycling, swimming, skating, wrestling, 

and boxing) may need a stiffer MTU for faster transfer of forces to the bones and 

quicker joint movement.   
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Witvrouw et al. (2004) cited a recent investigation by Kubo, Kanehisa, 

Kawakami, and Fukunaga (2001) as evidence to support the supposition that 

stretching can alter tendon stiffness.  In this investigation, Kubo et al. (2001) 

explored the influences of static stretching on the viscoelastic properties of 

human medial gastrocnemius muscle (MG).  Before and after a 10 minute static 

stretch, ultrasonography was used to measure elongation of the tendon and 

aponeurosis of the MG during maximum voluntary isometric plantar flexion.  The 

data demonstrated that following a 10-minute static stretch, active muscle 

stiffness significantly declined.  Kubo et al. suggested that the acute stretching 

protocol decreased the viscosity of tendon structures and increased the 

compliance of tendon structures.  With respect to injury prevention, Kubo et al. 

suggested that these findings may result in a decrease in imposed load across 

the muscle-tendon junction during rapid movement which may be a positive 

result from stretching.  However, they also admitted that a more compliant 

tendon structure may result in a lower rate of force production and/or a delay of 

muscle activation.  One must be cautious; however, when generalizing stretching 

effects on injury prevention or performance enhancement from this model of 

stretching due to the lengthened stretch time (10 minutes), which is not typical for 

a pre-exercise stretch of one muscle group.  

In a follow-up study by Kubo, Kanehisa, and Fukunaga (2002a) similar 

measuring procedures were implored to investigate the effect of stretching 

training on the viscoelastic properties of human tendon structures in vivo.  
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Participants in the investigation engaged in the following static stretching routine:  

Five stretches for 45 seconds each with 15 second rest intervals to the 

gastrocnemius muscle; stretches occurred two times each day; and the training 

duration lasted for 20 consecutive days (Kubo et al., 2002a).  Before and after 

the training program, the elongation of the medial gastrocnemius muscle tendon 

and aponeurosis were measured directly as described in the previous 

investigation (Kubo et al., 2001) with the addition of a passive flexibility 

measurement.  For the stretch trained lower extremity, it was found that the 

passive torque values at all ankle angles decreased significantly after stretch 

training.  Conversely, no significant change in muscle stiffness was found 

following the training (Kubo et al., 2002a), which is consistent with earlier findings 

(Magnusson, Aagaard, Dyhre-Poulsen, & Kjaer, 2001).  Based on these results, 

Kubo et al. suggested that the static stretching training of ankle joint for three 

weeks increased the flexibility of plantar flexor muscles but had no influence on 

the elasticity or stiffness of the tendon structures.   

Contrary to the earlier findings of Kubo et al. (2002a), an eight week 

stretching program consisting of two stretching sessions daily conducted seven 

days per week resulted in tendon structures becoming significantly more 

compliant (Kubo, Kanehisa, & Fukunaga, 2002b).  These results were utilized by 

Witvrouw et al. (2004) to lend credibility to their assertions.  To further support 

their assertion that increased muscle compliance could be important for 

preventing injuries in sports activities requiring high intensity SSC movements, 
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Witvrouw et al. (2004) cited a study involving 146 soccer players (Witvrouw, 

Danneels, Asselman, D’Have, & Cambier, 2003).  In this investigation it was 

demonstrated that players who later developed hamstring or quadriceps lesions 

had statistically lower compliance of their muscle-tendon units prior to injury 

(Witvrouw et al., 2003).  Although these findings may lend some credibility to the 

assertions by Witvrouw et al (2004), the methodological quality of the articles 

used within their review was not analyzed nor was a systematic review or meta-

analysis conducted; therefore, it seems premature to support these assumptions.  

Additionally, there is still controversial evidence to suggest that stretching may or 

may not influence muscle stiffness; therefore, further scientific investigation is 

warranted.  

Based on findings from the above review of the literature, it seems 

inappropriate to continue recommending pre-exercise stretching as being 

necessary for preventing sports-related musculoskeletal injuries.  In fact, it has 

been suggested by some investigators that hamstring stretching should be de-

emphasized among female athletes due to the potential for compromising 

dynamic knee joint stability, which may predispose these individuals to knee 

ligament injuries (Krivickas & Feinberg, 1996; Malone, Hardaker, Garrett, Feagin, 

& Bassett, 1993).  Further evidence to lend credibility to this concern can be 

found in the literature exploring the role of pre-exercise stretching on muscular 

performance.           
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Stretching and Performance 

Although it is important to understand the response of muscle to stretching 

in order to conceptualize how stretching increases ROM of a given joint, it is of 

equal or greater importance to understand how muscle responds actively 

following a static stretch maneuver.  This information would provide evidence that 

might have greater application when discussing the prevention of injury and 

improvement of performance.  Strong evidence currently exists that suggests 

static stretching prior to exercise can impair strength and power performance; 

however, the precise physiological mechanisms or stretching protocols by which 

these deficits occur are not yet understood (Young & Behm, 2002).  Nonetheless, 

deficits in muscle performance immediately following static stretching suggests 

that there is a potential for pre-exercise stretching to alter the fine dynamic 

interactions of neural, architectural, and electrophysiological properties present in 

muscle for force production (Fowles et al., 2000).  These dynamic interactions 

must be investigated to explore whether pre-exercise stretching has the potential 

to alter neuromuscular control about a joint and predispose individuals to 

ligamentous injuries.   

 

Stretching and Force Production 

 Research has shown that static stretching is effective in causing an acute 

increase in joint range of motion (ROM) (Knudson et al., 2000; McNair & Stanley, 

1996; and Wiemann & Hahn, 1997); however, with this increase in ROM acute 
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deficits in strength have likewise been found (Avela et al., 2004; Avela, 

Kyrolainen, & Komi, 1999; Behm, Button, & Butt, 2001; Cramer et al., 2004; 

Evetovich, Nauman, Conley, & Todd, 2003; Fowles et al., 2000; Knudson & 

Noffal, 2005; Kokkonen, Nelson, & Cornwell, 1998; Nelson, Allen, Cornwell, & 

Kokkonen, 2001; Nelson, Guillory, Cornwell, & Kokkonen, 2001; Rosenbaum & 

Hennig, 1995).  Possible mechanisms by which these strength deficits occur will 

be explored at this time. 

 Kokkonen et al. (1998) investigated the effects of acute static stretching 

on maximal strength performance.  Thirty college students performed a one 

repetition maximum (RM) knee-flexion and a 1RM knee-extension lift on two 

successive days.  On each day, one of the following two treatments preceded the 

pair of 1RM lifts:  10 minutes of quiet sitting (NS), or 20 minutes of static 

stretching (ST).  The static stretching routine consisted of five different stretching 

activities performed six times and held for 15 seconds each, with a 15 second 

rest period between repetitions.  The primary outcomes of the investigations 

demonstrated that a significant decrease in 1RM performance for both knee-

flexion and knee-extension occurred following an acute stretching treatment 

(Kokkonen et al., 1998).   

Kokkonen et al. (1998) suggested that the strength deficits possibly 

occurred as a result of a more compliant musculotendinous unit (MTU) induced 

by the stretching intervention.  These authors cited the work of Wilson, Murphy, 

and Pryor (1994) to lend credibility to their assertion.  Wilson et al. (1994) 
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suggested that a more compliant MTU could result in a loss of force production of 

the contractile component as a result of altered length and velocity conditions.  

More specifically, a more compliant MTU would have to take up the slack from 

the lengthened elastic components and shorten until force could be directly 

transmitted to the bone.  Wilson et al. further suggested that a stiffer MTU would 

generate force at a more optimal sarcomere length and a slower shortening 

velocity, which would be considered a more optimal force/velocity and 

force/length relationship.  It must be emphasized that muscle stiffness was not 

directly measured in the Kokkonen et al. investigation; therefore, their assertions 

about possible mechanisms explaining the force deficits were purely speculative.  

Nonetheless, the authors suggested that static stretching should be avoided 

immediately prior to any event in which success would be related to maximal 

strength output (Kokkonen et al., 1998).   

In a more recent investigation, Fowles et al. (2000) evaluated the 

influence of prolonged static stretching on maximal isometric voluntary 

contraction, with twitch interpolation and electromyography (EMG), and twitch 

characteristics of human plantarflexor muscles.  These measurements were 

conducted before and after, and at five, fifteen, thirty, forty-five, and sixty minutes 

following a passive static stretch or control intervention.  During the stretching 

intervention, the participants’ ankles were passively dorsiflexed and held at a 

maximal stretched position for 2 minutes and 15 seconds with a 5 second rest 

interval for a total of 13 repetitions (30 minutes of time under stretch; Fowles et 
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al., 2000).  The data revealed that immediately following the stretch maximal 

voluntary contraction was significantly decreased by 28%.  Likewise, the 

reduction was 21% at 5 minutes, 13% at 15 minutes, 12% at 30 minutes, 10% at 

45 minutes, and 9% at 60 minutes.  Additionally, it was found that motor unit 

activation and EMG were significantly decreased immediately following the 

passive stretch, but had returned to pre-intervention levels at 15 minutes.  Based 

on these findings, the authors suggested that the force decrement observed 

immediately following the passive stretch was primarily neural (reduced motor 

unit activation) and secondarily contractile (reduced muscle force-generating 

capacity) in origin.  Later reductions in maximal voluntary force production were 

suggested to be primarily contractile in origin (Fowles et al., 2000).   

Several possible neural mechanisms for the reduced motor unit activation 

were discussed with no definitive conclusions drawn, while alterations in the 

length-tension relationship and/or plastic deformation of connective tissues was 

suggested as the mechanisms responsible for reduced muscle force-generating 

capacity (Fowles et al., 2000).  The following possible neural mechanisms 

responsible for the reduced motor unit activation were asserted:  the Golgi 

tendon reflex inducing autogenic inhibition, mechanoreceptor and nociceptor pain 

feedback reducing central drive, and fatigue causing central activation failure.  

Additionally, the stretching intervention utilized within this investigation was of 

greater intensity and duration than is typical of pre-exercise practices.  

Nonetheless, the following quote from the authors of this study illustrates the 
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importance of investigating the influence of pre-exercise stretching on muscle 

performance and injury prevention:  “By its viscoelastic nature, muscle has a 

strong tendency to return to its resting or genetically and biomechanically 

determined length.  It may be questionable to oppose this tendency with the use 

of intense stretching to enhance performance, when performance can be 

compromised by altering the fine dynamic balance of neural, architectural, and 

electrophysiological factors that exists in muscle to create force” (Fowles et al., 

2000, p. 1187). 

In an attempt to further determine the extent and causes of acute force 

deficits following acute static stretching, Behm et al. (2001) measured quadriceps 

isometric maximal voluntary contraction (MVC), surface integrated 

electromyographic (iEMG) activity of the quadriceps and hamstrings, evoked 

contractile properties, and quadriceps inactivation through the interpolated twitch 

technique (ITT).  These measurements were conducted prior to and 5-10 

minutes after a 20 minute quadriceps stretching intervention.  The stretching 

intervention involved 4 different quadriceps static stretches.  Five repetitions of 

each stretch were performed with a 45 second static hold and 15 second rest 

period between repetitions (Behm et al., 2001).   

The most important finding of the Behm et al. (2001) investigation was that 

the stretch-induced decrements in force production could be partially attributed to 

decreases in muscle activation.  The authors suggested that the origin of the 

muscle activation decline following stretching had not been conclusively 
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established and warranted further investigation.  However, they did cite the work 

of Rosenbaum and Hennig (1995) who found a decrease in reflexive peak force, 

myoelectrical activity of the triceps surae, and passive peak force caused by a 

tendon tap following prior warm-up and stretching exercises.  This was 

suggested to indicate an increase in compliance and to possibly explain the 

decrease in peak twitch force seen by Behm et al.  Furthermore, it was 

suggested that a loss of maximal force due to the inefficient transfer of force from 

a less stiff MTU was not substantiated in the current investigation, perhaps as a 

result of the angle at which optimal force was measured (Behm et al., 2001). 

Conversely, Nelson, Allen, et al. (2001) evaluated the effects of an acute 

stretching intervention on maximal voluntary isometric knee-extension torque at 

several knee joint angles.  This was examined in an attempt to establish whether 

stretching altered sarcomere length and placed them at a non-optimal position on 

the force-length curve.  The stretching intervention involved three different 

stretches of the quadriceps consisting of four repetitions, each held for 30 

seconds with 20 second rest periods between each repetition.  It was found that 

a significant decline in maximal voluntary isometric torque production of the 

quadriceps was seen at the knee angle of 162 degrees.  This evidence was 

suggested to support the supposition that stretching altered muscle compliance 

by lengthening sarcomeres and placing them at a less optimal length much 

sooner in the full range of joint motion (Nelson, Allen et al., 2001).  However, it 

should be noted that muscle, tendon, or sarcomere length or stiffness was not 
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measured in this investigation and other mechanisms responsible for this force 

decrement could not be ruled out.    

Additionally, Nelson, Guillory, et al. (2001) tested knee extension torque at 

five different velocities following fifteen minutes of quadriceps stretching.  Results 

of the testing revealed that post-stretch maximal torque was significantly reduced 

at 1.05 rad/sec and 1.57 rad/sec.  These findings suggested that the acute 

negative impact of stretching on maximal torque production was limited to 

movements performed at slow velocities (Nelson, Guillory et al., 2001).  

However, in a more recent investigation, Evetovich et al. (2003) used a stretching 

intervention that resulted in reductions in isokinetic torque production of the 

biceps brachii at both slow and fast velocities. Their stretching intervention was 

of similar duration and intensity as the earlier Nelson, Guillory, et al. 

investigation; however, they additionally measured electromyography (EMG) and 

mechanomyography (MMG) of the biceps brachii during the isokinetic torque 

production task.  Electromyographic measurements were chosen to give the 

investigators a representation of electrical events and muscle activation while 

MMG was chosen to give the investigators a picture of muscle stiffness (greater 

MMG amplitude would represent less muscle stiffness) (Evetovich et al., 2003).   

The findings demonstrated a significant increase in MMG amplitude and 

no change in EMG amplitude as a result of the stretching intervention (Evetovich 

et al., 2003).  Findings from the EMG measurements were contrary to earlier 

findings by Fowles et al. (2000) who found a reduction in muscle activation as a 
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result of the stretching intervention; however, Fowles et al. utilized a stretching 

intervention of much greater duration and intensity.  Additionally, the findings of 

increased MMG amplitude following the stretching intervention (Evetovich et al., 

2003) indicated a more compliant MTU and lend credibility to the earlier 

hypothesis of Kokkonen et al. (1998) that force production decrements were 

possibly a result of a more compliant MTU following stretching.   

In a more recent investigation, Cramer et al. (2004) again found isokinetic 

peak torque (PT) decrements following a stretching intervention of the 

quadriceps.  In support of the earlier findings of Evetovich et al. (2003) the PT 

decrements occurred at both slow and fast velocities.  Additionally, an increase in 

the joint angle at which PT occurred was found (Cramer et al., 2004).  This 

finding was suggested to be a result of increased muscle compliance altering the 

length-tension relationship (Cramer et al., 2004) and was consistent with earlier 

findings of Fowles et al. (2000).  Another interesting finding from the Cramer et 

al. investigation was that both lower extremities demonstrated a significant 

decline in isokinetic PT production following the stretching intervention, when 

only the dominant lower extremity was stretched.  This was hypothesized to be a 

result of a central nervous system (CNS) mechanism such as supraspinal fatigue 

(Cramer et al., 2004).  However, it was important to note that neither muscle 

stiffness nor muscle activation was measured in their investigation; therefore, 

these suggested possible mechanisms were purely speculative. 
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Conversely, in another recent investigation by Avela et al. (2004) the 

authors explored the interaction between mechanical changes of the muscle-

tendon unit and reduced reflex sensitivity after repeated and prolonged passive 

muscle stretching.  Eight males between the ages of 20-39 years participated in 

repeated passive stretching (RPS) of the calf muscles two times each lasting for 

one hour in duration.  A minimum of two weeks was allowed between the two 

RPS exercises.  All RPS exercises and measurements were conducted on an 

ankle ergometer (Avela et al., 2004).  In protocol one, pre- and post-test 

measures of maximum voluntary isometric plantar flexion torque (MVC) at 90 

degrees ankle joint angle, muscle contractions of 10 and 50% of MVC at 90 

degrees, mechanical response of the relaxed plantar flexor muscles to electrical 

impulse, and MVC with superimposed double electrical impulse were conducted.  

Additionally, ultrasonography was used during isometric tests and at the 

beginning and end of the stretching protocol to calculate length changes.  In the 

second protocol pre- and post-test measures were similar to protocol one with a 

few of the following exceptions:  isometric measurements were conducted at 90 

degrees ankle joint angle, the 10 and 50% MVC measurements were deleted, 

and the maximal M-wave and H-reflex responses were added as measurements.  

Additionally, in protocol two, H reflexes and passive-stretch reflexes were 

measured during the RPS exercise at the beginning and end of the exercise 

(Avela et al., 2004).   
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Data from this investigation were consistent with another previous 

investigation (Avela et al., 1999) demonstrating that repeated and prolonged 

passive stretching of a human skeletal muscle can significantly impair torque 

output.  It was suggested by Avela et al. (2004) that the reduction in twitch torque 

was partially a result of a longer time needed to take up the slack in more 

compliant in-series elements induced by the RPS intervention.  Additionally, it 

was suggested that decreased fascia stiffness and length changes placing 

muscle fascicles at a less optimal portion of the torque-Lfasc (altered material 

properties of the aponeurosis-tendon system) curve likely resulted in a reduction 

in MVC.  Furthermore, the authors suggested that the increased compliance of 

the muscle resulted in a decreased resting discharge of the muscle spindles 

leading to a reduction in facilitation of the alpha-motorneuron pool (altered 

proprioceptive feedback).  These findings were additionally supported by Power, 

Behm, Cahill, Carroll, and Young (2004) who found force decrements and 

evidence of altered muscle activation for up to 120 minutes following static 

stretching of a more moderate intensity.  These decrements were likewise 

hypothesized to be a result of an interaction between neurological and 

mechanical factors (Power et al., 2004).  

In a recent attempt to establish the time course of stretch-induced 

isometric strength deficits, Knudson and Noffal (2005) measured the change in 

grip strength over ten trials in adults assigned to either a stretching or non-

stretching group.  The stretching intervention involved 10 seconds of static 
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stretching during the one minute rest intervals in between each of 10 three-

second maximal grip strength tests.  Based on the findings it was concluded that 

a pre-activity stretching dose between 20 and 40 seconds was required to 

produce strength deficits in the young adult population (Knudson & Noffal, 2005).   

 

Stretching and Power Production 

As evident from the body of literature discussed above, acute static 

stretching prior to activities requiring rapid isometric or concentric force 

production most likely will be detrimental to performance of those tasks.  

Likewise, evidence exists to suggest that pre-exercise static stretching may 

additionally hinder performances requiring power production (Cornwell, Nelson, & 

Sidaway, 2002; Hennig & Podzielny, 1994; Young & Behm, 2003; Young & Elliot, 

2001); however, this topic is controversial due to several articles that have found 

no influence of pre-exercise static stretching on power production (Church, 

Wiggins, Moode, & Crist, 2001; Knudson, Bennett, Corn, Leick, & Smith, 2001; 

Power et al., 2004; Unick, Kieffer, Cheesman, & Feeney, 2005).  Some of the 

discrepancies may be the result of differences in methodologies and populations 

of individuals utilized within each investigation (Young & Behm, 2002).  These 

differences will be highlighted in this review.   

One of the earliest investigations to explore the effects of acute static 

stretching on power production utilized vertical jump tests as their measure of 

explosive force production (Hennig & Podzielny, 1994).  Hennig and Podzielny 
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demonstrated a significant decrease in vertical jump performance following 

stretching in a warmed up condition.  The investigation demonstrated that a 

warm-up activity improved vertical jump performance by 6% versus a decrease 

by 4% when both a warm-up and repeated stretch activity were performed.  It 

was hypothesized that this pre-task stretching resulted in a plastic deformation of 

the connective tissue, which caused a decline in the efficiency of storage and 

release of kinetic energy during the SSC (Hennig & Podzielny, 1994). 

Likewise, Young and Elliot (2001) compared the influence of three 

different warm-up conditions on vertical jump performance (PNF stretching, 

maximum voluntary contractions, and static stretching).  Each warm-up condition 

was preceded by a five minute jog warm-up.  The stretching intervention involved 

the triceps surae, gluteals, and the quadriceps muscles.  Three repetitions of a 

15 second static stretch with 20 second rest periods were performed on each 

muscle group.  It was found that the static stretching condition produced a 

significant decline in a height/time score of a drop jump vertical jump test, but 

had no influence on a concentric only vertical jump task.  Additionally, no other 

warm-up conditions had an influence on the vertical jump tasks.  The negative 

effect of the static stretching intervention was hypothesized to be a result of a 

more compliant MTU and/or neural inhibition as was described earlier; however, 

these mechanisms were not specifically measured in this investigation (Young & 

Elliot, 2001).    
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Consequently, Cornwell et al. (2002) investigated the acute effects of 

stretching on the active stiffness and muscle activation of the triceps surae 

muscle group during maximal jumps with movement limited to the ankle joint.  

The following variables were measured before and after a bout of passive static 

stretching (two different stretches of 30 second duration for three repetitions, 

totaling 180 seconds on each leg):  active stiffness of the triceps surae 

muscle/tendon complex, passive joint range of motion of both ankle joints, static 

jump (SJ) and countermovement jump (CMJ) height, and the electrical activity of 

the triceps surae muscle group during each jump (Cornwell et al., 2002).   

The findings demonstrated a significant decrease in CMJ height, active 

muscle stiffness, and SJ integrated electromyographic recordings (IEMG).  

However, it was suggested that the small significant decrease in active muscle 

stiffness was not sufficient to explain the mechanism for decreased CMJ height.  

Additionally, the authors concluded that the significant reduction in the SJ IEMG 

following stretching was insufficient to induce any performance decrement, thus 

excluding autogenic inhibition as a contributing factor in the current investigation 

(Cornwell et al., 2002).  Furthermore, they suggested that an altered motor unit 

recruitment pattern possibly resulted in the dampened IEMG without an influence 

on overall performance. In light of these findings, an emphasis was placed on the 

need for further research to determine the mechanisms involved in hindering 

muscular power performance following static stretching (Cornwell et al., 2002).     
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 Therefore, in a more recent investigation, Young and Behm (2003) 

evaluated the interactive effects of an aerobic, stretching, and practice 

component of warm-up on explosive force production and jumping performance.  

The investigators engaged participants in a repeated measures design involving 

five different warm-up conditions (control, run only, stretch only, run plus stretch, 

and run plus stretch plus practice jumps).  The different warm-up conditions were 

followed by the performance of two jumping tests (concentric jump and drop 

jump) conducted in random order.  Additionally, electromyographic (EMG) 

outputs from the stretched muscle groups during two of the warm-ups for one 

subject were collected.  The stretching intervention consisted of four total 

exercises designed to stretch the ankle plantar flexors and quadriceps muscle 

groups.  Each stretch was taken to the participants’ pain threshold, held for 30 

seconds then released to neutral, and repeated for a total of two repetitions.  This 

stretching protocol was suggested to be typical of athletic conditions (Young & 

Behm, 2003).  The data demonstrated that two minutes of static stretching of 

each muscle group prior to activity resulted in decreased performance on a 

concentric only vertical jump task and drop jump height/time measurements.  

Additionally, a reduction in muscle activity relating to performance in the run plus 

stretch condition, compared to the run-alone warm-up condition was found 

through EMG analysis.  The findings through EMG analysis again suggested 

neural inhibition of unspecified origin (Young & Behm, 2003).   
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 In a previous investigation, Knudson et al. (2001) investigated the acute 

effects of stretching on active muscular performance involving a 

countermovement jump (CMJ) vertical jump test and found differing outcomes 

from those described above.  Ten males and 10 females with a mean age of 23.7 

participated in this investigation.  The participants engaged in two test sessions 

scheduled a week apart with the warm-up conditions randomized.  The test 

sessions involved sagittal plane video analysis of three CMJ’s of each subject 

following either control conditions (10 minute sit and rest) or stretching (3, 15-

second static stretches including a bilateral hamstring stretch, standing unilateral 

quadriceps stretches, and standing unilateral calf stretches) (Knudson et al., 

2001).   

The dependent variables chosen for the Knudson et al. (2001) 

investigation included peak vertical velocity of the center of mass prior to take-off, 

deepest knee flexion angle, and the durations of the eccentric and concentric 

phases of the jump.  These variables were chosen to assess the muscle-tendon 

unit (MTU) stiffness during active conditions.  The results demonstrated a non-

significant mean decrease in performance after stretching and a non-significant 

effect of stretching on the dependent variables.  The authors suggested that 

neuromechanical interactions were more likely responsible for decreased 

performance as opposed to changes in muscle stiffness.  Additionally, the non-

significant findings were thought to be attributed to a more heterogenous subject 

pool, individual differences in the intensity with which they stretched, and a larger 
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intrasubject variability in CMJ performance on different days (Knudson et al., 

2001).  As a result of these findings, the authors suggested further studies 

combining electromyogram, kinematic, and kinetic data were needed to 

determine the mechanisms responsible for the detrimental effects of stretching 

on muscle performance (Knudson et al., 2001). 

In support of the above findings, an investigation by Church et al. (2001) 

demonstrated a significant decline in vertical jump performance following a PNF 

stretch, with no change in performance shown following a static stretching 

routine.  It was suggested that perhaps the static stretching intervention lacked 

the appropriate intensity to induce effects on vertical jump performance (Church 

et al., 2001).  Additionally, Unick et al. (2005) found no significant difference 

between vertical jump heights of a control group, a static stretching group, and a 

ballistic stretching group.  The static stretching intervention for this study involved 

a five minute warm-up jog followed by four different static stretches conducted 

three times each and held for 15 second duration.  Lack of significant findings 

were hypothesized to be a result of an increased rest period following stretching 

which allowed the affected neural processes to return to normal.  Additionally, it 

was suggested that the stretching intervention may not have been intense 

enough to alter viscoelastic properties of the muscle.  Finally, it was suggested 

that the population consisting of all highly trained women could have resulted in 

findings conflicting with studies that tested men (Unick et al., 2005).   
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Based on the conflicting findings related to the influence of pre-exercise 

static stretching on power performance (vertical jump performance), it appears 

that more research with consistent methodology is needed to discover the true 

relationship.  Regardless of these conflicting findings one cannot rule out the 

potential negative influence of pre-exercise stretching on human muscle 

performance.  Likewise, further investigation to explore the biomechanical and 

physiological mechanisms responsible for human muscle performance 

decrements following pre-exercise static stretching must be continued.  These 

findings have the potential for providing information related to the role of pre-

exercise stretching in injury prevention of the musculoskeletal system.             

    

Summary of Factors Causing Stretch-Induced Performance Decrements 

Based on the preponderance of evidence discussed above, one can 

surmise that the decrements in human muscle performance following static 

stretching are a result of an interaction between neurological and mechanical 

factors.  Although these factors are speculative and not conclusively defined, it 

seems quite clear that pre-exercise stretching has the potential to alter the fine 

dynamic interaction between neural, architectural, and electrophysiological 

processes that exists in the muscle to generate force (Fowles et al., 2000).  

These alterations have the potential to not only influence muscular performance, 

but they additionally may have an influence on musculoskeletal injury potential 

and should be investigated further.  A number of neural mechanisms have been 
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hypothesized to cause the reduced muscle activation after stretching (Avela et 

al., 2004; Avela et al., 1999; Behm et al., 2001; Cramer et al., 2004; Fowles et 

al., 2000; Rosenbaum & Hennig, 1995).  These suggested mechanisms include 

the following:  (a) autogenic inhibition originating from the Golgi tendon organ; (b) 

mechanoreceptor and nociceptor afferent inhibition from pain; (c) neural inhibition 

induced from fatigue; (d) altered proprioceptive feedback from joint receptors as 

a result of excessive ranges of motion during stretching; (e) stretch reflex 

inhibition originating from the muscle spindles; and (f) central nervous system 

mechanism of supraspinal fatigue.   

Likewise, it has been suggested that a number of mechanical factors 

involving viscoelastic properties of muscle may cause the reduction in force 

producing capabilities following stretching (Avela et al., 2004; Kokkonen et al., 

1998; Nelson, Allen et al., 2001; and Nelson, Guillory et al., 2001).  These 

suggested mechanisms include the following:  (a) increased muscle compliance 

altering the muscle length-tension relationship; (b) increased sarcomere 

shortening distance and velocity; (c) decreased force production due to the 

altered force-velocity relationship; and (d) increased compliance of the muscle 

resulting in a decreased resting discharge of the muscle spindles leading to a 

reduction in facilitation of the alpha-motor neuron pool.   

Regardless of the underlying mechanisms, it has become quite evident 

that static stretching prior to muscle performance can result in altered force 

production and muscle activation which may have implications for injury 
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prevention.  This assertion seems valid based on a recent investigation by Behm, 

Bambury, Cahill, and Power (2004) who found that a moderate pre-exercise 

static stretching intervention resulted in impairment in reaction time (RT), 

movement time (MT), and balance.  These three measurements indicated that 

alterations in neuromuscular function occurred as a result of the stretching 

intervention.  Impairment of these three dependent variables not only 

demonstrates declines in muscular performance, but they also may indicate 

negative consequences for risk of injury (Behm et al., 2004). 

 

The Role of Perceptions in Human Performance Measures 

Despite the controversial evidence in the literature described previously, 

stretching prior to athletic activity continues to be widely recommended and 

practiced in the athletic community.  Stretching has become such common 

practice in society that athletes may believe their performance will suffer without 

it.  Sports participants may even report a feeling of enhanced performance when 

stretching is utilized prior to activity.  Since the above mentioned evidence has 

indicated that muscle performance and injury risk may suffer following prolonged 

passive stretch, exploring the impact of psychological influences on human 

performance might produce insights into why athletes continue to perceive pre-

exercise stretching as valuable.   

One perception theory that has been researched excessively across a 

variety of performance domains and may provide insight into the current 
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perceptions of the value of stretching is the self-perception of efficacy; also 

known as self-efficacy (Bandura & Locke, 2003; Feltz, 1982; Feltz & Weiss, 

1982; Moritz et al., 2000).  Self-efficacy is defined as the belief an individual 

possesses in one’s ability to perform a specific task and obtain a certain outcome 

(Feltz & Weiss, 1982).  It is concerned with the judgments of what one can do 

with the skills he or she possesses and can be seen as situational-specific self-

confidence (Moritz et al., 2000).  Individuals with positive self-efficacy attempt 

new tasks, expend greater effort, and persevere longer than those less self-

efficacious (Kjormo & Halvari, 2002; Wise & Trunnell, 2001). 

Self-efficacy has been shown to predict athletic performance across a 

variety of physical domains (Bandura & Locke, 2003).  Stronger self-efficacy can 

enhance performances in a variety of physical activities including bowling (Boyce 

& Bingham, 1997), diving (Feltz et al., 1979), gymnastics (McAuley, 1985), bench 

pressing (Wise & Trunnell, 2001), and muscle endurance (Feltz & Reissinger, 

1990; George et al., 1992; Gould & Weiss, 1981).  It is evident that self-efficacy 

plays a major role in human performance and teachers, physical educators, and 

coaches can influence individuals’ perceptions of efficacy (Chase, 1998; Feltz 

&Doyle, 1981; Gould et al., 1989; Harrison et al., 1995).  Therefore, it is 

reasonable to believe that the traditional teachings and beliefs of many coaches, 

teachers, physical educators, and healthcare providers regarding the impact of 

stretching on performance have influenced selected athletes’ perceptions of the 

value of pre-exercise stretching (Nyland et al., 2004).  Consequently, this section 
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of the review of literature will explore the various sources of information that 

influence self-efficacy and their impact on motor performance to provide the 

rationale for including measures of participants’ perceptions in the current 

investigation.   

    

Sources of Efficacy Information 

 Personal mastery experiences. 

One of the strongest sources of efficacy information is personal mastery 

experiences.  It is extremely influential on self-efficacy because it is based on 

personal successes and failures (Bandura, 1977; 1982).  Success of a given task 

gives direct evidence of ones capabilities and can lead to a stronger sense of 

efficacy.  When enhanced self-efficacy is established, challenging situations once 

limited by a personal sense of inadequacy may now be successfully 

accomplished (Bandura, 1977).   

Research investigating the effects of mastery experiences on self-efficacy 

is quite compelling.  In a study by Ewart, Stewart, Gillilan, and Kelemen (1986) it 

was concluded that mastery experiences enhance participants’ self-perception of 

efficacy, which in turn influence involvement in challenging tasks and predicted 

strength gains.  These investigators measured self-efficacy perceptions in forty 

men with coronary artery disease who were involved in an experiment to assess 

the effects of circuit weight training (CWT).  The assessment of self-efficacy was 

conducted during baseline measurements and after 10 weeks of participation in 
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CWT or volleyball.  Participants of the CWT regimen produced greater strength 

and endurance gains and demonstrated increased self-efficacy for activities 

resembling the training tasks.  Results additionally revealed that self-efficacy 

perceptions directly mediated involvement in challenging physical activities and 

predicted post-test strength gains as well as influenced the frequency of 

participation in exercise sessions (Ewart et al., 1986).  

In a more recent study, Wise and Trunnell (2001) found more compelling 

evidence that mastery experiences strongly influence perceptions of self-efficacy.  

They evaluated the strength of bench-press efficacy, using the Bench Press 

Efficacy Scale, on forty-eight female university students.  Bench-press efficacy 

was defined as the confidence people had about bench-pressing a certain 

amount of weight one time (Wise & Trunnell, 2001).  Each student was randomly 

assigned to one of six groups that received three sources of bench-press efficacy 

information:  performance accomplishment, modeling, and verbal persuasion.  In 

the performance accomplishment condition, participants performed 10 repetitions 

of a weight they believed they could lift 10 times.  In the modeling condition, 

participants watched the researcher perform 10 repetitions of the bench press.  

In the verbal persuasion condition, participants listened to a verbally persuasive 

message.  The efficacy information was presented in varying sequences, and 

efficacy strength was measured after each source of information was provided.  

Results revealed that performance accomplishments (mastery experiences) lead 
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to significantly greater strength of bench-press efficacy regardless of the order of 

presentation (Wise & Trunnell, 2001). 

Vicarious experiences. 

Another strong source of self-efficacy information is vicarious experiences, 

which simply means witnessing others perform certain tasks (Bandura, 1977, 

1982; Feltz, 1982; Feltz & Mugno, 1983).  Observing others (model) perform 

challenging activities with positive results can generate expectations in observers 

that they also will improve if they work harder and persevere in their efforts 

(Bandura, 1977).  Efficacy may be strengthened when observation of a model 

provides information on how to perform a task (Wise & Trunnell, 2001).   

An abundance of research has been conducted exploring the relationship 

between vicarious experiences and perceptions of self-efficacy, as well as the 

effects of self-efficacy on athletic performance across several domains (Feltz, 

1982; Feltz et al., 1979; Feltz & Mugno, 1983; George et al., 1992; Gould & 

Weiss, 1981; McAuley, 1985; Weinberg, Gould, & Jackson, 1979).  For example, 

Feltz et al. (1979) compared the impact of various modeling techniques 

(vicarious experiences) on both the learning of a high-avoidance springboard-

diving task and the strength of self-efficacy.  The various modeling techniques 

consisted of a participant-modeling group, a live-modeling group, and a 

videotaped-modeling group.  In the participant-modeling condition, a female 

model gave a verbal explanation of the dive, a live demonstration of the dive, and 

provided physical assistance to the participant on the first four dives.  In the live-
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modeling condition, a female model gave a verbal explanation of the dive and a 

live demonstration of the dive without providing physical assistance.  Finally, in 

the videotaped-modeling condition, a female model gave a verbal explanation 

and a video-taped demonstration of the dive without providing physical 

assistance to the participant on the first four dives.  Results demonstrated that 

the participant-modeling group performed significantly better on the dives and 

demonstrated stronger perceptions of self-efficacy than did the live-modeling or 

the videotaped-modeling groups (Feltz et al., 1979). 

Weinberg et al. (1979) investigated Bandura’s (1977) theory of self-

efficacy in a competitive, motor-performance situation (muscle endurance task).  

They randomly assigned 60 subjects to either a high or low self-efficacy 

condition.  The state of efficacy was manipulated by intentionally modeling a 

perceived superior competitor (low self-efficacy group) or a perceived inferior 

competitor (high self-efficacy group).  This revealed that varying modeling 

techniques could negatively or positively impact perceptions of self-efficacy.  

Results demonstrated that the high self-efficacy subjects extended their legs 

significantly longer than the low self-efficacy subjects, even after failing to win on 

the first trial (Weinburg et al., 1979).         

