
NOTE TO USERS 

This reproduction is the best copy available. 





THE UNIVERSITY OF MANITOBA 

FLEXIBILITY MEASUREMENT OF THE KNEE FLEXORS: 
A COMPARISON OF TRREE CLWICAL TESTS AND ISOKINETIC 

DYNAMOMETRY 

Stephen William Diakow 

A Thesis Study 
Submitted to the Faculty of Graduate Shidies 
in parrial fbifihent of the requimnaits 

For the Degree of 

MASTER OF SCIENCE 

Faculty of Physical Education and Recreation Studies 
(June 2 0  1 )  

0 Copyright by Stephen William Diakow 2001 



National Library Biiothèque nationale 
du Canada 

Acquisitions and Acquisitions et 
Bibliographk Services services bibliographiques 
395 Weiiington Street 395. rue WeYington 
OttawaON K l A W  OttawaON K t A W  
Canada CeMda 

The author has granted a non- 
exclusive licence allowing the 
National Libraty of Canada to 
reproduce, loan, distribute or seil 
copies of this thesis in microform, 
paper or electronic fonnats. 

The author retains ownership of the 
copyright in this thesis. Neither the 
thesis nor substantial extracts fkom it 
may be printed or otherwise 
reproduced without the author's 
permission. 

L'auteur a accordé une licence non 
exclusive permettant à la 
BibIiothèque nationale du Canada de 
reproduire, prêter, distribuer ou 
venâre des copies de cette thèse sous 
la fonne de microfiche/film, de 
reproduction sur papier ou sur format 
électronique. 

L'auteur conserve la propriété du 
droit d'auteur qui protège cette thése. 
Ni la thèse ni des extraits substantiels 
de celle-ci ne doivent être imprimés 
ou autrement reproduits sans son 
autorisation. 



UNIVERSITY OF MANITOBA 

COPYRIGHT PERMISSION 

FLEXIBILITY MEASUREMENT OF THE KNEE FCEXORS: A COMPARISON OF THREE 
CLINICAL TESTS AND BO-nc DYNAMOMETRY 

STEPHEN WILLIAM DIAKOW 

A Thesis/Pmcticum submitteâ to the Faculty of Graduate Studies of The University of 

Manitoba in partial fulfillment of the requirement of the degree 

of 

MASTER OF SCIENCE 

STEPHEN WILLIAM DlAKOW O ZOO1 

Permission has been granted to the Library of the University of Manitoba to lend or  sel1 copies of 
this thesis/practicum, to the National Library of Canada to microfilm this thesis and to lend or  sel1 
copies of the film, and to University Microfilms Inc. to publish an abstract of this thesis/practicum. 

This reproduction or  copy of this thwW hm been made avaiiabfe by authonty of the copyright 
owner solely for the purpose of private study and research, and may only be reproduced and 

copied as permitted by copyright laws or  with express written aiithorization from the copyright 
owner. 



Table of Contents 

Acknowledgements 

Dedication 

List of Tables 

List of Figures 

Abstract 

CHAPTER 1 

INTRODUCTION 

S tatement of  the Problem 

Hypothesis 

Delimitations 

Limitations 

Signi ficance 

Def ini tions 

CHAPTER 2 

REVIEW OF LITERATURE 

Introduction 

Anatomy of the Knee 

Movements of  the Knee 

Ligaments of the Knee 

Menisci 

Passive Resistance to Knee Extension 

. -. 
Vlll  

ix 

X 



iii 

Anatomy of the Knee Flexors 

Passive Properties of Skeletal Muscle 

Introduction 

Structure of skeletal muscle 

Mesurement of passive properties (invitro & invivo)- 

Response to passive stretch 

Effect of ioading rate on passive muscle p r o p e r t i k  

Effect of repeated stretching 

E ffec t of stretc hing technique 

Effect of strength training 

Effect of warm up 

Effect of previous injury 

Hamstnng Fiexibility Measurement 

Sit and Reach Test 

Passive Knee Extension Test 

Active Knee Extension Test 

Passive Dynamomeby Testing 

Passive Peak Torque 

S tiffness 

S tabiiization 

Gravity Compensation 

Reliability of the KinlCom lsokinetic System 



CHAPTER 3 

METHODS AND PROCEDURES 

introduction 

Subjects 

Apparatus 

Hamstring Injur y Questionnaire 

Anthropometric measurement 

Pre-stretc hing 

Videotaping setu p 

Sit and reach test 

Active knee extension test 

Passive knee extension test 

Passive KinKom dynamometer test 

Data Analysis 

S tatistical Analyses 

PILOT STUDY 

Subjects 

Materials 

Protoçol 

Data Analysis 

Results 

Discussion 



CHAPTER 4 

RESULTS 

Flexibility Test and Dynamometer Compaxison 

Injured and Non-injured Group Cornparison 

Hamstring Inj ury Questionnaire 

CHAPTER 5 

DISCUSSION 

S UB JECTS 

ANALYSIS OF TEST RESULTS 

Sit and Reach Test 

Active Knee Extension Test 

Passive Knee Extension Test 

Passive Peak Torque 

Angle at Passive Peak Torque 

Maximal S ti ffness 

CLNICAL TESTS VS KINICOM COMPARISON 

Sit and Reach Test vs. KidCom Test 

Active Knee Extension Test vs. KidCorn Test 

Passive Knee Extension Test vs. KinKom Test 

INJURED VS. NON-nUJURED GROUP COMPARISON 

Sit and Reach Test 

Active Knee Extension Test 

Passive Knee Extension Test 



Passive Peak Torque 122 

Angle at Passive Peak Torque 123 

Maxima1 S tiffness 123 

Comrnon Stiffness 125 

SUMMARY OF DISCUSSION 126 

CHAPTER 6 127 

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 127 

Sumrnary 127 

Conclusions 130 

Recomrnendations 132 

REFERENCES 134 

APPENDIX A 143 

Example of an Adult ïnformed Consent signed by ai1 participants 144 

APPENJIIX B 146 

Example of Microsoft ExcePa spreadsheet used for Dy namometry Data 

And Calculations 147 

APPENDIX C 150 

Raw Pilot Study Data 151 

APPENDIX D 152 

Subject Information Sheet 153 

Harnstring Injury Questionnaire 154 



APPENDIX E 155 

Subject Demographics and Matching 156 

Test and Leg Order Random AUocdon 157 

APPENDIX F 158 

Raw Subject Data 159 



Acknow ledgements 

1 would Iike to thank my thesis cornmittee, Dr. M. Alexander, Dr. AE. Ready, 

and Dr. J Cooper for their assistance and guidance in the preparation of this document. 

Special thanks to Dr. Alexander, my advisor, for the opportunities, motivation, and help 

given throughout my Master's program. 

Acknowledgement is extended to al1 of the faculty rnembers and coaches, as well 

as the subjects who participated in my study, who have contributed towards the 

completion of this document. Special thanks to Müue and Jeff for aU their help and 

moral support. 



Dedication 

1 dedicate this thesis to my family, especially my parents, who have stood behind 

me and supported me throughout my scholastic career, and to Amber, for her support, 

understanding and sleepless nights. Thank you al1 very much. 