Gould and Weiss (1981) conducted a study to determine whether 

observing a similar or dissimilar model would influence observer’s self-efficacy 

expectations and, in turn, muscular endurance performance.  Investigators 

additionally examined whether varying self-efficacy statements would influence 
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the same factors.  The similar model was a female described as a student with 

no athletic background.  The dissimilar model was a male described as a 

member of the varsity track team who lifted weights three times a week.  The four 

types of varying self-efficacy statements were as follows:  a positive self-talk 

model that performed the task and made positive self-efficacy statements, a 

negative self-talk model that performed and made negative self-efficacy 

statements, an irrelevant-talk model who performed and made statements 

unrelated to self-efficacy, and a no-talk model who performed but said nothing.  A 

pre-performance questionnaire assessing the level and strength of efficacy 

expectations was utilized.  Results demonstrated that the similar model subjects 

performed significantly longer on the muscle endurance task than the dissimilar 

model and control subjects.  Moreover, a correlation analysis revealed that a 

significant efficacy-performance correlation existed for both level and strength of 

self-efficacy scores (Gould & Weiss, 1981).   

George et al. (1992) expanded upon the earlier work of Gould and Weiss 

(1981) and examined the effects of model-similarity cues on motor performance 

and self-efficacy.  They designed their study to determine whether model gender 

or model ability would be viewed as the more important similarity cue.  Results 

revealed that not only did modeling enhance self-efficacy, which in turn improved 

motor performance, but also model ability was found to be a more important 

similarity cue than model gender (George et al., 1992).   
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McAuley (1985) conducted a study of female undergraduate students 

under three modeling conditions:  aided participant modeling (APM), unaided 

participant modeling (UPM), and a control group.  In the APM condition, the 

model described the target task and then gave a physical demonstration.  This 

was followed by four practice trials in which the model provided participants with 

both verbal feedback and physical assistance.  In the UPM condition, the same 

procedures as the APM condition were followed, except no physical assistance 

was provided by the model.  In the control group condition, participants observed 

a short instructional film on uneven parallel bar exercises.  Results revealed that 

following the intervention both modeling groups had higher self-efficacy 

expectations and lower anxiety scores than the control group.  Results 

additionally demonstrated that the APM group scored significantly higher on the 

performance measure than the UPM group, and both modeling groups scored 

significantly higher on the performance measure than the control group 

(McAuley, 1985).   

 Verbal persuasive statements. 

Verbal persuasive statements serve as another source of self-efficacy 

information that is capable of strengthening or weakening self-efficacy 

perceptions (Bandura, 1977, 1982; Wilkes & Summers, 1984).  When a 

respected individual who is considered to be knowledgeable about a certain 

motor task indicates that the performer has the ability to successfully perform that 

task, the performer’s self-efficacy can improve (Wise & Trunnell, 2001).  The role 
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of verbal persuasion in heightening perceptions of self-efficacy is limited, 

however, because it does not provide an authentic experiential base of 

information (Bandura, 1977).  Nonetheless, it can contribute to improved 

performance if the positive appraisal is realistic and believable (Bandura, 1982).   

 It is believed that verbal persuasion is more beneficial for impacting self-

efficacy when utilized in conjunction with more powerful efficacy-promoting 

influences (Bandura, 1982).  In fact, the Wise and Trunnell (2001) study 

previously discussed revealed that a verbal persuasion message is most 

effective in improving efficacy when it follows a performance accomplishment.  

Likewise, several studies support the idea that vicarious experiences are more 

influential on self-efficacy strength than verbal persuasion (Feltz & Reissinger, 

1990; Weinberg et al., 1979; Wise & Trunnell, 2001).   

 The assertion that verbal persuasion messages are more effective when 

used with more powerful efficacy-promoting influences has been supported by 

two studies (Ewart, Taylor, Reese, & DeBusk, 1983; Taylor, Bandura, Ewart, 

Miller, & DeBusk, 1985).  These studies were conducted on men recovering from 

a heart attack and who were undergoing treadmill stress testing.  Following the 

stress testing, medical professionals counseled participants on their capabilities 

to perform every day physical activities.  Self-efficacy toward several tasks was 

evaluated at pre-test, post-test, and upon completion of the counseling sessions.  

Results demonstrated that the participants’ self-efficacy was improved following 

the stress testing and after the counseling sessions.  It was concluded that the 
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verbal persuasion message incorporated in the counseling sessions 

complemented the performance accomplishments experienced by the treadmill 

testing (Ewart, et al., 1983; Taylor, et al., 1985).   

Teachers and coaches influence on self-efficacy. 

Since it has been reported that persuasive statements from individuals 

perceived as being knowledgeable about certain motor tasks can have a positive 

impact on individuals’ self-efficacy perceptions (Wise & Trunnell, 2001), it is 

important to explore the degree to which coaches and teachers can influence 

individuals.  It is also worthwhile to explore the most common strategies utilized 

by coaches and teachers to enhance self-efficacy in athletes (Feltz & Doyle, 

1981).  Through this understanding one might gain insight into why some 

athletes feel compelled to stretch prior to athletic activity. 

The theoretical foundation established by Bandura’s (1977, 1982) self-

efficacy theory has led most teachers and coaches to believe that students and 

athletes with high self-efficacy will be more successful in the physical tasks in 

which they choose to participate (Feltz & Doyle, 1981).  They often try to 

encourage confidence in their students because they realize that these self-

perceptions can lead to improved performance, improved motivation, and 

ultimately improved enjoyment (Chase, 1998).   

A valuable study by Chase (1998) identified sources of self-efficacy in 

children ages 8 to 14 which revealed the influence coaches and teachers can 

have on individuals’ self-perception of efficacy even at a young age.  The author 
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individually interviewed twenty-four children to discover what sources they 

utilized to form their beliefs of self-efficacy during physical education and sports.  

Results showed that the younger children found participation and subjective 

measures of success to be most important, while older subjects found practice, 

comparisons with others, and objective measures of success to be most 

important.  Of additional importance was the finding that influences of peers and 

coaches became more important with age (Chase, 1998).  The implication that 

teachers and coaches can influence others’ perceptions of self-efficacy at such a 

young age lends credibility to the idea that the ways in which individuals have 

been verbally taught and modeled with regard to stretching over the years could 

influence their perception of its value.  This perception might then influence self-

efficacy following the practice of stretching. 

Another investigation supporting the idea that teachers and coaches can 

influence self-efficacy perceptions was demonstrated by Harrison et al. (1995).  

They compared volleyball achievement (set-up, passing, serving, and spike test) 

and task-specific self-efficacy for learners of varying levels using two teaching 

styles.  The first teaching style used a practice format directed by task sheets.  

Each task listed a mastery criterion, and students progressed through all tasks.  

The second teaching style used a command format directed by teacher selected 

drills.  The teacher made all the decisions for the learners.  The results of the 

study revealed that self-efficacy increased for all students with no significant 
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difference in teaching styles (Harrison et al., 1995).  These results again confirm 

that coaches and teachers can influence students’ perceptions of self-efficacy. 

A study conducted by Gould et al. (1989) further explored the relationship 

between coaching and self-efficacy.  The investigation was designed to assess 

strategies that successful coaches use to enhance self-efficacy in their athletes.  

The investigators first looked at the degree in which these coaches utilized 13 

specific strategies to enhance self-efficacy and their perception of the 

effectiveness of these strategies.  They then assessed the differences between 

categories of coaches and their perceptions of the value of different self-efficacy 

enhancement strategies.  Results demonstrated that instruction-drilling, 

encouraging positive talk, modeling confidence in oneself, and liberal use of 

reward statements were the techniques judged most effective (Gould et al., 

1989).  These results provide evidence to demonstrate that coaches value the 

enhancement of self-efficacy in their athletes and often incorporate strategies in 

their teaching methods supported by Bandura’s self-efficacy theory (Bandura, 

1977, 1982). 

The previously discussed evidence in the literature seems to support the 

contention that teachers and coaches have a strong influence on self-efficacy 

enhancement in their pupils.  Therefore, it is reasonable to believe that a positive 

message about a technique to improve athletic performance from a respected 

source could influence the athlete to perceive the technique as being vital for 

optimal performance.  This perception might then influence self-efficacy following 
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adherence to the supposed performance enhancing technique.  This relationship 

might explain why some athletes feel compelled to stretch prior to athletic 

activity. 

 

Summary of the Role of Perceptions 

Many athletes continue to participate in pre-exercise stretching and 

continue to perceive benefits from doing so in spite of evidence refuting its value.  

In light of this information, one might reason that there is a psychosocial 

influence to these perceptions.  It is evident that the perception phenomenon of 

self-efficacy plays a major role in human performance and teachers, physical 

educators, and coaches can influence individuals’ perceptions of efficacy (Chase, 

1998; Gould et al., 1989; Harrison et al., 1995).  Self-efficacy is influenced 

through several sources of information (Bandura, 1977, 1982).  Mastery 

experiences, vicarious experiences, and verbal persuasion statements seem to 

lend the most insight into this discussion relating to the current investigation.  

It has been established that mastery experiences have a significant impact 

on self-efficacy, which also directly impacts performance of certain tasks 

(Bandura, 1977, 1982; Ewart et al., 1986; Wise & Trunnell, 2001).  Therefore, it is 

reasonable to assume that if long standing pre-activity routines, such as 

stretching produce athletic success, then one’s perception of self-efficacy 

following that specific routine could be at a heightened state.  For example, if an 

athlete has stretched prior to high jumping for many years and has experienced 
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performance improvements throughout that time period, then altering that pre-

activity stretching routine might impact his or her perceptions of self-efficacy and 

performance of that specific high jumping task.  This phenomenon might explain 

an athlete’s favorable perception of the value of stretching prior to athletic activity 

despite evidence to the contrary in the literature.  Therefore, it would be quite 

valuable to ascertain the stretching perceptions and practices of participants in 

the current investigation in order to explore this relationship.  

Likewise, it has been well established that vicarious experiences 

(modeling) have a major influence on self-efficacy, which directly impacts 

performance of certain tasks (Feltz, 1982; Feltz et al., 1979; Feltz & Mugno, 

1983; George et al., 1992; Gould & Weiss, 1981; McAuley, 1985; Weinberg et 

al., 1979).  Therefore, it is reasonable to hypothesize that if an athlete over many 

years had been exposed to a number of positive vicarious experiences, where 

athletes of similar ability and similar sport succeeded after incorporating a 

stretching routine prior to certain tasks, then that athlete’s perception of the value 

of stretching could be enhanced.  Moreover, this perception might influence 

certain motor tasks following a similar model of stretching through heightened 

self-efficacy.  Examining the relationship between perceptions of the value of 

stretching and human performance could provide valuable insights into the 

continued practice of pre-exercise stretching despite evidence refuting its value. 

Furthermore, verbal persuasive messages have been shown to 

significantly impact perceptions of efficacy (Ewart et al. 1983; Taylor et al. 1985; 
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Wise & Trunnell, 2001).  It is reasonable to believe that the traditional teachings 

and beliefs of many coaches, teachers, physical educators, and healthcare 

providers regarding the impact of stretching on performance have influenced 

some current athlete’s perceptions of the value of pre-exercise stretching (Nyland 

et al., 2004).  If these respected sources of efficacy information informed their 

athletes that pre-exercise stretching was beneficial and vital to improve their 

performance of certain motor tasks, the athletes’ perception of the value of 

stretching would logically increase.  This heightened perception would only be 

intensified when combined with years of performance accomplishments, as well 

as vicarious experiences.  This possibly explains the seemingly unchangeable 

view of the value that some athletes place on stretching prior to athletic activities. 

Based on this line of reasoning, it would be quite beneficial to explore whether 

historical educational messages about pre-exercise stretching relates to 

individuals perceptions about stretching and whether this psychological state 

would relate to their motor performance. 

     

Non-Contact ACL Injury Mechanisms 

 In the United States, it has been estimated that one in 3,000 individuals 

sustains an anterior cruciate ligament (ACL) injury per year, which accounts for 

approximately 100,000 injuries annually (Feagin et al., 1987; Griffin et al., 2000).  

Likewise, ACL injury rates in women are two to eight times higher than in men, 

which represent a large health concern (Arendt & Dick, 1995).  Furthermore, it 



                                                                                                                                                                                                          

70 

has been established that the majority of ACL injuries occur as a result of non-

contact episodes (Boden et al., 2000).  These non-contact episodes typically take 

place during deceleration, lateral pivoting, or landing tasks and are often 

associated with high external knee joint loads (Boden et al., 2000).  In fact, some 

authors have reported that 58% to 61% of non-contact injuries occur during 

landing from a jump (Gerberich et al., 1987; Gray et al., 1985).  In a retrospective 

analysis, it was established that the body positioning associated with most non-

contact ACL injuries consisted of the following:  external rotation of the tibia, the 

knee was close to full extension, the foot was planted, and a deceleration 

occurred which resulted in valgus collapse at the knee (Boden et al., 2000).   

 

Biomechanical Characteristics of Landing 

 Many biomechanical and neuromuscular deficits have been identified in 

the literature and are thought to contribute to a higher incidence of ACL injuries 

(Lephart, Abt, et al., 2002).  Some of these deficits include:  decreased knee 

flexion angles, greater knee valgus angles, increased quadriceps muscle 

activation, and decreased hamstring muscle activation found during the stance 

phases of running and cutting maneuvers (Malinzak et al., 2001).  It is believed 

that these body positions and actions during high risk activities result in 

increased strain on the ACL.  These findings have been supported by several 

studies investigating kinematic and kinetic variables in the sagittal plane during 

landing and other high risk activities (Chappell et al., 2002; Decker et al., 2003; 
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Hass et al., 2005; Huston et al., 2001; Lephart, Ferris et al., 2002; McLean et al., 

2004; Salci et al., 2004).  Additionally, findings of Malinzak et al. (2001) have 

been supported by several studies including kinematic and kinetic variables in 

the frontal plane during landing and other high risk activities (Chappell et al., 

2002; Ford et al., 2003; Ford et al., 2005; Hass et al., 2005; Hewett et al., 2004; 

Hewett et al., 2005; McLean et al., 2004).  

In a recent investigation, Hass et al. (2005) examined the differences in 

knee joint kinematics, ground reaction forces (GRF), knee joint resultant 

moments, and forces between pre- and post-pubescent females during three 

drop jump/landing tasks.  The data demonstrated that post-pubescent females 

landed with significantly less knee flexion at initial foot-ground contact, increased 

mediolateral knee joint forces, and reduced knee extensor moments.  It was 

suggested that these differences may play a role in increased injury rates in post-

pubescent females compared to pre-pubescent females; however, it was 

emphasized that interpretations of the joint kinetics and muscle function could 

become clearer with the inclusion of electromyography (EMG) measurements 

(Hass et al., 2005).   

 Additional evidence regarding the importance in evaluating frontal plane 

kinematics and kinetics during landing tasks has been established in two recent 

investigations (Ford et al., 2005; McLean et al., 2004).  Ford et al. (2005) 

examined the differences in the kinematics of unanticipated cutting between 

young male and female athletes, while McLean et al. (2004) examined the effect 
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of gender and a defensive opponent on the kinematics and kinetics of a sidestep 

cutting task.  Ford et al. demonstrated that females participating in the 

investigation had greater knee abduction (valgus) angles during landing 

compared with males; however, no differences in knee flexion angles at initial 

contact were found.  The authors suggested that these differences most likely 

resulted from altered muscular control of the lower extremity and reflected 

differences in contraction patterns of the adductors and abductors of the knee 

and hip; however, EMG measurements of the involved muscles were not 

included in this investigation.  Likewise, McLean et al. found that participating 

females had decreased hip and knee flexion, hip and knee internal rotation, and 

hip abduction.  Additionally, the females demonstrated higher knee valgus and 

foot pronation angles (McLean et al., 2004).  Collectively, the differences 

between the males and females found in these two investigations provide 

insights into the increased incidence of ACL injury seen in females and confirm 

findings of previous investigations related to the measurement of frontal plane 

kinematic and kinetic variables during landing (Chappell et al., 2002; Ford et al., 

2003; Hewett et al., 2004). 

 Finally, one of the most compelling investigations demonstrating the 

importance of frontal plane kinematic and kinetic measurements for the 

prediction of ACL injuries was conducted recently by Hewett et al. (2005).  They 

prospectively performed kinematic (joint angles) and kinetic (joint moments) 

measurements of 205 female athletes during a jump-landing task.  Statistical 
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measures were used to isolate predictors of risk in participants who subsequently 

ruptured the ACL.  The main significant findings were as follows:  knee abduction 

angle at landing was greater in ACL-injured participants; knee abduction moment 

was 2.5 times greater in ACL-injured athletes; ground reaction force was 20% 

greater in ACL-injured athletes; and stance time was 16% shorter in ACL-injured 

participants.  Finally, it was found that knee abduction moment predicted ACL 

injury status with 73% specificity and 78% sensitivity; while a linear regression 

analysis using knee abduction angles, knee abduction moments, and side-to-side 

differences in these measures demonstrated a predictive value equal to 0.88.  In 

summary, injured participants demonstrated significantly greater dynamic lower 

extremity valgus and knee abduction loading prior to sustaining their injuries 

compared to non-injured participants.  From these findings, Hewett et al. 

suggested that the increased dynamic lower extremity valgus and knee 

abduction loading observed in females prior to injury was likely a result of 

decreased neuromuscular control of the lower extremity in the frontal plane.   

 It has been demonstrated that hamstrings and quadriceps muscle co-

contraction can reduce tibia anterior shear forces and guard against knee 

abduction and dynamic lower extremity valgus (Besier, Lloyd & Ackland, 2003).  

Therefore, deficits in strength and activation of the thigh muscles may limit the 

ability of muscular co-contraction to effectively protect ligaments during high-risk 

athletic maneuvers (Hewett et al., 2005).  This information leads one to believe 

that measurements of EMG along with kinematic and kinetic measurements of 
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the lower extremity during athletic movements may provide a clearer picture of 

joint neuromuscular control and ACL injury mechanisms.  Therefore, 

investigations incorporating a combination of these measurements during athletic 

maneuvers will be discussed in the following section of this review.  

 

Neuromuscular Characteristics of Landing 

  In an effort to explain the disproportionate incidence of ACL injuries in 

female athletes, Rozzi, Lephart, Gear, and Fu (1999) conducted an investigation 

to evaluate differences between knee joint laxity and neuromuscular 

characteristics of male and female athletes.  The authors measured knee joint 

laxity, knee joint kinesthesia, lower extremity balance, the time required to 

generate peak torque of the hamstrings and quadriceps muscles, and 

electromyography (EMG) of the quadriceps, hamstrings, and gastrocnemius 

muscles during a landing task.  The data demonstrated that participating female 

athletes had greater knee joint laxity, poorer knee joint kinesthesia, greater lower 

extremity balance, and significantly greater lateral hamstrings peak amplitude 

during the landing task (Rozzi et al., 1999).  It was suggested that the increased 

peak amplitude of the lateral hamstrings was a compensatory muscle activation 

pattern to provide increased dynamic stability of the knee, reducing strain on the 

ACL (Rozzi et al., 1999). 

 Additionally, Cowling and Steele (2001) found differences between males 

and females of muscle firing patterns in a single-leg landing task.  They 
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demonstrated that participating males presented a significant delay in the onset 

of semimembranosus muscle activity compared to females.  Likewise, this delay 

in muscle activation resulted in a synchrony between peak hamstring activity and 

peak tibiofemoral shear forces in the males.  It was suggested that this improved 

synchrony allowed these males to better use the hamstrings muscle as a 

synergist to the ACL and provide stabilization to the limb when the ACL would be 

most vulnerable to injury (Cowling & Steele, 2001).  Contrary to these findings, 

Malinzak et al. (2001) found that landing during running, side-cutting, and cross-

cutting, resulted in these women recreational athletes having less knee flexion 

angles, more knee valgus angles, greater quadriceps activation, and lower 

hamstring activation when compared to male recreational athletes.  These 

authors suggested that the altered knee motion patterns demonstrated by these 

women during the tasks may result in increased loads on the ACL and 

predispose them to higher incidence of ACL injuries (Malinzak et al., 2001). 

 Further evidence illustrating the importance of muscle co-contraction for 

knee joint stability was found in a more recent investigation by Wojtys, Ashton-

Miller, and Huston (2002).  These authors investigated differences in the 

contribution of knee muscular co-contraction to shear stiffness between male and 

female subjects with similar knee joint laxity.  It was demonstrated that maximum 

co-contraction of the surrounding knee musculature (quadriceps, hamstrings, and 

gastrocnemius) significantly decreased anterior tibial translation in both men and 

women which could reduce strain on the ACL (Wojtys et al., 2002).     
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 Zeller, McCrory, Kibler, and Uhl (2003) conducted a more recent 

investigation further illustrating the altered ability of some females to maintain 

proper knee joint alignment through appropriate muscle activation during a 

simulated athletic maneuver.  They compared the differences in kinematic and 

electromyographic activity of the hip and knee between males and females 

during the single-legged squat.  The kinematic data revealed that the female 

subjects demonstrated significantly more ankle dorsiflexion, ankle pronation, hip 

adduction, hip flexion, and hip external rotation than the male subjects.  

Additionally, the EMG data revealed that the females activated the rectus femoris 

muscle significantly more than the males during the single-leg squat task.  It was 

suggested that the increased hip adduction may have been a result of the 

inability of the females to control the hip musculature (gluteus medius) while they 

attempted to control the knee more with quadriceps activation (Zeller et al., 

2003).  Consequently, the authors suggested the inclusion of evaluating the hip 

muscle activation patterns and their relationship to dynamic knee valgus in future 

research practices.  Likewise, it was observed that at the beginning and end of 

the squat maneuver, females moved into a knee valgus position suggesting a 

loss of control during these phases of the movement.  Conversely, the men never 

moved into a knee valgus position throughout the single-leg squat task.  Based 

on these findings, the authors concluded that the manner in which the 

participating females positioned their lower extremity and activated muscles 
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might increase the strain on the ACL under loading conditions that commonly 

occur in sports (Zeller et al., 2003). 

 In opposition to previous findings (Cowling & Steele, 2001; Malinzak et al., 

2001; Rozzi et al., 1999; Zeller et al., 2003), Fagenbaum and Darling (2003) 

found that during a jump landing women landed with greater knee flexion angles 

and knee flexion accelerations than men; likewise, knee muscle activation was 

found to be similar between genders.  Based on these findings, the authors 

suggested that factors other than sagittal plane kinematics or knee muscle 

activation (quadriceps, hamstrings, and gastrocnemius) must be considered 

when attempting to identify the underlying mechanisms for increased incidence 

of ACL injuries in females.  However, the investigators did admit that there were 

a small number of subjects who were all considered to be elite varsity athletes, 

suggesting that the conflicting data found in their investigation were a result of a 

differing sample population (Fagenbaum & Darling, 2003). 

 In a more recent investigation, Myer, Ford, and Hewett (2005) explored 

the differences in quadriceps muscle activation strategies between males and 

females during a maneuver that mimicked a high ACL injury risk position.  

Physically active college age participants were studied in this investigation.  The 

EMG of the quadriceps muscles (vastus medialis and vastus lateralis) was 

recorded during performance of the movement task.  It was discovered that 

participating females had decreased medial-lateral quadriceps ratios compared 

to males.  These differences in activation strategies were interpreted to increase 
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the potential for these females to develop dynamic valgus positioning and ACL 

ruptures when performing high-risk athletic maneuvers (Myer, Ford, & Hewett, 

2005).  As was suggested earlier by Ford et al. (2003) decreased medial knee 

joint compression may limit control of dynamic knee valgus positioning resulting 

in medial femoral condylar lift-off from the tibial plateau and increasing ACL 

strain.  Additionally, based on previous work (Markolf et al., 1995; Rozzi et al., 

1999), it was suggested that the combination of increased lateral quadriceps 

firing and the increased lateral hamstring firing during landing may result in 

increased compression of the lateral knee joint and increased anterior tibial shear 

force (increased ACL loading) (Myer, Ford, & Hewett, 2005). 

 Other research findings support the suggestion that impaired passive joint 

restraints and or active muscular control systems that biomechanically influence 

the dynamic stability of the knee may increase one’s risk for non-contact ACL 

injuries (Dugan, 2005; Griffin et al., 2000; Lephart, Abt, & Ferris, 2002).  One 

such research paradigm involves the investigation of the role of muscular fatigue 

on neuromuscular control of the affected joints.  Wojtys, Wylie, and Huston 

(1996) conducted an investigation exploring the effects of muscle fatigue of the 

quadriceps and hamstrings on neuromuscular function and anterior tibial 

translation of ten healthy subjects.  An increase in anterior tibial translation which 

correlated with a delay in muscle reaction time was noted following the fatiguing 

protocol.  The authors concluded that the fatiguing protocol altered the 

neuromuscular response to anterior tibial translation which was suggested to 
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possibly play a role in the pathomechanics of knee injuries (Wojtys et al., 1996).  

This demonstrates that any delay or impairment in muscle activity could allow 

excessive motion of the affected joint, possibly leading to an increased risk of 

injury.  It has been demonstrated that stretching has the potential to alter 

muscular reaction time (Behm et al., 2004); therefore, the influence of stretching 

on measures of neuromuscular control warrants further investigation.    

Based on the research findings discussed above, ACL injuries do not 

appear to be gender specific even though they occur at significantly greater rates 

in females.  Moreover, male or female athletes who demonstrate movement 

techniques associated with greater ACL loading may be at greater risk for injury 

(James, Sizer, Starch, Lockhart & Slauterbeck, 2004).  Nonetheless, through 

exploration of movement techniques during landing, it has been established that 

increased knee abduction moments and increased dynamic knee valgus 

measures during landing are moderately predictive of ACL injuries (Hewett et al., 

2005).  Therefore, evaluating the influence of acute static stretching on these 

factors during landing may provide insights into the impact of stretching on 

movement strategies linked to greater ACL loading. 

Additionally, some altered muscle activation patterns of the hip and knee 

(Zeller et al., 2003) during various athletic maneuvers have the potential to 

decrease neuromuscular control about the knee joint, increase dynamic valgus 

knee positioning, and increase strain on the ACL (Myer, Ford, & Hewett, 2005).  

Exploration of movement techniques that alter biomechanical and neuromuscular 
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factors and are associated with greater ACL loading during landing activities can 

provide insights into injury mechanisms leading to prevention strategies.  As a 

result of these efforts, neuromuscular training techniques have been 

implemented resulting in increased active knee stabilization and decreased 

incidence of serious knee injuries, including ACL injuries (Hewett, Lindenfeld, 

Riccobene, & Noyes, 1999; Hewett, Stroupe, Nance, & Noyes, 1996; Myer, Ford, 

Palumbo, & Hewett, 2005; Paterno, Myer, Ford, & Hewett, 2004).    

Therefore, further investigations using a combination of kinematic, kinetic, 

and EMG measurements at the hip and knee during landing maneuvers have the 

potential to provide a clearer picture of neuromuscular control of the lower 

extremity.  Consequently, the measurements of hip and knee kinematics, ground 

reaction force (GRF), and hip and knee muscle activation (EMG analysis) will be 

used in the current investigation to provide insights into the influence of 

stretching on movement techniques associated with increased ACL loading.  

Of special interest in this investigation is the interaction between muscular 

activation and dynamic knee and hip positioning with a landing sequence that 

follows acute static stretching.  Coordinated muscular activation surrounding the 

knee and hip during landing is important for controlling the dynamic knee valgus 

positioning and moments which have been shown to be predictive of ACL injury 

(Hewett et al., 2005).  Acute static stretching has the potential to alter 

neuromuscular (Cramer et al., 2004), biomechanical (Avela et al., 2004), and 

reaction time (Behm et al., 2004) properties of muscle; therefore, the influence of 



                                                                                                                                                                                                          

81 

stretching on neuromuscular and biomechanical measures about the knee and 

hip during a landing sequence warrants investigation.  Exploring this interaction 

will provide valuable insights into the role of acute stretching in biomechanical 

behaviors at the knee and hip and, combined with survey measures, will provide 

an understanding of the psychosocial interactions between educational 

messages, stretching perceptions, and stretching practices. 

 

Summary 

The current review of literature has established that recommending 

stretching for the prevention of musculoskeletal injury lacks appropriate support 

from basic science and clinical evidence.  Likewise, it appears that the majority of 

research on pre-exercise stretching has focused on muscle injury without much 

emphasis on the potential for ligament injuries.  In addition, review of the 

stretching and performance literature has identified several potential neurological 

mechanisms by which acute stretching causes a reduction in muscle activation 

and several potential mechanical factors by which stretching alters viscoelastic 

properties of muscle resulting in decreased force production.   

Consequently, stretching prior to exercise remains a common practice 

among athletes, suggesting an underlying psychosocial interaction.  It is quite 

possible that historical educational messages, mastery experiences, and 

vicarious experiences have influenced some current athlete’s perceptions of the 

value of pre-exercise stretching.  Whether this perception relates to motor 
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performance, warrants further investigation.  It stands to reason, that the 

potentially harmful effects of stretching prior to exercise on injury prevention may 

be present regardless of one’s perception of its value; therefore, appropriate 

educational messages regarding stretching and injury prevention becomes 

increasingly important.  

Impaired neuromuscular control about the knee joint during landing and 

cutting activities has been established as one of the extrinsic factors leading to a 

non-contact injury of the ACL.  Several biomechanical and neuromuscular factors 

have been identified that potentially result in impaired neuromuscular control 

about the knee joint.  For example, Hewett et al. (2005), in a prospective 

investigation, found dynamic knee valgus angle and abduction moments about 

the knee to be moderately predictive of ACL injuries.  Additionally, these altered 

kinematic and kinetic measurements have been linked to altered muscle 

activation patterns (Malinzak et al., 2001; Zeller et al., 2003).  Since pre-exercise 

stretching has the potential to alter muscle activation and muscle force 

production, it seems imperative to evaluate whether these alterations result in 

impaired neuromuscular control about the knee during high-risk athletic 

maneuvers.  Exploring this interaction will provide valuable insights into the 

influence of acute stretching on movement techniques related to ACL loading, 

and combined with survey measures, will provide an understanding of the 

psychosocial interactions between stretching perceptions and practices, 

educational messages, and muscular performance outcomes.  
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CHAPTER III 

RESEARCH DESIGN AND METHODOLOGY 

 

Introduction 

The purposes of the study were to examine the influence of acute static 

stretching on selected biomechanical measures of neuromuscular control,  

evaluate the relationship between subjects’ historical educational background 

and current perceptions regarding the value and appropriate practice of pre-

exercise stretching, evaluate the relationship between subjects’ perceptions of 

the influence of the warm-up intervention on their current performance outcomes 

and the actual change in performance outcomes,  examine the difference in 

subjects’ perceptions of the influence of the warm-up intervention between those 

that stretched and those that did not, and evaluate the influence of current written 

educational messages on subjects’ perceptions of the value of pre-exercise 

stretching.  The research design and methodology chapter associated with this 

investigation will include a discussion of the protection of rights of human 

subjects, sample, research design and procedures, and statistical analysis.   

 

Protection of Rights of Human Subjects 

 University procedures were followed by requesting permission to pursue 

research involving human subjects.  According to the Texas Tech University 

(TTU) and Texas Tech University Health Sciences Center (TTUHSC) regulations 
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for the protection of human subjects in research, this study qualified for expedited 

review.  The appropriate forms for expedited review involving human subjects 

research were filed with the Institutional Review Board at TTU and TTUHSC. A 

copy of the TTU and TTUHSC approval letters are located in Appendix A. 

 

Sample 

 The effect size for static stretching on multiple related dependent 

variables, was estimated from the literature, calculated and averaged.  As a 

result, the average effect size used for the power analysis in the current 

investigation was calculated to be 0.62, indicating a moderate to large effect size.  

Therefore, a value of f = .30 was utilized to indicate a medium to large effect size 

(Portney & Watkins, 2000).  Table C.3.1 of Portney and Watkins (2000) was 

utilized to determine the number of subjects needed in each group for the current 

investigation.  For an f value of .30 and a power value of 0.64, it was determined 

that 30 subjects in each group would be required (total sample size of 60).  

Based on this power analysis, the investigator attempted to recruit 60 subjects.   

A convenience sample of male and female subjects from Texas Tech 

University Health Sciences Center (TTUHSC), Texas Tech University (TTU), and 

Lubbock Christian University (LCU) were recruited to participate in this 

investigation.  Forty-four individuals (19 female and 25 male) participated in this 

study and were randomly assigned to either an experimental or control group in a 

clinical control trial (CCT) design.  Subjects were included in this study based on 
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the following criteria:  (1) between the ages of 18 and 35; (2) a score of 6 or 8 on 

the Physical Activity Level Scale (Wojtys et al. 1996; See Appendix B); and (3) a 

willingness to adhere to the experimental protocol.  Subjects were excluded from 

this investigation based on the following criteria:  (1) a score above an 8 or below 

a 6 on the Physical Activity Level Scale (Wojtys et al., 1996); (2) a diagnosis by a 

physician of any lower extremity pathology that restricted movement at any of 

those joints; (3) a diagnosis by a physician of any neurological abnormality or 

impairment; (4) a history of previous surgery of the lower extremities; (5) any 

medical condition that would prevent performing a maximum vertical jump test; or 

(6) pregnancy.    

 To access subjects for this investigation, convenience sampling, using a 

non-probability sampling method, was utilized.  College students from Lubbock 

Christian University (LCU), Texas Tech University (TTU), and Texas Tech 

University Health Sciences Center (TTUHSC) were recruited in person, through 

classroom visitations of the respective campuses, to participate in this 

investigation.  If individuals expressed an interest in participating in the study, a 

screening process was completed in person or by phone using a solicitation 

questionnaire (Appendix C).  The questionnaire established the potential 

subject’s willingness to participate in the investigation, adherence to the inclusion 

and exclusion criteria, score on the Physical Activity Level Scale (Wojtys et al., 

1996), and contact information.  Based on data collected on the questionnaire, 



                                                                                                                                                                                                          

86 

those willing to participate in the investigation and who met the inclusion criteria 

were selected to participate.  

 

Research Design and Procedures 

 Following completion of the written informed consent form, subjects were 

randomly assigned (using a table of random numbers) to either a control or 

experimental group in a clinical control trial (CCT) design requiring one day of 

subject participation.  Testing day for the experimental group involved a warm-up 

followed by electromyography (EMG), kinematic, and ground reaction force 

(GRF) measures of the dominant lower extremity during a vertical drop jump test 

before and after a stretching intervention.  Testing day for the control group 

involved identical procedures except for omission of the stretching intervention.  

Additionally, flexibility measurements of the dominant lower extremity were 

conducted following the warm-up and first vertical drop jump testing procedures, 

which took place before and after the stretching intervention (experimental group) 

or rest period (control group).  The flexibility measurements quantified the 

change in range of motion (ROM) as a result of the stretching intervention.  Upon 

completion of the pre- and post-intervention EMG, kinematic, and GRF 

measures, and after further randomization, subjects completed a survey 

instrument.  These procedures are clearly outlined in Appendix D (Experimental 

Procedures Flowchart).   
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Warm-up 

 Both the experimental and control groups engaged in five-minutes of 

submaximal warm-up on a cycle ergometer.  The subjects cycled at 70 

revolutions per minute (rpm) with a resistance of 1 kilopond (kp) to increase 

muscle temperature as suggested by Power et al. (2004).  Subjects developed a 

light sweating response to the warm-up procedures indicating a small increase in 

core temperature.  The warm-up took place upon arrival to the testing facility 

prior to any testing procedures.      

 

Subject Preparation 

 Each subject underwent thorough skin preparation following standard 

EMG procedures.  Each subject received thorough skin preparation for all 

recording electrodes involving the removal of body hair and dead epithelial cells 

with a razor and abrasive paper around the designated areas.  Furthermore, skin 

preparation was followed by cleansing of the designated areas with isopropyl 

alcohol prior to placement of the pre-amplified surface electrodes.  MLS 

Electromyographic Preamplifier electrodes (product number MA-310; Motion Lab 

Systems; Baton Rouge, LA; standard EMG bandwidth 20 to 2,000Hz-3dB; low 

pass filter 500Hz; actual bandwidth 20-500Hz; EMG pre-amplifier impedance > 

100 M ohms; EMG pre-amplifier input noise < 2µV RMS nominal; CMRR 100dB 

at 65Hz; differential gain 20 +/- 2% at 200 Hz) were placed along the length of 

the muscle with the axis of the electrode array parallel to the direction of the 
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muscle fibers as previously described by Rainoldi, Melchiorri, and Caruso, 

(2004).  The electrodes had a double differential design with two reference 

contacts between electrodes.  The inter electrode distance was 2.0 cm.  The MA-

300 EMG System (Motion Lab Systems Inc.; Baton Rouge, LA) was used to 

collect EMG data during the testing procedures.   