List of Tables 

Page 

Table 3- 1 : Pilot Smdy Subject Charactenstics 8 1 

Table 3-2: Result of Pilot Study 85 

Table 4- 1 : Descriptive Subject Data 90 

Table 4-2: Surnrnary of Regression Coefficients 94 

Table 4-3: Summary of ANOVA 98 

Table 4-4: Summary of Activity and Injury Questionnaire 99 



List of Figures 

Figure 2- 1 : 

Figure 2-2: 

Figure 2-3 : 

Figure 2-4: 

Figure 2-5: 

Figure 2-6: 

Figure 2-7: 

Figure 2-8: 

Figure 2-9: 

Figure 2- 10: 

Figure 2- 1 1 : 

Figure 2- 12: 

Figure 2- 13: 

Figure 2- 14: 

Figure 2- 15 

Figure 2-16 

Figure 2- 17 

Figure 2- 18 

Figure 3-1 

Figure 3-2 

Figure 3-3 

Ligaments of Knee 

Hamstring Musculature 

Skeletai Muscle Structure 

Components of Skeletal Muscle 

Load Ce11 Set up 

Kin/Com Set Up 

Load Defonnation C u ~ e  of Skeletal Muscle In vitro 

Torque Angle Cume of Skeletal Muscle In Vivo 

Stress Relaxation and Creep 

Stress Relaxation During Repeated Stretches In Vivo 

Peak Torque Differences In Vivo 

Sit and Reach Test Box 

Si t and Reach Test 

Passive Knee Extension Test 

Active Knee Extension Test 

Active Knee Extension Test with Cradle 

Set Up for Passive Kin/Com Test 

Moment of the Weight of the Leg 

Sit and Reach Test 

Active Knee Extension Test and Cradle Position 

Passive Knee Extension Test Protocol 

Page 

12 

15 

17 

19 

21 

23 

24 

25 

26 

28 

3 1 

38 

38 

43 

46 

47 

53 

58 

66 

68 

70 



xii 

Figure 3-4 

Figure 3-5 

Figure 3-6 

Figure 3-7 

Figure 3-8 

Figure 3-9 

Figure 3-10 

Figure 4- 1 

Figure 4-2 

Figure 4-3 

Figure 4-4 

Figure 4-5 

Figure 4-6 

Figure 5- 1 

Fioure 5-2 

KinKom Test Set Up Protoçol 

Moment due to the Weight of the Leg Calculation 

Test-Retest Pilot Subject 1 

Test-Retest Pilot Subject 2 

Test-Retest Pilot Subject 3 

Pilot Test 1 Comparison 

Pilot Test 2 Comparison 

Sit and Reach vs. Angle at Peak Torque Regression 

Sit and Reach vs. Maximal Stiffness Regression 

Active Knee Extension vs. Angle at Peak Torque Regression- 

Passive Knee Extension vs. Angle at Peak Torque Regression- 

Active Knee Extension Test: Injured vs. Non-inj ured 

Maximal Stiffness Test: Injured vs. Non-injured 

Determination of Maximal Stiffness 

Determination of Cornmon Stiffness 



Abstract 

FLEXIBILITY MEASUREMENT OF THE KNEE FLEXORS: 
A COMPARBON OF THlWE CLINICAL TESTS AND 

ISOKINETIC DYNAMOMETRY 

The high incidence of recurrent harnstnng injuries in sport, especially in the recent 
S u m e r  Olympics, calls into question the accuracy of current measures of injury 
rehabilitation. Strength and flexibility differences between healthy and previously 
hamstring-injured athletes have been reported in the literature, but many studies have found 
no significant differences between the two groups using similar testing rnethods. Studies of 
the passive properties of skeletal muscle have reported the resistance to passive knee 
extension using a KinlCom isokinetic dynamometer. Comparison of this flexibility 
measurement technique to other, more comrnon measures of flexibility is not well 
documented in the iiterature. Also, there is Little information in the iiterature with respect to 
the passive properties of in vivo skeletai muscle with a previous strain injury. 

The purpose of this study was to compare the measurement of flexibiiity by a Sit and 
Reach Test, Active Knee Extension Test, and Passive Knee Extension Test with the 
resistance to stretch during passive extension of the knee, as measured by the Kin/Com 
Isokinetic Dynamometer. A sub-problem was to examine the differences in flexibility 
measurement scores between individuals with a previous hamstring injury and individuals 
with no history of hamstring pathology. 

Twenty male varsity athletes from the University of Manitoba Football and Track 
teams participated in the study. Subjects in the Injured Group (N=lO) had sustained a 
hamstring strain injury within the 18 months pnor to the study, while subjects in the Non- 
injured Group (N=10) had no history of harnsrring strain injury. Al1 subjects were injury- 
free and competing in their sport at the time of the study. Non-injured subjects were 
matched with Injured subjects according to sport, position, weight, height and iimb 
dorninance. The Non-injured group limbs were separated into 'injured' and 'uninjured' 
groups according to the injured and uninjured limbs of their Injured matched pair. Data 
collection and comparisons were conducted using the dependent variables of passive peak 
torque, angle at passive peak torque, maximal stiffness, and stiffness in a comrnon range. 

Regession analysis comparing the three ciinical tests to the resistmce to stretch 
variables resulted in significant correlations (pd.05) between the Sit and Reach Test and 
the angle at peak torque, maximal stiffness, and common stiffness, between the Active Knee 
Extension Test and the angle at peak torque and common stiffness, and between the Passive 
ffiee Extension Test and the angle at peak torque and cornmon stiffness. The results 
indicate that the KidCom Dynamometer test is a valid measure of hamstring flexibility. 
Two-way ANOVA comparing results of the flexibility tests scores and dependent variables 
of the KinKom between Injured and Non-injured groups revealed si p i  ficant di fferences in 
Active Knee Extension scores and maximal stiffness (p4.05).  The Injured group had 
significantly less flexibility, as rneasured by Active Knee Extension, and significantly higher 
stiffness in the final range passive extension of the knee in both limbs than the Non-injured 
group, There were no other significant differences between the groups. 

The results of this study suggest that functional differences may stiii exist between 
injured and non-injured athletes even after retum to fuli activity. Also, the Kin/Com 
Isokinetic Dynamometer may be a valuable tool for evaluating hamstring strain injury 
rehabili tation, but further investigation is required to c o n f m  these results. 



F'LEXIBILITY MEASUREMENT OF THE ICNEE FLEXORS: 

A COMPARISON OF THREE CLINICAL TESTS AND ISOICINETIC 

DYNAMOMETRY 

CHAPTER 1 

Introduction 

With the large number of hamstring injuries arnong sprinters during the recent 

OIympic games in Sydney, such as Canadians Bruny Surin and Kate Anderson and 

Arnericans Inger Miller, Gai1 Devers, and Colin Jackson, a question arises as to the 

accuracy of cwen t  measures of the effectiveness of muscle injury rehabilitation. Most of 

these athletes have suffered similar hamsiring injuries in previous years. Certainly the 

pressure to run in a big event when an injury is not fully healed can predispose an athlete 

to a recurrent strain, however, strains c m  recur even when the injured limb is considered 

fully rehabilitated (WorreIl, 1994; Deviin, 2000). A full and pain-free range of motion, 

as well as full strength, are comrnon guidelines in rehabilitation for retum to activity, and 

accurate assessrnent of flexibility is critical to these guidelines (Worreil& Pemn, 1992; 

Anderson & Hall, 1995; Andrews et al, 1998). 