 The electrodes were placed over six muscle bellies of the dominant leg 

half-way between the innervation zones (IZ) and tendons and relative to the first 

landmark using guidelines previously described by Rainoldi et al. (2004).  The 

following IZ’s were used (Rainoldi et al., 2004):  (1) The vastus lateralis IZ was 

located 94 mm along a line from the superior lateral side of the patella to the 

anterior superior iliac spine, starting from the patella; (2) the vastus medialis IZ 

was located 51.7 mm from the superior medial side of the patella along a line 

medially oriented at an angle of 50 degrees with respect to the anterior superior 

iliac spine; (3) the biceps femoris IZ was located at 35.3% of the distance from 

the ischial tuberosity to the lateral side of the popliteus cavity, starting from the 

ischial tuberosity; (4) the semitendinosus IZ was located at 36.3% of the distance 

from the ischial tuberosity to the medial side of the popliteus cavity, starting from 

the ischial tuberosity; (5) the gluteus maximus IZ was located at 33.8% of the 

distance from the second sacral vertebra to the greater trochanter, starting from 

the second sacral vertebra; (6) and the gastrocnemius IZ lateralis was located at 

61.2% of the distance from the lateral side of the popliteus cavity to the lateral 

side of the Achilles tendon insertion, starting from the Achilles tendon.  Finally, 
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electrode placement was thoroughly marked to insure replication of electrode 

location and identical skin preparation procedures were followed for post-

intervention measures.    

 Each subject was instrumented with the following Biometrics (Biometrics 

Ltd., Nine Mile Point Ind. Est., Gwent, NP11 7HZ, UK) equipment to the dominant 

lower extremity:  (1) one twin axis goniometer to the knee and hip; and (2) one 

single axis torsiometer to the knee.  The endblocks of the sensors were secured 

to the skin by double-sided medical adhesive tape in the following locations:  The 

twin axis goniometers were secured along the long axis of the anatomical 

segment across the lateral aspect of the knee and hip joints, and the single axis 

torsiometer for the knee was secured along the long axis of the anatomical 

segment across the lateral aspect of the joint.   

 

Vertical Drop Jump Test 

 The vertical drop jump test consisted of the subject hanging from a 

horizontal bar stabilized by two chains and anchored to the ceiling.  The subjects 

hung at an average height of 30.9 cm (SD = .66, Minimum = 29 cm, Maximum = 

33.5 cm).  To standardize the drop height the distance from the lateral malleolus 

to the floor while standing was subtracted from the distance from the lateral 

malleolus to the floor while hanging from the bar.  The drop height was assigned 

when the difference between the two measurements was as close to 31 cm as 

possible.  The subjects were instructed to drop directly down from the hanging 
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apparatus onto the force plates below, immediately followed by a maximum 

vertical jump while both arms were positioned above the waist as if they were 

receiving a basketball pass (Hewett et al., 2005).  The subjects were instructed to 

jump for maximal height and minimum ground contact time.  They were likewise 

instructed to leave the floor with knees and ankles fully extended and to land in 

the same position in order to ensure the validity of the test (Power et al., 2004).  

Three successful trials for each subject were recorded before and after the 

experimental or control condition.  A successful trial occurred if the impact phase 

of the movement took place on two precisely located force platforms, one foot 

landing on each force plate.  

Two Bertec force plates (type 4060-10-2000) collected the ground reaction 

force data at a sampling rate of 1000 Hz and were time synchronized with the 

EMG data.  Only GRF data for the dominant lower extremity was utilized for 

analysis.  The force plates were embedded in a platform built above the surface 

of the floor and positioned so that the appropriate feet would contact the force 

plates during the maneuver.  Vertical GRF was used to identify the time at initial 

contact with the ground (IC) and at toe-off (TO) from the jump.  Additionally, the 

peak GRF variable was extracted from the curve to define loading, and was 

normalized to multiples of body weight.  The first contact phase on the platform 

was used for analysis of measurements during landing.  The flight time from toe-

off to second contact on the platform was used to calculate vertical jump height 
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(jump height = g x (tair/2)2/2 where, g = acceleration of gravity, and tair = time in 

the air).   

 

EMG Measurements 

During the vertical drop jump test, the myoelectric signals were relayed 

from the EMG electrodes to a transmitter that was strapped firmly to the subject’s 

lower back.  The EMG signal was then relayed from the transmitter to the 

computer-connected receiver via cable.  The analog output for the muscles from 

the receiver was sampled at 1000 Hz using Peak Motus software installed on a 

laboratory computer.   

Two EMG variables for each muscle were evaluated in the current 

investigation.  First, the timing of the onset of muscle activity relative to IC was 

calculated for each of the muscles from the processed EMG data (Cowling & 

Steele, 2001).  To identify onset of muscle activity, procedures similar to those 

described by Hodges and Bui (1996) were used.  Threshold was identified as 

EMG amplitude greater than three standard deviations from the baseline within a 

given 25 ms window.  Procedures for the current investigation, earlier described 

by Dedrick et al. (in press), allowed for manual selection of EMG onset when the 

algorithm used by Hodges and Bui produced obvious errors and in order to select 

the onset at the direct location of threshold breach instead of the beginning of the 

25 ms window.  Second, the amplitude of muscle activation (Root Mean Square) 

during ground contact (GC; the total contact interval from IC to toe off) for each 
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muscle was evaluated to provide insights into control strategies (amplitude of 

activation) utilized during the landing task (Myer et al., 2005).  The raw EMG data 

were used to calculate root mean square (RMS) values during GC.  Finally, EMG 

RMS values were normalized to the maximum value obtained during pre-

intervention testing measures for each individual and muscle following previously 

described procedures (James, Dufek, & Bates, 2006).    

 

Kinematic Measurements 

A stationary trial was first taken with each subject in a neutral (standing) 

position to set the zero position.  During the vertical drop jump test, as the angle 

between the two endblocks of the goniometers and torsiometers changed, the 

change in strain along the length of the wire was measured and was equated to 

an angle (Biometrics Ltd., Nine Mile Point Ind. Est., Gwent, NP11 7HZ, UK).  The 

raw joint angle data were smoothed (4th order, 2-pass Butterworth low pass 

digital filter; 6 Hz cutoff) using a custom Matlab (Mathworks, Inc., v. 6.5, Natick, 

MA) program.  The following kinematic variables were gathered and analyzed:  

frontal, sagittal, and transverse plane knee angles at initial contact (IC); frontal 

and sagittal plane hip angles at IC; and peak angles during GC (IC-TO).  The 

peak angles during GC included the following:  knee flexion, knee abduction 

(valgus), knee external rotation (tibial external rotation), hip flexion, and hip 

adduction.   
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Flexibility Measurements 

 Flexibility measurements of the dominant lower extremity were conducted 

after the warm-up and first vertical drop jump testing procedures, and before the 

stretching intervention or rest period.  These measurements were again taken 

after the stretching intervention or rest period to quantify the change in ROM as a 

result of the stretching intervention.  The order in which the flexibility 

measurements were taken was randomized and the following measurements 

were included (See Appendix E for pictures of all of the flexibility measurements):     

 Wall sit and reach test.  Following procedures used by Hoeger and 

Hopkins (1992), the subject first removed their shoes and sat on the floor with the 

hips, back, and head against a wall, the legs fully extended, and the bottom of 

the feet against the Acuflex I Sit and Reach Flexibility Tester (Novel Products 

Inc., Rockton, IL).  Next, the subject placed the hands one on top of the other 

and reached forward as far as possible without letting the head and back come 

off the wall, while the investigator slid the reach indicator (on the Acuflex I) until it 

touched the subject’s fingers.  Next, with the knees extended the subject 

gradually reached forward three times, the third time stretching forward as far as 

possible on the indicator and held the final position for at least 2 seconds.  

Finally, the investigator recorded the number of centimeters reached to the 

nearest half centimeter.   

   90/90 test for hamstring flexibility.  Following similar procedures as Nelson 

and Bandy (2004), hamstring flexibility was measured using a double-armed 
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goniometer of transparent plastic with a bubble in an enclosed plastic container, 

often used in a level, fastened to the goniometer to help maintain the hip at a 90 

degree angle.  The subject was positioned supine with the hip and knee flexed to 

90 degrees and the fulcrum of the goniometer centered over the later epicondyle 

of the femur.  The stationary arm was aligned with the greater trochanter of the 

femur, and the moveable arm was aligned with the lateral malleolus.  One 

research assistant held pressure on the stationary arm of the goniometer while 

the other researcher passively moved the leg toward terminal knee extension.  

Once terminal knee extension was reached, the researcher moving the leg 

ensured proper alignment of the goniometer and the blinded goniometer was 

revealed to the assisting researcher.   

 Knee flexion passive range of motion (PROM).  Quadriceps flexibility was 

measured using a double-armed goniometer of transparent plastic following 

similar procedures as Marek et al. (2005).  The subject was positioned in the 

prone hip-extended position with the fulcrum of the goniometer centered over the 

later epicondyle of the femur.  The stationary arm was aligned with the greater 

trochanter of the femur, and the moveable arm was aligned with the lateral 

malleolus.  One research assistant held pressure on the stationary arm of the 

goniometer while the other researcher passively moved the leg toward terminal 

knee flexion.  Once terminal knee flexion was reached, the researcher moving 

the leg ensured proper alignment of the goniometer and the blinded goniometer 

was revealed to the assisting researcher.   
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 Ankle dorsiflexion ROM.  Gastrocnemius flexibility was measured using a 

double-armed goniometer of transparent plastic following similar procedures as 

Witvrouw et al. (2003).  The subject was positioned in standing with the fulcrum 

of the goniometer centered just posterior to the most distal aspect of the fibula.  

The stationary arm was aligned with the proximal fibular head, and the moveable 

arm was aligned parallel with the lateral border of the foot.  First, the subject was 

instructed to lean forward on a wall with the leg to be measured in the knee-

extended position and located behind the opposite leg.  The subject was then 

instructed to maximally dorsiflex their tested ankle while keeping their heel on the 

floor.  Once terminal ankle dorsiflexion was reached, the researcher holding the 

goniometer ensured proper alignment and the blinded goniometer was revealed 

to the assisting researcher. 

 

Rest Period 

 The control group underwent 16 minutes of rest in the seated position 

after the warm-up, first vertical drop jump test, and first flexibility measurements.  

The rest period was the same length of time as the stretch intervention and took 

place immediately following the first flexibility measurements. 

 

Stretching Intervention 

 The experimental group participated in one static stretching procedure to 

each of four muscle groups (plantar flexors, quadriceps, hamstrings, and hip 
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extensors) of both lower extremities.  The stretching intervention occurred after 

the first flexibility measurements.  Each stretching procedure consisted of four 

repetitions held for 30 seconds with a 30 second rest period between repetitions 

as suggested by previous investigators (Bandy, Irion, & Briggler, 1997; Chan, 

Hong, & Robinson, 2001; Knudson et al., 2000).  Alternation from dominant to 

the non-dominant lower extremity occurred after each stretching procedure, 

allowing for a 30 second rest interval.  Each muscle group received a total 

stretching period of 120 seconds, which was similar to the procedures of Young 

and Behm (2003) who found that only two minutes of static stretching for each 

muscle group prior to activity resulted in decreased performance on a concentric 

only vertical jump task and drop jump height/time measurements.  This stretching 

protocol was suggested to be more typical of athletic conditions (Young & Behm, 

2003).  The total stretching intervention duration was 16 minutes, and the order 

in which the muscle groups were stretched was randomized.  Similar to the 

procedures of Power et al. (2004) the position in which subjects were to hold 

their stretch was the greatest voluntary muscle length beyond which they felt 

injury may occur.  See Appendix F for pictures of specific stretches discussed 

below.   

 

Stretches 

 Standing straight knee.  From the standing position, the subjects leaned 

forward against a wall supported by outstretched hands, while bending the non-
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stretched leg at the knee to 90 degrees and keeping the stretched leg fully 

extended behind the body.  The heel of the stretched leg remained in contact 

with the floor while the toes pointed straight forward.  Finally, the subjects 

dorsiflexed the ankle of the stretched leg until they reached the point of maximum 

tolerable discomfort, following similar procedures as Power et al. (2004).   

 Supine hip flexion.  With the subject lying supine on the table, the tester 

held the leg to be stretched by the ankle and knee (with the knee fully extended) 

and pushed the leg back toward the subject’s upper torso (hip flexion).  The non-

stretched leg was fully extended and in contact with the table.  The subjects’ leg 

to be stretched was then moved into hip flexion (maintaining full knee extension) 

until reaching the point of maximum tolerable discomfort, following similar 

procedures as Power et al. (2004). 

 Prone buttocks kick.  With the subject lying prone on the table, the non-

stretched knee was fully extended while the leg to be stretched was flexed at the 

knee.  The test administrator held the leg to be stretched by the ankle and 

pushed the ankle back toward the buttocks (increasing knee flexion) until 

reaching the point of maximum tolerable discomfort, following similar procedures 

as Power et al. (2004). 

 Unilateral knee to chest.  With the subject lying on their back with the legs 

fully extended, the leg to be stretched was then flexed at the knee and hip, while 

bringing the thigh toward the chest and keeping the non-stretched leg fully 

extended and in contact with the table.  Next, the subject placed both hands 
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behind the thigh and continued to pull the thigh toward the chest.  Finally, to 

emphasize the gluteus maximus, the subject pulled the knee toward the opposite 

shoulder until reaching the point of maximum tolerable discomfort (Kisner & 

Colby, 2002). 

      

Survey Implementation 

 The survey included a series of questions that involved a visual analogue 

scale (VAS) and evaluated the subjects’ perceptions in a fashion similar to that 

previously described (Nyland et al., 2004).  Many authors have previously used 

visual analogue scales to measure functional capability and subjective behaviors 

(Bond & Lader, 1974; Flandry, Hunt, Terry, & Hughston, 1991; Huskisson, Jones, 

& Scott, 1976).  A standard VAS was used asking the subjects to place a vertical 

line at the point which best indicated their opinion regarding the specific 

questions.  The location of the vertical line then was measured from left to right in 

centimeters to quantify the degree of the subjects’ opinion.  The measurements 

for each category of questions then were reduced to percentages and summed 

for a total composite score used for other statistical analysis.  The category of 

questions included the following:  historical educational messages regarding the 

value and appropriate practice of pre-exercise stretching (total possible 

composite score of 400%), current perceptions of the value and appropriate 

practice of pre-exercise stretching (total possible composite score of 400%), and 

the current perceptions of the influence of the warm-up intervention on their 
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measurement outcomes (total possible composite score of 300%).  A copy of the 

survey instrument can be seen in the Appendix G. 

 Pilot study. 

 The survey was developed and piloted to 76 undergraduate students and 

nine faculty members with expertise in survey research experience, exercise 

science, and/or biomechanics, to establish content and face validity.  

Additionally, the pilot study helped determine the clarity of the survey and its 

accompanying directions, as well as the length of time required to complete the 

survey.  Suggested revisions from the pilot study were considered and 

incorporated where possible.  

 General study.    

  Immediately following completion of all EMG, kinematic, and GRF 

measures, subjects were re-randomly assigned to a survey group (those 

receiving a positive educational scenario or those receiving a negative 

educational scenario) and asked to complete the initial survey.  This was done to 

insure a random number of those that stretched and those that did not were 

assigned to each survey group.  The initial administration of the survey was 

followed by the presentation of an educational scenario in written paragraph form 

using the American Medical Association referencing style.  The educational 

scenario presented the subjects with either a positive or a negative written 

message, highlighting the value of pre-exercise static stretching for the 

prevention of injury and improvement of muscular performance.  The positive 
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educational scenario highlighted the research in support of pre-exercise 

stretching, while the negative educational scenario highlighted the research 

demonstrating the potential harmful influence of pre-exercise stretching (See 

Appendix G for copies of the educational scenarios).  After reading this scenario, 

the subjects were asked to repeat the same survey questions as above, dealing 

with their perceptions of the value of pre-exercise stretching, in light of the 

information they had received from the scenario.    

 

 Statistical Analysis 

 Inferential statistics alone were used to analyze biomechanical and 

flexibility data, while correlation and inferential statistics were used to analyze 

survey data.  All data were treated as demonstrating the characteristics of 

parametric data; therefore, parametric statistical procedures were followed.  

Several multivariate analyses of variances (MANOVA’s) and univariate analyses 

of variances (ANOVA’s) were conducted for the inferential statistics, while two 

Pearson product-moment correlations were conducted to evaluate relationships.  

Likewise, significant main effects of individual dependent variables were 

examined further through follow-up pairwise comparisons.  Bonferroni 

adjustments for alpha level inflation were utilized when appropriate.  
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Analysis of Biomechanical and Flexibility Data 

 To test the first hypothesis, four MANOVA’s and one ANOVA were 

conducted with Bonferroni adjustments.  First, a MANOVA (α = 0.00833) was 

performed to examine the differences in EMG onset for each muscle relative to 

IC between the stretching intervention and control group.  Second, a MANOVA (α 

= 0.00833) was performed to examine the differences in the amplitude of muscle 

activation (RMS) for each muscle during GC between the stretching intervention 

and control group.  Third, a MANOVA (α = 0.00833) was performed to examine 

the differences in joint kinematics (frontal and sagittal plane knee and hip angles, 

and horizontal plane knee angles) at IC between the stretching intervention and 

control group.  Fourth, a MANOVA (α = 0.00833) was performed to examine the 

differences in peak angle kinematics during GC between the stretching 

intervention and control group.  Finally, a 2 X 2 ANOVA (α = 0.00833) was 

performed to examine the differences in Peak GRF between the stretching 

intervention and control group.   

 Statistical procedures were conducted to quantify the change in ROM 

occurring as a result of the stretching procedures and to evaluate the 

effectiveness of the stretching intervention.  A MANOVA (α = 0.00833) was 

performed to examine the differences in the four flexibility measurements 

between the stretching intervention and control group.  Follow-up analysis to 

assess individual main effects included two 1 X 2 ANOVA’s (α = 0.025).              
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Analysis of Survey Data      

 The scores obtained from visual analogue scales (VAS) often have been 

treated as ratio level data permitting these scores to be subjected to parametric 

statistical procedures (McGuire, 1984; Portney & Watkins, 2000; Price, Harkins, 

& Baker, 1987).  To test the second hypothesis, a Pearson product-moment 

correlation (α = 0.05) was performed to evaluate the relationship between what 

the subjects had been taught regarding the value of pre-exercise stretching 

(summed score on the VAS) and their perception of its value (summed score on 

the VAS).  To test the third hypothesis a Pearson product-moment correlation (α 

= 0.05) was conducted to evaluate the relationship between the subjects’ 

perception of how the warm-up intervention influenced their measurement 

outcomes and the actual change in vertical jump height that took place following 

the given warm-up intervention.   

 Prior to inferential analysis of survey data, all survey dependent variables 

were tested for normality using a Shapiro-wilk test.  The data were then 

transformed into normalized values using an x-squared transformation algorithm.  

All subsequent inferential analysis of survey data utilized transformed values.  To 

test the fourth hypothesis, a 1 X 2 ANOVA (α = 0.05) was performed to assess 

the difference in the perception of how the warm-up intervention influenced their 

measurement outcomes between the control and the stretching intervention 

groups.  Finally, to assess the fifth hypothesis, a 2 X 2 ANOVA (α = 0.05) was 

performed to assess the difference in the change of perception of the value of 
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pre-exercise stretching between subjects receiving the positive educational 

message and subjects receiving the negative educational message.  Follow-up 

analysis to evaluate the differences found while assessing the fifth hypothesis 

included two 1 X 2 ANOVA’s (α = 0.05).      

 

Summary 

The subjects received EMG, kinematic, and GRF measurements of the 

dominant lower extremity during a vertical drop jump test before and after a 

specified stretching intervention or control condition.  The EMG measurements 

included the timing of onset relative to IC and the peak amplitude (RMS) during 

GC of the vastus lateralis, vastus medialis, biceps femoris, semitendinosus, 

gluteus maximus, and gastrocnemius lateralis.  Biomechanical variables included 

the following:  frontal, sagittal, and transverse plane knee angles at initial contact 

(IC); frontal and sagittal plane hip angles at IC; peak angles during GC and peak 

GRF during GC.  Additionally, flexibility measurements of the dominant lower 

extremity were conducted before and after the stretching and control intervention.  

Finally, the subjects were administered a survey instrument upon completion of 

all post-intervention EMG and biomechanical testing measures.  Subjects 

completed the survey before and after presentation of either a positive or 

negative educational scenario.  EMG variables, biomechanical variables, and 

flexibility measurements were analyzed using several MANOVA’s and one 

ANOVA followed by follow-up pair-wise comparisons evaluating significant main 
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effects.  Additionally, two Pearson product-moment correlations along with two 

ANOVA’s were used to analyze survey related data.  Finally, follow-up pair-wise 

comparisons evaluating significant main effects were utilized when appropriate 

for the survey related data.     
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CHAPTER IV 

ARTICLE I 

THE INFLUENCE OF PRE-EXERCISE STATIC STRETCHING ON 

MEASURES OF NEUROMUSCULAR CONTROL 

 

Abstract 

 Pre-exercise stretching has the potential to alter the dynamic and passive 

interactions between neural, mechanical, and electrophysiological properties that 

exist in the muscle to generate force.  These alterations have the possibility of 

influencing the ability of the active muscular control system to dynamically 

stabilize affected joints during high-risk athletic maneuvers.  A decline in dynamic 

stability of the lower extremity during landing, as a result of pre-exercise 

stretching, may increase affected individuals’ risk of injury.  Therefore, the 

purpose of this study was to explore the influence of pre-exercise stretching on 

measures of neuromuscular control of the lower extremity during landing.  Forty-

four college-age recreationally active students participated in a clinical control 

trial (CCT) design requiring one day of testing involving a warm-up followed by a 

vertical drop jump test before and after a stretching intervention or rest period.  

The stretch-intervention group participated in a 16-minute stretching routine, 

while the control group rested for the same time period.  Pre- and Post-

intervention measurements of electromyography (EMG), knee and hip 

kinematics, ground reaction force (GRF), and muscle flexibility of the dominant 
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lower extremity were examined for both groups.  The EMG, kinematic, and GRF 

measurements were gathered during a vertical drop jump test.  The results 

indicated that there were no significant differences between the stretching and 

control groups in EMG, kinematic, GRF or flexibility measurements as a result of 

the stretching intervention.  This suggests that moderate stretching prior to a 

landing task may not negatively influence the ability of the neuromuscular system 

to safely control joint motion during the landing, or that the current flexibility 

intervention did not induce measurable changes.     

 

Introduction 

 The review of literature has established that recommending stretching for 

the prevention of musculoskeletal injury lacks appropriate support from basic 

science and clinical evidence (Herbert, & Gabriel, 2002; Shrier, 1999; Thacker et 

al., 2004; Weldon & Hill, 2003).  Likewise, it appears that the majority of research 

on pre-exercise stretching has focused on muscle injury without much emphasis 

on the potential for other injuries related to the influence of stretching on 

neuromuscular control.  In addition, review of the stretching and performance 

literature identified several potential neurological mechanisms (Cramer et al., 

2004) by which acute stretching causes a reduction in muscle activation and 

several potential mechanical factors (Avela et al., 2004) by which stretching 

alters muscular force production. 
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 Impaired neuromuscular control about the knee joint during landing and 

cutting activities has been established as one of the extrinsic factors leading to a 

non-contact injury of the anterior cruciate ligament (ACL) (Dugan, 2005; Griffin et 

al., 2000; Lephart, Abt, & Ferris, 2002).  Several biomechanical and 

neuromuscular factors that potentially result in impaired neuromuscular control 

about the knee joint resulting in increased ACL loading have been identified.  For 

example, Hewett et al. (2005), in a prospective investigation, found dynamic knee 

valgus angle and abduction moments about the knee to be moderately predictive 

of ACL injuries.  Additionally, these altered kinematic and kinetic measurements 

have been linked to altered muscle activation patterns (Malinzak et al., 2001; 

Zeller et al., 2003).  Since pre-exercise stretching has the potential to alter 

muscle activation and muscle force production, it seems imperative to evaluate 

whether these alterations result in impaired neuromuscular control about the 

knee and hip during high-risk athletic maneuvers.  Exploring this interaction will 

provide valuable insights into the role of acute stretching in neuromuscular 

control of joints at high-risk for ligamentous injuries. 

 

Literature Review 

Stretching and Injury Prevention 

 Muscular stretching prior to exercise historically has been recommended 

as an integral component of a preparatory program to prevent musculoskeletal 

injury (Best, 1995; Garrett, 1990; Gleim & McHugh, 1997; Hartig & Henderson, 
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1999; Safran et al., 1989; Smith, 1994) and improve muscular performance 

(Anderson & Burke, 1991; Baechle & Earle, 2000; Shellock & Prentice, 1985).  

Recent reviews of literature have identified conflicting evidence that has 

challenged traditional perspectives related to the role of stretching and injury 

prevention (Shrier, 1999; Herbert & Gabriel, 2002; Thacker et al., 2004; Weldon 

& Hill, 2003; Witvrouw et al., 2004).   

Shrier (1999) critically evaluated 12 controlled clinical studies, four of 

which suggested that pre-exercise stretching is beneficial for injury prevention, 

but included co-interventions that could have influenced the outcomes (Bixler & 

Jones, 1992; Ekstrand, Gillquist, & Liljedahl, 1983; Ekstrand, Gillquist, Moller et 

al., 1983; Wilber et al., 1995).  Three of the studies suggested pre-exercise 

stretching to be detrimental to injury prevention (Howell, 1984; Jacobs & Berson, 

1986; Kerner & D’Amico, 1983), while five suggested that pre-exercise stretching 

made no difference in prevention (Blair et al., 1987; Brunet et al., 1990; Macera 

et al., 1989; van Mechelen et al., 1993; Walter et al., 1989).  Shrier (1999) 

concluded that pre-exercise stretching may increase an individual’s risk of injury 

by reducing the energy absorbing capability of the muscle, inducing microscopic 

damage to the muscle, and masking the muscle’s protective pain mechanism.    

Not only does it appear that stretching does not prevent injury, but more 

recent literature suggests that it may contribute to it.  In a more recent systematic 

review of the efficacy of stretching for exercise-related injury prevention, Weldon 

and Hill (2003) interpreted results of four RCT’s (Ekstrand, Gillquist, & Liljedahl, 
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1983; Pope et al., 1998; Pope et al., 2000; van Mechelen et al., 1993) and three 

controlled clinical trials (CCT’s) (Bixler & Jones, 1992; Cross & Worell, 1999; 

Hartig & Henderson, 1999), which were weighted based on methodological 

quality. Results of the systematic review found that the three highest scoring 

(methodological quality scores) RCT’s demonstrated no significant reduction in 

injury risk following a stretching program (Pope et al., 1998; Pope et al., 2000; 

van Mechelen, et al., 1993), while the lowest scoring RCT demonstrated a 

positive influence on injury risk (Ekstrand, Gillquist, & Liljedahl, 1983).  Based on 

these findings, the authors concluded that pre-exercise stretching may increase 

the risk of injury (Weldon & Hill, 2003).  These findings were additionally 

supported by Thacker et al. (2004) who conducted a formal meta-analysis 

analyzing six controlled studies (Andrish et al., 1974; Bixler & Jones, 1992; Cross 

& Worrell, 1999; Hartig & Henderson, 1999; Pope et al., 1998; Pope et al., 2000).  

The pooled analysis of all but one of these investigations demonstrated that 

stretching was not significantly related to injury reduction (Thacker et al., 2004).   

This increased risk of injury may be related to the influence of stretching 

on joint viscoelastic properties, function and control, which could translate into 

increased injury risk.  Moreover, this consideration has not gone un-noticed.  For 

example, it has been suggested by some investigators that hamstring stretching 

should be de-emphasized among female athletes due to the potential for 

compromising dynamic knee joint stability, which may predispose these 

individuals to knee ligament injuries (Krivickas & Feinberg, 1996; Malone et al., 
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1993).  Further evidence can be found in the stretching and performance 

literature that lend credibility to this concern.             

 

Stretching and Performance 

It has been suggested that stretching alters the viscoelastic properties of 

tissue around a joint leading to decrements in force production based on the 

influence it has on the following factors:  (a) increased muscle compliance 

altering the muscle length-tension relationship; (b) increased sarcomere 

shortening distance and velocity; (c) altered muscle force-velocity relationship; 

and (d) decreased resting discharge of the muscle spindles leading to a 

reduction in facilitation of the alpha-motor neuron pool (Avela et al., 2004; 

Kokkonen et al., 1998; Nelson, Allen et al., 2001; Nelson, Guillory et al., 2001).  

As a consequence, stretching appears to alter kinematic and kinetic joint 

functions.  Research has shown that static stretching is effective in causing an 

acute increase in joint range of motion (ROM) (Knudson et al., 2000; McNair & 

Stanley, 1996; and Wiemann & Hahn, 1997).  However, along with the increase 

in ROM acute deficits in strength likewise have been found (Avela et al., 2004; 

Avela et al., 1999; Behm et al., 2001; Cramer et al., 2004; Evetovich et al., 2003; 

Fowles et al., 2000; Knudson & Noffal, 2005; Kokkonen et al., 1998; Nelson, 

Allen et al., 2001; Nelson, Guillory et al., 2001; Rosenbaum & Hennig, 1995).  

Additionally, evidence suggests that pre-exercise static stretching may hinder 

power production (Cornwell et al., 2002; Hennig & Podzielny, 1994; Young & 
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Behm, 2003; Young & Elliot, 2001); however, this effect on power production 

appears controversial (Church et al., 2001; Knudson et al., 2001; Power et al., 

2004; Unick et al., 2005).   

As a result of several investigations, the following neural mechanisms 

have been hypothesized to contribute to a reduction in muscle activation leading 

to control disturbances after pre-activity stretching:  (a) autogenic inhibition 

originating from the Golgi tendon organ; (b) mechanoreceptor and nociceptor 

afferent inhibition from pain; (c) neural inhibition induced from fatigue; (d) altered 

proprioceptive feedback from joint receptors; (e) stretch reflex inhibition 

originating from the muscle spindles; and (f) central nervous system mechanism 

of supraspinal fatigue (Avela et al., 2004; Avela et al., 1999; Behm et al., 2001; 

Cramer et al., 2004; Fowles et al., 2000; Rosenbaum & Hennig, 1995).  Thus, 

pre-exercise stretching has the potential to alter the dynamic interaction between 

neural, architectural, and electrophysiological processes that influence muscle 

force generation and joint control (Fowles et al., 2000).  These alterations have 

the potential to impact the active muscular control systems that influence the 

dynamic stability of joints during high-risk athletic maneuvers.  This assertion 

seems valid based on a recent investigation by Behm et al. (2004) who found 

that a moderate pre-exercise static stretching intervention resulted in impairment 

in reaction time (RT), movement time (MT), and balance.  These three 

measurements indicated that alterations in neuromuscular function occurred as a 
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result of the stretching intervention, which might produce negative consequences 

for injury risk (Behm et al., 2004). 

 

Neuromuscular Control and Injuries      

One example of the importance of evaluating neuromuscular control as it 

relates to injury mechanisms can be seen when assessing the pathology behind 

non-contact ACL injuries.  It has been well established that impaired active 

muscular control systems that influence the dynamic stability of the knee may 

increase one’s risk for non-contact ACL injuries (Dugan, 2005; Griffin et al., 2000; 

Lephart, Abt et al., 2002).  Many biomechanical and neuromuscular deficits have 

been identified in the literature and are thought to contribute to a higher incidence 

of ACL injuries (Lephart, Abt et al., 2002).  Selected deficits include decreased 

knee flexion angles, greater knee valgus angles, increased quadriceps muscle 

activation, and decreased hamstring muscle activation found during the stance 

phases of running and cutting maneuvers (Malinzak et al., 2001), as well as 

when landing from a jump (Gerberich et al., 1987; Gray et al., 1985).  It has been 

suggested that these body positions and muscle actions during high risk activities 

result in increased strain on the ACL (Malinzak et al., 2001).  These findings 

have been supported by several studies investigating kinematic and kinetic 

variables in the sagittal plane (Chappell et al., 2002; Decker et al., 2003; Hass et 

al., 2005; Huston et al., 2001; Lephart, Ferris et al., 2002; McLean et al., 2004; 

Salci et al., 2004) and frontal plane (Chappell et al., 2002; Ford et al., 2003; Ford 



                                                                                                                                                                                                          

113 

et al., 2005; Hass et al., 2005; Hewett et al., 2004; Hewett  et al., 2005; McLean 

et al., 2004) during landing and other high risk activities.   

Another research paradigm supporting the suggestion that impaired active 

muscular control systems that influence the dynamic stability of the knee may 

increase one’s risk of injuries involves the investigation of the role of muscular 

fatigue in neuromuscular control.  Wojtys et al. (1996) conducted an investigation 

exploring the effects of muscle fatigue of quadriceps and hamstrings on 

neuromuscular function and anterior tibial translation.  An increase in anterior 

tibial translation that correlated with a delay in muscle reaction time was noted 

following the fatiguing protocol.  The authors concluded that the fatiguing protocol 

altered the neuromuscular response to anterior tibial translation, suggesting a 

possible role in the pathomechanics of knee injuries (Wojtys et al., 1996).  This 

demonstrated that a delay or impairment in muscle activity could allow excessive 

motion of the affected joint, possibly leading to an increased risk of injury.   

It appears that athletes who demonstrate altered movement strategies that 

increase ACL loading may be at greater risk for injury (James et al., 2004; 

Hewett et al., 2005).  For example a prospective investigation found that injured 

participants demonstrated significantly greater dynamic lower extremity valgus 

and knee abduction loading prior to sustaining their injuries compared to non-

injured participants (Hewett et al., 2005).  These authors suggested that the 

increased dynamic lower extremity valgus positioning and knee abduction 
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loading were likely a result of decreased neuromuscular control of the lower 

extremity in the frontal plane.   

It has been demonstrated that hamstrings, quadriceps, and gastrocnemius 

muscle co-contraction can reduce tibia anterior shear forces and guard against 

knee abduction and dynamic knee valgus (Besier et al., 2003; Wojtys et al., 

2002).  Furthermore, it has been suggested that selected aberrant muscle 

activation patterns of the hip and knee (Zeller et al., 2003) during various athletic 

maneuvers have the potential to decrease neuromuscular control about the knee 

joint, increase dynamic valgus knee positioning, and increase strain on the ACL 

(Myer, Ford, & Hewett, 2005). Therefore, Zeller et al. (2003) suggested the 

inclusion of hip muscle activation pattern evaluation, as well as the relationship of 

those patterns to dynamic knee valgus, in future research practices. 

This investigation was aimed at examining the interaction between 

muscular activation and dynamic knee and hip frontal, sagittal, and horizontal 

plane positioning during a landing sequence that follows acute static stretching, 

so to evaluate the influence of stretching on the complex control strategies 

around the knee.  Exploring this interaction provides insights into the role of 

acute stretching in biomechanical behaviors of the knee and hip, thus suggesting 

the negative role that stretching may have on injury risk.  The purpose of the 

study was to examine the differences between selected biomechanical measures 

of neuromuscular control that influence the knee and hip during landing before 

and after acute static stretching.  More specifically, EMG, kinematic, and GRF 
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measurements of the dominant lower extremity were recorded during the initial 

landing and ground contact (GC) phases of a vertical drop jump test.  It was 

hypothesized that pre-activity stretching of the dominant lower extremity would 

produce differences in kinematic, kinetic, and neuromuscular control parameters 

during the initial landing and ground contact (GC) phases of a vertical drop jump 

test.     

 

Methodology 

Subjects 

 Nineteen female and twenty-five male volunteers (age 18-34 yrs) were 

recruited from a university population.  Subjects were verbally informed of the 

procedures, read a consent form and signed it before participation.  The Texas 

Tech University and Texas Tech University Health Sciences Center internal 

review board (IRB) approved the study.  Subjects were included in this study 

based on the following criteria:  (1) between the ages of 18 and 35; (2) a score of 

6 or 8 on the Physical Activity Level Scale (Wojtys et al., 1996); and (3) a 

willingness to adhere to the experimental protocol.  Subjects were excluded from 

this investigation based on the following criteria:  (1) a score above an 8 or below 

a 6 on the Physical Activity Level Scale (Wojtys et al., 1996); (2) a diagnosis by a 

physician of any lower extremity pathology that restricted movement at any of 

those joints; (3) a diagnosis by a physician of any neurological abnormality or 

impairment; (4) a history of previous surgery of the lower extremities; (5) any 
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medical condition that would prevent performing a maximum vertical jump test; or 

(6) pregnancy. 

 

Study Design 

 Following completion of the written informed consent, subjects were 

randomly assigned (using a table of random numbers) to either a control or 

experimental group in a clinical control trial (CCT) design requiring one day of 

subject participation.  Testing day for the experimental group involved a warm-up 

followed by EMG, kinematic, and GRF measures of the dominant lower extremity 

during a vertical drop jump test before and after a stretching intervention.  