Numerous studies have attempted to identiQ those athletes at a greater nsk of 

sustaining a hamstring strain injury, with a focus on strength and flexibility differences 

between previously-injured and healthy athletes (Bruce, 1989; Paton et al, 1989; Worreli 

et al, 199 1 ; Hennessy & Watson, 1993; Orchard et al; 1997; Bemeii et al, 1998). Worrell 

et al (1 99 1) found significant differences in hamstring fiexibility between injured and 

non-injured athietes using the Passive Knee Extension test, however, other studies have 



shown no differences using similar flexibility tests (Bruce, 1989; Hemessy & Watson, 

1993; Orchard et al, 1997). It must be noted that dunng passive extension of the knee, 

the therapist controls joint range of motion, so force application is judged subjectively by 

both the therapist and the athlete. 

A study by Orchard et al (1997) found significant differences in isokinetic knee 

flexor strength between subjects with and without a history of hamstring injuries, stating 

that it was possible to identify athletes at risk for injury with preseason isokinetic testing. 

Sirnilar resulü were noted by Jonhagen et al (1994). However, other studies (Bruce, 

1989; Paton et al, 1989; Worrell et al, 199 1; Hennessy & Watson, 1993; Beneu et ai, 

1998) found no significant differences in concenaic and eccentric strength between 

previously injured athletes and athletes with no history of hamsaing injury. Paton et al 

(1 989) stated that moderate-major hamstring injuries would respond to rehabilitation 

programs with no permanent functional damage, however the authors did not address 

flexibility issues. 

Cornparisons of different tests that measure hamstring flexibility have k e n  

performed (Carneron & Bohannon, 1993; Gajdosik et al, 1993). Gajdosik et a1 (1993) 

compared the hip flexion angles between different protocols of the Straight Leg Rise  

Test; as weii the knee flexion angles between the Active Knee Extension Test and the 

Passive Knee Extension Test. Significant differences between the knee flexion angle 

tests were found, but no significant differences between the hip flexion tests were noted. 

The authors also found significant relationships arnong all four tests, concluding thai all 

of the tests probably represent similar, but indirect measures of the length of the 

harnstrings. Carneron & Bohannon (1993) found similar results, noting a significant 



relationship between the active knee extension and the active straight leg raise tests. The 

authors concluded that the active knee extension test is a useful alternative to the active 

straight leg raise, with both tests providing an indication of hamstring muscle length. 

In recent years, the passive propdes of skeletal muscle have been determineci 

both in vitro (Taylor et al, 1990; Noonan et al, 1993; Best et al, 1994) and in vivo 

(Mapusson, 1998). Specific passive properties of skeletal muscle include the response 

to lene@hening at different Ioading rates, response to static stretch, force required to 

stretch a muscle to failure in vitro, and changes in response to stretch due to passive 

warming, warm-up, and strength and flexibiiity training. Investigators can employ the 

use of a force transducer to measure both the tende forces of skeletal muscle in vitro and 

the tendency to resist joint rotation in vivo. 

Many in vivo investigations have focussed on the passive properties of human 

hanstring muscles in reaction to various stretching parameters (McHugh et al, 1992; 

Magn usson et al, 1 995a; Magnusson et al, 1 996a; Magnusson et al, 1 996b; KLinge et al, 

i997; Halbertsma et al, 1999; Lee & Munn, 2000). These investigations used a 

dynamometer to measure passive resistance to joint rotation, with different protocols 

employed (Magnusson, 1998; Strauss, 2000). The load ceil of the dynamometer is used 

to detect the changes in torque output during passive extension of the knee. As the knee 

approaches full extension, the torque output increases, even after the moment of the 

weight of the leg has been accounted for and rernoved. This increase in torque output is 

called the resistance to passive stretch, as it is the resistance of the passive tissues of the 

knee joint (ligaments, tendons, joint capsule, muscle proteins, etc) to stretch (McHugh et 

al, 1992; Magnusson, 1998). 



Although the use of dynarnometry in the assessment of knee flexor passive 

resistance to knee extension has k e n  documentai, there is little information describing 

the correlation of its use to other ciinical measures of knee flexor flexibility or in the 

assessment of individuals with previous leg muscle strain injury. 

Ainslie & Beard (1996) used a Kin/Com dynamometer to quantify the passive 

resistance of the quadriceps muscles in an athlete with a unilateral hamstring injury. The 

case study found that the increase in resistance during passive knee flexion occurred 

earlier in the injured leg than in the noninjureci iimb. The authors attributed this 

resistance to movement to an increase in the passive resistance of the quadriceps. The 

authors recornmended fiuther investigation to determine the validity and reliabiüty of the 

KINCOM as an outcome measurement tool for passive muscle resistance. 

As there is little information in the literature with respect to the passive properties 

of muscle involved in previous hamstring injuries, it is necessary to investigate this area 

to determine if there are different tensile properties associated with harnstring injury. In 

addition, there are no studies in the iiterature comparing passive properties of skeletal 

muscle in vivo and different clinical and field measures of hamstring flexibility. 



Statement of the Problem 

The purpose of this study was to compare the measurement of knee flexor 

(harnstring) flexibility by four different methods of flexibility assessment- SpecificaUy, 

the Sit and Reach Test, Passive Knee Extension Test, the Active Knee Extension Test and 

the passive torque of the knee flexors as measured by the Kinetic Communicator 

( K i K o m )  Isokinetic Dynamometer. 

A sub-problem was to examine the differences in flexibility measurement scores 

between individuals witfi a previous harnstrïng strain and individuais with no history of 

harnstring pathology, 

Nul1 Hypotheses 

The nul1 hypothesis for this study was that there would be no significant 

correlation between the measurements of flexibility obtained from the Sit and Reach, 

Passive Knee Extension, and Active Knee Extension Tests, and the passive resistance of 

the knee flexors. In addition, there would be no difference between subjects in the 

control group and the experimental group or between limbs across ail tests. 



Delimitations 

1. AU subjects tested in the study were athletes with no history ot hamstring injury, or 

those athletes who have sustained a previous unilateral hamstring injury. All subjects 

were free of lower limb pathology at the time of testing. 

2. Al1 subjects were participating in their sport or activity at the time of the study. 

3. Subjects in the experimental group were athletes that had been diagnosed by a 

physician/physiotherapist/certified athletic therapist as having a hamstring muscle strain 

and were considered fuily rehabilitated to the extent of ret-ng to their activity at the 

time of testing. 

4. The same investigator measured each subject with the same instruments during the 

sarne test session, 

5. Three airils were used during the testing of the athletes, with the average of the huo 

closest scores recorded as the final measurement. 

Limitations 

1. Subjects may not have been fuily rehabilitated at the time of testing. 

2. Subjects may have inadvertently contracted the harnstrings during passive testing, 

producing higher passive resistance values. 

3. Subjects may have had different pain/discomfort thresholds, leading to earlier 

stopping of range of motion testing. 



Signiacance 

With the high incidence of recurrent harnstnng strains among athletes at ai l  levels, 

it was apparent that current rehabilitation outcome measures (flexibility, strength) were 

not sensitive enough to predict the recwrence of injury. Tt was ho@ that the present 

study would demonstrate the high quality of the information obtained by a dynamometer 

and its value as a sensitive assessment tool for the measurement of rehabilitation progress 

and the nature of a previous injury. 

A cornparison of these flexibility tests and passive isokinetic dynamometry had 

not been reported in the iiterature. The purpose of this study was to further investigate 

the use of an isokinetic dynamometer in the evaluation of the stiffness of the knee flexors, 

and how this evaluation relates to other clinical measures of knee flexor length* An 

isokinetic dynarnometer may provide a more valid and reliable rneasurement of the 

passive resis tance of the hamstrings than other, more subjective tests. 

The results of this study may also be useful in refining some gravity 

compensation protocols employed in seated isokinetic testing. By studying the resultant 

passive resistance curves generated by the KINCOM, investigators may have a clearer 

picture of the range of motion during which the resistance of the hamsnings is minimal as 

the knee extends from a position of 90 degrees flexion. Then, the lower limb could be 

positioned as close to horizontal as minimal hamstring resistance will ailow in order for 

the dynarnometer to obtain an accurate measurement of the lower limb's weight. 



Definition of Terms 

Active Stretching The stretching of muscle-tendon units and ligaments resulting from 

active development of tension in the antagonist muscles (Hall, 1 999). 

Axis of Rotation imaginary line that is perpendicular to the plane of motion and passes 

through the centre of rotation (Hall, 1999)- 

Centre of Mass Point about which aii the mass and weight of a body is equaliy balanced 

in al1 directions (Hall, 1999). 

Energy Defined as the area under a Torque-Angle curve, and refen to the energy 

absorbed by the tissue during loading (Magnusson, 1998). Energy is measured in joules 

(J). 

Gravity Compensation Correcting joint torque values for the weight of the limb 

segment due to gravity. The moment due to the weight of the limb may be calculateci by 

direct measurement of the gravitationai moment of the iimb using an isokinetic 

dynarnometer, or by estimation from anthropometic data (Kellis & Blatzopoulos, 1996). 

Isokinetic Dynamometer A device, such as the KinfCom isokinetic dynamometer, 

designed to match the motive torque applied while maintaining a constant angular speed 

of a joint movement (Kreighbaum & Barthels, 1990). 

Moment Arm Perpendicular distance from the line of action of a force to the axis of 

rotation (Hall, 1999). 

Passive S tretching The stretching of the muscle-tendon unit and ligaments resulting 

from a stretching force other than tension in the antagonist muscles. such as gravity, a 

therapist, or a dynarnometer (Haii, 1999). 



Peak Torque Maximum torque value achieved in the entire range of motion of a given 

rnovernent (Perrin, 1993). 

Resistance to Stretch Tendency of a ümb to rotate in the opposite direction to a given 

rnovement as a result of tension within the tissues. Also referred to as the passive torque, 

measured in Newton metres (Nm), offered by the knee flexors during passive knee 

extension using a KinKom dynamometer- (Magnusson, 1998) 

Range of Motion (ROM) Range through which a limb c m  move or rotate about a joint, 

measured in degrees (O) or radians (rads). 

Stiffness Resistance of a structure to deformation, as determined by the slope of a 

Stress/strain curve (Woo et al, 1999). For studies in vivo, stiffness has been defined as 

the change in passive torque through a given range of motion, as determined by the dope 

of a Torque-Angle curve (Magnusson, 1998). 

Stretch tolerance The maximum arnount of muscle lengthening ailowed by the subject 

without causing discomfort (Magnusson, 1998). 

Torque A force that produces a tendency to rotate. Also referred to as a moment. 

Torque, in Newton metres (Nrn), is the product of the magnitude of the force (N) and the 

perpendicular distance (dl), in metres, from the line of force through the axis of rotation, 

T = F x dl- (Hall, 1999). 



CHAPTER 2 

Review of Related Literature 

Introduction 

This section will discuss topics related to this study- Topics discussed in this 

review include (1) the anatomy of the knee joint with emphasis on those structures that 

rnay provide passive resistance to knee extension, (2) a review of the protocols and 

reliability of the relevant tests of hamstring flexibility, (3) a discussion of the passive 

properties of skeletal muscle, (4) a review of different protocols for deterrnining passive 

resistance to knee extension. 

Anatomy of the Knee 

The knee joint is a synovial joint complex consisting of three bones, the femur, 

tibia and patella, which aaiculate to form two joints, the tibiofemoral joint and the 

patello femoral joint. The tibiofemoral joint is the articulation between the rounded distal 

femoral condyles and the relatively flat proximal tibial plateau. Because of the 

incongmency of the two joint surfaces, the knee joint relies on the surrounding 

ligarnentous, cartilaginous, and muscuIotendinous structures for support. (Crouch, 1978) 

Movements of the knee 

The main motions that occur at the knee are flexion and extension in the sagittal 

plane about a left-right mis. This axis of rotation passes through the femoral condyles 

and changes position slightly as the joint moves through its range of motion. The knee 

moves through a range of about 140 degrees from full extension to fuli flexion. The 

articular surface movements of the femoral condyles on the tibial plateau are rolling and 

gliding. This combination of movements occurs as a result of the cniciate ligaments 



becoming taut during flexion and extension. Other movements that c m  occur at the knee 

joint are medial and laterai rotation in the transverse plane about a longitudinal axis. 

These movements are most prominent when the knee is in a position of 90 degrees of 

flexion. (Nordin & Frankel, 1989) 

Ligaments of the Knee 

The knee joint has four main ligaments associated with it to provide stability, two 

collateral ligaments and two cruciate Ligaments (Figure 2-1). The meâial collateral 

ligament is a broad, flat thickening of the joint capsule that connects the medial femoral 

condyle to the medial tibial condyle, with deeper fibres attaching to the medial meniscus 

(Crouch, 1978). It functions to protect the knee joint fkom valgus forces by resisting 

opening of the joint medially (krgang et al, 1996). 

The lateral coilateral Ligament is a cord-like Ligament that Lies outside the joint 

capsule on the lateral side of the knee joint (Crouch, 1978). It attaches to the lateral 

femoral condyle proximsUy and the head of the fibula distally, and protects the knee 

against varus forces by resisting opening of the joint laterally (Crouch, 1978; Irrgang et 

al, 1996). 

The two cruciate ligaments, the anterior cruciate ligament (ACL) and the posterior 

cruciate ligament (PCL), Lie within the intercondylar notch of the femur inside the joint 

itself. The anterior cruciate ligament attaches to the anterior portion of the tibial 

intercondylar eminence and travels superiorly, posteriorly and lateraliy to attach to the 

media1 aspect of the lateral femoral condyle (Moore, 1992). The ACL is composed of 

two bundles of fibres, the anteromedial bundle, which is under tension in flexion, and the 

posterolateral bundle, which is under tension in extension (Irrgang et al, 1996). The ACL 



is only under tension during the 1 s t  10 degrees of extension (Markolf et al, 1990). The 

-4CL plays an important role in knee stability, preventing anterior shear of the tibia on the 

femoral condyles; as well, it resists rotational movements of the knee (Crouch, 1978). 

The ACL dso  resists hyperextension of the knee joint (Irrgang et al, 1996), with forces 

ranging from 50 N to 200 N in 5 degrees of hyperextension (Markoif et al, 1990). The 

PCL attaches to the posterior portion of the tibia1 intercondylar erninence and travek 

anteriorly and supenorly to attach to the lateral portion of the medial femoral condyle. It 

serves to prevent posterior translation of the tibia on the femur as weii as resisting 

rotational movements of the joint. (Nordin & Frankel, 1989; Moore, 1992) 

Figure 2-1 : Antenor view of the structures of the knee, with the pateiia removed. 
(Nordin & Frankel, 1989) 



Menisci 

The medial and lateral menisci are semi-lunar, fibrocartilaginous discs that lie 

between the femur and the tibia (Figure 2-1). They provide stability to the tibiofemoral 

joint by making the tibid plateau more concave to better accommodate the femoral 

condyles. They also function in the absorption of shock and distribution of forces during 

weight bearing. (Moore, 1992; hgang et al, 1996) 

Passive Resistance to Knee Extension 

There are many tissues that cross the knee, both contractile and non-contractile. 