Testing day for the control group involved identical procedures except for 

omission of the stretching intervention.  Additionally, flexibility measurements of 

the dominant lower extremity were conducted following the warm-up and first 

vertical drop jump testing procedures, which took place before and after the 

stretching intervention (experimental group) or rest period (control group).  The 

flexibility measurements quantified the change in ROM as a result of the 

stretching intervention. 

 

Warm-up 

 Both the experimental and control groups engaged in five-minutes of 

submaximal warm-up on a cycle ergometer.  The subjects cycled at 70 

revolutions per minute (rpm) with a resistance of 1 kilopond (kp) to increase 
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muscle temperature as suggested by Power et al. (2004).  Subjects developed a 

light sweating response to the warm-up procedures indicating a small increase in 

core temperature.  The warm-up took place upon arrival to the testing facility 

prior to the testing procedures.      

 

Subject Preparation 

 Each subject underwent thorough skin preparation for placement of all 

recording electrodes involving the removal of body hair and dead epithelial cells 

with a razor and abrasive paper around the designated areas.  Furthermore, skin 

preparation was followed by cleansing of the designated areas with isopropyl 

alcohol prior to placement of the pre-amplified surface electrodes.  MLS 

Electromyographic Preamplifier electrodes (product number MA-310; Motion Lab 

Systems; Baton Rouge, LA; standard EMG bandwidth 20 to 2,000Hz-3dB; low 

pass filter 500Hz; actual bandwidth 20-500Hz; EMG pre-amplifier impedance > 

100 M ohms; EMG pre-amplifier input noise < 2µV RMS nominal; CMRR 100dB 

at 65Hz; differential gain 20 +/- 2% at 200 Hz) were placed along the length of 

the muscle with the axis of the electrode array parallel to the direction of the 

muscle fibers as previously described by Rainoldi, Melchiorri, and Caruso, 

(2004).  The electrodes had a double differential design with two reference 

contacts between electrodes.  The inter electrode distance was 2.0 cm.  The MA-

300 EMG System (Motion Lab Systems Inc.; Baton Rouge, LA) was used to 

collect EMG data during the testing procedures. 
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 The electrodes were placed over six muscle bellies of the dominant leg 

half-way between the innervation zones (IZ) and tendons and relative to the first 

landmark using guidelines previously described by Rainoldi et al. (2004).  The 

following IZ’s were used (Rainoldi et al., 2004):  (1) The vastus lateralis IZ was 

located 94 mm along a line from the superior lateral side of the patella to the 

anterior superior iliac spine, starting from the patella; (2) the vastus medialis IZ 

was located 51.7 mm from the superior medial side of the patella along a line 

medially oriented at an angle of 50 degrees with respect to the anterior superior 

iliac spine; (3) the biceps femoris IZ was located at 35.3% of the distance from 

the ischial tuberosity to the lateral side of the popliteus cavity, starting from the 

ischial tuberosity; (4) the semitendinosus IZ was located at 36.3% of the distance 

from the ischial tuberosity to the medial side of the popliteus cavity, starting from 

the ischial tuberosity; (5) the gluteus maximus IZ was located at 33.8% of the 

distance from the second sacral vertebra to the greater trochanter, starting from 

the second sacral vertebra; (6) and the gastrocnemius IZ lateralis was located at 

61.2% of the distance from the lateral side of the popliteus cavity to the lateral 

side of the Achilles tendon insertion, starting from the Achilles tendon.  Finally, 

electrode placement was thoroughly marked to insure replication of electrode 

location and identical skin preparation procedures were followed for post-

intervention measures.    

 Each subject was instrumented with the following Biometrics (Biometrics 

Ltd., Nine Mile Point Ind. Est., Gwent, NP11 7HZ, UK) equipment to the dominant 
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lower extremity:  (1) one twin axis goniometer to the knee and hip; and (2) one 

single axis torsiometer to the knee.  The endblocks of the sensors were secured 

to the skin by double-sided medical adhesive tape in the following locations:  The 

twin axis goniometers were secured along the long axis of the anatomical 

segment across the lateral aspect of the knee and hip joints, and the single axis 

torsiometer for the knee was secured along the long axis of the anatomical 

segment across the lateral aspect of the joint.   

 

Vertical Drop Jump Test 

 The vertical drop jump test consisted of the subject hanging from a 

horizontal bar stabilized by two chains and anchored to the ceiling.  The subjects 

hung at an average height of 30.9 cm (SD = .66; Minimum = 29 cm; Maximum = 

33.5 cm).  To standardize the drop height, the distance from the lateral malleolus 

to the floor was measured while standing and was subtracted from the distance 

from the lateral malleolus to the floor measured while hanging.  The drop height 

was assigned when the difference between the two measurements was as close 

to 31 cm as possible.  The subjects were instructed to drop down directly from 

the hanging apparatus onto the force plates below, immediately followed by a 

maximum vertical jump while both arms were positioned above the waist as if 

they were receiving a basketball pass (Hewett et al., 2005).  The subjects 

additionally were instructed to jump for maximal height and minimum ground 

contact time.  They likewise were instructed to leave the floor with knees and 
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ankles fully extended and to land in the same position to ensure the validity of the 

test (Power et al., 2004).  Three successful trials for each subject were recorded 

before and after the experimental or control condition.  A successful trial occurred 

if the impact phase of the movement took place on two precisely located force 

platforms, one foot landing on each force plate.  

Two Bertec force plates (type 4060-10-2000) collected the ground reaction 

force data at a sampling rate of 1000 Hz and were time synchronized with the 

EMG data.  Only GRF data for the dominant lower extremity was utilized for 

analysis.  The force plates were embedded in a platform built above the surface 

of the floor and positioned so that the appropriate feet would contact the force 

plates during the maneuver.  Vertical GRF was used to identify the time at initial 

contact (IC) with the ground and at toe-off (TO) from the jump.  Additionally, the 

peak GRF variable was extracted from the curve to define loading, and was 

normalized to multiples of body weight.  The first contact phase on the platform 

was used for analysis of measurements during landing.  The flight time from toe-

off to second contact on the platform was used to calculate vertical jump height 

(jump height = g x (tair/2)2/2 where, g = the acceleration of gravity, and tair = time 

in the air).   

 

EMG Measurements 

During the vertical drop jump test, the myoelectric signals were relayed 

from the EMG electrodes to a transmitter that was strapped firmly to the subject’s 
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lower back.  The EMG signal then was relayed from the transmitter to the 

computer-connected receiver via cable.  The analog output for the muscles from 

the receiver was sampled at 1000 Hz using Peak Motus software installed on a 

laboratory computer.   

Two EMG variables for each muscle were evaluated in the current 

investigation.  First, the timing of the onset of muscle activity relative to IC was 

calculated for each of the muscles from the processed EMG data (Cowling & 

Steele, 2001).  To identify onset of muscle activity, procedures similar to those 

described by Hodges and Bui (1996) were used.  Threshold was identified as 

EMG amplitude greater than three standard deviations from the baseline within a 

given 25 ms window.  Procedures for the current investigation, earlier described 

by Dedrick et al. (in press), allowed for manual selection of EMG onset when the 

algorithm used by Hodges and Bui produced obvious errors and in order to select 

the onset at the direct location of threshold breach instead of the beginning of the 

25 ms window.  Second, the amplitude of muscle activation (Root Mean Square) 

during ground contact (GC; the total contact interval from IC to TO) for each 

muscle was evaluated to provide insights into control strategies (amplitude of 

activation) utilized during the landing task (Myer et al., 2005).  The raw EMG data 

were used to calculate root mean square (RMS) values during GC.  Finally, EMG 

RMS values were normalized to the maximum value obtained during pre-

intervention testing measures for each individual and muscle following previously 

described procedures (James et al., 2006). 
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Kinematic Measurements 

A stationary trial was first taken with each subject in a neutral (standing) 

position to set the zero position.  During the vertical drop jump test, as the angle 

between the two endblocks of the goniometers and torsiometers changed, the 

change in strain along the length of the wire was measured and was equated to 

an angle (Biometrics Ltd., Nine Mile Point Ind. Est., Gwent, NP11 7HZ, UK).  The 

raw joint angle data were smoothed (4th order, 2-pass Butterworth low pass 

digital filter; 6 Hz cutoff) using a custom Matlab (Mathworks, Inc., v. 6.5, Natick, 

MA) program.  The following kinematic variables were gathered and analyzed:  

frontal, sagittal, and transverse plane knee angles at initial contact (IC); frontal 

and sagittal plane hip angles at IC; and peak angles during GC (IC-TO).  The 

peak angles during GC included the following:  knee flexion, knee abduction 

(valgus), knee external rotation (tibial external rotation), hip flexion, and hip 

adduction.   

 

Flexibility Measurements 

 Flexibility measurements of the dominant lower extremity were obtained 

after the warm-up and first vertical drop jump testing procedures, and before the 

stretching intervention or rest period.  These measurements were taken again 

after the stretching intervention or rest period to quantify the change in ROM as a 

result of the stretching intervention.  The order in which the flexibility 

measurements were taken was randomized and the following measurements 
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were included:  (See Appendix E for pictures of all of the flexibility 

measurements)     

 Wall sit and reach test.  Following procedures used by Hoeger and 

Hopkins (1992), the subject first removed his/her shoes and sat on the floor with 

the hips, back, and head against a wall, the legs fully extended, and the bottom 

of the feet against the Acuflex I Sit and Reach Flexibility Tester (Novel Products 

Inc., Rockton, IL).  Next, the subject placed his/her hands one on top of the other 

and reached forward as far as possible without letting the head and back come 

off the wall, while the investigator slid the reach indicator (on the Acuflex I) until it 

touched the subject’s fingers.  Next, the subject gradually reached forward three 

times, the third time stretching forward as far as possible on the indicator and 

held the final position for at least 2 seconds.  Finally, the investigator recorded 

the number of centimeters reached to the nearest half centimeter.   

   90/90 test for hamstring flexibility.  Following similar procedures used by 

Nelson and Bandy (2004), hamstring flexibility was measured using a double-

armed goniometer of transparent plastic with a bubble in an enclosed plastic 

container, often used in a level, fastened to the goniometer to help maintain the 

hip at a 90 degree angle.  The subject was positioned supine with his/her hip and 

knee flexed to 90 degrees, and the fulcrum of the goniometer centered over the 

later epicondyle of the femur.  The stationary arm was aligned with the greater 

trochanter of the femur, and the moveable arm was aligned with the lateral 

malleolus.  One research assistant held pressure on the stationary arm of the 
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goniometer while the other researcher passively moved the leg toward terminal 

knee extension.  Once the terminal knee extension was reached, the researcher 

moving the leg ensured proper alignment of the goniometer and the blinded 

goniometer was revealed to the assisting researcher.   

 Knee flexion PROM.  Quadriceps flexibility was measured using a double-

armed goniometer of transparent plastic following similar procedures as Marek et 

al. (2005).  The subject was positioned in the prone hip-extended position with 

the fulcrum of the goniometer centered over the later epicondyle of the femur.  

The stationary arm was aligned with the greater trochanter of the femur, and the 

moveable arm was aligned with the lateral malleolus.  One research assistant 

held pressure on the stationary arm of the goniometer while the other researcher 

passively moved the leg toward terminal knee flexion.  Once terminal knee 

flexion was reached, the researcher moving the leg ensured proper alignment of 

the goniometer, and the blinded goniometer was revealed to the assisting 

researcher.   

 Ankle dorsiflexion ROM.  Gastrocnemius flexibility was measured using a 

double-armed goniometer of transparent plastic following similar procedures as 

Witvrouw et al. (2003).  The subject was positioned in standing with the fulcrum 

of the goniometer centered just posterior to the most distal aspect of the fibula.  

The stationary arm was aligned with the proximal fibular head, and the moveable 

arm was aligned parallel with the lateral border of the foot.  First, the subject was 

instructed to lean forward on a wall with the leg to be measured in the knee-
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extended position and located behind the opposite leg.  The subject then was 

instructed to maximally dorsiflex their tested ankle while keeping their heel on the 

floor.  Once terminal ankle dorsiflexion was reached, the researcher holding the 

goniometer ensured proper alignment and the blinded goniometer was revealed 

to the assisting researcher. 

 

Rest Period 

 The control group underwent 16 minutes of rest in the seated position 

after the warm-up, first vertical drop jump test, and first flexibility measurements.  

The rest period was the same length of time as the stretch intervention and took 

place immediately following the first flexibility measurements. 

 

Stretching Intervention 

 The experimental group participated in one static stretching procedure to 

each of four muscle groups (plantar flexors, quadriceps, hamstrings, and hip 

extensors) of both lower extremities.  The stretching intervention occurred after 

the first flexibility measurements.  Each stretching procedure consisted of four 

repetitions held for 30 seconds with a 30 second rest period between repetitions 

as suggested by previous investigators (Bandy et al., 1997; Chan et al., 2001; 

Knudson et al., 2000).  Alternation from dominant to the non-dominant lower 

extremity occurred after each stretching procedure, allowing for a 30 second rest 

interval.  Each muscle group received a total stretching period of 120 seconds, 
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which was similar to the procedures of Young and Behm (2003) who found that 

only two minutes of static stretching for each muscle group prior to activity 

resulted in decreased performance on a concentric only vertical jump task and 

drop jump height/time measurements.  This stretching protocol was suggested to 

be more typical of athletic conditions (Young & Behm, 2003).  The total stretching 

intervention duration was 16 minutes, and the order in which the muscle groups 

were stretched was randomized.  Similar to the procedures of Power et al. 

(2004), the position in which subjects were to hold their stretch was the greatest 

voluntary muscle length beyond which they felt injury may occur.  See Appendix 

F for pictures of specific stretches discussed below.   

 

Stretches 

 Standing straight knee.  From the standing position, the subjects leaned 

forward against a wall supported by outstretched hands, while bending the non-

stretched leg at the knee to 90 degrees and keeping the stretched leg fully 

extended behind the body.  The heel of the stretched leg remained in contact 

with the floor while the toes pointed straight forward.  Finally, the subjects 

dorsiflexed the ankle of the stretched leg until they reached the point of maximum 

tolerable discomfort, following similar procedures of Power et al. (2004).   

 Supine hip flexion.  With the subject lying on his/her back on the table, the 

tester held the leg to be stretched by the ankle and knee (with the knee fully 

extended) and pushed the leg back toward the subject’s upper torso (hip flexion).  
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The non-stretched leg was fully extended and in contact with the table.  The 

subject’s leg to be stretched was then moved into hip flexion (maintaining full 

knee extension) until reaching the point of maximum tolerable discomfort, 

following similar procedures of Power et al. (2004). 

 Prone buttocks kick.  With the subject lying face down on the table, the 

non-stretched knee was fully extended while the leg to be stretched was flexed at 

the knee.  The test administrator held the leg to be stretched by the ankle and 

pushed the ankle back toward the buttocks (increasing knee flexion) until 

reaching the point of maximum tolerable discomfort, following similar procedures 

of Power et al. (2004). 

 Unilateral knee to chest.  With the subject lying on their back with the legs 

fully extended, the leg to be stretched was then flexed at the knee and hip, while 

bringing the thigh toward the chest and keeping the non-stretched leg fully 

extended and in contact with the table.  Next, the subject placed both hands 

behind the thigh and continued to pull the thigh toward the chest.  Finally, to 

emphasize the gluteus maximus, the subject pulled the knee toward the opposite 

shoulder until reaching the point of maximum tolerable discomfort (Kisner & 

Colby, 2002). 

 

Statistical Analysis 

 Inferential statistical procedures were used to evaluate differences pre and 

post-stretching and between groups.  Several multivariate analyses of variances 
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(MANOVA’s) and univariate analyses of variances (ANOVA’s) were conducted 

for the inferential statistics.  Likewise, significant main effects of individual 

dependent variables were examined further through follow-up pairwise 

comparisons.  Bonferroni adjustments for alpha level inflation where utilized 

when appropriate. 

 Analysis of biomechanical data. 

To test the original hypothesis, four MANOVA’s and one ANOVA were 

conducted with Bonferroni adjustments.  First, a MANOVA (α = 0.00833) was 

performed to examine the differences in EMG onset for each muscle relative to 

IC between the stretching intervention and control group.  Second, a MANOVA (α 

= 0.00833) was performed to examine the differences in the amplitude of muscle 

activation (RMS) for each muscle during GC between the stretching intervention 

and control group.  Third, a MANOVA (α = 0.00833) was performed to examine 

the differences in joint kinematics (frontal and sagittal plane knee and hip angles, 

and horizontal plane knee angles) at IC between the stretching intervention and 

control group.  Fourth, a MANOVA (α = 0.00833) was performed to examine the 

differences in peak angle kinematics during GC between the stretching 

intervention and control group.  Finally, a 2 X 2 ANOVA (α = 0.00833) was 

performed to examine the differences in Peak GRF between the stretching 

intervention and control group.   
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 Analysis of data from flexibility measurements. 

 Statistical procedures were used to quantify the change in ROM occurring 

as a result of the stretching procedures and to evaluate the effectiveness of the 

stretching intervention.  A MANOVA (α = 0.00833) was performed to examine the 

differences in the four flexibility measurements between the stretching 

intervention and control group.  Follow-up analysis to assess an individual main 

effect included two 1 X 2 ANOVA’s (α = 0.025). 

 

Results 

 Nineteen female and twenty-five male volunteers (N = 44; average age = 

22.5 yr., SD = 3.5; average height = 1.744 m, SD = .109; average weight = 76.9 

kg, SD = 18) participated in the investigation.  One subject was excluded from 

analyses due to unreliable post-intervention biomechanical measures.  As a 

result of complications with EMG procedures, analysis for EMG onset involved 

18 contol group and 17 experimental group subjects, while analysis for EMG 

RMS involved 17 control group and 15 experimental group subjects.   

 

EMG Findings 

 The stretching intervention did not alter the EMG onset relative to initial 

contact (IC).  The 2 X 2 MANOVA demonstrated no significant (p = .342; power = 

.387; effect size (eta-squared, η2) = .203) time by group interaction for the 

measures of EMG onset near IC of the vastus lateralis, vastus medialis, biceps 
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femoris, semitendinosus, gluteus maximus, or gastrocnemius lateralis muscles.  

Additionally, no significant group effect (p = .397; power = .353; η2 = .188) or time 

effect (p = .142; power = .565; η2 = .275) were identified.  The mean (M) and 

standard deviation (SD) values for onset EMG variables are presented on Table 

4.1.   

 Likewise, the stretching intervention had no influence on EMG amplitude 

during ground contact (GC).  The 2 X 2 MANOVA  demonstrated no significant (p 

= .735; power = .194; η2= .124) interaction between the groups in the pre and 

post-intervention measures of EMG amplitude during GC of the six muscles.  

Additionally, no significant group effect (p = .448; power = .318; η2 = .193) or time 

effect (p = .940; power = .111; η2 = .063) were identified.  Table 4.2 presents the 

M and SD values for EMG RMS variables.   

 

Kinematic Findings 

 The stretching intervention did not alter knee and hip joint kinematics at 

IC.  The 2 X 2 MANOVA demonstrated no significant (p = .435; power = .313; η2 

= .118) interaction between the stretching and control groups in the pre and post-

intervention measures of knee and hip kinematics at IC.  Additionally, no 

significant group effect (p = .763; power = .182; η2 = .069) or time effect (p = 

.472; power = .294; η2 = .112) were identified.  Table 4.3 presents the mean and 

standard deviation values for joint kinematics at IC. 
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Table 4.1 Mean and Standard Deviation Values for Onset EMG Variables.  

Variable Group Condition Statistic M (SD) 

    

VL Onset Control Pre-Intervention 

Post-Intervention 

-.171 (.116) 

-.200 (.133) 

 Stretch Pre-Intervention 

Post-Intervention 

-.149 (.144) 

-.167 (.109) 

VM Onset Control Pre-Intervention 

Post-Intervention 

-.155 (.137) 

-.166 (.160) 

 Stretch Pre-Intervention 

Post-Intervention 

-.126 (.094) 

-.163 (.150) 

BF Onset Control Pre-Intervention 

Post-Intervention 

-.266 (.144) 

-.345 (.254) 

 Stretch Pre-Intervention 

Post-Intervention 

-.259 (.210) 

-.216 (.286) 

ST Onset Control Pre-Intervention 

Post-Intervention 

-.322 (.141) 

-.371 (.130) 

 Stretch Pre-Intervention 

Post-Intervention 

-.274 (.196) 

-.231 (.234) 

GM Onset Control Pre-Intervention 

Post-Intervention 

-.108 (.128) 

-.082 (.108) 

 Stretch Pre-Intervention 

Post-Intervention 

-.123 (.126) 

-.106 (.109) 

 

 

 

 



                                                                                                                                                                                                          

132 

Table 4.1 Continued.  

Variable Group Condition Statistic M (SD) 

    

GA Onset Control Pre-Intervention 

Post-Intervention 

-.209 (.118) 

-.226 (.156) 

 Stretch Pre-Intervention 

Post-Intervention 

-.168 (.168) 

-.233 (.134) 

 
aEMG onset units are in seconds 
 
bFor EMG onset, control group = 18 subjects and stretch group = 17 subjects 
 
cA negative value indicates that onset occurred prior to IC  
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Table 4.2 Mean and Standard Deviation Values for EMG RMS Variables.  
 

Variable Group Condition Statistic M (SD) 

    

VL RMS Control Pre-Intervention 

Post-Intervention 

90.90 (5.80) 

90.34 (7.11) 

 Stretch Pre-Intervention 

Post-Intervention 

89.79 (9.66) 

88.66 (21.92) 

VM RMS Control Pre-Intervention 

Post-Intervention 

89.62 (8.87) 

93.15 (23.26) 

 Stretch Pre-Intervention 

Post-Intervention 

91.25 (5.31) 

91.66 (18.35) 

BF RMS Control Pre-Intervention 

Post-Intervention 

80.45 (12.43) 

79.69 (47.42) 

 Stretch Pre-Intervention 

Post-Intervention 

81.05 (17.86) 

76.91 (54.72) 

ST RMS Control Pre-Intervention 

Post-Intervention 

86.35 (6.64) 

105.38 (58.38) 

 Stretch Pre-Intervention 

Post-Intervention 

81.10 (13.87) 

70.27 (35.71) 

GM RMS Control Pre-Intervention 

Post-Intervention 

87.49 (6.59) 

88.09 (27.64) 

 Stretch Pre-Intervention 

Post-Intervention 

86.53 (6.89) 

84.67 (32.55) 
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Table 4.2 Continued.  
 

Variable Group Condition Statistic M (SD) 

    

GA RMS Control Pre-Intervention 

Post-Intervention 

88.62 (8.23) 

86.96 (18.57) 

 Stretch Pre-Intervention 

Post-Intervention 

84.92 (8.78) 

84.20 (20.32) 

 
aEMG RMS units = percent of the maximum value observed during the control 
 
bFor the control group N=17 and for the stretch group N=15 
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Table 4.3 Mean and Standard Deviation Values for IC Kinematic Variables.  
 

Variable Group Condition Statistic M (SD) 

    

KneeSAG IC Control Pre-Intervention 

Post-Intervention 

23.42 (8.54) 

23.31 (8.51) 

 Stretch Pre-Intervention 

Post-Intervention 

23.55 (9.11) 

23.86 (8.72) 

KneeFRON IC Control Pre-Intervention 

Post-Intervention 

2.62 (3.66) 

2.52 (3.94) 

 Stretch Pre-Intervention 

Post-Intervention 

2.20 (3.78) 

3.41 (4.23) 

KneeTRANS IC Control Pre-Intervention 

Post-Intervention 

-4.21 (6.44) 

-3.77 (5.84) 

 Stretch Pre-Intervention 

Post-Intervention 

-6.28 (5.30) 

-6.16 (5.29) 

HipSAG IC Control Pre-Intervention 

Post-Intervention 

16.81 (12.82) 

16.53 (14.81) 

 Stretch Pre-Intervention 

Post-Intervention 

20.60 (9.12) 

23.75 (9.63) 
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Table 4.3 Continued.  
 

Variable Group Condition Statistic M (SD) 

    

HipFRON IC Control Pre-Intervention 

Post-Intervention 

-4.37 (6.74) 

-4.05 (7.47) 

 Stretch Pre-Intervention 

Post-Intervention 

-5.65 (5.34) 

-6.20 (7.58) 

 
aThe units are degrees of joint motion 
 
bFor kinematic analysis control group = 22 subjects and the stretch group = 21  
 
cIC = initial contact, SAG = sagittal plane, FRON = frontal plane, and TRANS = 
transverse plane 
 
dA positive KneeSAG value indicates knee flexion angle 
 
eA positive KneeFRON value indicates knee adduction angle 
 
fA negative KneeTRANS value indicates knee internal rotation angle 
 
gA positive HipSAG value indicates hip flexion angle 
 
hA negative HipFRON angle indicates hip valgus angle 
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 Likewise, the stretching intervention had no influence on peak angle 

kinematics during GC.  The 2 X 2 MANOVA demonstrated no significant (p =  

.647; power = .216; η2 = .083) interaction between the stretching and control 

groups in the pre and post-intervention measures of peak angle kinematics (knee 

flexion, knee abduction, knee external rotation, hip flexion, and hip adduction) 

during GC.  Additionally, no significant group effect (p = .574; power = .246; η2 = 

.095) or time effect (p = .363; power = .354; η2 = .132) were identified.  Table 4.4 

presents the mean and standard deviation values for peak angle kinematics 

during GC.  Table 4.5 presents a summary of the EMG and Kinematic MANOVA 

results.  

 

Peak Ground Reaction Force 

 The stretching intervention did not alter peak GRF of the landing.  The 2 X 

2 ANOVA demonstrated no significant (p = .296; power = .179; η2 = .027) 

interaction between the stretching and control groups in the pre and post-

intervention measures of peak GRF.  Additionally, no significant time effect (p = 

.981; power = .050; η2 = .000) or group effect (p = .589; power = .083; η2 = .007) 

were identified.  Table 4.6 presents the mean and standard deviation values for 

peak GRF and vertical drop jump height variables.  Likewise, Table 4.7 presents 

a summary of the Peak GRF and Vertical Drop Jump Height ANOVA results.  
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Table 4.4 Mean and Standard Deviation Values of GC Peak Angle Kinematics.           
                  

Variable Group Condition Statistic M (SD) 

    

KneeFlx Max Control Pre-Intervention 

Post-Intervention 

69.75 (10.70) 

70.55 (8.73) 

 Stretch Pre-Intervention 

Post-Intervention 

69.52 (8.96) 

68.34 (9.90) 

KneeAbd Max Control Pre-Intervention 

Post-Intervention 

-9.52 (10.52) 

-8.47 (8.92) 

 Stretch Pre-Intervention 

Post-Intervention 

-10.76 (9.95) 

-7.52 (8.66) 

KneeER Max Control Pre-Intervention 

Post-Intervention 

.13 (6.53) 

-2.53 (4.31) 

 Stretch Pre-Intervention 

Post-Intervention 

.15 (5.46) 

-1.38 (4.17) 

HipFlx Max Control Pre-Intervention 

Post-Intervention 

56.45 (21.34) 

55.98 (21.41) 

 Stretch Pre-Intervention 

Post-Intervention 

62.86 (20.09) 

65.88 (19.80) 
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Table 4.4 Continued. 
                  

Variable Group Condition Statistic M (SD) 

    

HipAdd Max Control Pre-Intervention 

Post-Intervention 

1.18 (8.16) 

1.17 (8.80) 

 Stretch Pre-Intervention 

Post-Intervention 

.51 (4.36) 

.12 (6.10) 

 
aThe units are degrees of joint motion 
 
bFor kinematic analysis control group = 22 subjects and stretch group = 21 
 
cMax = maximum angle during ground contact; Flx = flexion; Abd = abduction; 
ER = external rotation; Add = adduction 
 
dA positive KneeFlx value indicates knee flexion angle 
 
eA negative KneeAbd value indicates knee abduction angle 
 
dA positive KneeER value indicates knee external rotation angle 
 
eA negative KneeER value indicates knee internal rotation angle 
 
fA positive HipFlx value indicates hip flexion angle 
 
gA positive HipAdd value indicates hip varus angle 
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Table 4.5 Summary of EMG and Kinematic MANOVA Results. 
 

Variable 
group 

Main 
Effects 

Statistic 
MANOVA 

effect 
Statistical 
power (%) 

Effect 
size (η2) 

      

EMG 

Onset  

Group F 

p 

1.081 

.397 

35 .188 

 Time F 

p 

1.770 

.142 

57 .275 

 Group x 

Time 

F 

p 

1.187 

.342 

39 .203 

EMG RMS Group F 

p 

.998 

.448 

32 .193 

 Time F 

p 

.281 

.940 

11 

 

.063 

 Group x 

Time 

F 

p 

.590 

.735 

19 .124 

Kinematics 

(IC) 

Group F 

p 

.552 

.736 

18 .069 

 Time F 

p 

.931 

.472 

29 .112 

 Group x 

Time 

F 

p 

.994 

.435 

31 .118 

Peak GC 

Kinematics 

Group F 

p 

.774 

.575 

25 .095 

 Time F 

p 

1.127 

.363 

35 .132 

 Group x 

Time 

F 

p 

.673 

.647 

22 .083 
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Table 4.6 Mean and Standard Deviation Values for Peak GRF and Vertical Drop  
          Jump Height Variables.  

Variable Group Condition Statistic M (SD) 

    

Peak GRF Control Pre-Intervention 

Post-Intervention 

1.87 (.44) 

1.83 (.42) 

 Stretch Pre-Intervention 

Post-Intervention 

1.77 (.32) 

1.81 (.37) 

Vertical Drop 

Jump Height 

Control Pre-Intervention 

Post-Intervention 

.26 (.09) 

.25 (.08) 

 Stretch Pre-Intervention 

Post-Intervention 

.28 (.06) 

.27 (.06) 

 
aPeak GRF units are in multiples of body weight in Newtons 
 
bVertical drop jump height units are meters 
 
cFor analysis of peak GRF and vertical drop jump height, control group = 22 and 
stretch group = 21 
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Table 4.7 Summary of Peak GRF and Vertical Drop Jump Height ANOVA  
       Results.  

Variable 
group 

Main 
Effects 

Statistic ANOVA effect 
Statistical 
power (%) 

Effect 
size (η2) 

      

Peak GRF  Time F 

p 

.001 

.981 

5 .000 

 Group F 

p 

.297 

.589 

8 .007 

 Time x 

Group 

F 

p 

1.122 

.296 

18 .027 

Vertical 

Drop Jump 

Height 

Time F 

p 

6.354 

.016 

69 .134 

 Group F 

p 

1.085 

.304 

17 .026 

 Time x 

Group 

F 

p 

.748 

.392 

14 .018 
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Flexibility Findings 

 For the group analysis using the MANOVA, the stretching intervention 

appeared to have no effect on flexibility measurements.  The 2 X 2 MANOVA 

demonstrated no significant (p = .069; power = .631; η2
 = .196) interaction 

between the stretching and control groups in the pre and post-intervention 

measures of flexibility.  However, a significant time effect (p = .000; power = .996; 

η
2 = .452) was found, while a non-significant group effect (p = .025; power = .767; 

η
2 = .243) was identified.  Table 4.8 presents the mean and standard deviation 

values, while Table 4.9 presents the summary MANOVA results.    

 Follow-up analyses were conducted to examine the within-group 

differences between knee flexion PROM measurements before and after the 

stretching intervention.  The knee flexion PROM measurement of the control 

group prior to the intervention (M = 151.98, SD = 6.88) differed little from post- 

intervention measures (M = 152.68, SD = 7.11).  A 1 X 2 ANOVA demonstrated 

no significant (p = .360; power = .145; η2 = .040) difference between pre and 

post-intervention measures for the control group.  However, the knee flexion 

PROM measurement of the experimental group prior to the intervention (M = 

148.64, SD = 6.19) differed significantly from post-intervention measures (M = 

151.89, SD = 6.71).  A 1 X 2 ANOVA demonstrated a significant (p = .001; power 

= .958; η2
 = .417) difference between pre and post-intervention measures for the 

experimental group.  The experimental group demonstrated a significant increase 

in knee flexion PROM following the stretching intervention (Figure 4.1).  
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Table 4.8 Mean and Standard Deviation Values for Flexibility Variables.  
 

Variable Group Condition Statistic M (SD) 

    

Sit and Reach Control Pre-Intervention 

Post-Intervention 

28.30 (9.47) 

30.34 (8.94) 

 Stretch Pre-Intervention 

Post-Intervention 

34.50 (9.36) 

37.27 (8.67) 

90/90 Test Control Pre-Intervention 

Post-Intervention 

-10.09 (7.95) 

-9.23 (9.45) 

 Stretch Pre-Intervention 

Post-Intervention 

-9.25 (11.90) 

-5.75 (10.91) 

KneeFlx PROM Control Pre-Intervention 

Post-Intervention 

151.98 (6.88) 

152.68 (7.11) 

 Stretch Pre-Intervention 

Post-Intervention 

148.64 (6.19) 

151.89 (6.71)d 

AnkleDF ROM Control Pre-Intervention 

Post-Intervention 

26.59 (7.06) 

27.55 (8.88) 

 Stretch Pre-Intervention 

Post-Intervention 

28.23 (5.96) 

31.86 (6.12) 

 
aSit and Reach units are centimeters 
 
b90/90 Test, Knee flexion PROM, and ankle DF units are degrees of motion 
 
cFor analysis of flexibility variables, control group = 22 subjects and stretch group 
= 22 subjects 
 

dSignificantly different (p = .001) from the pre-intervention measure (pairwise 
comparison)  
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Table 4.9 Summary of Flexibility MANOVA Results. 
 

Variable 
group 

Interaction Statistic 
MANOVA 

effect 
Statistical 
power (%) 

Effect 
size (η2) 

      

Flexibility  Group F 

p 

3.132 

.025 

77 .243 

 Time F 

p 

8.054 

.000a 

99.6 .452 

 Group x 

Time 

F 

p 

2.376 

.069 

63 .196 

 
aSignificant time effect found 
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Follow-up Comparisons for Flexibility Data
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Figure 4.1 Follow-up Comparisons for Flexibility Data.   
       (Pre = before the stretch intervention or rest period, and post = after  
       the stretch intervention or rest period) 
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Discussion 

 The purpose of the current investigation was to examine the acute effects 

of static stretching on measures of neuromuscular control during the landing 

phase of a vertical drop jump task.  Multiple MANOVA’s revealed no significant 

change in onset and amplitude of muscle activity, joint kinematics at initial 

contact, or peak angles during ground contact.  Additionally, peak GRF and 

various measures of flexibility were not significantly altered as a result of the 

current static stretching routine.  Finally, vertical drop jump height was not 

significantly altered following the stretching routine.  These findings add to the 

growing body of literature that demonstrates conflicting research regarding the 

influence of pre-exercise stretching on various performance variables.  The 

literature is full of differing methods of implementing stretching routines adding to 

the conflicting findings.  The current investigation utilized a stretching routine that 

was suggested to be more typical of athletic conditions (Young & Behm, 2003). 

As a result, the intensity may not have been enough to alter the viscoelastic 

properties of muscle, as suggested by Unick et al. (2005).    

 

EMG Findings 

 Many investigations have demonstrated deficits in strength as a result of 

alterations in muscle activation (Avela et al., 2004; Avela et al., 1999; Behm et 

al., 2001; Cramer et al., 2004; Fowles et al., 2000; Rosenbaum & Hennig, 1995) 

and biomechanical properties of muscle (Avela et al., 2004; Kokkonen et al., 
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1998; Nelson, Allen et al., 2001; Nelson, Guillory et al., 2001).  Therefore, it was 

hypothesized that a stretching routine would alter muscle activity in the current 

investigation.  This hypothesis was not supported, and therefore a few reasons 

for these findings will be discussed at this time.   

 One possible explanation why muscle activity was not influenced in the 

current investigation may be the recovery of motor neuron excitability.  The 

Hoffman reflex (H-reflex) has been used by other investigators as a measure that 

gives an indication of motoneuron excitability (Avela, Kryolainen, Komi & Rama, 

1999; Earles, Dierking, Robertson & Koceja, 2002; Guissard, Duchateau, & 

Hainaut, 1988).  Avela, Kryolainen, Komi et al. (1999) examined the effect of 

prolonged and repeated stretching on reflex sensitivity and found a suppression 

of the H-reflex after stretching, which was almost completely recovered after four 

minutes.  Likewise, Guissard et al. (1988) discovered that the H-reflex recovered 

almost immediately following a brief static stretching episode.   

 The design of the current investigation allowed for approximately twenty 

minutes of standing following the termination of stretching and flexibility 

measurements and just prior to the drop vertical jump test.  This time period was 

necessary for subject preparation for the EMG and biomechanical measures 

(electrode placement and electrogoniometer placement).  This time period could 

have allowed for the return of neuromotor excitability, causing any changes in 

muscle activity that had occurred to return to a near normal pre-stretching status.  

This assertion seems plausible based on the findings of Young and Behm (2003) 
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who demonstrated decrements in vertical jump performance following four 

stretches, of similar intensity and duration to the current investigation, with only a 

two minute rest period required following the stretching routine.  Differing findings 

between the Young and Behm (2003) investigation and current investigation 

could be explained in part by the decay effect of stretching.  Similar suggestions 

were made by Unick et al. (2005) who found that an acute static stretching 

routine suggested to be typical of athletes had no affect on vertical jump 

performance in trained women.  

 Based on results from other investigations (Fowles & Sale, 1997; Fowles 

et al., 2000), these findings were not anticipated.  Fowles and Sale (1997) and 

Fowles et al. (2000) demonstrated declines in strength up to an hour after 

maximal stretching routines (passive stretches for a time period of 30 minutes or 

greater).  It is believed that the stretching intensity and duration in the current 

investigation (although chosen to be more typical of the recreational athlete) was 

not of great enough intensity to elicit deficits that would overcome the 20 minute 

delay prior to the second round of testing.   

 

Kinematic Findings 

 The influence of static stretching on jumping kinematics has been 

researched previously (Knudson et al., 2001).  These authors looked specifically 

at jumping kinematics that would demonstrate the state of stiffness in the leg 

musculature.  Following a ten minute bout of stretching (three 15 second 
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repetitions for 3 sets of stretching exercises), no influence on jumping kinematics 

related to muscle stiffness was found (Knudson et al., 2001).  Findings from the 

current investigation, although examining different kinematic variables as 

Knudson et al. (2005), seem to support their findings.  In the current 

investigation, a moderate stretching routine had no significant influence on joint 

kinematics at the knee and hip during IC or peak angle kinematics during the GC 

of the first landing sequence.  Studies of the acute effects of stretching on muscle 

stiffness have been conflicting (Reid & McNair, 2004; Halbertsma & Goeken, 

1994; Magnusson, Simonsen, Aagaard, Sorensen et al., 1996) and suffer from 

methodological inconsistencies (Latash & Zatsiorski, 1993), perhaps explaining 

some of the inconsistencies in reported beliefs regarding the value of stretching 

for motor performance enhancement.   

 As might be expected, with no alteration in EMG activity or joint kinematics 

found during landing of the drop vertical jump test, peak GRF was not influenced 

by the stretching routine.  A combination of EMG, kinematic, and peak GRF 

measures were chosen in the current investigation to gain a better understanding 

of the possible mechanisms of the reported detrimental effects of stretching.  The 

lack of influence of the current stretching routine prohibits definitive conclusions 

about such mechanisms.  Nonetheless, it appears that a pre-exercise stretching 

routine considered more practical for the current population has no influence on 

neuromuscular control during a high risk landing activity.   
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Flexibility Findings 

 A seemingly perplexing result in the current investigation was that the 

current stretching routine appeared to have no influence on flexibility measures 

according to the group by time MANOVA interaction.  Follow-up analysis did, 

however, reveal a significant change in knee flexion PROM as a result of the 

stretching routine, which is more consistent with previous findings (Church et al., 

2001; Kokkonen et al., 1998; McNair & Stanley, 1996).  However, Power et al. 

(2004) found no change in hip extension or ankle plantar flexion ROM as a result 

of a stretching duration of greater intensity than the current investigation.  

Likewise, Magnusson et al. (2000) demonstrated that the viscoelastic properties 

of the hamstring muscle were not affected by 3 sets of 45 seconds of stretching.  

Additionally, Zito, Driver, Parker, and Bohannon (1997) found there to be no 

significant change in the length of the muscle following two 15 second passive 

stretches of the ankle plantar flexors.   

 One explanation for the conflicting findings in the current investigation 

could relate to the research design.  In other investigations that have found 

significant increases in ROM following similar stretching routines (Church et al., 

2001; Kokkonen et al., 1998; McNair & Stanley, 1996), one form of flexibility 

measurement was utilized following the stretching routines (for example: sit and 

reach test or ankle dorsiflexion ROM).  In the current investigation, four different 

measurements were utilized to quantify a change in ROM following stretching, 

and the measurements and stretches were conducted in a randomized order.  
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This arrangement of testing could have allowed for significant time having 

elapsed from completion of a specific stretch to the measurement of ROM that 

would quantify the effect of that stretch on ROM.  The influence of the stretch 

may have decayed by the time ROM was measured for the affected joint system.  

In addition, the influence of one ROM measurement on another at the same joint 

system in the opposite direction is unclear.  For example, if knee flexion PROM 

was measured prior to the 90/90 test for hamstring flexibility, the extreme knee 

flexion ROM (shortening of the hamstrings) in the first measurement could have 

altered the influence of the hamstring stretching routine (elongation of the 

hamstrings).  These two factors could have resulted in the non significant 

influence of the stretching routine on flexibility measurements.         

 

Conclusions 

 The results of this study suggest that the current stretching routine, which 

is similar to other investigations (Bandy et al., 1997; Chan et al., 2001; Knudson 

et al., 2000) and has been suggested to be more typical of athletic conditions 

(Young & Behm, 2003), does not alter the ability of the muscles to control knee 

and hip joint kinematics during landing for recreational athletes.  Although 

limitations in the study design resulted in a possible decay effect of the stretching 

influence, this order of events may not be that different than what recreational 

athletes typically experience.  It is likely that other forms of warm-up are included 

in most recreational athletes’ practices, and therefore a time delay from static 
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stretching to actual exercise probably is common.  This investigation seems to 

demonstrate that if a small amount of time elapses from the stretching 

intervention to the performance of an exercise bout then the neuromuscular 

effects of the static stretch may be nullified.  Likewise, the type of stretching 

intensity that elicits significant deficits in muscle performance probably is very 

unrealistic and rarely performed by the recreational athletic population.  Based on 

these findings, it is suggested that future research utilize procedures that can 

limit the time delay from stretching (using a similar stretching routine) to testing 

measures.           

 

 

 

 

 

 

 

 

 

 

 

 

 



                                                                                                                                                                                                          

154 

CHAPTER V 

ARTICLE II 

THE INFLUENCE OF EDUCATIONAL MESSAGES ON THE PERCEIVED 

IMPORTANCE OF STRETCHING: EXPLORING THE RELATIONSHIP 

BETWEEN PERCEPTIONS AND HUMAN PERFORMANCE 

 

Abstract 

 Even though controversial research evidence exists regarding the role of 

stretching, many athletes continue to perform pre-exercise stretching and 

continue to believe it is important to engage in this practice, suggesting an 

underlying psychosocial interaction.  Therefore, the purposes of this study were 

to:  (1) evaluate the relationship between historical educational messages and 

current perceptions of the value of pre-exercise stretching; (2) evaluate the 

relationship between subjects’ perceptions and actual performance outcomes; (3) 

investigate the influence of the type of warm-up intervention on subjects’ 

perceptions; and (4) investigate the influence of current written educational 

messages on perceptions of the value of stretching.  Forty-four college age 

recreational athletes participated in a clinical control trial (CCT) design requiring 

one day of testing involving a warm-up followed by a vertical drop jump test 

before and after a stretching intervention or rest period.  Upon completion of the 

second vertical drop jump test, subjects completed a survey instrument utilizing a 

standard visual analogue scale (VAS) to evaluate perceptions.  Results indicated 



                                                                                                                                                                                                          

155 

that there was no relationship found between what the subjects had been taught 

regarding the value of pre-exercise stretching and their perception of its value, 

yet a positive relationship was found between perceptions and the actual vertical 

drop jump measures.  Finally, it was discovered that written educational 

messages altered subjects’ perceptions of the value of pre-exercise stretching.  

Based on these findings, it was concluded that current educational messages 

can alter perceptions of the value of pre-exercise stretching and perceptions 

about a specific warm-up routine may influence performance outcomes, possibly 

as a result of a heightened state of self-efficacy. 

 

Introduction 

 Examination of the literature has established that recommending 

stretching for the prevention of musculoskeletal injury lacks appropriate support 

from basic science and clinical evidence (Herbert, & Gabriel, 2002; Shrier, 1999; 

Thacker et al., 2004; Weldon & Hill, 2003).  In addition, an acute bout of pre-

exercise stretching appears to be detrimental for muscle strength and power 

performance measures for certain athletic populations (Young & Behm, 2002), as 

a result of alterations in neurological properties (Cramer et al., 2004), and 

viscoelastic properties (Avela et al., 2004) of the stretched muscle.  Nonetheless, 

many athletes continue to perform pre-exercise stretching (Young & Behm, 2003) 

and believe it is important to engage in this practice (Nyland et al., 2004) in spite 

of the messages presented in current literature, suggesting an underlying 
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psychosocial interaction.  Thus, exploring some of the psychological influences 

on human performance might produce insights into why certain athletes continue 

to perceive pre-exercise stretching as valuable (Nyland et al., 2004).  

One perception theory that has been extensively researched across a 

variety of performance domains and may provide insight into the current 

perceptions of the value of stretching is the self-perception of efficacy, also 

known as self-efficacy (Bandura & Locke, 2003; Feltz, 1982; Feltz & Weiss, 

1982; Moritz et al., 2000).  It plays a major role in human performance, and 

teachers, physical educators, and coaches can influence individuals’ perceptions 

of efficacy (Chase, 1998; Feltz & Doyle, 1981; Gould et al., 1989; Harrison et al., 

1995).  Therefore, it is reasonable to believe that the traditional teaching and 

beliefs of many coaches, teachers, physical educators, and healthcare providers 

regarding the impact of stretching on performance have influenced selected 

athletes’ perceptions of the value of pre-exercise stretching (Nyland et al., 2004). 

In addition to historical educational messages, mastery experiences and 

vicarious experiences most likely have influenced some athletes’ perceptions of 

the value of pre-exercise stretching.  Whether such perceptions influence motor 

performance warrants further investigation.  Consequently, the review of 

literature will explore the various sources of information that influence self-

efficacy and their impact on motor performance.     
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Literature Review 

 Self-efficacy is defined as the belief an individual possesses in one’s 

ability to perform a specific task and obtain a certain outcome (Feltz & Weiss, 

1982).  It is concerned with the judgments of what one can do with the skills he or 

she possesses and can be seen as situational-specific self-confidence (Moritz et 

al., 2000).  Individuals with positive self-efficacy attempt new tasks, expend 

greater effort, and persevere longer than those less self-efficacious (Kjormo & 

Halvari, 2002; Wise & Trunnell, 2001).  Likewise, it has been shown to predict 

athletic performance across a variety of physical domains (Bandura & Locke, 

2003).   

Stronger self-efficacy can enhance performances in a variety of physical 

activities including bowling (Boyce & Bingham, 1997), diving (Feltz et al., 1979), 

gymnastics (McAuley, 1985), bench pressing (Wise & Trunnell, 2001), and 

muscle endurance (Feltz & Reissinger, 1990; George et al., 1992; Gould & 

Weiss, 1981).  It is influenced through several sources of information (Bandura, 

1977, 1982).  Mastery experiences, vicarious experiences, and verbal persuasion 

statements seem to lend the most insight into the discussion regarding the role of 

self-efficacy in current stretching practices.  

 Self-efficacy information can arise from numerous sources, allowing an 

individual’s self-efficacy to be formed in an on-going fashion.  One of the 

strongest sources of efficacy information centers on personal mastery 

experiences.  These experiences are extremely influential on self-efficacy 
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because they are based on personal successes and failures (Bandura, 1977; 

1982).  Success of a given task gives direct evidence of one’s capabilities and 

can lead to a stronger sense of self-efficacy.  For example, in a study by Ewart et 

al. (1986), it was discovered that mastery experiences involving a circuit weight 

training program enhanced individuals self-perception of efficacy, which in turn 

influenced involvement in challenging tasks and predicted strength gains.  

Furthermore, Wise and Trunnell (2001) found that performance accomplishments 

(mastery experiences) on a bench pressing task led to significantly greater 

strength of bench-press self-efficacy.  This information may lead one to conclude 

that if long standing pre-activity routines, such as stretching, produce athletic 

success, then one’s perception of self-efficacy following that specific routine 

could be heightened.  This phenomenon might explain an athlete’s favorable 

perception of the value of stretching prior to athletic activity despite evidence to 

the contrary found in the literature.   

Another strong source of self-efficacy information is vicarious experience, 

which simply means witnessing others perform certain tasks (Bandura, 1977, 

1982; Feltz, 1982; Feltz & Mugno, 1983).  Observing others (eg., a model) 

perform challenging activities with positive results can generate expectations in 

observers that they will also improve if they work harder and persevere in their 

efforts (Bandura, 1977).  Efficacy may be strengthened when observation of a 

model provides information on how to perform a task (Wise & Trunnell, 2001).   
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It has been well established that vicarious experience can have a major 

influence on self-efficacy which can directly enhance performance of certain 

tasks (Feltz, 1982; Feltz et al., 1979; Feltz & Mugno, 1983; George et al., 1992; 

Gould & Weiss, 1981; McAuley, 1985; Weinberg et al., 1979).  Therefore, it is 

reasonable to hypothesize that if an athlete over many years had been exposed 

to a number of positive vicarious experiences where athletes of similar ability and 

similar sport succeeded after incorporating a stretching routine prior to certain 

tasks, then that athlete’s value for stretching could be enhanced.  Moreover, this 

perception might influence certain motor tasks following a similar model of 

stretching through heightened self-efficacy.  Examining the relationship between 

perceptions of the value of stretching and human performance could provide 

valuable insights into the continued practice of pre-exercise stretching despite 

evidence refuting its value. 

Verbal persuasive statements serve as another source of self-efficacy 

information that is capable of strengthening or weakening self-efficacy 

perceptions (Bandura, 1977, 1982; Wilkes & Summers, 1984).  When a 

respected individual who is considered to be knowledgeable about a certain 

motor task indicates that the performer has the ability to successfully perform that 

task, the performer’s self-efficacy can improve (Wise & Trunnell, 2001).  It can 

contribute to improved performance if the positive appraisal is realistic and 

believable (Bandura, 1982).  Additionally, verbal persuasive messages have 

been shown to significantly impact perceptions of efficacy (Ewart et al., 1983; 
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Taylor et al., 1985; Wise & Trunnell, 2001).  It is reasonable to believe that the 

traditional teaching and beliefs of many coaches, teachers, physical educators, 

and healthcare providers regarding the impact of stretching on performance have 

influenced some current athletes’ perceptions of the value of pre-exercise 

stretching (Nyland et al., 2004).   

If these respected individuals informed athletes that pre-exercise 

stretching was beneficial and vital for improving their performance of certain 

motor tasks, the athletes’ perceptions of the value of stretching could logically 

increase.  This heightened perception would only be intensified when combined 

with years of performance accomplishments, as well as supported by vicarious 

experiences.  This possibly explains the seemingly unchangeable view of the 

value that some athletes place on stretching prior to athletic activities. Based on 

this line of reasoning, it would be beneficial to explore whether historical 

educational messages regarding pre-exercise stretching relates to perceptions 

about stretching and whether this psychological state would relate to motor 

performance. 

 The purposes of the study were to:  (1) evaluate the relationship between 

historical educational messages and current perceptions of the value of 

stretching and stretching practices; (2) evaluate the relationship between 

subjects’ perceptions of how the intervention influenced their performance and 

the actual performance outcomes; (3) investigate the influence of the type of 

warm-up intervention (stretch vs. control) on subjects’ perceptions of how the 
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intervention influenced their performance outcomes during a physically 

demanding task; and (4) investigate the influence of current written educational 

messages on perceptions of the value of stretching and stretching practices.  The 

following hypotheses were evaluated relative to these purposes:  (1) a positive 

relationship will exist between the subjects’ former education about stretching 

and his or her perception of its value; (2) no relationship will exist between 

vertical drop jump measurement outcomes and the subjects’ perception of the 

influence of the warm-up intervention on the outcomes; (3) the stretching 

intervention group will perceive the influence of the warm-up intervention on 

performance outcomes to be more beneficial than the control group.; and (4) a 

written educational message would alter current perceptions of the value of pre-

exercise stretching.  Thus, exploring some of the psychological influences on 

human performance might produce insights into why certain athletes continue to 

perceive pre-exercise stretching as valuable, and how those perceptions relate to 

human performance measures.   

      

Methodology 

Subjects 

 Nineteen female and twenty-five male volunteers (age 18-34 yrs) were 

recruited from the university population.  Subjects were verbally informed of the 

procedures, read a consent form and signed it before participation.  The Texas 

Tech University and Texas Tech University Health Sciences Center internal 
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review board (IRB) approved the study.  Subjects were included in this study 

based on the following criteria:  (1) between the ages of 18 and 35; (2) a score of 

6 or 8 on the Physical Activity Level Scale (Wojtys et al., 1996; See Appendix B); 

and (3) a willingness to adhere to the experimental protocol.  Subjects were 

excluded from this investigation based on the following criteria:  (1) a score 

above an 8 or below a 6 on the Physical Activity Level Scale (Wojtys et al., 

1996); (2) a diagnosis by a physician of any lower extremity pathology that 

restricted movement at any of those joints; (3) a diagnosis by a physician of any 

neurological abnormality or impairment; (4) a history of previous surgery of the 

lower extremities; (5) any medical condition that would prevent performing a 

maximum vertical jump test; or (6) pregnancy. 

 

Study Design 

 Following completion of the written informed consent, subjects were 

randomly assigned (using a table of random numbers) to either a control or 

experimental group in a clinical control trial (CCT) design requiring one day of 

subject participation.  Testing day for the experimental group involved a warm-up 

followed by a vertical drop jump test before and after a stretching intervention.  

Testing day for the control group involved identical procedures except for 

omission of the stretching intervention.  Upon completion of the second vertical 

drop jump test, and after further randomization, subjects completed a survey 

instrument. 
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Warm-up 

 Both the experimental and control groups engaged in five-minutes of 

submaximal warm-up on a cycle ergometer.  The subjects cycled at 70 

revolutions per minute (rpm) with a resistance of 1 kilopond (kp) to increase 

muscle temperature as suggested by Power et al. (2004).  Subjects developed a 

light sweating response to the warm-up procedures indicating a small increase in 

core temperature.  The warm-up took place upon arrival to the testing facility 

prior to the testing procedures. 

 

Vertical Drop Jump Test 

 The vertical drop jump test consisted of the subject hanging from a 

horizontal bar stabilized by two chains and anchored to the ceiling.  The subjects 

hung at an average height of 30.9 cm (SD = .66, Minimum = 29 cm, Maximum = 

33.5 cm).  To standardize the drop height, the distance from the lateral malleolus 

to the floor was measured while standing and was subtracted from the distance 

from the lateral malleolus to the floor measured while hanging.  The drop height 

was assigned when the difference between the two measurements was as close 

to 31 cm as possible.  The subjects were instructed to drop down directly from 

the hanging apparatus onto the force plates below, immediately followed by a 

maximum vertical jump while both arms were positioned above the waist as if 

they were receiving a basketball pass (Hewett et al., 2005).  The subjects were 

instructed to jump for maximal height and minimum ground contact time.  They 
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likewise were instructed to leave the floor with knees and ankles fully extended 

and to land in the same position to ensure the validity of the test (Power et al., 

2004).  Three successful trials for each subject were recorded before and after 

the experimental or control condition.  A successful trial occurred if the impact 

phase of the movement took place on two precisely located force platforms, one 

foot landing on each force plate.  

 Two Bertec force plates (type 4060-10-2000) collected the ground reaction 

force data at a sampling rate of 1000 Hz.  Only GRF data for the dominant lower 

extremity was utilized.  The force plates were embedded in a platform built above 

the surface of the floor and positioned so that the appropriate feet would contact 

the force plates during the maneuver.  The flight time from toe-off to second 

contact on the platform was used to calculate vertical jump height (jump height = 

g x (tair/2)2/2 where, g = the acceleration of gravity, and tair = time in the air).   

 

Rest Period 

 The control group underwent 16 minutes of rest in the seated position 

after the warm-up and first vertical drop jump test.  The rest period was the same 

length of time as the stretch intervention and took place immediately following the 

first flexibility measurements. 
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Stretching Intervention 

 The experimental group participated in one static stretching procedure to 

each of four muscle groups (plantar flexors, quadriceps, hamstrings, and hip 

extensors) of both lower extremities.  The stretching intervention occurred after 

the warm-up and first vertical drop jump test.  Each stretching procedure 

consisted of four repetitions held for 30 seconds with a 30 second rest period 

between repetitions as suggested by previous investigators (Bandy et al., 1997; 

Chan et al., 2001; Knudson et al., 2000).  Alternation from dominant to the non-

dominant lower extremity occurred after each stretching procedure, allowing for a 

30 second rest interval.  Each muscle group received a total stretching period of 

120 seconds, which was similar to the procedures of Young and Behm (2003) 

who found that only two minutes of static stretching for each muscle group prior 

to activity resulted in decreased performance on a concentric only vertical jump 

task and drop jump height/time measurements.  This stretching protocol was 

suggested to be more typical of athletic conditions (Young & Behm, 2003).  The 

total stretching intervention duration was 16 minutes, and the order in which the 

muscle groups were stretched was randomized.  Similar to the procedures of 

Power et al. (2004), the position in which subjects were to hold their stretch was 

the greatest voluntary muscle length beyond which they felt injury may occur.  

See Appendix F for pictures of specific stretches discussed below.   

 

 



                                                                                                                                                                                                          

166 

Stretches 

 Standing straight knee.  From the standing position, the subjects leaned 

forward against a wall supported by outstretched hands, while bending the non-

stretched leg at the knee to 90 degrees and keeping the stretched leg fully 

extended behind the body.  The heel of the stretched leg remained in contact 

with the floor while the toes pointed straight forward.  Finally, the subjects 

dorsiflexed the ankle of the stretched leg until they reached the point of maximum 

tolerable discomfort, following similar procedures used by Power et al. (2004).   

 Supine hip flexion.  With the subject lying on their back on the table, the 

tester held the leg to be stretched by the ankle and knee (with the knee fully 

extended) and pushed the leg back toward the subject’s upper torso (hip flexion).  

The non-stretched leg was fully extended and in contact with the table.  The 

subjects’ leg to be stretched was then moved into hip flexion (maintaining full 

knee extension) until reaching the point of maximum tolerable discomfort, 

following similar procedures used by Power et al. (2004). 

 Prone buttocks kick.  With the subject lying face down on the table, the 

non-stretched knee was fully extended while the leg to be stretched was flexed at 

the knee.  The test administrator held the leg to be stretched by the ankle and 

pushed the ankle back toward the buttocks (increasing knee flexion) until 

reaching the point of maximum tolerable discomfort, following similar procedures 

used by Power et al. (2004). 
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 Unilateral knee to chest.  With the subject lying on their back and the legs 

fully extended, the leg to be stretched was then flexed at the knee and hip, while 

bringing the thigh toward the chest and keeping the non-stretched leg fully 

extended and in contact with the table.  Next, the subject placed both hands 

behind the thigh and continued to pull the thigh toward the chest.  Finally, to 

emphasize the gluteus maximus, the subject pulled the knee toward the opposite 

shoulder until reaching the point of maximum tolerable discomfort (Kisner & 

Colby, 2002). 

      

Survey Implementation 

 The survey included a series of questions that involved a standard visual 

analogue scale (VAS) and evaluated the subjects’ perceptions in a fashion 

similar to that previously described (Nyland et al., 2004).  Many authors have 

previously used visual analogue scales to measure functional capability and 

subjective behaviors (Bond & Lader, 1974; Flandry, Hunt, Terry, & Hughston, 

1991; Huskisson, Jones, & Scott, 1976).  A standard VAS was used asking the 

subjects to place a vertical line at the point which best indicated their opinion 

regarding the specific questions.  The location of the vertical line then was 

measured from left to right in centimeters to quantify the degree of the subjects’ 

opinion.  The measurements for each category of questions then were reduced 

to percentages and summed for a total composite score used for other statistical 

analysis.  The category of questions included the following:  historical educational 
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messages regarding the value and appropriate practice of pre-exercise 

stretching, current perceptions of the value and appropriate practice of pre-

exercise stretching, and the current perceptions of the influence of the warm-up 

intervention on their measurement outcomes.  A copy of the survey instrument 

can be seen in Appendix G. 

 Pilot study. 

 The survey was developed and piloted to 76 undergraduate students and 

nine faculty members with expertise in survey research experience, exercise 

science, and/or biomechanics, to establish content and face validity.  The pilot 

study additionally helped determine the clarity of the survey and its 

accompanying directions, as well as the length of time required to complete the 

survey.  Suggested revisions from the pilot study were considered and 

incorporated where possible.  

 General study.    

  Immediately following completion of the second vertical drop jump test, 

subjects were randomly assigned to a survey group (those receiving a positive 

educational scenario or those receiving a negative educational scenario) and 

asked to complete the initial survey.  The initial administration of the survey was 

followed by the presentation of an educational scenario in written paragraph form 

using the American Medical Association referencing style.  The educational 

scenario presented the subjects with either a positive or a negative written 

message, highlighting the value of pre-exercise static stretching for the 
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prevention of injury and improvement of muscular performance.  The positive 

educational scenario highlighted the research in support of pre-exercise 

stretching, while the negative educational scenario highlighted the research 

demonstrating the potential harmful influence of pre-exercise stretching (See 

Appendix G for copies of the educational scenarios).  After reading this scenario, 

the subjects were asked to repeat the same survey questions as above, dealing 

with their perceptions of the value of pre-exercise stretching, in light of the 

information they had received from the scenario.     

 

Statistical Analysis 

 Correlation and inferential statistics were used to analyze these data.  All 

data were treated as demonstrating the characteristics of parametric data; 

therefore, parametric statistical procedures were followed.  The scores obtained 

from VAS often have been treated as ratio level data permitting these scores to 

be subjected to parametric statistical procedures (McGuire, 1984; Portney & 

Watkins, 2000; Price et al., 1987).  Two Pearson product-moment correlations 

were conducted to evaluate relationships, while two univariate analyses of 

variances (ANOVA’s) were conducted for the inferential statistics.  Likewise, 

significant main effects of individual dependent variables were examined further, 

by follow-up pairwise comparisons.   

 To test the first hypothesis, a Pearson product-moment correlation (α = 

0.05) was conducted to evaluate the relationship between what the subjects had 
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been taught regarding the value of pre-exercise stretching (summed score on the 

VAS) and their perception of its value (summed score on the VAS).  To test the 

second hypothesis, a Pearson product-moment correlation (α = 0.05) was 

conducted to evaluate the relationship between the subjects’ perception of how 

the warm-up intervention influenced their measurement outcomes and the actual 

change in vertical jump height that took place following the given warm-up 

intervention.   

 Prior to inferential analysis of survey data, all survey dependent variables 

were tested for normality using a Shapiro-Wilk test.  The four dependent 

variables that were evaluated for normality included the summed percent values 

from the questions involving historical educational messages (Sum Group 1B%), 

the questions involving current perceptions (Sum Group 2A%), the questions 

involving perceptions of the influence of the warm-up intervention (Sum Group 

3B%), and the questions involving current perceptions administered after reading 

the written educational message (Sum Group 4A%).  Non-normal variables were 

transformed, as necessary, by squaring each value.  All subsequent inferential 

analyses on initially non-normal variables were conducted using the appropriate 

transformed values.  To test the third hypothesis, a 1 X 2 ANOVA (α = 0.05) was 

performed to assess the difference in the perception of how the warm-up 

intervention influenced their measurement outcomes between the control and the 

stretching intervention groups.  To assess the fourth hypothesis, a 2 X 2 ANOVA 

(α = 0.05) was performed to assess the difference in the change of perception of 
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the value of pre-exercise stretching between subjects receiving the positive 

educational message and subjects receiving the negative educational message.  

Follow-up analysis to evaluate the differences found while assessing the fourth 

hypothesis included two 1 X 2 ANOVA’s (α = 0.05).  Finally, statistical power and 

effect size for each ANOVA are reported.   

 

Results 

 Nineteen female and twenty-five male volunteers (N = 44; average age = 

22.5 yr., SD = 3.5; average height = 1.744 m, SD = .109; average weight = 76.9 

kg, SD = 18) participated in the investigation.  One subject was excluded from all 

correlation analysis because no vertical drop jump height measure was obtained 

from the individual.  Additionally, two subjects had not received any formal 

education about the value of stretching; therefore, correlation analysis involving 

historical educational messages excluded these two individuals.  Of the forty-two 

subjects who had received formal education regarding the value and practice of 

pre-exercise stretching, 83.3% received education from coaches, 38.1% received 

information from educators, 9.5% received education from health care providers, 

and 4.8% received education from another source.  Many subjects received 

formal education from a combination of these sources.  
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Correlation Analysis 

 There was no relationship found between what the subjects had been 

taught regarding the value of pre-exercise stretching and their perception of its 

value.  The Pearson product-moment correlation revealed no significant 

correlations (r = .216, p = .174) between what the subjects had been taught 

regarding the value of pre-exercise stretching (summed score on the VAS; M = 

276.5, SD = 75.0) and their current perception of its value (summed score on the 

VAS; M = 268.8, SD = 87.6).   

 Conversely, a relationship was found between the perception of how the 

warm-up intervention influenced measurement outcomes and the actual vertical 

drop jump measures.  The Pearson product-moment correlation revealed a 

significant (r = .327, p = .032) positive correlation between the perception of how 

the warm-up intervention influenced measurement outcomes (summed score on 

the VAS; M = 190.7, SD = 50.6) and the actual change in vertical drop jump 

height (difference between the first and second jump height; M = -.011, SD = 

.027) that took place following the given warm-up intervention.  More specifically, 

as individuals perceived the warm-up intervention to be more valuable for 

performance outcomes, the performance outcomes improved.  Table 5.1 

provides a summary of the values for the Pearson product-moment correlations. 
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Table 5.1 Pearson Product-moment Correlation Values.  
 

Variable Statistical Analysis 
Sum. 
Group 
1B%  

Sum. 
Group 
2A% 

Sum. 
Group 
3B% 

Jump 
Diff. 

      

Sum. Group 

1B% 

Pearson Correlation 

Sig.  

N 

1 

. 

41 

.216 

.174 

41 

.119 

.458 

41 

.033 

.838 

41 

Sum. Group 

2A% 

Pearson Correlation 

Sig.  

N 

 1 

. 

41 

.350e 

.021 

43 

-.095 

.543 

43 

Sum. Group 

3B% 

Pearson Correlation 

Sig.  

N 

  1 

. 

43 

.327e 

.032 

43 

Jump Diff. Pearson Correlation 

Sig  

N 

   1 

. 

43 

 
aSum. Group 1B% = the % summed VAS score values for the historical 
educational message regarding the value of pre-exercise stretching 
 
bSum. Group 2A% = the % summed VAS score values for the current perception 
of the value of pre-exercise stretching 
 
cSum. Group 3B% = the % summed VAS score values for the perception of the 
influence of the warm-up intervention on jump height measurement outcomes  
 
dJump Diff. = the change in jump height following the control or stretching 
intervention  
 

eSignificant correlation using the Pearson product moment correlation 
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Normality Analysis and Transformation Process 

 All of the raw values for the survey dependent variables were found to be 

different from a normal curve.  The Shapiro-Wilk normality tests on the raw 

values of all four dependent variables were found to be significantly different from 

a normal curve (Sum Group 1B%, W = .907, p = .003; Sum Group 2A%, W = 

.901, p = .002; Sum Group 3B%, W = .923, p = .008; Sum Group 4A%, W = .921, 

p = .007).  As a result of these findings, all of the survey data were then 

transformed by squaring the raw values.  Another Shapiro-Wilk normality test 

was then run on the transformed data.  

 The Shapiro-Wilk normality tests on the transformed values of all but one 

dependent variable were found to be similar to a normal curve (Sum Group 1B%, 

W = .977, p = .574; Sum Group 2A%, W = .949, p = .063; Sum Group 3B%, W = 

.982, p = .762; Sum Group 4A%, W = .942, p = .038).  Even though one 

dependent variable (Sum Group 4A %) did not achieve a normal distribution, the 

data correlated highly with a normal curve (Shapiro-Wilk, W = 0.942).  Since the 

General Linear Model is very robust to violations of deviations from normality it 

was deemed appropriate to utilize ANOVA’s on the transformed data for all 

subsequent inferential analyses. 

 

Inferential Analysis 

 A difference was found between the experimental and control group in the 

perception of how the warm-up intervention influenced performance outcomes.  
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The 1 X 2 ANOVA demonstrated a significant difference (p = .020, power = .655, 

effect size = .125) between groups in the perception of how the warm-up 

intervention influenced measurement outcomes.  The experimental group 

(stretch group) perceived the warm-up intervention to have had a more positive 

effect (M = 208.8%, SD = 34.8) on vertical drop jump height and control of hip 

and knee motion than did the control group (M = 173.2%, SD = 57.0).  Table 5.2 

provides the summary of the significant findings of the 1 X 2 ANOVA.    

 Furthermore, the written educational messages altered subjects’ 

perceptions of the value of pre-exercise stretching.  The 2 X 2 ANOVA 

demonstrated a significant (p = 0.000, power = .983, effect size = .299) difference 

in the change of perception of the value of pre-exercise stretching between 

subjects receiving the positive educational message (pre-message M = 228.7%, 

SD = 97.5; post-message M = 275.5%, SD = 86.2) and subjects receiving the 

negative educational message (pre-message M = 308.4%, SD = 50.0; post-

message M = 259.1%, SD = 99.5), which represented a significant time by 

educational message interaction (Table 5.3).  No significant time effect (p = .972, 

power = .050, effect size = .000) or group effect (p = .174, power = .272, effect 

size = .045) was identified.  Table 5.4 provides the summary of the 2 X 2 ANOVA 

results for the negative educational message verses the positive educational 

message condition.      

 Follow-up analyses were conducted to examine the differences between 

groups for each level of time.  Prior to administration of the educational message  
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Table 5.2 Significant Findings of the Influence of the Warm-up Intervention.  
  

Variable 
Stretch 
Group 
M (SD) 

Control 
Group 
M (SD) 

Statistic 
 

Statistical 
power 

(%) 

Effect size 
(η2) 

      

Perception 

of warm-up 

influence 

208.84 

(34.76) 

173.17 

(57.02) 

F = 5.834  

p = .020b 

66 .125 

 
aPerception of the warm-up influence is the % summed VAS score values  
 

bSignificantly different (p = .016) perception of the influence of the 
warm-up intervention between the stretch group and the control group 
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Table 5.3 Means and Standard Deviations for Significant Time by             
       Educational Message Interaction (p = 0.000).  

 Variable Group Condition Statistic M (SD) 

    

Perception of the 

Value of 

Stretching 

Negative Pre-Message 

Post-Message 

308.35 (50.04) 

259.14 (99.49) 

 Positive Pre-Message 

Post-Message 

228.66 (97.51) 

275.54 (86.24) 

 
aPerception of the value of stretching is the % summed VAS score values 
 
bNegative = negative educational message group 
 
cPositive = positive educational message group 
 
dPre-message = pre-educational message 
 
ePost-message = post-educational message 
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Table 5.4 Summary of 2 X 2 ANOVA for Influence of the Educational Messages.   
      

Variable  
Main 
Effect 

Statistic 
ANOVA 
effect 

Statistical 
power (%) 

Effect size 
(η2) 

      

Value of 

Stretching 

Time F 

p 

.000 

.972 

5 .000 

 Group F 

p 

1.918 

.174 

27 .045 

 Time by 

Group 

F 

p 

17.488 

.000 

98 .299 
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those in the negative message group (M = 308.4%, SD 50.0) valued pre-exercise 

more than those in the positive message (M = 228.7%, SD = 97.5).  A 1 X 2  

ANOVA demonstrated a significant (p = .002, power = .894, effect size = .208) 

difference between groups in the perception of the value of pre-exercise 

stretching prior to administration of an educational scenario.  Following 

administration of the educational scenario there was little difference in perception 

of the value of stretching between the negative message group (M = 259.1%, SD 

= 99.5) and the positive message group (M = 275.5, SD = 86.2).   A 1 X 2 

ANOVA demonstrated no significant (p = .637, power = .075, effect size = .005) 

difference between groups in the perception of the value of pre-exercise 

stretching after administration of an educational scenario.  Table 5.5 provides a 

summary of the mean, standard deviation, and inferential statistical values of the 

two follow-up comparisons (1 X 2 ANOVA’s) for the influence of the educational 

messages.  It appears that the negative message group valued pre-exercise 

stretching less after the negative educational scenario while the positive 

message group valued pre-exercise stretching more after the positive 

educational scenario (Figure 5.1).            

 

Discussion 

 The most significant findings in the study were that historical teaching 

regarding the value of pre-exercise stretching did not relate to current  
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Table 5.5 Follow-up Comparisons for Influence of the Educational            
                 Messages.  