Structures that cm resist passive knee extension include the anterior cruciate Ligament, 

the posterior capsule of the knee joint, the sciatic nerve and related neural structures, the 

menisci of the knee, blood vessels, popliteus, gastrocnemius, plantaris, iliotibial band, 

biceps femoris, semitendinosus, sernimembranosus, and connective tissue. Because it is 

not possible to determine the relative contribution of each of these tissues to the 

resistance of knee extension, they wili be collectively referred to as the knee flexors. 

Anatomy of the Knee Flexor Muscles 

The main flexors of the knee are the hamstring muscle group, which are located 

on the postenor thigh (Figure 2-2). uicluded in the hamstring muscle group are the 

semitendinosus, semimernbranosus, and the biceps femoris muscles. The semitendinosus 

originates on the media1 aspect of the ischial tuberosity and inserts on the medial aspect 

of the proximal shaft of the tibia. The sernimembranosus originates from the lateral 

portion of the ischial tuberosity and inserts on the posterior aspect of the medial tibial 

condyle. The biceps femoris muscle has two heads, the long head originating on the 

ischial tuberosity with the short head originating on the laterd side of the linea aspera of 



the femur. Both heads come together to insert on the head of the fibula, AU three 

muscles are inne~ated by the sciatic nerve. Semitendinosus, semimembranosus, and the 

long head of biceps femons are innervated by the L4, LS, & S 1 nerve roots of the sciatic 

nerve and the short head of biceps fen'iorïs is innewated by the L5, S I ,  & S2 nerve roots. 

Semitendinosus and semimembranosus also produce medial rotation of the tibia on the 

femur, while biceps femons cm produce lateral rotation of the tibia on the femur. Ail 

three muscles cross the hip joint and, therefore, help to produce extension of the hip. 

Because all three muscles cross both the hip and knee joints, extension of the knee while 

the hip is in a flexed position results in stretching the hairstring muscles across two joints 

(Basmajian & DeLuca, 1985). n i e  gastrocnemius muscle of the leg can ais0 help flex 

the knee joint, as its two heads originate on the femoral condyles, although this capacity 

rnay be limited (Basmajian & DeLuca, 1985). Other muscles that have the ability to flex 

the knee include sartonus and gracilis, with their insertion on the media1 tibiai condyle as 

part of the pes anserine group, and the popliteus, as it crosses knee joint postenorly. 

(Crouch, 1978; Moore, 1992) 

Due to their ability to flex the knee joint, the hamstring muscles would also have 

the ability to produce passive resistance to knee extension. Basmajian and DeLuca 

( 1985) suggested that the efficiency of the hanstrings as knee flexors increased when 

they are stretched by flexion of the hip. By this same rule, there would be an increase in 

the resistance to passive knee extension offered by the hamstrings with the thigh in a 

position of hip flexion. If these muscles were shortened, or stiff, or injured, their ability 

to produce resistance would be altered in that they would provide resistance earlier in the 

knee extension movement, thus decreasing the overall joint range of motion. In addition, 



the amount of resistmce they would produce at the end range of motion would be 

decreased, thereby increasing the risk of strain injury- (Mapusson et al, 1997) 

Figure 2-2: The muscles of the postenor thigh. (Moore, 1992) 



Passive Properties of Skeletal Muscle 

Introduction 

It is important to examine the passive properties of skeletal muscle in order to 

understand the tissue response to lengthening, as this is directly related to the mechanism 

of muscle strain injuries (Garrett, 19%). This includes the responses to stretch under 

different conditions, such as different loading rates, wann-up, and previous injury. Many 

studies have been performed to investigate the properties of skeletal muscle. Initial 

stiidies were performed in vitro on animal (rabbit) skeletal muscle, allowing 

measurements of the muscle to be made directly. In the past decade passive properries of 

human skeletal muscle have been studied in vivo, with results compared to the previous 

in vitro s-iudies, 

Structure of skeletal muscle 

Skeletal muscle is composed of both contractile and elastic components. Skeletal 

muscle is made up of long fibers of varying thickness and length that are surrounded by a 

loose connective tissue called the endomysium. These fibers are grouped into fascicles of 

various sizes that are surrounded by a dense sheath of connective tissue called the 

perimysium. Fascicles are grouped together to form a muscle which is further 

surrounded by the epimysium, a fibrous comective tissue. The coliagen fibers of the 

epimysium and perimysium continue beyond the muscle fibers to form a tendon at each 

end of the muscle (Figure 2-3). The tendon itself is arranged in a similar manner, with 

collagen fibres grouped into bundles and surrounded by connective tissue. 



Fimre 2-3: The structure of skeletal muscle. (Hall, 1999) 



The tendons and connective tissue layers comprise the major elastic components 

of the muscle. They act both in series, represented by the collagen fibres in the tendons, 

and in paraIIel, represented by the epimysium, perimysium, and endomysium connective 

tissue layers within the muscle beily (Figure 2-4). As the muscle lengthens, the collagen 

fibres begin to srraighten out and stretch providing resistance to lengthening, which can 

be measured under both in vitro and in vivo test conditions. (Nordin & Frankel, 1989) 

The contractile component of the muscle, the actin and myosin filaments, also 

contribute to the passive resistance during muscle lengthening. Dunng the non- 

contracted state of the muscle, there are a smali number of actin-myosin cross-bridges 

that are connected, These bound cross-bridges function to resist short range lengthening 

of the muscle fibres (Carnbeii & M e ,  1998), which provides a mechanical damping to 

lessen the effect of delayed neuromuscuïar reaction to movement and improve postural 

stability (Wang et al, 1993; Luo et al, 1994). The elastic contribution of the contractile 

component of the muscle fibres results from the bending of the myosin heads while they 

are attached to the actin filaments (Wang et al, 1993; Mutungi & Ranatunga, 1996; 

Uyeda et al, 1996; Campbell & Lakie, 1998). 



PEC 

SEC 

Fiwre 2-4: The series (SEC) and parallel (PEC) components of skeletal muscle. The 
series component represents collagen fibres in the tendons and the parallel component 
represents the collagen fibres of the comective tissue layers in the muscle belly. The 
contractile component (CC) represents the musde fibres- (Nordin & Frankel, 1989) 

Measurement of passive properties (in vitro & in vivo1 

Studies measunng the passive properties of skeletal muscle in vitro have utilized 

the hind iimb muscles, such as tibiaiis anterior and extensor digitorum longus, in 

anesthetized New Zealand white rabbits (Garrett et al, 1987; Strickler et al, 1990; Taylor 

et al, 1990; Noonan et al, 1993; Taylor et al, 1993; Mair et al, 1996). The muscles are 

separated from their distal attachments and placed in an Instron, which is a clamping 

device with a sensitive force transducer built in. With the hind limb stabilized, the 

muscles are pulled to failure under different loading rates and muscle conditions. The 

Instron determines the force involved in stretching the muscle to failure, as well as the 

length to which the muscle is pulled. This is important in detedning the amount of 

stress a muscle can endure More injury or failure. 

In vivo measurement of the passive properties of skeletal muscle have been 

determined using several di fferent devices and stretch maneuvres. Passive tension was 



detennined dunng a straight leg raise using an examiner-conaolled load ceU attached to a 

chain (McHugh et  al, f 992; Halbertsma et al, 1999; Lee & Munn, 2000). In each study, 

the examiner passively iifted the leg with the load ceU attached to the lower leg just 

proximal to the media1 malleolus (Figure 2-5). A load ceU device has also been 

employed (Mansour & Audu, 1986) to measure passive resistance to stretch during 

passive extension of the knee in different positions of hip flexion. This method provides 

a subjective measure of the passive resistance to stretch in that it depends on the 

examiner to produce tension in the load ceil-chah device, as weU as the determination of 

the end range of motion by the subject, The examiner is also required to maintain the 

Ioad ceil perpendicular to the leg in order to obtain accurate force measurements. 

Another potential source of error is the ability of the examiner to lift the leg at a relatively 

constant rate. This method could not be used if the examiner was physically unable to lift 

the limb, as in testing a professiond footbaii lineman for example. 



Figure 2-5: Load cell on a chain set up. The load ceil (3) is attached to the distal end of 
the test leg (2) .  (McHugh et al, 1992) 



Resistance to stretch during passive knee extension has been measured with a 

dynamometer (Figure 2-6), such as a KinKom isokinetic dynamometer, in the passive 

mode of the device (Magnusson et al, 1995s Magnusson et al, 1995b; Magnusson et al, 

1996a; Magnusson et al, 1996b; Magnusson et al, 1996~; Magnusson et al, 1996d; Klinge 

et al, 1997; Magnusson et al, 1997; Magnusson et al, 1998; Magnusson et al, 2000a; & 

Magnusson et al, 2000b). The passive mode of the KinKom differs from the more 

cornmon velocity mode in that there is no minimal force necessary to move the actuator 

arm. The Passive mode was designed as a means of performing repetitive, passive ROM 

exercises (Maione, 1988). The device could be prograrnrned to move a iimb in a set 

ROM, while the patient relaxed. The load cell attached to the actuator arrn is still 

recording the forces associated with the movement during the passive mode, so the torque 

involved with the movement c m  determined by the dynamometer. The isokinetic 

dynamometer is the most common mesurement tool of passive resistance of the knee 

flexors and has also been used to mesure  passive resistance in the planta flexors 

(Lamontange et al, 1997). 



Figure 2-6: Passive dynamometer set up. (Mapusson, 1998) 

Response to passive stretch 

The behaviour of skeletal muscle tissue is said to be viscoelastic, meaning that it 

demonstrates both fluid-like and elastic properties in response to lengthening (Nordin & 

Frankel, 1989). The change in tensile forces of the muscle in response to elongation is 

non-linear. There are four characteristic regions of a load-deformation curve, as 

demonstrated by testing a rabbit tendon to failure (Figure 2-7). The fust region is called 

the primary or toe region and represents tissue elongation with Little increase in force as 

the collagen fibres begin to straighten out. The second region is called the secondary or 



linear region and is characterized by a rapid increase in stiffness as the straight collagen 

fibres stretch out. The thïrd region is the end of the linear region when some of the 

collagen fibres begin to fail. As the fibres progressively fail, there are dips in the once 

linear curve. The fourth region of the load-deformation curve is the maximum load of the 

tissue, after which the collagen fibres fail rapidly and tissue completely ruptures. (Nordin 

& Frankel, 1989) 

Figure 2-7: Load-deformation curve of skeletal muscle in vitro (Nordin & Frankel, 1989) 

Skeletal muscle in vivo demonstrates the same toe-region and linear region 

(Figure 2-8) in response to stretch (Magnusson, 1998). When a iimb is moved through a 

range of motion about a joint, the tissue k ing  lengthened begins to provide passive 

resistance <O that movement, denoted by the toe region of in Figure 2-8, in order to 

protect the joint from excess movement and potential injury. As the movement 

approaches the end range of motion, the arnount of resistance offered by the elastic 

components of the muscle increases more rapidly, denoted in the linear region of the 

curve. The increase in resistance during slow passive stretch is not accompanied by an 

increase in EMG activity within the muscle, meaning that the activation level of the 



muscle is not changing, and thus, the resistance cornes from the mechanical or elastic 

structures of the muscle (Magnusson et al, 1996d; Magnusson et ai, 1997; McHugh et al, 

The increase in the tension by the passive structures of the muscle dunng the 

stretch rnaneuver functions to restrict the joint movement and the lengthening of the 

muscle, providing a protective mechanism against strain injury 

Firure 2-8: Torque-Angle curve from skeletal muscle in vivo (Magnusson, 1998). 



The muscle-tendon unit also responds differently to changes in loading rate, 

exhibits creep, and demonstrates stress relaxation characteristics (Figure 2-9) (Taylor et 

al, 1990). Creep refers to the increase in length of tissue under a constant load while 

stress relaxation, or load relaxation, is defined as the decrease in tension within muscle 

tissue held at a constant length (Nordin & Frankel, 1989). In relation to the passive 

properties of skeletal muscle, the phenomenon of stress relaxation occurs as the collagen 

fibres in the muscle-tendon unit deform in adaptation to the new length. As a result of 

the lengthening, the amount of tension exhibited by the collagen fibres decreases- The 

creep phenomenon is exhibited as the collagen fibres stretch and deform in reaction to the 

load placed upon them. This phenornenon has not been demonstrated in vivo as it may 

result in a strain injury if the load is too high. This may have implications for stretching 

beyond the comfort level of a subject. 

Figure 2-9: Stress (Load) relaxation and creep. (Nordin & Frankel, 1989) 



in vivo studies of have demonstrated stress relaxation of muscle tensile force in 

response to a single static stretch, A study by McHugh et al (1992) demonstrated stress 

relaxation of human hamstring muscle in 15 healthy subjects during a passive straight leg 

test, The test involved a Fist static stretch to the maximum tolerated ROM, as measured 

by an electrogoniometer and second static stretch to a ROM that was 5 degrees lower 

than the Fust stretch. Each stretch was held for 45 seconds. The decreases in muscle 

tension during both stretches, as measured by a load ce11 attached to a chah, were 

significant, with percent decreases of 14.4 f 2.2% and 13 i 2.3% respectively. The 

authors concluded that the amount of stress relaxation was related to the amount of 

stretch placed on the tissue, but that the response was sirnilar. The relaxation of muscle 

tensile force in vivo occurs when an athlete performs a static suetch of the hamstring 

muscles, such as a modifieci-hurdler's stretch. While the muscle is held at a constant 

length, the intensity of the stretch decreases as the tension in the tissue decreases over 

time. 

A study by Magnusson et al (19964) studied the response to stretch in the 

hamstring muscles of spinal cord-inj ured subjects with complete motor loss and healthy 

controls. Each subject performed a passive knee extension on a KinKom dynamometer 

at 5OIsec to a predetermined final ROM, where a stretch was held for 90 sec. EMG data 

in response to the stretch was recorded for each subject. Results showed that while there 

was a signifiant difference in the peak torque between the controls (34.2 + 3.8 Nm) and 

the injured subjects (19.7 f 5.0 Nm), there was no difference in the percent decrease in 

passive torque between groups (33% and 3896, respectively). The authors concluded 

because there was no measurable EMG response detected in either group dunng the 



stretch maneuver, the deciine in the resistance to the static stretch was viscoelastic stress 

relaxation (Figure 2- 1 O),  

The results from the studies demonstrating stress relaxation show that the 

rnajority of the decrease in tension in the tissue occurs within the fwst 15-20 seconds of 

the static stretch maneuver. This is consistent with the findings of Taylor et al (1990), 

who noted that the most significant amounts of stress relaxation occurred during the 

initial 12 to 18 seconds of the stretch. This impiies that static stretches should be held for 

at least that amount of time in order to be effective in relaxing the muscle-tendon unit. 