Variable Condition 

Negative 
Message 

Group 
M (SD) 

Positive 
Message 

Group 
M (SD) 

Statistic 
 

Statistical 
power 

(%) 

Effect 
size 
(η2) 

       

Value of 

Stretch 

Pre 308.35 

(50.04) 

228.66 

(97.51) 

F = 10.80  

p = .002d 

89 .208 

Value of 

Stretch 

Post 259.14 

(99.49) 

275.54 

(86.24) 

F = .225  

p = .637 

8 .005 

 
aPerception of the value of Stretching is the % summed VAS score values 
 
bPre = pre-educational message 
 
cPost = post-educational message 

 

dSignificantly different (p = .001) negative message group vs. positive message 
group in the pre-educational message measure 
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Follow-up Comparisons for Survey Message
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Figure 5.1 Follow-up Comparisons for Survey Message.  
        (Neg. = negative message group; Pos. = positive message group;  
        pre-education = before the educational message; post-education =  
        after the educational message; values are the mean perception sums) 
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perceptions, yet current written educational messages (positive and negative) 

altered the subjects’ perceptions of the value of pre-exercise stretching.  

Likewise, perceptions of how the warm-up intervention influenced performance 

directly related to performance outcome measures, and the type of warm-up 

intervention (stretch or no stretch) influenced subjects’ perceptions of the 

influence of the warm-up intervention.  These findings lend insight into the 

psychosocial interaction between perceptions and practices related to pre-

exercise stretching.  It is possible that when subjects valued the specific warm-up 

intervention as being important for the outcome measures, that perception had a 

positive influence on the subject’s confidence level for completing the motor task 

with some degree of success.  This potential heightening of self-efficacy might 

have in turn positively influenced performance outcomes.    

 

Historical Messages and Current Perceptions 

 A seemingly perplexing result in the current investigation was the finding 

that what individuals had been taught regarding the value of pre-exercise 

stretching had no relationship with their current perceptions of the value of pre-

exercise stretching.  This result conflicts with findings of Nyland et al. (2004) who 

utilized a similar survey design and found that adolescent male athletes scored 

“improved athletic performance” and the “value placed on hamstring stretching by 

their coaches” higher than adolescent female athletes.  Although a correlation 

analysis was not performed, it appeared that education for this population from 
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coaches influenced subjects’ perceptions (Nyland et al., 2004).  Additionally, 

Chase (1998) interviewed twenty-four children (8 to 14 years of age) and 

discovered that sources of efficacy information from peers and coaches became 

more important with age in helping form their perceptions of self-efficacy during 

physical education and sports (Chase, 1998).  Finally, Harrison et al (1995) found 

that a variety of teaching styles could influence perceptions of self-efficacy in 

male and female university students enrolled in an introductory volleyball class.   

 These conflicting findings can most likely be explained by a differing 

population as well as the proximity in time of the historical educational message.  

In the Nyland et al. (2004) investigation, the population involved younger athletes 

receiving educational messages from current coaches.  Likewise, the Chase 

(1998) investigation involved 8 to 14 year olds currently involved in physical 

education classes and sports, while participants in the Harrison et al. (1995) 

investigation involved college age students currently enrolled in a volleyball 

class.  The participants in these three studies were receiving formal education of 

some kind in close timing with the investigations (Chase, 1998; Harrison et al., 

1995; Nyland et al., 2004).   

 The current study involved female and male university age (average age = 

22.5 yr., SD = 3.5) recreational athletes.  None of the subjects were currently 

involved in formal athletics which would require a coach.  Of interest to note was 

that 83.3% of the subjects had received formal education from former coaches 

regarding the value and practice of pre-exercise stretching.  As a result of this 
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dynamic, formal instruction regarding the value and practice of pre-exercise 

stretching from a respected authority would most likely have been several years 

in the past.  It is likely that other more recent sources of information regarding the 

value and practice of pre-exercise stretching would demonstrate a greater 

influence than information from the distant past.   

 Personal experiences and vicarious experiences have perhaps been more 

influential on the subject’s current perceptions than historical educational 

messages.  It has been well documented that vicarious experiences and 

modeling have a greater influence on perceptions of self-efficacy (Feltz & 

Reissinger, 1990; Weinberg et al., 1979; Wise & Trunnell, 2001); therefore, they 

may have influenced perceptions in the current investigation.  Future 

investigations looking at the longevity of the influence of verbal messages on 

perceptions may provide insight into these findings. 

 

Relationship between Perceptions and Performance Outcomes 

 As might be expected, subjects in the current investigation who received 

the stretching intervention valued the warm-up intervention more than the control 

group, who rested in the seated position for the same duration as the stretching 

routine.  It seems reasonable that some form of movement, as opposed to simply 

sitting, would be perceived as being more valuable for human movement 

performance.  Even more interesting, however, was the small positive 

relationship between this perception of the value of the warm-up intervention and 
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the change in vertical drop jump height.  It appears that when subjects believed a 

specific warm-up routine was valuable for performance measures, those 

outcome measures improved to a small degree.  Likewise, when they believed 

the warm-up routine was not valuable for performance, those outcome measures 

declined to a small degree.   

 These findings can most likely be explained through exploration of the role 

of perceptions of self-efficacy in human performance.  Self-efficacy has been 

shown to predict athletic performance across a variety of physical domains 

(Bandura & Locke, 2003).  Stronger self-efficacy can enhance performances in a 

variety of physical activities including bowling (Boyce & Bingham, 1997), diving 

(Feltz et al., 1979), gymnastics (McAuley, 1985), bench pressing (Wise & 

Trunnell, 2001), and muscle endurance (Feltz & Reissinger, 1990; George et al., 

1992; Gould & Weiss, 1981).   

 It is likely that when a subject valued the specific warm-up intervention as 

being important for the outcome measures, that perception had a positive 

influence on the subject’s confidence level for completing the motor task with 

some degree of success.  This potential heightening of self-efficacy might have in 

turn positively influenced performance outcomes, which has been previously 

demonstrated (Bandura & Locke, 2003; Boyce & Bingham, 1997; Feltz et al., 

1979; Feltz & Reissinger, 1990; George et al., 1992; Gould & Weiss, 1981; 

McAuley, 1985; Wise & Trunnell, 2001).  One weakness in the current 

investigation is that no measurement of self-efficacy for the drop vertical jump 
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task was performed; therefore, the investigator can only hypothesize that the 

subject’s perceptions influenced self-efficacy, which in turn influenced 

performance outcomes.  Nonetheless, these findings strengthen the notion that 

psychosocial interactions influence perceptions of the value of stretching and 

encourage further exploration of the link between perceptions about warm-up 

practices and their influence (through self-efficacy) on motor performance 

outcomes.   

 

Influence of the Written Educational Message 

 Although historical educational messages regarding the value of pre-

exercise stretching had no influence on current perceptions, current written 

educational messages altered perceptions regarding the value of pre-exercise 

stretching.  Those who received written information highlighting the reported 

benefits of pre-exercise stretching valued stretching more after receiving the 

message.  Likewise, those who received written information highlighting the 

reported negative affects of pre-exercise stretching valued stretching less after 

receiving the message.  These findings are not surprising in light of other 

investigations that have shown that respected figures of authority may influence 

perceptions of the value of stretching (Nyland et al. 2004) and perceptions of 

self-efficacy (Chase, 1998; Ewart, et al., 1983; Harrison et al., 1995; Taylor, et 

al., 1985; Wise & Trunnell, 2001).  It appears that the current educational 



                                                                                                                                                                                                          

187 

messages have demonstrated enough credibility to alter current subjects’ 

perceptions. 

 A weakness of the current investigation was the timing of the introduction 

of the written educational messages.  Evaluation of the influence of the written 

educational messages occurred following all motor performance measures.  It 

would have been interesting to have introduced the written educational 

messages and evaluation of perceptions prior to vertical drop jump measures to 

see if the change in perception of the value of pre-exercise stretching would have 

influenced actual vertical drop jump measures.  This information would provide 

even further insights into the potential influence of educational messages on 

perceptions which may in turn influence measurement outcomes.  Future 

research should consider the order of the introduction of educational messages.   

     

Conclusions 

 This study was conducted with the intent of gaining an understanding of 

the relationship and influence of historical and current educational messages 

respectively on current perceptions of the value of pre-exercise stretching.  

Likewise, the investigation strove to explore the relationship between perceptions 

and human performance measures.  The lack of relationship between historical 

educational messages and current perceptions suggests that the influence of 

verbal persuasive messages from respected authority figures may dissipate over 

time.  Educators should not assume that what has been taught regarding 
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appropriate warm-up practices is what is being practiced or believed to be true.  

This illustrates the need to develop standard recommendations based on 

consistent research practices to provide college-age recreational athletes with 

appropriate education in published literature regarding the value and practice of 

pre-exercise stretching.   

 Furthermore, the positive relationship found between perceptions and 

human performance in the current investigation illustrates the need to consider 

individuals beliefs regarding warm-up practices.  In part, some of the conflicting 

findings regarding the influence of stretching and human performance may be 

explained by the influence of perceptions.  Likewise, these findings demonstrate 

that if information regarding the value of pre-exercise stretching is provided to an 

individual by a credible source, then that individual’s perceptions may be 

changed immediately.  This perceptual alteration may in turn relate to or 

influence motor performance following a warm-up routine involving stretching.  

Findings from this investigation illustrate that there is a psychosocial influence on 

the perception of the value of pre-exercise stretching that may stem from a 

heightening state of self-efficacy.  This highlights the importance of providing 

appropriate education regarding the value of pre-exercise stretching.  Future 

research should investigate the influence of pre-exercise warm-up routines 

(including stretching) on measures of self-efficacy which could continue to 

provide insights into the psychosocial influences of human motor performance.    
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CHAPTER VI 

SUMMARY, DISCUSSION, AND IMPLICATIONS 

 

Background 

 Muscular stretching prior to exercise has been recommended by many 

authors to be an integral component of a preparatory program to prevent 

musculoskeletal injury (Best, 1995; Garrett, 1990; Gleim & McHugh, 1997; Hartig 

& Henderson, 1999; Safran et al., 1989; Smith, 1994) and improve muscular 

performance (Anderson & Burke, 1991; Baechle & Earle, 2000; Shellock & 

Prentice, 1985).  This educational message often has been dispersed without 

appropriate scientific support (Shrier, 1999).  In fact, an acute bout of pre-

exercise stretching is suggested to be detrimental for muscle strength and power 

performance measures in certain populations (Young & Behm, 2002) as a result 

of alterations in neurological properties (Cramer et al., 2004) and viscoelastic 

properties (Avela et al., 2004) of the stretched muscle.  Nonetheless, many 

athletes continue to perform pre-exercise stretching (Young & Behm, 2003) and 

continue to believe it is important to engage in this practice (Nyland et al., 2004).   

One perception theory that provides insight into the current perceptions of 

the value of stretching is the self-perception of efficacy, which when strengthened 

can enhance performances in a variety of physical activities (Bandura, 1977; 

Boyce & Bingham, 1997; Feltz et al., 1979; Feltz & Reissinger, 1990; George et 

al., 1992; Gould & Weiss, 1981; McAuley, 1985; Wise & Trunnell, 2001).  Self-
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efficacy plays a major role in human performance, and teachers, physical 

educators, and coaches can influence individual’s perceptions of efficacy (Chase, 

1998; Feltz & Doyle, 1981; Gould et al., 1989; Harrison et al., 1995).  Traditional 

teaching and beliefs of respected figures of authority regarding the impact of 

stretching on human performance may have influenced certain athletes’ 

perceptions of the value of pre-exercise stretching (Nyland et al., 2004).  This 

perception of that value may, in turn, affect specific exercise self-efficacy, which 

could potentially influence motor performance.   

It has been well established that impaired passive joint restraints and/or 

active muscular control systems that biomechanically influence the dynamic 

stability of the knee may increase one’s risk for non-contact anterior cruciate 

ligament (ACL) injuries (Dugan, 2005; Griffin et al., 2000; Lephart, Abt, & Ferris, 

2002).  For example, in a retrospective analysis, it was established that the body 

positioning associated with most non-contact ACL injuries consisted of the 

following:  external rotation of the tibia, the knee was close to full extension, the 

foot was planted, and a deceleration occurred which resulted in valgus collapse 

at the knee (Boden et al., 2000).  Likewise, coordinated muscular activation 

surrounding the knee and hip during landing is important for controlling the 

dynamic knee valgus positioning and moments which have been shown to be 

predictive of ACL injury (Hewett et al., 2005).  Acute static stretching has the 

potential to alter neuromuscular (Cramer et al., 2004) and biomechanical (Avela 
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et al., 2004) properties of muscle, potentially compromising dynamic stability of 

the affected joint systems.     

 To gain a better understanding of the influence of pre-exercise stretching 

on biomechanical measures of neuromuscular control, this study investigated the 

interaction between muscular activation, dynamic knee and hip kinematics 

(relating to knee valgus positioning), and ground reaction force (GRF) with a 

landing sequence following acute static stretching.  Secondarily, due to the lack 

of understanding of the current perceptions of the value of pre-exercise 

stretching, this study identified as its purpose to examine the relationship 

between historical educational messages and current perceptions of the value of 

stretching, the relationship between perceptions and human performance, and 

the influence of current educational messages on perceptions of the value of 

stretching.  Exploring this interaction helped provide insight into the influence of 

acute stretching on dynamic joint stability and, combined with survey measures, 

provided a better understanding of the psychosocial interactions between 

educational messages, stretching perceptions, and human muscle performance. 

  

Summary of the Study 

 Male and female recreational athletes (N=44) from Texas Tech University 

Health Sciences Center (TTUHSC), Texas Tech University (TTU), and Lubbock 

Christian University (LCU) participated in this investigation.  Subjects were 

randomly assigned to either an experimental or control group in a clinical control 
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trial (CCT) design requiring one day of subject participation.  Testing day for the 

experimental group involved a warm-up followed by electromyography (EMG) 

(onset and amplitude), kinematic (at initial contact and during ground contact), 

and ground reaction force (GRF) measures of the dominant lower extremity 

during the first landing phase of a vertical drop jump test before and after a 

stretching intervention.  Testing day for the control group involved identical 

procedures except for omission of the stretching intervention.  Additionally, 

flexibility measurements of the dominant lower extremity were conducted 

following the warm-up and first vertical drop jump testing procedures, which took 

place before and after the stretching intervention (experimental group) or rest 

period (control group).   

 Upon completion of the pre and post-intervention EMG, kinematic, and 

GRF measures, and after further randomization into a positive educational 

scenario group or negative educational scenario group, subjects completed a 

survey instrument.  The survey included a series of questions that involved a 

standard visual analogue scale (VAS) and evaluated the subjects’ perceptions in 

a fashion similar to that previously described (Nyland et al., 2004).  A standard 

VAS was used asking the subjects to place a vertical line at the point which best 

indicated their opinion regarding the specific questions.  The category of 

questions included the following:  historical educational messages regarding the 

value and appropriate practice of pre-exercise stretching, current perceptions of 

the value and appropriate practice of pre-exercise stretching, and the current 
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perceptions of the influence of the warm-up intervention on their measurement 

outcomes.  The initial administration of the survey was followed by the 

presentation of an educational scenario, which presented the subjects with either 

a positive or a negative written message, highlighting the value of pre-exercise 

static stretching for the prevention of injury and improvement of muscular 

performance.  After reading this scenario, the subjects were asked to repeat the 

same survey questions as above, dealing with their perceptions of the value of 

pre-exercise stretching, in light of the information they had received from the 

scenario.  Information from the survey measures combined with information from 

the EMG, biomechanical, and flexibility measures were used to test the research 

hypotheses.   

 The first research hypothesis stated that post-intervention measures of 

neuromuscular control of the dominant lower extremity during landing would be 

compromised as a result of a stretching intervention.  To test this hypothesis, four 

MANOVAs and one ANOVA were conducted.  First, a MANOVA was performed 

to examine the differences in EMG onset for each muscle relative to IC between 

the stretching intervention and control group.  Second, a MANOVA was 

performed to examine the differences in the amplitude of muscle activation 

(RMS) for each muscle during GC between the stretching intervention and 

control group.  Third, a MANOVA was performed to examine the differences in 

joint kinematics at IC between the stretching intervention and control group.  

Fourth, a MANOVA was performed to examine the differences in peak angle 
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kinematics during GC between the stretching intervention and control group.  

Finally, a 2 X 2 ANOVA was performed to examine the differences in Peak GRF 

between the stretching intervention and control group. 

 Overall, no significant differences between pre and post-intervention 

measures of neuromuscular control of the dominant lower extremity during 

landing were found as a result of the stretching intervention.  Additionally, the 

group MANOVA demonstrated no significant interaction between the stretching 

and control groups in the pre and post-intervention measures of flexibility, 

however, a significant time effect was found.  Therefore, follow-up analysis 

revealed that the experimental group demonstrated a significant increase in knee 

flexion PROM following the stretching intervention.  For this sample of 

recreational athletes, the stretching routine did not alter their ability of the 

neuromuscular system to control hip and knee motion during the landing task. 

 The second research hypothesis stated that a positive relationship would 

exist between the subject’s former education about stretching and his or her 

perception of its value.  No statistically significant relationship was identified for 

the first hypothesis, when a Pearson product-moment correlation was performed.  

In other words, no relationship was found between what this sample of 

recreational athletes had been taught regarding the value of pre-exercise 

stretching and their perception of its value. 

 The third research hypothesis stated that no relationship would exist 

between vertical drop jump measurement outcomes and the subject’s perception 
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of the influence of the warm-up intervention.  Using a Pearson product-moment 

correlation to examine the relationship between the perception of how the warm-

up intervention influenced measurement outcomes and the actual change in 

vertical drop jump height that took place following the given warm-up 

intervention, a significant positive correlation was found.  In other words, as 

subjects valued the influence of the warm-up intervention to a greater or lesser 

degree, vertical drop jump height likewise increased or decreased respectively.   

This finding demonstrates support for a relationship between perceptions and 

human motor performance. 

 The fourth research hypothesis stated that the stretching intervention 

group would perceive the influence of the warm-up intervention on performance 

outcomes to be more beneficial than the control group.  Using a 1 X 2 ANOVA 

calculation to examine the difference between groups in the perception of how 

the warm-up intervention influenced measurement outcomes, significantly higher 

scores were found for those in the stretching group.  This finding indicates that 

subjects receiving the stretching intervention perceived their complete warm-up 

intervention to be more valuable for performance outcomes than those in the 

control group.       

  The final research hypothesis stated that a written educational message 

would alter current perceptions of the value of pre-exercise stretching.  Using a 2 

X 2 ANOVA to examine the difference in the change of perception of the value of 

pre-exercise stretching between subjects receiving the positive educational 
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message and subjects receiving the negative educational message, a significant 

time by educational message interaction was found.  In other words, written 

educational messages altered subjects’ perceptions of the value of pre-exercise 

stretching.  Follow-up analysis revealed that the negative message group valued 

pre-exercise stretching less after the negative educational scenario while the 

positive message group valued pre-exercise stretching more after the positive 

educational scenario.  This finding illustrates that current written educational 

messages from credible sources can alter perceptions of the value of pre-

exercise stretching for this sample of recreational athletes.          

    

Conclusions and Discussion 

 Exploration of the first hypothesis revealed no significant change in 

measures of neuromuscular control during the first landing phase of a vertical 

drop jump test as a result of the stretching intervention.  More specifically, 

stretching had no influence on the onset and amplitude of muscle activity, joint 

kinematics at initial contact, peak angles during ground contact, or peak GRF 

during the vertical drop jump test.  These findings add to the growing body of 

literature demonstrating conflicting research regarding the influence of pre-

exercise stretching on various performance variables.  Many studies have found 

a decrease in vertical jump performance as a result of stretching (Cornwell et al., 

2002; Hennig & Podzielny, 1994; Young & Behm, 2003; Young & Elliot, 2001), 

while others have found stretching to have no influence on vertical jump 
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performance (Church et al., 2001; Knudson et al., 2001; Power et al., 2004; 

Unick et al., 2005).  The literature has a number of differing methods of 

implementing stretching routines adding to the conflicting findings.   

 The first hypothesis was not supported, and several reasons can be 

suggested to explain these findings.  One explanation as to why measures of 

neuromuscular control were not influenced in the current study may be the rapid 

recovery of motor neuron excitability.  Avela et al. (1999) examined the effect of 

prolonged and repeated stretching on reflex sensitivity and found a suppression 

of the H-reflex (an indication of motoneuron excitability) after stretching, which 

was almost completely recovered after four minutes.  Likewise, Guissard et al. 

(1988) discovered that the H-reflex recovered almost immediately following a 

brief static stretching episode.  The design of the current investigation allowed 

approximately twenty minutes of standing following the termination of stretching 

and flexibility measurements and just prior to the drop vertical jump test, which 

was necessary for participant preparation.  This time period could have allowed 

the return of motoneuron excitability, causing any changes in muscle activity that 

had occurred to return to a near normal pre-stretching status.   

 This explanation seems plausible based on the findings of Young and 

Behm (2003) who demonstrated decrements in vertical jump performance 

following 4 stretches, of similar intensity and duration to the current investigation, 

with only a two minute rest period required following the stretching routine.  

Differing findings between the Young and Behm (2003) investigation and the 
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current investigation could be explained in part by the decay effect of stretching.  

Similar suggestions were made by Unick et al. (2005) who found that an acute 

static stretching routine was suggested to be typical of athletes who had no affect 

on vertical jump performance in trained women.  Their investigation allowed four 

minutes of walking following the stretching routine and prior to vertical jump 

testing (Unick et al. 2005).   

 However, these findings were not anticipated based on findings from other 

investigations (Fowles & Sale, 1997; Fowles et al., 2000).  Fowles and Sale 

(1997) and Fowles et al. (2000) demonstrated declines in strength up to an hour 

after maximal stretching routines (passive stretches for a time period of 30 

minutes or greater).  It is believed that the stretching intensity and duration in the 

current investigation (although considered to be more typical of the recreational 

athlete) was not great enough to elicit deficits strong enough to overcome decay 

effects.  The type of stretching intensity and duration necessary to elicit deficits 

on the current measurements for prolonged periods of time is probably unrealistic 

for the recreational athletic population prior to exercising and is rarely performed.  

Of importance was the average reported intensity and duration of pre-exercise 

stretching typically utilized by current subjects.  The negative message group 

reported regularly stretching for an average duration of 12.2 seconds (SD = 7.6) 

and an average of 2 repetitions (SD = 1.0).  The positive message group 

reported regularly stretching for an average duration of 10.7 seconds (SD = 11.0) 

and an average of 1.5 repetitions (SD = 1.4).  This demonstrates that the 
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stretching intensity utilized for this investigation was greater than the intensity of 

pre-exercise stretching typically utilized by current subjects.              

 The current investigation utilized a stretching routine suggested to be 

more typical of athletic conditions (Young & Behm, 2003), and as a result may 

not have been enough to alter the viscoelastic properties of muscle, as 

suggested by Unick et al. (2005).   Knudson et al. (2001) found similar results 

when looking at the influence of static stretching on jumping kinematics.  These 

authors specifically looked at jumping kinematics that would demonstrate the 

state of stiffness in the leg musculature.  Following a ten minute bout of 

stretching (three 15 second repetitions for 3 sets of stretching exercises) no 

influence on jumping kinematics related to muscle stiffness was found (Knudson 

et al., 2001).  Current findings seem to support those of Knudson et al.; however, 

different kinematic variables were measured.  In the current investigation, a 

moderate stretching routine had no significant influence on joint kinematics at the 

knee and hip during IC or peak angle kinematics during GC of the first landing 

sequence.  Studies of the acute effects of stretching on muscle stiffness have 

been conflicting (Reid & McNair, 2004; Halbertsma & Goeken, 1994; Magnusson, 

Simonsen, Aagaard, Sorensen et al., 1996) and suffer from methodological 

inconsistencies (Latash & Zatsiorski, 1993).  This perhaps explains some of the 

inconsistencies in reported beliefs regarding the value of stretching for motor 

performance enhancement.   
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 As might be expected, with no alteration in EMG activity or joint kinematics 

found during landing of the drop vertical jump test, the peak GRF was not 

influenced by the stretching routine.  One final explanation for these overall 

findings relates to the relationship that was found between the perceptions of the 

effectiveness of a warm-up intervention and human performance outcomes.  As 

described above, when subjects believed the specific warm-up routine was 

valuable or not valuable for performance outcomes, those outcome measures 

improved or declined respectively.  It is possible that the heightened perception 

of the effectiveness of the warm-up intervention found in the stretching group 

negated some of the negative influence of stretching on vertical jump measures 

that has been demonstrated in other investigations (Cornwell et al., 2002; Hennig 

& Podzielny, 1994; Young & Behm, 2003; Young & Elliot, 2001).  As discussed 

above, perceptions play a strong role in human performance, and along with the 

decay effect of stretching and small effect of the stretching routine, these 

perceptions could have influenced the negligible findings.  Future research 

related to pre-exercise stretching should consider limiting time following the 

completion of the stretching routine, evaluating self-efficacy along with 

performance measures, and utilizing consistent protocols typical of the 

representative populations.         

 Another seemingly perplexing result in the current investigation was 

finding that the current stretching routine had no influence on flexibility measures 

according to the group MANOVA.  Follow-up analysis did, however, reveal a 
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significant change in knee flexion PROM as a result of the stretching routine, 

which is more consistent with previous findings (Church et al., 2001; Kokkonen et 

al., 1998; McNair & Stanley, 1996).  However, Power et al. (2004) found no 

change in hip extension or ankle plantar flexion range of motion (ROM) as a 

result of a stretching duration of greater intensity than the current investigation.  

Likewise, Magnusson et al. (2000) demonstrated that the viscoelastic properties 

of the hamstring muscle were not affected by three sets of 45 seconds of 

stretching.  Additionally, Zito et al. (1997) found there to be no significant change 

in the length of the muscle following two 15 second passive stretches of the 

ankle plantar flexors.   

 These conflicting findings most likely relate to the design of the current 

investigation.  In other investigations that have found significant increases in 

ROM following similar stretching routines (Church et al., 2001; Kokkonen et al., 

1998; McNair & Stanley, 1996), one form of flexibility measurement was utilized 

following the stretching routines (for example:  sit and reach test or ankle 

dorsiflexion ROM).  In the current investigation, four different measurements 

were utilized to quantify a change in ROM following stretching, and the 

measurements and stretches were conducted in a randomized order.  This 

testing arrangement could have allowed for significant time having elapsed from 

completion of a specific stretch to measurement of ROM that would quantify the 

effect of that stretch on ROM.  The influence of the stretch may have decayed by 

the time ROM was measured for the affected joint system.  Additionally, the 
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influence of one ROM measurement on another at the same joint system in the 

opposite direction is unclear.  For example, if knee flexion PROM was measured 

prior to the 90/90 test for hamstring flexibility, the extreme knee flexion ROM 

(shortening of the hamstrings) in the first measurement could have altered the 

influence of the hamstring stretching routine (elongation of the hamstrings).  

These two factors could have resulted in the non significant influence of the 

stretching routine on flexibility measurements.  

 Findings pertaining to the second hypothesis revealed the absence of a 

relationship between what subjects had been taught regarding the value of pre-

exercise stretching and how they actually valued pre-exercise stretching.  This 

result conflicts with earlier findings of Nyland et al. (2004) who utilized a similar 

survey and found that education from coaches most likely influenced the 

perceptions of adolescent male and female athletes.  Additionally, Chase (1998) 

discovered that peers and coaches became more important with age in helping 8 

to 14 year olds form their perceptions of self-efficacy during physical education 

and sports.  Finally, Harrison et al. (1995) found that a variety of teaching styles 

could influence perceptions of self-efficacy in male and female university 

students enrolled in an introductory volleyball class.         

 The conflicting findings pertaining to the second hypothesis most likely 

can be explained by a differing population as well as the proximity in time of the 

educational message.  In the Nyland et al. (2004) investigation the population 

involved younger athletes receiving educational messages from their current 
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coaches.  Likewise, the Chase (1998) investigation involved 8 to 14 year olds 

currently involved in physical education classes and sports, while subjects in the 

Harrison et al. (1995) investigation involved college age students currently 

enrolled in a volleyball class.  The subjects in these three studies were receiving 

some formal education in close timing with the investigation (Chase, 1998; 

Harrison et al., 1995; Nyland et al., 2004).   

 The current study included female and male university age (average age = 

22.5 yr., SD = 3.5) recreational athletes.  None of the subjects were currently 

involved in formal athletics which would require a coach.  Of interest to note, was 

that of the subjects who had received formal education regarding the value and 

practice of pre-exercise stretching, 83.3% had received education from former 

coaches.  This demographic information reveals that the majority of education 

regarding the value of pre-exercise stretching that the subjects had received was 

likely many years prior to the current investigation.  It is likely that personal 

experiences and vicarious experiences have been more influential on the current 

perceptions than past historical educational messages.  This would be consistent 

with findings that have demonstrated personal and vicarious experiences to be 

more influential on perceptions of self-efficacy (Feltz & Reissinger, 1990; 

Weinberg et al., 1979; Wise & Trunnell, 2001).                 

 Findings pertaining to the third and fourth hypothesis revealed that 

perceptions of the effectiveness of a warm-up intervention related to human 

performance outcomes.  A positive relationship was found between the 
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perception of the influence of the warm-up intervention on performance 

outcomes and the actual change in drop vertical jump height that occurred.  

Likewise, subjects in the current investigation who received the stretching 

intervention felt that the warm-up intervention was beneficial for performance 

outcomes more than the control group, who rested in the seated position for the 

same duration as the stretching routine.  It appears that when subjects believed 

the specific warm-up routine was valuable or not valuable for performance 

outcomes, those outcome measures improved or declined respectively.   

 These findings can most likely be explained through examination of the 

role of self-efficacy in human performance.  Self-efficacy has been shown to 

predict athletic performance across a variety of physical domains (Bandura & 

Locke, 2003).  Strengthened perceptions of self-efficacy have been shown to 

enhance performances in a variety of physical domains including bowling (Boyce 

& Bingham, 1997), diving (Feltz et al., 1979), gymnastics (McAuley, 1985), bench 

pressing (Wise & Trunnell, 2001), and muscle endurance (Feltz & Reissinger, 

1990; George et al., 1992; Gould & Weiss, 1981).  It can be hypothesized that 

when a subject valued the specific warm-up intervention as being important for 

the outcome measures, that perception had a positive influence on the subject’s 

confidence level for completing the motor task with some degree of success.  

This potential heightening of self-efficacy might have in turn positively influenced 

performance outcomes, which has been previously demonstrated (Bandura & 

Locke, 2003; Boyce & Bingham, 1997; Feltz et al., 1979; Feltz & Reissinger, 
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1990; George et al., 1992; Gould & Weiss, 1981; McAuley, 1985; Wise & 

Trunnell, 2001).  Consequently, these findings strengthen the notion that 

psychosocial interactions influence perceptions of the value of stretching. 

 Findings pertaining to the final hypothesis revealed that current written 

educational messages could alter subjects’ perceptions. More specifically, written 

educational messages, highlighting the value of pre-exercise static stretching for 

the prevention of injury and improvement of muscular performance, altered 

perceptions regarding the value of pre-exercise stretching.  For example, those 

who received written information highlighting the reported benefits of pre-

exercise stretching valued stretching more after receiving the message, while 

those who received written information highlighting the reported negative affects 

of pre-exercise stretching valued stretching less after receiving the message.  

These findings are not surprising in light of another investigation that has shown 

that respected figures of authority may influence perceptions of the value of 

stretching (Nyland et al. 2004).  Likewise, verbal persuasive messages have 

been shown to significantly impact perceptions of efficacy (Ewart et al., 1983; 

Taylor et al., 1985; Wise & Trunnell, 2001).  It appears that the current 

educational messages demonstrated enough credibility to alter perceptions of 

current subjects.   
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 Implications and Recommendations 

 A combination of EMG, kinematic, and peak GRF measures were chosen 

in the current investigation to gain a better understanding of the influence of 

stretching on biomechanical measures of neuromuscular control found to be 

related to ACL injuries.  It appears that a pre-exercise stretching routine more 

vigorous than typically performed by the current population had no influence on 

neuromuscular control during a high risk landing activity.  These findings seem to 

indicate that a decay effect of stretching occurs in a very short amount of time 

following stretching intensities similar to that utilized in this investigation.  

Likewise, stretching intensities necessary to induce longer lasting effects are 

most likely impractical and rarely utilized for college-age recreational athletes.  

Recreational athletes most likely utilize a pre-exercise stretching intensity of less 

vigor than the stretching routine utilized in the current investigation which likely 

has little influence on performance, neuromuscular control, or injury prevention.   

 There appears to be no detrimental effect of stretching on neuromuscular 

control utilizing the current research design which allowed for twenty minutes of 

standing; therefore, it is difficult to conclude what the influence would be if the 

jump landing had occurred immediately following the stretching routine.  Future 

research should attempt to minimize the time delay from stretching to 

measurements, although it doesn’t seem unreasonable that a significant period 

of time passes from most stretching routines to actual participation in exercise.  

These findings simply may indicate that for the college-age recreational athletes 
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tested in the current investigation, typical stretching routines are neither helpful 

nor harmful to their vertical jump measures or biomechanical measures related to 

risk of ACL injury.  

 Additionally, this study was conducted with the intent of gaining an 

understanding of the relationship and influence of historical and current 

educational messages respectively on current perceptions of the value of pre-

exercise stretching.  Likewise, the investigation strove to explore the relationship 

between perceptions and human performance measures.  The lack of 

relationship between historical educational messages regarding the value of pre-

exercise stretching suggests that the influence of verbal persuasive messages 

from respected authority figures may dissipate over time.  In fact, vicarious 

experiences and personal mastery experiences may be the stronger influence on 

perceptions when verbal persuasive messages are far removed.  Educators 

should not assume that what has been taught regarding appropriate warm-up 

practices is what is being practiced or believed to be true.  It seems imperative to 

develop standard recommendations based on consistent research practices to 

provide college-age recreational athletes with appropriate education in published 

literature regarding the value and practice of pre-exercise stretching.   

 The positive relationship found between perceptions and human 

performance in the current investigation illustrates the need to consider 

individual’s beliefs regarding warm-up practices.  As demonstrated in the current 

investigation, educational messages can alter perceptions, which may in turn 
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influence performance outcomes.  In part, some of the conflicting findings 

regarding the influence of stretching and human performance may be explained 

by the influence of perceptions about stretching.  These findings also 

demonstrate that if information regarding the value of pre-exercise stretching is 

provided to an individual by a credible source, then the individual’s perceptions 

may be altered.  This alteration in perception may in turn relate to, or influence, 

motor performance following a warm-up routine involving stretching.  Future 

investigations exploring the influence of pre-exercise warm-up routines (including 

stretching) on measures of self-efficacy could continue to provide insight into the 

psychosocial influences of performance. 

 It appears that college age recreational athletes similar to those 

participating in this investigation continue to engage in pre-exercise stretching as 

a result of perceiving it to be valuable to some degree.  The source of this 

perception is unclear, but possibly from personal experiences (habit) and 

observing others (modeling).  Perhaps future education about appropriate pre-

exercise warm-up should de-emphasize stretching, based on controversial 

evidence regarding its value, and instead should emphasize more definitively 

appropriate warm-up practices.  Consistent education such as this could foster 

appropriate perceptions of the value of stretching, leading to warm-up practices 

more supported by research findings.   
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Limitations of the Study 

 The ability to generalize information from this investigation is limited to all 

factors identified in Chapter I as well as those discovered while reporting 

findings.  Those limitations previously identified include the fact that the entire 

sample was comprised of volunteers from a convenience sample and, therefore, 

responses may not be representative of non-participant recreational athletes, the 

survey data was collected from a self-reporting volunteer sample and may not 

represent views of non-participants, and instrumentation may have restricted 

movement techniques during the vertical drop jump test.  Additional limitations 

identified in the current investigation include:           

1. Twenty minutes of standing following the termination of the stretching routine, 

and before the second round of vertical drop jump testing, was necessary for 

application of measurement instruments and may have allowed the decay of 

the effect of the stretching intervention.   

2. As a result of EMG instrumentation problems, several data points were lost 

which could have affected the reported statistical outcomes by reducing 

statistical power.   

3. No measurement of self-efficacy for the drop vertical jump task was 

performed; therefore, it can be suggested that the subjects’ perceptions 

influenced self-efficacy, which in turn influenced performance outcomes. 

4. Evaluation of the influence of the written educational messages occurred 

following all motor performance measures.  It would have been helpful to 
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introduce the written educational messages and evaluation of perceptions 

prior to vertical drop jump measures to see if the change in perception of the 

value of pre-exercise stretching would have influenced actual vertical drop 

jump measures.   