Fimire 2-10: Stress relaxation during repeated static stretches in vivo (Magnusson et al, 
1996b). 



Effect of loadino rate on ~ass ive  muscle prowrties 

Skeletal muscle responds differently to changes in rates of loading, showing more 

elastic properties as the rate of stretch increases. Taylor et al (1990) demonstrated this 

effect by stretching rabbit skeletal muscle failure in vitro at loading rates of 0.01 cm/sec, 

0.1 crn/sec, 1 cdsec, and 10 cdsec. Results indicated that as the loading rate increased, 

there was a significant increase in the peak tensile force and the energy absorbed by the 

muscle-tendon units of both innervateci and denervated tibialis anterior and extensor 

digïtonim longus muscles. The passive muscle response to lengthening at higher joint 

,mgular velocities in vivo is a higher peak tension at shorter end ranges of motion. This 

means that movements involving high joint angular velocities, such as sprinting, create an 

increased stress within the tissue at shorter muscle lengths, which may increase the risk 

of strain injury. The rate-dependent response to stretch by skeletal muscle has 

implications in the safety of stretching techniques, suggesting that slow static stretching 

has a reduced risk for strain injury compared to ballistic stretching at a fast rate. 

Effects of repeated stretching 

Taylor et al (1990) showed the response of rabbit extensor digitorum longus 

muscle to ten repeated-stretches of 10% beyond original length at a loading rate of 2 

cdsec. There was a progressive decrease in the amount of tension with each strerch, 

with an overall decrease in peak torque of 16.6% from the first stretch to the tenth stretch, 

with most of this decrease in tension occumng between the first and fourth stretches. 

The authors suggested that the stretching history of the muscle-tendon unit is relevant and 

that stress relaxation leads to an interna1 change in structure of the specimen during each 

stretch. This may be a reason for including repeated stretching exercises in a warm-up 



protocoi, with a minimum of four repeated stretches king  necessary to bring about most 

of the lengthening of the muscle-tendon unit (Taylor et al, 1990)- 

A study by Magnusson et al (1996b) examineci the response of human hamstring 

muscle to stretch in 13 uninjured subjects using a KinlCom dynamometer and a repeated 

siretch protocol. The stretch maneuver involved a passive knee extension at 5O/sec to a 

predetennined final position, where it was heM for 90 seconds. This was repeated 5 

consecutive times, with a sixth stretch performed 1 hour later. Results showed significant 

decrease in stiffness, energy, peak torque (Figure 2-1 1), and stress relaxation between the 

first stretch and the fifth stretch, but no significant differences in these values between the 

first and sixth stretch. The authors concluâed that a repeated stretch protocol causes a 

decrease in the viscoelastic properties of skeletal muscle, but that these changes return to 

baseline within one hour. These findings suggest that an optimal stretch protocol consists 

of stretches that are performed less than one hour before exercise, otherwise the effect of 

the stretch may Wear off. 



Figure 2-1 1: Differences in the peak torque during repeated stretches in vivo (Magnusson 
et al, 1 W6b) 

A later study by Magnusson et al (1998) investigated the effects of repeated static 

and cyclical stretching on the viscoelastic properties of skeletal muscle in 12 recreational 

athletes. The resistance to stretch was measured using a Kin/Com dynamometer during 

three passive stretches of the hamstrïngs to the point of pain, 10 minutes apart. After the 

second stretch, each subject performed a 90-second static stretch and 10 cyclical stretches 

on the left and right side, respectively. For both interventions, there was a significant 

increase in the maximal joint angle and maximal stiffness (terminal 10" of maximal 

ROM) between al1 three stretches; however, the stiffness in a common range (terminal 

1 OOROM cornrnon to ail 3 trials) was unchanged between stretches and sides. The 

authors concluded that a repeated static or cyclical stretching protocol has no effect on 

the viscoelastic properties of skeletal muscle, but that such protocols increase joint range 

of motion by increasing stretch tolerance. 



Mapusson et al (2000a) also exarnined the effects of repeated static-stretches 

during exercise on the viscoelastic properties of skeletal muscle. Passive energy 

absorption was detennined with a KinKom dynamometer before exercise (Preex), after 

10 minutes of running (PostexlO), and after 30 minutes of running (Postex30). Three 

stretch maneuvers were perforrned after the Postex 10 test, with passive energy absorption 

measured during the stretches. The passive energy absorption was determined by 

calculating the area under the resultant TorqudAngle curves. Results showed that the 

energy absorption after stretch 3 (10-8 + 1.8 J) was significantly lower than the Preex 

value (14.5 f 1.7 f )  and the PostexlO value (13.5 f 1.9 J), but not the Postex30 value 

(13.3 + 1.8 J). The Postex30 value was not different from the Preex and PostexlO values. 

The authors concluded that repeated static stretching has an immediate effect on passive 

energy absorption, but that this effect did not remah after 30 minutes of exercise. 

Repeated static stretches have the effect of reducing the amount of passive tension 

within the muscle-tendon unit in the same range of motion, suggesting that an increase in 

range of motion would result from a repeated stretch protocol. This protoçol should 

include a minimum of four static stretches, lasting 20 seconds each, and should be 

perforrned within the hour pnor to exercise. In addition, the protocol should be 

perfomed during the exercise period in order to maintain the effects of the stretching. 

Effects of stretching techniaue on ~assive muscle ~rowrties 

It is a cornmon belief in rehabilitation that stretching exercises, such as static and 

contract-relax stretching, increase the length of the tissue king stretched. Stretching 

programs most often resuk in improvements in joint range of motion. However, it is 

uncertain if these stretches actudy increase the overd length of the tissue. 



A study by Magnusson et al (1996a) examined the differences in passive torque, 

EMG activity, and stretch perception between a static stretch and a contract-relax (PNF) 

stretch of the harnstrings in 10 healthy subjects- Both a 10-second static stretch and the 

6-second contract-relax stretch were employed at 10" below a pre-detemiined final angle. 

The knee was then extended either to the pre-determined final joint angle (constant angle 

protocol) or to a maximum joint angle determineci by the onset of pain (variable angle 

protocol). Results indicated no difference in EMG activity or passive torque between the 

static or contract-relax stretch during the constant-angle protocol- However, dunng the 

variable-angle protocol, the contract-relax technique resulted in a greater passive torque 

and maximum joint angle than the static stretch, with sirnilar EMG activity between 

methods. The authors concluded that the viscoelastic response to stretch was unaffected 

by the type of stretch maneuver, and therefore PNF stretching alters the perception of 

stretch. 

It is evident that the evaluation of flexibility progress by range of motion values 

alone (i.e. via standard flexibility tests) may not be enough to judge muscle repair and 

rehabilitation. Athletes with previous hamstring strain injuries may still be predisposed 

to recurrent injury, even though they have attained a normal range of motion in a 

flexibility test. 

Effects of strength training - on ~assive muscle ~romrties 

It is generally agreed that strength training increases the contractile force output 

of skeletal muscle. However, the eifect of strength training on the passive properties of 

skeletal muscle has not been examined until recently. 