 

Suggestions for Future Research 

 Although no significant changes occurred to biomechanical measurements 

as a result of the current investigation, several suggestions for future research 

were identified.  First, future research related to pre-exercise stretching should 

consider limiting the time following the completion of the stretching routine to 

measurement of biomechanical variables.  Second, utilizing consistent protocols 

typical of the representative populations is critical.  Third, looking at the 

relationships between general levels of flexibility and biomechanical measures of 

neuromuscular control could provide information about optimal levels of flexibility.  

Finally, looking at gender differences in flexibility and those relationships with 

biomechanical measures of neuromuscular control could be insightful.     

 Although relationships between perceptions and performance outcomes 

were identified, no direct measurement establishing the influence of those 

perceptions were undertaken.  It could only be hypothesized that perceptions of 

self-efficacy were the cause of the relationships found.  Additionally, the longevity 

of the influence of verbal messages on perceptions was not identified.  Finally, 
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the influence of the alteration of perceptions as a result of educational messages 

on performance measures was not evaluated.   

 Based on these factors, the following suggestions for future research 

using a similar survey instrument were identified.  First, future research should 

include evaluation of the influence of various warm-up routines (including 

stretching) on perceptions of self-efficacy specific to various motor tasks.  

Second, survey instruments should include questions about the timing of 

historical educational messages.  Third, the evaluation of the relationship 

between historical educational messages regarding the value of pre-exercise 

stretching and current perceptions of its value on differing populations could be 

insightful.  Fourth, evaluating perceptions of the credibility of the individuals 

providing educational messages may be beneficial.  Finally, similar research 

should consider introducing the educational scenario prior to vertical drop jump 

measurements to see if the immediate alteration in perceptions influenced 

performance outcomes.   

  

Conclusion 

 In conclusion, findings from this investigation seem to demonstrate that if 

a small amount of time elapses from a similar stretching routine to performance 

of an exercise bout then the neuromuscular effects of the static stretch may be 

nullified.  Practically, it appears that other forms of warm-up less controversial 

may prove more beneficial for typical recreational athletes.  Additionally, based 
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on survey outcomes, one may surmise that current educational messages about 

the value of pre-exercise stretching from respected sources may alter stretching 

perceptions of college age recreational athletes, yet historical educational 

messages too far removed may have a decaying influence on current 

perceptions.  In addition, these outcomes suggest that perceptions of the value of 

a warm-up intervention can relate directly to performance outcomes, suggested 

to be through its influence on self-efficacy.  This psychosocial interaction may 

explain why many recreational athletes continue to value pre-exercise stretching 

regardless of conflicting evidence.  Finally, the results of the biomechanical 

measures combined with survey measures suggest to educators and 

researchers that strong consideration must be given to the psychosocial 

interactions between perceptions and performance outcomes.  
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Table B.1:  Physical Activity Level Scale (Wojtys et al. 1996). 

 

Level Activity 

10 Participate in formal competitive jumping, pivoting, and twisting 

sports (elite athlete) 

8 Participate in recreational vertical jumping, pivoting, and twisting 

sports (recreational athlete) 

6 Participate in jogging, biking, or swimming; and occasional 

pivoting sports (recreational athlete) 

4 Participate in no jumping, pivoting, or twisting sports; and 

participate in swimming, biking, or jogging regularly 

2 Participate in no jumping, pivoting, or twisting sports; and 

occasionally participate in jogging, swimming, or biking 

0 Are inactive and sedentary 
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SOLICITATION QUESTIONNAIRE 
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SOLICITATION QUESTIONNAIRE 

 

1. Are you between the ages of 18-35 years? Yes / No  

2. According to the Physical Activity Level Scale (Wojtys et al. 1996), what level 

of physical activity do you participate in? 

3. Have you been diagnosed by a physician with any pathology of the lower 

extremities that restrict movement at any of these body parts? Yes / No  

4. Have you been diagnosed by a physician with any Neurological Abnormality or 

Impairment? Yes / No  

5. Do you have a history of previous surgery of the lower extremities? Yes / No  

6. Do you currently have pain in the lower extremities? Yes / No  

7. Do you currently have any medical condition that would keep you from 

performing a maximum vertical jump test? Yes / No  

8. Are you able to maximally jump up and down without pain? Yes / No  

If the subject meets the inclusion/exclusion criteria:  

9. Would you like to make an appointment for inclusion in the research study? 

Yes / No 
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APPENDIX D 

EXPERIMENTAL PROCEDURES FLOWCHART 
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Randomization of Stretch-Intervention and Control Group 
                                                                 
 
 
 
 
 
                                                                                                                                                                                                                                                     
 
 
 
 
 
 
 
 
 
 
 

 

Experimental Group: 
Subject Pool 

n = 22 

Control Group: 
Subject Pool 

n = 22 

1st Flexibility Measurements: 
  

Stretch Intervention:  16 min 

  

2nd Flexibility Measurements: 

1st Flexibility Measurements: 
  

Rest Period: 16 min 

  

2nd Flexibility Measurements: 

Post-intervention Vertical Drop 
Jump Test: 

Quantitative Measures: 
EMG, Kinematics, GRF 

Post-intervention Vertical Drop 
Jump Test: 

Quantitative Measures: 
EMG, Kinematics, GRF 

Positive Stretching Message 
Group: 

Subject Pool 
n = 22 

 

Negative Stretching Message 
Group: 

Subject Pool 
n = 22 

 

1st Survey Administration: 
Historical Perceptions, Current 

Perceptions, Influence of Warm-up 

 

1st Survey Administration: 
Historical Perceptions, Current 

Perceptions, Influence of Warm-up 

Positive Educational Message 
 

Negative Educational 
Message 

2nd Survey Administration: 
Current Perceptions 

 

2nd Survey Administration: 
Current Perceptions 

Warm-up: 5 min 

  

Pre-intervention Vertical Drop 
Jump Test: 

Quantitative Measures: 
EMG, Kinematics, GRF 

Warm-up: 5 min 

  

Pre-intervention Vertical Drop 
Jump Test: 

Quantitative Measures: 
EMG, Kinematics, GRF 
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APPENDIX E 

PICTURES OF FLEXIBILITY MEASUREMENTS 
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Figure E.1 Wall Sit and Reach Test. 
(Picture provides spatial reference, but is not actual testing procedure) 
 

 
 
Figure E.2 90/90 Test for Hamstring Flexibility. 
(Picture provides spatial reference, but is not actual testing procedure) 
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Figure E.3 Knee Flexion PROM. 
(Picture provides spatial reference, but is not actual testing procedure) 
 

 
 
Figure E.4 Ankle Dorsiflexion ROM. 
(Picture provides spatial reference, but is not actual testing procedure) 
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APPENDIX F 

PICTURES OF STRETCHES 
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Figure F.1 Standing Straight Knee. 
(Picture provides spatial reference, but is not actual testing procedure) 
 
 

 
 
Figure F.2 Supine Hip Flexion. 
(Picture provides spatial reference, but is not actual testing procedure) 
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Figure F.3 Prone Buttocks Kick. 
(Picture provides spatial reference, but is not actual testing procedure) 
 
 

 
 
Figure F.4 Unilateral Knee to Chest. 
(Picture provides spatial reference, but is not actual testing procedure) 
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APPENDIX G 

SURVEY OF STRETCHING PERCEPTIONS  

AND EDUCATIONAL SCENARIOS 
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SURVEY OF STRETCHING PERCEPTIONS 

 

Section 1: Historical Educational Messages about Pre-exercise Stretching  

 
Part 1A Instructions:  Answer the question by circling the correct response. 

      1.A.1. Have you ever received any instruction about pre-exercise muscular  
      stretching?   

Yes   No  

If you answered yes to the above question please complete the remaining 
questions on pages 1-6 of this survey.  If you answered no to the above question 
please skip to section 2 on page 3 and complete the survey from that point.  
 
      1.A.2. Please identify the influential individual/s who provided you with the  
      instruction about pre-exercise stretching.  
 

Former coach Health care provider Educator Other 

If you circled other, please explain.  ____________________________________ 
________________________________________________________________ 
 
 
Part 1B Instructions:  For each question, place a vertical mark on the line 
between the two descriptions which best indicates your response relative to the 
two extremes.   

Example: UI   _______________________________________   VI 
                     Un-important (UI)                                                    Very Important (VI) 

 
1.B.1. Indicate the importance placed on pre-exercise static stretching for the 
prevention of injury by your former coaches, healthcare providers, 
educators, and/or other influential individuals.   

UI   _______________________________________   VI 
Un-important (UI)     Very Important (VI) 

1.B.2. Indicate the importance placed on pre-exercise static stretching for the 
improvement of athletic performance by your former coaches, healthcare 
providers, educators, and/or other influential individuals.   

UI   _______________________________________   VI 
Un-important (UI)     Very Important (VI) 
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1.B.3. Indicate the importance placed on static stretching during the pre-
exercise “warm-up” by your former coaches, healthcare providers, 
educators, and/or other influential individuals.   

UI   _______________________________________   VI 
Un-important (UI)     Very Important (VI) 

 1.B.4. Indicate how often you were instructed to engage in static stretching  
     during your pre-exercise warm-up routine by your former coaches, healthcare  
     providers, educators, and/or other influential individuals.  

 
N   _______________________________________   A 

   Never (N)       Always (A) 

 
 
Part 1C Instructions:  For the following statement, fill in the blank with the 
number that best describes what former coaches, healthcare providers, 
educators, and/or other influential individuals have taught you regarding the 
appropriate practice of pre-exercise stretching. 
 
     1.C.1. You should hold the stretch for ______ seconds and perform the  
     stretch for ______ repetitions. 
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Section 2: Perception of the Value and Practice of Pre-Exercise Stretching 
 
Part 2A Instructions:  For each question, place a vertical mark on the line 
between the two descriptions which best indicates your response relative to the 
two extremes.   
   

2.A.1. Indicate how important you think pre-exercise stretching is for the 
prevention of injury.   

UI   _______________________________________   VI 
Un-important (UI)     Very Important (VI) 

 
2.A.2. Indicate how important you think pre-exercise stretching is for the 
improvement of athletic performance.   

UI   _______________________________________   VI 
Un-important (UI)     Very Important (VI) 

 
2.A.3. Indicate how important you think stretching is during the pre-exercise 
warm-up.   

UI   _______________________________________   VI 
Un-important (UI)     Very Important (VI) 

 
     2.A.4. Indicate how often you engage in stretching during your pre-exercise  
     warm-up routine. 

      N   _______________________________________   A 
   Never (N)       Always (A) 

   
 
Part 2B Directions:  For the following statement, fill in the blank with the number 
that best describes your current practice of pre-exercise stretching.  If you do not 
engage in pre-exercise stretching place a zero in both blanks.   
 
     2.B.1. I hold the stretch for ______ seconds and perform the stretch for  
     ______ repetitions. 
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Section 3: Perception of the Influence of the Warm-Up Intervention on 
Current Measurement Outcomes 
 
Part 3A Instructions:  Answer the question by circling the correct response. 
 
     3.A.1. Did you engage in a stretching routine prior to performing this vertical  
     drop jump task?   

Yes   No 
 
Please complete the remainder of this survey whether you answer yes or no to 
the above question. 
 
 
Part 3B Instructions:  For each question, place a vertical mark on the line 
between the two descriptions which best indicates your response relative to the 
two extremes.    

• “Negative Influence,” means that the warm-up intervention caused a 
dramatic decrease in your vertical jump height, a complete loss of hip 
control, or a complete loss of knee control respectively.     

• “Positive Influence,” means that the warm-up intervention caused a 
dramatic increase in your vertical jump height, a complete gain of hip 
control, or a complete gain of knee control respectively. 

 
3.B.1. Indicate how you feel the warm-up intervention influenced your vertical 
drop jump performance.    

NI   _______________________________________   PI 
Negative Influence (NI)            Positive Influence (PI) 

 
3.B.2. Indicate how you feel the warm-up intervention influenced control of 
your hip stability during the landing phase of the vertical drop jump task. 

NI   _______________________________________   PI 
Negative Influence (NI)            Positive Influence (PI) 

 
     3.B.3. Indicate how you feel the warm-up intervention influenced control of  
     your knee stability during the landing phase of the vertical drop jump task. 

NI   _______________________________________   PI 
Negative Influence (NI)            Positive Influence (PI) 
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Section 4: Perception of the Value and Practice of Pre-Exercise Stretching 
after Reading an Educational Scenario: 
 
Part 4A Educational Scenario:  Read the educational information regarding 
pre-exercise stretching, and follow the instructions for part 4A to complete this 
survey. 
 
Part 4A Instructions:  After considering the information provided in the 
educational scenario and for each question, place a vertical mark on the line 
between the two descriptions which best indicates your current opinion relative 
to the two extremes.   
   

4.A.1. Indicate how important you think pre-exercise stretching is for the 
prevention of injury.   

UI   _______________________________________   VI 
Un-important (UI)     Very Important (VI) 

 
4.A.2. Indicate how important you think pre-exercise stretching is for the 
improvement of athletic performance.   

UI   _______________________________________   VI 
Un-important (UI)     Very Important (VI) 

 
4.A.3. Indicate how important you think stretching is during the pre-exercise 
warm-up.   

UI   _______________________________________   VI 
Un-important (UI)     Very Important (VI) 

 
4.A.4. Indicate how often you intend to engage in stretching during your pre-
exercise warm-up routine.  

N   _______________________________________   A 
Never (N)         Always (A) 
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EDUCATIONAL SCENARIOS 

 

Negative Scenario about Stretching  

Muscle stretching before exercise has been questioned by different 

sources. Stretching may change the neurological1 and mechanical2 properties of 

the muscle.  Stretching before exercise may decrease rapid movement 

performance3,4,5,6.  It has been suggested that stretching before exercise could 

increase the ease of the muscle to lengthen during movement. These changes 

could reduce muscle performance and movement control.  This change in control 

could increase the risk of injury7.  Some researchers suggest that increased 

muscle flexibility is a risk factor for muscle strains. This increased risk of injury 

may be due to a decrease in the muscle’s ability to absorb energy.  This 

information implies that if you stretch before participating in activities, such as 

jumping and cutting, that require large amounts of control of joint motion, you 

may have decreased performance and increased injury risk. 

 
REFERENCES 

1. Cramer JT, Housh TJ, Johnson GO, Miller JM, Coburn JW, Beck TW. Acute effects 
of static stretching on peak torque in women. J Strength Cond Res. 2004;18:236-
241. 

2. Avela J, Finni T, Liikavainio T, Niemela E, Komi PV. Neural and mechanical 
responses of the triceps surae muscle group after 1 hour of repeated fast passive 
stretches. J Appl Physiol. 2004;96:2325-2332.  

3. Cornwell A, Nelson AG, Sidaway B. Acute effects of stretching on the 
neuromechanical properties of the triceps surae muscle complex. Eur J Appl Physiol. 
2002;86:428-434.  

4. Hennig EM, Podzielny S. The effects of stretch and warming-up exercises on the 
vertical jump performance (German). Deutsche Zeitschrift fur Sportmed. 
1994;45:253-260. 

5. Young WB, Behm DG. Effects of running, static stretching, and practice jumps on 
explosive force production and jumping performance. J Sports Med Phys Fit. 
2003;43:21-27.  

6. Young W, Elliot S. Acute effects of static stretching, proprioceptive neuromuscular 
facilitation stretching, and maximum voluntary contractions on explosive force 
production and jumping performance. Res Q Exerc Sport. 2001;72:273-279. 

7. Shrier I. Stretching before exercise does not reduce the risk of local muscle injury: A 
critical review of the clinical and basic science literature. Clin J Sport Med. 
1999;9:221-227.    
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Positive Scenario about Stretching  

Muscle stretching before exercise has been recommended by different 

sources. These sources include educators, healthcare providers, coaches, and 

trainers. These individuals have said that stretching prevents muscle injury1,2 and 

improves movement performance3,4.  Some researchers suggest that decreased 

muscle flexibility is a risk factor for muscle strains.  This has led authors to 

conclude that stretching may reduce the risk of injury5,6.  It has been suggested 

that stretching before exercise could increase the ease of the muscle to lengthen 

during movement7. This suggestion implies that a muscle could then lengthen 

further before being damaged.  A more recent article suggests that having 

muscles and tendons that lengthen with less stress could reduce injury in sports 

that involve jumping and bouncing8.  This information implies that if you stretch 

before participating in activities, you may have improved performance and 

decreased injury risk.    
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Table H.1 Survey Data Section 1 Questions (Negative Message Group). 
 

S# 1.A.2 1.B.1 % 1.B.2 % 1.B.3 % 1.B.4 % 
Sum. 

1B% 
1.C.1 

            

6 ed. 7.5 81.5 5 54.3 4.8 52.2 7.2 78.3 266.3 13,  3 

8 ed. 5.4 58.7 5 54.3 7.4 80.4 9.2 100.0 293.5 30, 3 

9 c 4.7 51.1 4.3 46.7 4.1 44.6 5.5 59.8 202.2 30, 2 

14 c 4.9 53.3 2.7 29.3 2.7 29.3 6.7 72.8 184.8 10, 1 

18 c 7.9 85.9 6.6 71.7 6.7 72.8 9.1 98.9 329.3 8, 2 

19 c, h 5.6 60.9 5.1 55.4 7 76.1 5.5 59.8 252.2 10, 3 

21 c 7.2 78.3 6.2 67.4 6.3 68.5 6.9 75.0 289.1 30, 3 

23 c 7.6 82.6 7.7 83.7 7.8 84.8 8.8 95.7 346.7 3, 3 

24 c,h,e 6.1 66.3 7.7 83.7 6.7 72.8 6.4 69.6 292.4 12, 2 

25 c, ed. 8 87.0 8.1 88.0 8.1 88.0 8.7 94.6 357.6 30, 2 

27 c 7.5 81.5 7.5 81.5 7.3 79.3 6.1 66.3 308.7 30, 3 

28 ed. 5.7 62.0 5.9 64.1 6 65.2 8.2 89.1 280.4 30, 3 

29            

30 c 8.9 96.7 6.6 71.7 8.3 90.2 9 97.8 356.5 17, 2 

33 c 7.8 84.8 7.7 83.7 7.8 84.8 7.6 82.6 335.9 12, 1 

35 ed. 8.9 96.7 6.5 70.7 5.1 55.4 8.7 94.6 317.4 15, 2 

36 c 4.5 48.9 3.4 37.0 3.9 42.4 5.2 56.5 184.8 10, 3 

38 ed. 4.5 48.9 3.8 41.3 3.8 41.3 4 43.5 175.0 30, 2 

39 c 6.5 70.7 2.5 27.2 5.9 64.1 8.4 91.3 253.3 5, 10 

40 c 7.5 81.5 7.8 84.8 6.7 72.8 9 97.8 337.0 15, 2 

41 c, ed. 8.4 91.3 8.5 92.4 8.5 92.4 8.8 95.7 371.7 15, 2 

43 c, ed. 7.3 79.3 7.8 84.8 6.7 72.8 8.9 96.7 333.7 15, 4 
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Table H.2 Survey Data Section 1 Questions (Positive Message Group). 
 

S# 1.A.2 1.B.1 % 1.B.2 % 1.B.3 % 1.B.4 % 
Sum.

1B% 
1.C.1 

            

1 c 7.6 82.6 5.8 63.0 8.1 88.0 6.7 72.8 306.5 30, 10 

2 c 6.3 68.5 7.4 80.4 8.5 92.4 4 43.5 284.8 6, 1 

3 c,h 4 43.5 3.7 40.2 4.9 53.3 6.3 68.5 205.4 15, 1 

4 c,e 6.7 72.8 6.8 73.9 6.6 71.7 9.2 100.0 318.5 30, 3-4 

5 c 7.6 82.6 7.6 82.6 7.8 84.8 9.2 100.0 350.0 10, 2 

7 ed. 0.2 2.2 0.3 3.3 0.5 5.4 0.7 7.6 18.5 10, 3 

10 c,e 7.8 84.8 6.4 69.6 6.9 75.0 7.1 77.2 306.5 15-20,3 

11 che 6.7 72.8 6.5 70.7 5.9 64.1 4.6 50.0 257.6 10-30,4 

12 c,e 8.7 94.6 4.2 45.7 2.8 30.4 2.4 26.1 196.7 8-10, 1 

13 c,e 2.4 26.1 0.6 6.5 4.2 45.7 3.2 34.8 113.0 30, 1 

15 e 5.2 56.5 2.2 23.9 4.5 48.9 4.2 45.7 175.0 15, 1-2 

16 c 7.5 81.5 2.7 29.3 5.8 63.0 7.4 80.4 254.3 15, 2 

17 c 7.1 77.2 5.7 62.0 7.5 81.5 8.4 91.3 312.0 15, 3 

20 c 7.3 79.3 8 87.0 7.9 85.9 7.6 82.6 334.8 10, 3 

22 c 6.6 71.7 7 76.1 7.6 82.6 7 76.1 306.5 10, 1 

26 c 7.9 85.9 4.5 48.9 8.1 88.0 8.5 92.4 315.2 30, 3 

31            

32 c 8.4 91.3 6.2 67.4 6.4 69.6 9.1 98.9 327.2 10, 2 

34 c 3.1 33.7 3.2 34.8 6.6 71.7 9.2 100.0 240.2 10, 3 

37 c,e 8 87.0 4.4 47.8 7.2 78.3 6.4 69.6 282.6 30, 1-2 

42 c 8.8 95.7 9 97.8 9 97.8 9.2 100.0 391.3 60, 3 

44 c 7.4 80.4 2.9 31.5 7.4 80.4 8.8 95.7 288.0 10, 1 
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Table H.3 Survey Data Section 2 Questions (Negative Message Group). 
 

S# 2.A.1 % 2.A.2 % 2.A.3 % 2.A.4 % 
Sum. 

2A% 
2.B.1 

           

6 8.7 94.6 8.2 89.1 8.3 90.2 4.5 48.9 322.8 10, 2 

8 9.2 100.0 6.7 72.8 8.6 93.5 9.2 100.0 366.3 15, 1 

9 7.9 85.9 7.6 82.6 8 87.0 5.5 59.8 315.2 10, 2 

14 6.4 69.6 8 87.0 8 87.0 7.9 85.9 329.3 10, 2 

18 8 87.0 7.9 85.9 7.8 84.8 9 97.8 355.4 8, 2 

19 2.4 26.1 5.1 55.4 8 87.0 7 76.1 244.6 20-30, 2-3 

21 6.6 71.7 9.1 98.9 5.7 62.0 6 65.2 297.8 30, 3 

23 8.8 95.7 8.8 95.7 8.8 95.7 9 97.8 384.8 3, 3 

24 7.4 80.4 7.7 83.7 7.3 79.3 7.7 83.7 327.2 12, 2 

25 6.6 71.7 6.8 73.9 7.3 79.3 7.6 82.6 307.6 10, 2 

27 7.6 82.6 7.5 81.5 7 76.1 2.9 31.5 271.7 10, 2 

28 7.3 79.3 7.2 78.3 6.8 73.9 7.2 78.3 309.8 10, 1 

29 7.2 78.3 7.5 81.5 7.6 82.6 7 76.1 318.5 8, 2 

30 9 97.8 8.6 93.5 8.6 93.5 9.1 98.9 383.7 15, 2 

33 7.8 84.8 7.7 83.7 7.8 84.8 7.8 84.8 338.0 10-15, 1 

35 7.9 85.9 5.2 56.5 5.3 57.6 1.2 13.0 213.0 0, 0 

36 4.5 48.9 4.4 47.8 5 54.3 5.5 59.8 210.9 10, 2 

38 5.8 63.0 5.8 63.0 5.9 64.1 4.8 52.2 242.4 30, 2 

39 6.2 67.4 6.2 67.4 6.1 66.3 4.8 52.2 253.3 3-5, 5 

40 7.8 84.8 7.8 84.8 7.9 85.9 8.5 92.4 347.8 15, 2 

41 7.3 79.3 8.2 89.1 7.8 84.8 6.7 72.8 326.1 10, 1 

43 8 87.0 7.8 84.8 7.8 84.8 5.6 60.9 317.4 10, 3 
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Table H.4 Survey Data Section 2 Questions (Positive Message Group). 
 

S# 2.A.1 % 2.A.2 % 2.A.3 % 2.A.4 % 
Sum. 

2A% 
2.B.1 

           

1 5.5 59.8 6.5 70.7 5 54.3 2.8 30.4 215.2 15, 5 

2 7.5 81.5 7.1 77.2 9.1 98.9 5.1 55.4 313.0 6, 2 

3 0.9 9.8 0.7 7.6 0.6 6.5 0.3 3.3 27.2 0, 0 

4 7.9 85.9 7.4 80.4 7.8 84.8 0.6 6.5 257.6 30, 3 

5 8 87.0 8.1 88.0 8 87.0 6 65.2 327.2 10, 2 

7 7.1 77.2 7.6 82.6 7.6 82.6 4.3 46.7 289.1 0, 0 

10 7.6 82.6 6.9 75.0 7 76.1 6.2 67.4 301.1 15, 2-3 

11 5.1 55.4 4.5 48.9 4.2 45.7 3.8 41.3 191.3 15, 3 

12 9.2 100.0 8 87.0 9.2 100.0 8.3 90.2 377.2 8-10, 1 

13 1.4 15.2 2.5 27.2 6 65.2 6.1 66.3 173.9 30, 2 

15 6.6 71.7 5.6 60.9 5.8 63.0 8.3 90.2 285.9 10, 2 

16 2.3 25.0 2.6 28.3 1.6 17.4 1.2 13.0 83.7 0, 0 

17 6.8 73.9 5.9 64.1 7 76.1 8.5 92.4 306.5 15, 3 

20 6.6 71.7 6.9 75.0 7.1 77.2 7.2 78.3 302.2 10, 3 

22 5.5 59.8 3.7 40.2 3.9 42.4 1.3 14.1 156.5 0, 0 

26 4.4 47.8 1.1 12.0 1.1 12.0 4.2 45.7 117.4 0, 0 

31 6.4 69.6 8.6 93.5 7 76.1 1.9 20.7 259.8 0, 0 

32 8.4 91.3 6.8 73.9 6.7 72.8 9 97.8 335.9 10, 1 

34 0.1 1.1 3.5 38.0 3.4 37.0 0 0.0 76.1 0, 0 

37 7.8 84.8 6.5 70.7 8 87.0 6.3 68.5 310.9 30, 2-3 

42 2.9 31.5 3 32.6 3.7 40.2 3.2 34.8 139.1 30, 2 

44 6.7 72.8 2.1 22.8 4.9 53.3 3.2 34.8 183.7 0, 0 
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Table H.5 Survey Data Section 3 Questions (Negative Message Group). 
 

Subject  # 3.A.1 3.B.1 % 3.B.2 % 3.B.3 % 
Sum. 

3B% 

         

6 n 8.6 93.5 8 87.0 6.8 73.9 254.3 

8 y 6.3 68.5 6.2 67.4 6.1 66.3 202.2 

9 y 7.4 80.4 7.6 82.6 7.8 84.8 247.8 

14 y 6.8 73.9 6.8 73.9 6.9 75.0 222.8 

18 y 7.7 83.7 7.4 80.4 7.6 82.6 246.7 

19 y 5.4 58.7 6.3 68.5 6.6 71.7 198.9 

21 y 6.1 66.3 5.7 62.0 5.6 60.9 189.1 

23 n 8.1 88.0 8.1 88.0 8.1 88.0 264.1 

24 y 7.3 79.3 8.1 88.0 8.4 91.3 258.7 

25 n 6.5 70.7 6.7 72.8 6.8 73.9 217.4 

27 y 6.6 71.7 6.5 70.7 6.6 71.7 214.1 

28 n 0.5 5.4 0.2 2.2 0.2 2.2 9.8 

29 n 4.8 52.2 4.8 52.2 4.8 52.2 156.5 

30 y 7 76.1 6.8 73.9 6.9 75.0 225.0 

33 y 7.8 84.8 7.8 84.8 7.6 82.6 252.2 

35 n 5.5 59.8 6.4 69.6 6.6 71.7 201.1 

36 n 3.4 37.0 3.2 34.8 3.3 35.9 107.6 

38 n 4.7 51.1 4.7 51.1 4.7 51.1 153.3 

39 n 6.7 72.8 6.4 69.6 6.1 66.3 208.7 

40 y 5.7 62.0 5.7 62.0 6.1 66.3 190.2 

41 y 6.5 70.7 6.8 73.9 6.5 70.7 215.2 

43 y 8 87.0 8 87.0 8.8 95.7 269.6 

 
 
 
 
 
 
 
 
 
 



                                                                                                                                                                                                          

269 

Table H.6 Survey Data Section 3 Questions (Positive Message Group). 
 

Subject  # 3.A.1 3.B.1 % 3.B.2 % 3.B.3 % 
Sum. 

3B% 

         

1 n 4.8 52.2 5.3 57.6 5.4 58.7 168.5 

2 n 8.3 90.2 4.8 52.2 4.4 47.8 190.2 

3 n 5.3 57.6 5.5 59.8 5.5 59.8 177.2 

4 y 6.5 70.7 6 65.2 6.2 67.4 203.3 

5 n 4.7 51.1 5.7 62.0 5.5 59.8 172.8 

7 y 6.1 66.3 6.6 71.7 6.7 72.8 210.9 

10 n 6.6 71.7 5.5 59.8 6.6 71.7 203.3 

11 y 6 65.2 6 65.2 6.2 67.4 197.8 

12 y 8.3 90.2 4.3 46.7 3.7 40.2 177.2 

13 n 4.4 47.8 6.9 75.0 6.8 73.9 196.7 

15 y 4.7 51.1 4.4 47.8 4.4 47.8 146.7 

16 y 5.9 64.1 3.7 40.2 5.4 58.7 163.0 

17 n 1.4 15.2 2.9 31.5 2.9 31.5 78.3 

20 y 7.5 81.5 7.5 81.5 7.2 78.3 241.3 

22 n 5.8 63.0 5.9 64.1 5 54.3 181.5 

26 n 4.1 44.6 4.3 46.7 4.4 47.8 139.1 

31 n 7.3 79.3 7.2 78.3 6.6 71.7 229.3 

32 n 7.4 80.4 5.5 59.8 5.2 56.5 196.7 

34 y 4.5 48.9 4.7 51.1 4.7 51.1 151.1 

37 y 5.3 57.6 5.8 63.0 4.6 50.0 170.7 

42 n 3.8 41.3 4.2 45.7 3.8 41.3 128.3 

44 n 6.5 70.7 4.8 52.2 4.8 52.2 175.0 
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Table H.7 Survey Data Section 4 Questions (Negative Message Group). 
 

Subject  # 4.A.1 % 4.A.2 % 4.A.3 % 4.A.4 % Sum. 4A% 

          

6 8.9 96.7 8.3 90.2 5 54.3 8 87.0 328.3 

8 8.5 92.4 5.9 64.1 7.6 82.6 9.2 100.0 339.1 

9 8.5 92.4 8.4 91.3 8.5 92.4 8.4 91.3 367.4 

14 2.4 26.1 1.9 20.7 2 21.7 4.8 52.2 120.7 

18 7.8 84.8 7.8 84.8 7.7 83.7 9 97.8 351.1 

19 4.6 50.0 5.4 58.7 7.3 79.3 5.8 63.0 251.1 

21 6.5 70.7 8.9 96.7 6.9 75.0 7 76.1 318.5 

23 5.9 64.1 5.9 64.1 5.8 63.0 5.9 64.1 255.4 

24 8.3 90.2 8.7 94.6 8.6 93.5 6.5 70.7 348.9 

25 7 76.1 7.1 77.2 7.2 78.3 4.6 50.0 281.5 

27 4.4 47.8 5.4 58.7 5.5 59.8 6.1 66.3 232.6 

28 4.1 44.6 3.4 37.0 3.2 34.8 5.2 56.5 172.8 

29 6.5 70.7 6.7 72.8 8 87.0 7.7 83.7 314.1 

30 6.1 66.3 5.2 56.5 5.7 62.0 7.7 83.7 268.5 

33 7.8 84.8 7.8 84.8 7.8 84.8 8.5 92.4 346.7 

35 0.8 8.7 0.6 6.5 0.6 6.5 0.5 5.4 27.2 

36 5.1 55.4 4.5 48.9 4.5 48.9 5.5 59.8 213.0 

38 2.7 29.3 2.5 27.2 2.5 27.2 2.4 26.1 109.8 

39 3.7 40.2 0.8 8.7 3.4 37.0 4.9 53.3 139.1 

40 9.1 98.9 9.1 98.9 9.2 100.0 9.2 100.0 397.8 

41 5.4 58.7 2.9 31.5 3.1 33.7 4.6 50.0 173.9 

43 8 87.0 8 87.0 8.1 88.0 7.5 81.5 343.5 
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Table H.8 Survey Data Section 4 Questions (Positive Message Group). 
 

Subject  # 4.A.1 % 4.A.2 % 4.A.3 % 4.A.4 % Sum. 4A% 

          

1 6.4 69.6 5.9 64.1 5.4 58.7 2.5 27.2 219.6 

2 8.2 89.1 8.5 92.4 9 97.8 4 43.5 322.8 

3 4.4 47.8 1.9 20.7 2.7 29.3 0.3 3.3 101.1 

4 7.9 85.9 8.1 88.0 7.9 85.9 6.9 75.0 334.8 

5 7.9 85.9 8.1 88.0 8 87.0 8.8 95.7 356.5 

7 7.9 85.9 8.4 91.3 8.7 94.6 7.7 83.7 355.4 

10 8 87.0 7.6 82.6 7.7 83.7 8.1 88.0 341.3 

11 8.1 88.0 7.4 80.4 6.7 72.8 6.1 66.3 307.6 

12 9.2 100.0 6.9 75.0 9.1 98.9 8.3 90.2 364.1 

13 5.1 55.4 5.6 60.9 7.6 82.6 7.8 84.8 283.7 

15 5.2 56.5 5.3 57.6 5.1 55.4 7.7 83.7 253.3 

16 2.7 29.3 2.3 25.0 2.6 28.3 1.5 16.3 98.9 

17 7.2 78.3 6.8 73.9 6.8 73.9 7.9 85.9 312.0 

20 8.2 89.1 8.3 90.2 8.4 91.3 6.8 73.9 344.6 

22 6.5 70.7 6.9 75.0 6.5 70.7 5.4 58.7 275.0 

26 4.5 48.9 2.2 23.9 2.3 25.0 4.9 53.3 151.1 

31 7.6 82.6 8.1 88.0 7.6 82.6 4.6 50.0 303.3 

32 8.6 93.5 8.7 94.6 8.8 95.7 8.9 96.7 380.4 

34 4.7 51.1 5.4 58.7 6.7 72.8 1.7 18.5 201.1 

37 7.9 85.9 6.8 73.9 7.6 82.6 8 87.0 329.3 

42 6.1 66.3 4.9 53.3 6.6 71.7 8.3 90.2 281.5 

44 7.3 79.3 2.4 26.1 2.5 27.2 1.1 12.0 144.6 

 
 
 
 
 
 
 
 
 
 
 
 



                                                                                                                                                                                                          

272 

Table H.9 Demographic Data. 
 

Subj. # Group Gender D LE Age Ht(m) BW(kg) Activity 

1 c F r 20 1.68 60.83 6 

2 c M r 21 1.78 77.15 8 

3 c M r 21 1.83 85.14 8 

5 c M r 19 1.80 98.03 6 

6 c F r 20 1.63 49.64 6 

10 c M r 18 1.85 100.10 8 

13 c F r 21 1.60 56.61 6 

17 c M L 28 1.91 98.76 6 

22 c F r 22 1.70 78.32 6 

23 c M r 20 1.68 57.74 8 

25 c F r 19 1.70 74.90 6 

26 c M r 25 1.75 108.90 6 

28 c F r 22 1.63 59.17 8 

29 c M r 28 1.75 74.37 6 

31 c M r 20 1.75 77.54 8 

32 c M r 30 1.91 77.79 6 

35 c F r 21 1.55 64.61 6 

36 c M r 19 1.70 58.59 8 

38 c F r 22 1.55 60.46 6 

39 c F r 21 1.70 66.08 6 

42 c F r 27 1.65 61.70 8 

44 c M r 22 1.80 69.67 6 

4 s M r 23 1.93 115.75 6 

7 s M r 29 1.83 77.25 6 

8 s M r 23 1.80 69.59 8 

9 s F r 2 1.65 61.08 6 

11 s F r 19 1.70 77.89 6 

12 s M r 23 1.91 127.91 6 

14 s M r 23 1.78 88.04 6 

15 s F r 22 1.63 74.59 6 

16 s M r 24 1.83 81.32 8 

18 s F r 21 1.65 61.04 6 

19 s M r 21 1.88 93.04 8 

20 s M r 22 1.89 91.13 6 

21 s M r 19 1.83 71.30 6 

24 s F r 19 1.60 56.94 8 

27 s F r 22 1.60 55.24 8 

30 s M r 19 1.85 88.48 6 

33 s M r 34 1.91 105.17 8 

34 s F r 26 1.78 64.57 8 

37 s F r 20 1.57 60.17 6 

40 s M r 23 1.80 100.25 6 

41 s F r 20 1.68 72.84 6 

43 s M r 29 1.75 73.07 6 
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Table H.10 Flexibility Data. 
 

Subj. # SR 1 SR 2 90/90 1 90/90 2 KF 1 KF 2 Ankle DF 1 Ankle DF 2 

1 33.0 33.5 -14.0 -7.0 152.0 149.0 19.0 12.0 

2 37.5 34.5 -26.0 -25.0 145.0 140.0 18.0 8.0 

3 24.5 25.0 -12.0 -34.0 146.0 154.0 18.0 14.0 

5 21.5 18.0 -20.0 -15.0 144.0 147.0 16.0 18.0 

6 18.0 16.0 -8.0 -4.0 160.0 162.0 28.0 20.0 

10 32.5 32.0 -10.0 -16.0 145.0 141.0 24.0 34.0 

13 40.0 38.0 1.0 8.0 154.5 155.0 30.0 26.0 

17 27.0 19.5 -6.0 -12.0 145.0 147.0 23.0 28.0 

22 22.0 20.0 -12.0 -1.0 150.0 152.0 18.0 21.0 

23 27.0 30.0 -17.0 -14.0 153.0 155.0 22.0 22.0 

25 39.0 40.5 -10.0 -4.0 156.0 153.0 28.0 30.0 

26 5.0 38.5 -1.0 -3.0 143.0 141.0 32.0 34.0 

28 40.0 40.0 -2.0 -9.0 158.0 155.0 28.0 28.0 

29 29.0 31.5 -12.0 -1.0 148.0 153.0 32.0 34.0 

31 12.5 15.0 -27.0 -20.0 144.0 147.0 34.0 34.0 

32 24.0 30.0 -6.0 -8.0 165.0 163.0 20.0 40.0 

35 22.0 21.0 -12.0 -16.0 151.0 151.0 22.0 28.0 

36 24.0 26.5 -15.0 -5.0 166.0 168.0 34.0 36.0 

38 38.0 39.0 -5.0 -3.0 154.0 155.0 34.0 34.0 

39 33.0 40.0 -1.0 -3.0 158.0 156.0 32.0 38.0 

42 41.0 44.0 3.0 1.0 158.0 159.0 43.0 35.0 

44 32.0 35.0 -10.0 -12.0 148.0 156.0 30.0 32.0 

4 37.0 41.0 -10.0 -14.0 141.0 139.0 24.0 30.0 

7 23.5 30.0 -16.0 -18.0 145.0 151.0 30.0 42.0 

8 14.0 16.5 -30.0 -31.0 147.0 160.0 18.0 20.0 

9 22.0 26.0 -40.0 -17.0 149.0 149.0 23.0 20.0 

11 39.0 40.0 -3.0 -1.5 149.0 149.0 27.0 26.0 

12 25.0 26.0 -20.0 -15.0 139.0 144.0 20.0 30.0 

14 32.0 35.0 -1.5 -5.0 142.0 142.0 30.0 40.0 

15 49.0 48.0 6.0 10.0 150.0 151.0 30.0 30.0 

16 47.5 50.0 8.0 10.0 149.0 150.0 34.0 32.0 

18 44.5 47.0 -1.0 3.0 156.0 155.0 22.0 32.0 

19 32.5 37.5 -7.0 -2.0 145.0 152.0 26.0 32.0 

20 31.5 36.0 -17.0 -18.0 151.0 149.0 18.0 24.0 

21 37.0 38.0 -11.0 -10.0 161.0 161.5 42.0 41.0 

24 38.0 40.5 -1.0 1.0 157.0 156.0 24.0 27.0 

27 31.0 30.0 -20.0 -2.0 154.0 159.0 34.0 30.0 

30 44.5 48.0 -1.0 3.0 149.0 155.0 34.0 38.0 

33 35.0 37.5 -10.0 -1.0 145.0 150.0 30.0 38.0 

34 47.5 48.5 1.0 9.0 158.0 167.0 30.0 37.0 

37 28.0 30.0 -1.0 -2.0 151.0 156.0 34.0 32.0 

40 31.0 34.5 -11.0 -8.0 140.0 147.0 28.0 36.0 

41 44.0 45.5 2.0 2.0 152.0 155.0 31.0 32.0 

43 25.5 34.5 -20.0 -20.0 140.0 144.0 32.0 32.0 
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Table H.11 Jump Height and Normalized Peak GRF Data. (Three Trial Averages) 
 

Subject # JumpHt1(m) JumpHt2(m) NormPkGRF1 NormPkGRF2 

1 0.15 0.13 1.9495 2.0066 

2 0.44 0.41 1.4882 1.6120 

3 0.32 0.33 1.4111 1.3049 

5 0.29 0.26 2.3155 2.6870 

6 0.21 0.17 2.0674 1.9277 

10 0.14 0.19 2.2301 1.8303 

13 0.24 0.23 3.0820 2.8623 

17 0.31 0.22 1.5186 1.8340 

22 0.21 0.21 1.6739 1.4829 

23 0.27 0.27 1.4170 1.7546 

25 0.22 0.20 1.9494 1.8342 

26 0.21 0.21 2.2224 2.4058 

28 0.25 0.23 2.6255 2.1390 

29 0.20 0.18 1.7687 1.5079 

31 0.36 0.33 1.6496 1.6682 

32 0.33 0.31 1.5084 1.5131 

35 0.16 0.16 1.4305 1.2800 

36 0.41 0.39 1.4353 1.4344 

38 0.23 0.21 1.6761 1.5565 

39 0.18 0.18 2.0715 2.3039 

42 0.23 0.25 2.0617 1.6421 

44 0.40 0.39 1.5585 1.6581 

4     

7 0.26 0.28 1.5522 1.5960 

8 0.26 0.24 1.3487 1.2255 

9 0.25 0.24 2.6036 2.6714 

11 0.25 0.23 1.3984 2.0603 

12 0.27 0.26 2.0404 1.6691 

14 0.31 0.26 1.6000 1.4999 

15 0.19 0.18 1.5139 1.5427 

16 0.34 0.29 1.9816 1.8372 

18 0.24 0.21 1.7803 1.6935 

19 0.39 0.38 1.4332 1.7504 

20 0.34 0.36 1.8104 1.7851 

21 0.32 0.29 2.1099 2.7617 

24 0.28 0.28 2.2013 2.0194 

27 0.25 0.24 1.8538 1.7953 

30 0.33 0.27 1.8809 1.8533 

33 0.37 0.41 1.7154 1.4964 

34 0.19 0.19 1.4044 1.5831 

37 0.23 0.23 1.5466 1.5597 

40 0.27 0.28 1.5041 1.6491 

41 0.22 0.24 2.0804 2.2443 

43 0.36 0.39 1.7360 1.6649 
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Table H.12 EMG Onset Data (VL, VM, BF). (Three Trial Averages)  
 

Subj. # VLOnset1 VLOnset2 VMOnset1 VMOnset2 BFOnset1 BFOnset2 

1 -0.213 -0.133 -0.145 -0.004 -0.154 -0.275 

2 -0.200 -0.181 -0.138  0.132 0.134 

3 -0.021 -0.018 -0.017 -0.005   

5 -0.292 -0.229 -0.450 -0.444 -0.347 -0.549 

6 -0.312 -0.314 -0.283 -0.317 -0.299 -0.336 

10 -0.028 -0.204 -0.032 -0.119 -0.363 -0.500 

13 -0.327 -0.462 -0.363 -0.296   

17 -0.340 -0.349 -0.165 -0.062 -0.139 -0.025 

22 -0.108 0.008 -0.035 0.000 -0.329 -0.286 

23 -0.034 -0.155 -0.031 -0.065 -0.156 -0.990 

25 -0.173 -0.168 -0.095 -0.167 -0.463 -0.361 

26   -0.250 -0.077   

28 -0.035 -0.007 -0.025 -0.016 -0.231 -0.613 

29 -0.088 -0.238 -0.225 -0.368 -0.458 -0.435 

31 -0.267 -0.225 -0.034 -0.047 -0.101 -0.174 

32 -0.024 -0.059 -0.022 -0.022 -0.060 -0.069 

35 -0.134 -0.196 -0.057 -0.009 -0.347 -0.247 

36 -0.153 -0.260 -0.125 -0.296 -0.141 0.124 

38 -0.111 -0.315 -0.133 -0.281 -0.106 -0.123 

39 -0.234 -0.367 -0.408 -0.371 -0.159 -0.520 

42 -0.130 0.040 -0.176 -0.021 -0.426 -0.398 

44 -0.406 -0.425 -0.349 -0.372 -0.505 -0.441 

4       

7 -0.117 -0.032 -0.009 -0.010 -0.083 -0.180 

8 -0.221 -0.343 -0.221 -0.217 -0.462 -0.383 

9   -0.267 -0.064   

11 -0.087 -0.033 -0.031 -0.049 0.257 0.193 

12 -0.056 0.029 -0.254 -0.525 0.073 0.121 

14 -0.052 -0.117 -0.045 -0.171 -0.066 -0.090 

15 -0.284 -0.231 -0.119 -0.105 -0.362 -0.446 

16 -0.260 -0.295 -0.130 -0.149 -0.368 -0.262 

18 -0.179 -0.133 -0.068 -0.049 -0.469 -0.473 

19 -0.258 -0.164 -0.251 -0.185 -0.358 -0.160 

20 -0.067 -0.239 0.005 -0.028 -0.461 -0.545 

21 -0.152 -0.248 -0.076 -0.172 -0.080 0.045 

24 -0.183 -0.170 -0.164 -0.162 -0.151 -0.221 

27 -0.279 -0.308 -0.225 -0.225 -0.176 -0.423 

30 -0.028 -0.133 -0.121 -0.038 -0.259 0.266 

33 -0.152 -0.077 -0.272 -0.410 -0.376 -0.516 

34 0.095 -0.186 -0.244 -0.347 -0.301 0.198 

37 -0.019 -0.054 -0.022 -0.018 -0.341 -0.200 

40 -0.182 -0.127 -0.102 -0.040 -0.118 -0.106 

41 -0.350 -0.235 -0.212 -0.237 -0.501 -0.554 

43 -0.188 -0.201 -0.039 -0.149 -0.373 -0.423 
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Table H.13 EMG Onset Data (ST, GM, GA). (Three Trial Averages)  
 

Subj. # STOnset1 STOnset2 GMOnset1 GMOnset2 GAOnset1 GAOnset2 

1 -0.361 -0.515 -0.220 -0.253 -0.172 -0.193 

2 -0.311 -0.104 -0.215 -0.060 -0.050 -0.066 

3 -0.139 -0.337 0.002 0.003 0.371 0.373 

5 -0.434 -0.546 -0.274 -0.352 -0.078 -0.424 

6 -0.382 -0.355 -0.123 -0.174 -0.239 -0.273 

10 -0.055 -0.112 -0.072 0.034 -0.064 -0.082 

13 -0.557 -0.397 -0.440 -0.410 -0.291 -0.451 

17 -0.145 -0.144 -0.061 -0.061 -0.128 -0.128 

22 -0.390 -0.303 0.146 0.021 -0.145 -0.501 

23 -0.466 -0.510 -0.036 -0.012 -0.207 -0.212 

25 -0.460 -0.317 -0.030 0.030 -0.321 -0.243 

26 -0.088 -0.473     

28 -0.346 -0.375 -0.248 -0.149 -0.007 0.130 

29 -0.450 -0.405 -0.122 -0.019 -0.192 -0.191 

31 -0.087 -0.263 0.026 -0.054 -0.211 -0.148 

32 -0.388 -0.256 -0.008 -0.039 -0.261 -0.219 

35 -0.369 -0.392 -0.236 -0.148 -0.401 -0.343 

36 -0.114 -0.308 0.037 -0.015 -0.362 -0.234 

38 -0.275 -0.520 -0.069 0.047 -0.168 -0.278 

39 -0.207 -0.548 -0.292 -0.183 -0.387 -0.464 

42 -0.346 -0.354 -0.060 -0.095 -0.075 0.008 

44 -0.517 -0.460 -0.297 -0.055 -0.347 -0.276 

4       

7 -0.528 -0.540 -0.309 -0.024 -0.154 -0.217 

8 -0.338 -0.027 -0.247 -0.272 -0.549 -0.371 

9       

11 -0.076 -0.050 -0.041 -0.014 -0.042 -0.072 

12 -0.336 0.232 0.078 -0.060 0.044 -0.090 

14 -0.158 -0.061 -0.070 -0.031   

15 -0.379 -0.434 -0.198 -0.161 -0.125 -0.194 

16 -0.272 -0.105 0.011 -0.100 -0.263 -0.403 

18 -0.496 -0.495 -0.390 -0.292 -0.075 -0.189 

19 -0.549 -0.502   -0.203 -0.278 

20 -0.571 -0.379 -0.225 -0.285 -0.178 -0.224 

21 -0.196 -0.041 -0.055 -0.162 -0.165 -0.411 

24 -0.510 -0.512 -0.020  -0.345 -0.363 

27 -0.130 -0.132 -0.214 -0.132 -0.142 -0.270 

30 -0.008 -0.138 -0.018 0.006 0.104 -0.035 

33 -0.132 -0.439 -0.118 0.022 -0.047 -0.044 

34 -0.356 -0.309 -0.083 -0.229 -0.252 -0.223 

37 -0.135 -0.122 -0.049 0.019 -0.489 -0.400 

40 -0.375 -0.517 0.003 -0.028 -0.126 -0.418 

41 -0.470 -0.487 -0.156 -0.052 -0.094 -0.103 

43 0.133 0.048 -0.078 -0.044 -0.307 -0.296 



                                                                                                                                                                                                          

277 

Table H.14 EMG RMS Data (VL, VM, BF). (Three Trial Averages)  
 

Subj. # VLRMS%1 VLRMS%2 VMRMS%1 VMRMS%2 BFRMS%1 BFRMS%2 

1 89.414 85.091 88.585  59.608  

2 87.804 88.202 100.000  91.886 89.160 

3 93.887 87.267 88.205 76.655   

5 96.428 102.956 99.667 123.546 83.010 53.061 

6 98.548 88.572 85.080 87.475 52.742 46.132 

10 84.423 83.837 60.059 49.169 57.386 57.852 

13 93.896 86.772 92.005 104.311   

17 96.138 97.920 94.963 87.590 92.724 89.245 

22 95.214 86.470 90.201 83.106 81.009 70.742 

23 92.457 93.909 96.407 119.144 71.884 52.211 

25 89.400 80.522 91.912 148.781 96.604 222.736 

26   88.494 77.898   

28 92.911 92.042 88.815 105.377 91.222 74.147 

29 86.664 84.742 93.558 98.291 88.302 83.469 

31 89.593 102.784 94.204 91.637 78.221 168.674 

32 86.493 94.874 88.330 94.183 77.096 42.306 

35 92.262 83.940 82.696 60.188 91.773 77.200 

36 94.065 93.216 87.045 70.940 90.621 68.856 

38 97.450 95.530 97.710 90.557 79.485 55.096 

39 85.939 83.602 92.568 84.207 66.390 36.909 

42 75.626 80.743 87.298 92.385 87.755 91.303 

44 91.708 90.202 92.999 97.036 81.493 64.792 

4       

7 90.356 70.404 90.309 77.878 82.635 54.795 

8 94.029 95.157 92.208 70.233 83.307 24.745 

9   92.124 70.209   

11 96.315 112.711 93.378 113.720 91.218 167.061 

12 68.194 48.064 77.406 101.908 71.765 32.000 

14 87.302 99.526 89.632 94.016 66.775 22.428 

15 92.721 96.675 96.680 61.161 44.076 15.709 

16 93.459 97.957 93.528 73.582 46.416 24.482 

18 92.109 87.428 90.909 86.418 93.777 107.467 

19 89.558 92.823 94.422 113.132 75.172 133.195 

20 92.703 109.987 94.682 92.945 97.753 78.978 

21 86.535 85.313 88.543 74.189 65.816 31.325 

24 97.827 91.737 87.764 77.237 52.618 26.531 

27 98.004 97.218 92.708 106.508 90.542 102.297 

30 98.577 97.668 92.587 101.171 67.309 31.099 

33 66.816 40.882 92.991 93.331 87.637 61.675 

34 94.735 119.656 93.277 113.443 94.920 56.001 

37 93.491 100.680 93.526 88.682 89.426 100.136 

40 87.584 81.411 97.616 131.589 96.419 210.701 

41 94.336 87.456 81.827 81.684 94.602 100.083 

43 98.854 93.638 91.445 83.136 92.024 82.144 
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Table H.15 EMG RMS Data (ST, GM, GA). (Three Trial Averages)  
 

S# STRMS%1 STRMS%2 GMRMS%1 GMRMS%2 GARMS%1 GARMS%2 

1 73.583 80.063 81.148 717.332 82.245 71.367 

2 93.488 58.259 79.496 161.055 87.554 87.695 

3 98.742 91.402 93.952 80.587 89.518 101.029 

5 94.185 75.525 77.961 64.631 97.175 103.292 

6 93.506 53.353 88.902 76.829 91.695 84.655 

10 88.041 137.162 71.443 123.472 67.413 36.112 

13 75.111 57.413 57.191 151.124 87.538 73.670 

17 79.829 77.340 91.093 129.748 78.358 77.632 

22 81.941 76.442 87.624 144.300 94.316 84.102 

23 70.716 50.382 88.801 89.399 84.394 85.419 

25 87.613 82.657 92.669 50.305 94.815 72.169 

26 80.820 30.153     

28 93.063 79.807 94.678 93.735 92.392 85.716 

29 89.511 66.711 87.817 42.531 90.306 90.103 

31 85.730 174.250 93.711 98.393 94.391 104.639 

32 92.206 222.882 90.431 92.282 96.223 80.842 

35 94.206 103.253 86.747 77.965 96.001 100.680 

36 80.276 246.969 78.135 61.142 90.957 90.239 

38 79.222 48.200 92.439 74.903 89.605 73.889 

39 89.977 111.620 80.956 72.020 81.273 123.630 

42 81.020 106.079 93.992 107.280 77.086 82.457 

44 86.961 78.780 89.868 98.640 90.215 102.668 

4       

7 89.727 98.398 98.657 65.812 85.523 88.455 

8 75.952 57.971 92.219  94.249 89.822 

9       

11 84.736 21.166 95.383 122.326 81.730 60.188 

12 88.385 17.478 84.664 92.206 90.396 106.889 

14 80.044 52.242 93.833 27.311   

15 48.649 17.836 75.684 26.583 86.542 91.959 

16 83.513 65.765 85.988 115.956 69.180 57.027 

18 74.687 91.632 80.355 47.714 89.271 79.293 

19 79.978 217.157   95.084 117.665 

20 81.582 82.574 86.461 94.431 89.314 85.229 

21 92.892 54.307 77.551 70.402 91.379 119.262 

24 69.657 38.781 70.114  91.675 101.423 

27 87.336 74.183 91.935  91.633 90.459 

30 91.065 46.350 89.446 69.430 84.424 81.832 

33 79.948 126.524 95.109 157.955 62.131 40.973 

34 92.928 74.060 87.085 90.428 85.746 85.969 

37 81.276 126.644 79.622 58.873 92.380 90.067 

40 75.012 49.480 93.250 104.600 82.696 77.725 

41 98.208 88.205 86.930 85.672 87.072 88.511 

43 53.852 93.679 81.768 67.689 96.011 109.664 
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Table H.16 Knee Kinematic Data at IC. (Three Trial Averages) 
 

Su.  
# 

KneeSAG1 KneeSAG2 KneeFRON1 KneeFRON2 
KneTRAN

1 
KneTRAN  

2 

1 42.856 35.195 6.950 10.173 -12.457 -2.316 

2 4.649 5.970 0.260 -1.003 -2.982 -3.981 
3 29.400 25.685 1.690 0.106 2.907 7.242 
5 33.332 29.253 9.642 8.989 -5.973 -7.779 
6 33.600 29.996 0.193 3.372 -4.091 -6.879 
10 23.596 28.253 2.241 -0.436 -4.292 -5.098 
13 24.280 24.158 -5.670 -5.883 -1.868 -3.078 
17 17.085 20.505 -2.881 -1.849 1.564 -0.230 
22 26.508 28.484 7.251 7.228 -13.598 -10.339 
23 21.554 28.405 2.837 2.010 -1.859 -5.304 
25 16.789 13.157 -0.167 -3.107 -8.270 -7.327 
26 24.190 20.460 1.300 1.760 -6.881 -10.851 
28 30.161 22.921 6.937 2.027 -9.243 -6.984 
29 27.678 18.867 2.009 1.771 1.271 5.826 
31 17.631 24.335 6.846 6.459 -6.002 -7.291 
32 19.209 21.835 2.510 5.537 -2.787 -10.270 
35 15.949 12.878 2.757 3.227 -1.363 -3.465 
36 22.847 24.287 2.321 3.034 -1.145 -1.790 
38 16.654 16.096 4.870 4.982 -4.669 -2.586 
39 16.344 11.561 -1.315 0.353 -14.868 -11.997 
42 15.632 25.485 5.991 6.093 -10.642 1.887 
44 35.202 44.968 1.030 0.565 14.709 9.748 
4       
7 11.706 13.036 2.479 -0.748 -6.458 -5.384 
8 22.640 25.971 -4.353 -3.601 -10.726 -13.896 
9 29.184 33.172 -0.736 5.267 -5.381 -4.520 
11 25.410 25.603 9.882 2.032 -15.077 -7.725 
12 13.140 19.078 -2.788 -2.600 0.178 2.736 
14 16.139 13.342 1.316 0.187 -4.985 -1.685 
15 19.136 13.415 4.301 7.481 -11.823 -9.924 
16 24.966 33.243 0.237 0.676 0.238 -7.006 
18 40.558 37.501 7.472 10.922 -4.774 -5.199 
19 30.619 25.001 -2.102 -0.782 -2.548 -2.407 
20 24.644 32.608 3.717 9.244 -1.209 -12.032 
21 23.466 27.753 2.689 4.911 -4.311 -3.891 
24 41.331 37.348 3.061 7.063 -15.369 -8.760 
27 32.472 29.957 6.077 7.576 -12.618 -18.758 
30 33.664 19.903 -0.411 2.322 -7.217 -10.613 
33 10.918 6.333 -0.233 2.968 -1.266 0.529 
34 11.837 15.465 -1.860 1.043 -0.872 -4.017 
37 20.778 27.355 7.566 9.845 -6.135 -7.649 
40 19.484 20.455 0.704 0.621 1.631 0.328 
41 29.190 27.674 6.233 6.617 -13.304 -9.366 
43 13.176 16.797 2.972 0.648 -9.760 -0.159 
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Table H.17 Hip Kinematic Data at IC. (Three Trial Averages)  
 

Su.  # HipSAG1 HipSAG2 HipFRON1 HipFRONcon2 

1 30.451 24.639 -18.094 -17.341 

2 5.146 14.261 -2.144 -6.544 
3 23.854 19.073 -13.158 -6.639 
5 18.591 9.817 -5.906 -7.751 
6 23.534 17.049 -6.328 -9.915 
10 12.723 17.529 -2.846 1.621 
13 18.809 20.273 -11.825 -13.994 
17 14.287 13.331 -3.066 -1.396 
22 20.787 18.548 3.787 4.995 
23 15.735 21.581 -1.401 -3.057 
25 24.242 27.960 -14.674 -11.471 
26 33.380 37.201 -7.172 -14.171 
28 26.718 28.398 -3.602 -0.690 
29 15.810 8.001 0.618 0.500 
31 19.936 23.836 6.786 3.191 
32 14.720 15.521 -2.936 0.507 
35 13.280 13.482 -7.540 -4.173 
36 14.881 14.694 -1.275 -1.745 
38 11.191 13.724 -6.319 -5.099 
39 22.790 19.966 -5.407 -4.618 
42 21.580 27.085 -5.095 -7.977 
44 -32.559 -42.297 11.455 16.684 
4     
7 24.838 25.158 -11.831 -8.602 
8 15.701 22.675 -6.459 -8.793 
9 26.816 39.257 -6.544 -6.686 
11 14.982 15.967 -1.826 -4.956 
12 7.234 5.040 -7.356 2.433 
14 8.668 10.890 -2.948 -2.482 
15 18.881 16.643 -7.837 -14.884 
16 15.789 23.838 -7.780 -7.367 
18 33.998 38.299 -16.485 -18.718 
19 24.787 22.786 -6.012 -4.063 
20 19.609 31.467 -3.721 -20.997 
21 27.929 20.278 -3.921 -4.935 
24 43.864 41.386 -20.804 -20.122 
27 25.267 14.617 -4.341 -2.903 
30 9.889 36.808 -0.185 2.613 
33 5.367 17.572 -0.346 -10.967 
34 22.853 23.531 -1.969 4.646 
37 24.817 29.782 -0.348 -0.835 
40 22.099 23.101 -4.012 5.017 
41 22.495 23.606 -4.338 -3.652 
43 16.881 15.947 0.491 -3.979 
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Table H.18 Knee Maximum Kinematic Angle during GC. (Three Trial Averages) 
 

Su.  
# 

KneeSAG1 KneeSAG2 KneeFRON1 KneeFRON2 
KneTRAN 

1 
KneTRAN

2 

1 68.137 67.870 7.275 11.768 -9.757 -2.316 

2 71.783 72.951 0.260 -0.842 -0.067 -3.694 
3 86.099 84.569 4.137 4.257 12.306 12.110 
5 79.457 78.398 21.042 22.128 2.822 -2.689 
6 90.119 72.020 3.333 8.012 3.170 0.403 
10 56.352 65.563 8.336 7.266 -2.756 0.371 
13 71.937 65.939 1.510 -0.146 3.160 3.097 
17 58.047 60.649 1.584 2.515 3.119 4.807 
22 63.185 70.502 8.123 9.190 -3.875 -3.702 
23 76.674 75.202 5.581 4.622 1.188 2.373 
25 79.868 65.285 3.234 0.784 -8.270 -5.564 
26 63.783 56.532 8.783 11.338 -6.881 -6.791 
28 57.606 56.456 10.096 6.586 -3.728 -4.181 
29 69.404 64.370 6.114 5.885 1.271 5.826 
31 60.226 69.953 12.813 11.398 -1.950 -1.418 
32 65.310 78.586 2.993 9.550 5.834 -1.767 
35 55.074 60.294 4.930 6.686 6.167 2.094 
36 82.601 82.032 3.088 5.448 4.426 3.706 
38 77.030 83.816 7.719 13.422 -3.817 -1.561 
39 64.325 65.924 2.774 2.074 -10.644 -11.103 
42 55.554 70.517 6.491 9.713 -3.672 2.442 
44 81.952 84.749 1.520 1.494 14.822 10.867 
4       
7 72.679 72.235 5.866 6.280 -6.458 -5.384 
8 83.665 93.418 -1.967 -0.662 -3.352 -6.949 
9 65.182 68.426 2.086 7.607 -3.379 -0.983 
11 79.972 57.303 13.050 2.120 -9.986 0.658 
12 66.725 64.012 2.883 3.308 1.890 6.069 
14 71.203 71.290 6.845 7.062 -4.006 -1.685 
15 87.033 72.478 11.176 10.856 -3.600 1.771 
16 72.341 67.557 2.224 4.575 3.331 -0.387 
18 79.370 84.413 10.377 12.584 -2.331 1.225 
19 73.644 71.136 4.093 3.306 -2.548 -2.407 
20 63.197 67.108 10.610 16.797 4.428 -1.732 
21 64.652 54.695 5.534 6.196 -3.983 -1.652 
24 74.529 73.736 4.751 7.932 -6.801 -2.355 
27 70.467 74.337 9.076 9.987 -6.111 -13.610 
30 74.441 64.187 5.721 10.958 -7.142 -6.305 
33 49.065 50.038 2.273 3.938 -1.206 0.529 
34 59.811 57.659 4.673 9.027 -0.267 -2.164 
37 65.880 76.075 8.672 23.041 0.454 1.380 
40 63.858 69.640 3.315 4.433 7.722 3.874 
41 64.044 58.253 6.303 7.893 -3.156 0.674 
43 58.207 67.189 10.654 11.743 -6.700 0.360 
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Table H.19 Hip Maximum Kinematic Angle during GC. (Three Trial Averages) 
 

Su.  # HipSAG1 HipSAG2 HipFRON1 HipFRONcon2 

1 47.538 57.576 -8.655 -5.806 

2 69.237 71.961 2.036 -0.124 
3 74.700 66.091 -2.734 -0.499 
5 48.662 35.389 -2.275 -6.559 
6 64.945 46.741 -5.738 -9.193 
10 26.909 44.297 -0.347 3.161 
13 69.840 77.780 -10.568 -13.994 
17 43.844 41.713 1.067 1.820 
22 53.880 52.901 5.086 7.290 
23 76.952 72.769 -0.525 1.981 
25 85.524 77.344 -2.930 -2.286 
26 86.794 77.392 5.672 -1.650 
28 40.435 44.456 0.393 2.541 
29 38.496 26.762 3.145 1.790 
31 51.070 58.380 9.997 5.254 
32 70.575 63.115 -0.523 1.922 
35 80.720 94.335 -2.154 1.135 
36 59.449 56.694 1.536 1.269 
38 51.749 59.846 -1.026 1.935 
39 58.734 54.370 1.178 -0.450 
42 48.351 60.290 1.575 2.009 
44 -6.424 -8.703 31.648 34.200 
4     
7 95.738 87.272 -4.545 -3.846 
8 72.362 96.304 7.711 2.232 
9 57.448 62.497 0.223 -1.193 
11 69.387 39.360 -1.317 -4.214 
12 33.773 68.522 6.810 2.480 
14 54.466 53.790 6.512 3.317 
15 102.616 108.018 -7.276 -11.020 
16 83.345 53.438 -1.189 1.481 
18 77.184 98.910 -4.954 -2.702 
19 82.456 69.379 -2.015 4.936 
20 55.165 48.304 -0.054 -7.458 
21 59.355 33.983 4.972 1.316 
24 74.820 75.115 -4.974 -4.347 
27 53.993 53.444 -0.341 -2.835 
30 17.938 77.294 6.928 18.138 
33 43.172 64.705 5.198 -5.695 
34 66.000 59.728 -1.969 4.646 
37 70.795 78.069 1.177 4.224 
40 55.453 55.227 -0.644 5.400 
41 44.746 44.585 -0.661 1.539 
43 49.798 55.490 1.046 -3.979 
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Table H.20 Knee Minimum Kinematic Angle during GC. (Three Trial Averages) 
 

Su.  
# 

KneeSAG1 KneeSAG2 KneeFRON1 KneeFRON2 
KneTRAN 

1 
KneTRAN

2 

1 9.499 4.526 0.841 2.181 -21.765 -16.159 

2 4.649 5.561 -24.978 -22.569 -9.919 -11.446 
3 8.080 7.755 -4.077 -8.249 -0.883 1.533 
5 19.067 18.078 9.135 6.385 -6.036 -9.977 
6 14.276 6.017 -0.943 1.573 -16.549 -8.868 
10 -0.696 2.943 1.557 -5.364 -20.093 -14.262 
13 6.744 6.393 -23.350 -22.991 -15.328 -10.606 
17 9.948 8.461 -15.841 -13.975 -15.348 -16.181 
22 8.911 8.695 -4.690 -4.500 -25.268 -24.992 
23 11.006 5.876 -9.419 -12.613 -19.861 -18.113 
25 11.539 5.515 -21.082 -27.644 -19.121 -19.494 
26 7.360 9.305 -2.381 -3.835 -18.309 -27.988 
28 6.051 4.387 3.105 -2.118 -9.718 -11.622 
29 8.604 6.147 -15.960 -9.446 -15.570 -8.307 
31 3.428 9.837 -6.703 -11.717 -10.783 -12.210 
32 9.622 13.815 -33.199 -15.519 -13.147 -24.232 
35 4.962 8.144 -8.134 -3.148 -9.302 -9.761 
36 3.604 7.375 -19.137 -12.533 -22.666 -21.611 
38 8.677 5.194 -1.722 4.652 -16.287 -15.203 
39 4.371 7.876 -6.055 -9.774 -24.499 -24.405 
42 -3.463 4.063 -12.466 -2.956 -22.857 -11.845 
44 5.599 6.414 -13.955 -12.191 1.802 3.160 
4       
7 -1.544 0.388 -5.009 -4.766 -25.006 -20.309 
8 9.185 7.155 -17.354 -11.234 -17.425 -19.195 
9 7.634 5.372 -16.868 2.697 -18.024 -9.941 
11 5.656 3.303 3.743 -5.193 -26.947 -15.170 
12 -1.102 0.113 -17.188 -18.527 -19.639 -14.997 
14 7.259 6.084 -1.980 -4.123 -24.460 -24.778 
15 -19.436 1.197 -33.611 -12.386 -41.563 -14.345 
16 4.597 -3.901 -16.143 -19.436 -17.345 -17.124 
18 13.781 7.355 -7.711 -2.726 -10.746 -10.311 
19 8.186 4.533 -21.803 -25.896 -22.001 -18.937 
20 -1.714 -0.307 0.302 3.851 -15.899 -23.646 
21 -0.647 0.036 -6.007 0.115 -12.745 -11.182 
24 11.719 12.043 -0.478 2.780 -22.713 -18.864 
27 7.570 10.170 -8.752 -10.168 -14.920 -22.229 
30 8.269 -0.165 -13.429 -13.045 -22.022 -19.448 
33 3.695 3.799 -19.872 -16.249 -11.881 -7.855 
34 2.874 1.191 -21.997 -12.628 -6.958 -7.855 
37 5.040 7.180 2.854 4.023 -7.880 -8.469 
40 9.508 10.032 -19.077 -14.021 -13.450 -18.411 
41 7.425 7.111 -3.025 0.791 -19.743 -14.314 
43 -0.081 0.864 -2.454 -1.800 -18.989 -10.323 
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Table H.21 Hip Minimum Kinematic Angle during GC. (Three Trial Averages) 
 

Su.  # HipSAG1 HipSAG2 HipFRON1 HipFRONcon2 

1 9.641 9.660 -22.588 -25.019 

2 5.003 13.984 -5.369 -7.926 
3 8.096 10.705 -26.247 -17.060 
5 15.964 6.408 -16.153 -11.553 
6 11.090 2.719 -32.089 -21.405 
10 2.483 4.902 -4.842 -1.056 
13 5.349 10.754 -30.829 -35.837 
17 9.967 6.018 -6.795 -7.231 
22 11.089 7.540 -4.551 -6.643 
23 15.735 15.849 -27.231 -19.531 
25 8.941 13.783 -47.484 -30.946 
26 17.988 16.549 -32.978 -45.508 
28 12.546 12.980 -4.727 -1.028 
29 8.680 6.003 0.436 -0.903 
31 11.546 16.486 4.210 -11.252 
32 11.601 13.050 -31.160 -31.472 
35 6.912 9.166 -28.261 -30.853 
36 8.718 9.713 -4.962 -5.429 
38 8.952 9.849 -47.720 -21.032 
39 15.697 14.212 -10.246 -7.447 
42 12.215 13.779 -9.231 -18.371 
44 -78.725 -80.070 -1.207 1.581 
4     
7 16.394 16.431 -49.211 -19.618 
8 4.521 10.480 -7.577 -10.351 
9 8.551 14.776 -18.043 -10.225 
11 9.937 3.070 -24.978 -11.111 
12 -6.168 1.781 -9.119 -58.834 
14 1.544 5.283 -23.423 -27.428 
15 16.632 16.215 -52.801 -64.735 
16 4.939 5.502 -39.310 -19.042 
18 10.739 12.385 -29.895 -37.746 
19 10.627 9.381 -9.952 -4.798 
20 10.494 8.278 -16.198 -22.766 
21 4.618 -8.119 -4.298 -4.969 
24 20.287 21.284 -26.878 -24.113 
27 7.886 4.235 -12.777 -13.286 
30 -2.183 11.171 -0.318 -1.410 
33 0.964 12.731 -3.137 -21.006 
34 11.943 8.779 -15.153 -7.559 
37 19.088 14.655 -4.661 -2.836 
40 13.006 10.675 -25.085 -5.489 
41 12.630 11.669 -6.601 -3.652 
43 14.731 12.049 -6.088 -18.572 
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APPENDIX I 
 

PICTURES OF VERTICAL DROP JUMP TEST 
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Figure I.1 Vertical Drop Jump Hanging. 
 
 
 
 



                                                                                                                                                                                                          

287 

 
 

Figure I.2 Vertical Drop Jump Landing. 
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Figure I.3 Vertical Drop Jump Instrumentation. 
 