A study by Klinge et al ( 1997) examined the effect of isometric strength training 

with and without fiexibility training on the viscoelastic response to stretch in twelve 

healthy subjects. Subjects performed isomeaic strengthening of both legs 3 times per 

week for 13 weeks, with stretching performed on one leg twice a day ihroughout the 

training period. Ten subjects served as controls, with no strengthening or stretching 

performed during the training period. Results indicated a similar increase in isometric 

strenam of 43% on both legs. The peak torque, stiffness and energy absorbed increased 

significantly in both legs, however the stress relaxation response to static stretch (3 1- 

33%) was unaffected by the training. There was no significant difference in any of the 

measurements between limbs, suggesting that the flexibility exercises had no effect on 

the training responses. There were no changes in any measurements for the control 

group. This suggests that a strain-injury rehabilitation program that includes 

stren-thening exercises will improve the ability of skeletd muscle to passively resist 

lengthening, by a possible mechanism of increased coilagen fibre formation. This would 

result in a reduction of the risk of re-injury. 

Effects of warm u p  on ~assive muscle pro~r t ies  

A number of in vitro studies have been performed looking at the effects of 

temperature on the passive properties of skeletal muscle. Noonan et al (1993) looked at 

the differences in the tensile behaviour of the rabbit tibialis anterior and extensor 

digitorum muscles at 25OC and 40°C. They noted arnong their findings that muscle at the 

colder temperature were stiffer and failed at higher loads than muscle at 4û°C, but that 

the 40°C muscle had a larger total deformation at failure. Sirnilûr trends were found by 

Stnckler et al (1990) using temperature differences of 35°C and 39T.  Noonan et al 



( 1993) also noted that the effats of temperature were also dependent on loading rate and 

contractile state, consistent with the viscoelastic properties of skeletal muscle, 

Different results concerning the effect of temperature increase on the passive 

properties of skeletal muscle in vivo have been shown recently, A study by Magnusson 

et al (2ûûûa) looked at the passive energy absorption of the harnstnng muscle group in 

eight heaithy subjects after different warm-up running protocols using a Kin/Com 

isokinetic dynamometer. Passive energy absorption w& determined by calculating the 

area under the Passive Tmque-Angle curve, measured in joules. Intramuscular 

temperature of the biceps femoris muscle was also measured before and &ter the warm- 

up exercise. Results indicated significant differences in intramuscular temperature before 

exercise (35.0 f 0.4"C) and after 10 minutes (38.0 k 0.2"C) and 30 minutes (38.8 f 

0.3"C) of running, but these increases had no measurable effect on the passive energy 

absorption of the muscle-tendon unit. The authors showed the possibility that the passive 

pruperties of skeletal muscle may not be affected by increases in intramuscular 

temperature in a physiological range. 

Effects of ~revious iniurv on ~assive muscle ~ro-perties 

The effects of a previous injury on the passive properties of skeletal muscle have 

only been investigated with in vitro studies. Taylor et al (1993) studied the effect of 

previous sirain injury on the tensile properties of muscle-tendon units. They stretched the 

extensor digitorum longus muscles in rabbits until they created a non-disruptive strain 

injury within the muscle. Failure properties and contractile forces were tested and 

compared to normal contralateral controls. Results indicated that the injured muscles had 

a peak load of 63% and an elongation to rupture of 7 9 2  of the values obtained with the 



control group muscles. There was also a deçrease in the contractile force output of the 

injured muscles (20-33% decrease) as compared to the normal controls. 

Nikolaous et al  (1987) also studied the contractile abiiity of rabbit skeletal muscle 

following strain injury in a similar manner, but tested this ability over a period of seven 

days following injury. Their resuhs showed that the contractile ability was decreased by 

5 1% at 24 hours pst-injury (rnax. decrease), and steadily increased to 92% after seven 

days, as compared to contralateral normal controls. This may have an effect on the ability 

of the musculature to actively prevent excessive joint ROM, thus increasing the risk of 

further injury. 

Taylor et al (1993) concluded that the muscle-tendon units are more susceptible to 

injury following a strain injury than those of healthy muscle tissue because of the reduced 

ability to resist lengthening both actively and passively. However, studies on the passive 

properties of skeletal muscle with respect to previous strain injury have been lirnited to in 

vitro situations. It is necessary to examine the effect of muscle strain injury on the 

passive properties of skeletd muscle in vivo in order to improve rehabilitation methods 

and reduce the risk of re-injury. 



Hanrs t~g  Flexibility Measurement 

There are many tests used by chicians to assess the flexibility of the hamstnng 

muscle group. Among these are the Sit and Reach (SR) test, the Active Knee Extension 

(AKE) test, and the Passive Knee Extension (PKE) test- These three tests were selected 

for several reasons. The AKE and PKE tests were selected because they closely mimic 

the movement involved in the Passive Dynamometry test. The SR test was selected 

because it is a cornmon field test of flexibility. In addition, comparison of these tests to 

passive dynamometry has not been weil documented in the literature. This section will 

descnbe each of these tests and discuss related literature. 

Sit and Reach Test 

The sit and reach test is a common field test for assessing lower back and 

harnstring flexibility. Reports on the sit and reach test are abundant in the literature, with 

many tables of normal values with respect to age. gender, and activity level available 

(Shephard, 199 1 ; Thorndyke, 1995; ACSM, 2000). The test is designed to measure trunk 

forward flexion, determining the range of motion of the hip, and the upper and lower 

back. The muscles stretched in the maneuver include the harnstrings and the erector 

spinae muscle groups, as well the triceps surae muscle group to a lesser degree 

(Thomdyke, 1995). 

The sit and reach test is most cornrnonly administered with the use of a 

standardized measuring box or similar device (Figure 2- 12). The test is performed with 

the subject wearing loose clothing and in stocking or bare feet. The subject sits with 

hisher feet Bat against the device and hi s/her knees extended. The upper limbs should be 

extended and the hands should overlap in a pronated position so that the middle fingers 



are even. The subject reaches forward slowly sliding both hands dong the graduateci 

measuring mler of the device, exhaiing as hdshe flexes at the wakt and hips, The knees 

should remain straight and the subject should be instmcted not to bounce at any time 

(Figure 2-1 3). The best score of three trials is recorded at the final score (ACSM, 2000). 

Figure 2- 12: Box used in Sit and Reach Test (Combleet & Woolsey, 1996) 

Fimre 2- 13: The Sit and Reach Test (Chang et al, 1988) 



The reliability of the sit and reach test has been studied, with intraclass correlation 

coefficients as high as 0.99 (Jackson Sr b g f o r d ,  1989). The high reliability of the sit 

and reach test c m  be maintained by explaining the procedure thoroughly, using a 

standard sit and reach box and securing it against movement dunng the test, and through 

the reinforcement of correct technique with each triai (Thorndyke, 1995). 

In a study evaluating the potentid of overuse injury in runners, Hreljac et al 

(2000) found a signi ficant di fference in flexibility between previously injured and injury 

free runners. Subjects perforrned a standard sit and reach test, with the best of three trials 

taken as the final score. The injury free group scored significantly better than the group 

that had sustained a previous leg injury, with respective mean values of 3.2 + 10.2 cm 

and -3.7 f 1 1.5 cm. Measurements were made in centimetres beyond the soles of the feet 

(zero point), with negative values indicating the inability to reach the soles of the feet. 

The authors suggested that maintenance of hanstring flexibility might be an important 

factor in the prevention of overuse injuries in runners. 

A study by Orchard et a1 (1997) compared muscle strength imbalances and 

fIexibiiity wi th subsequent harnstring inj ury in Australi.an Rules fmtballers. Isokinetic 

testing was performed bilaterally at 60, 180, and 300 degreedsec, with flexibility 

deterrnined by the sit-and-reach test. Results indicated that the sit-and reach test did not 

correlate to harnstring injury. 

A study by Chang et al (1988) compared the flexibility of power lifters with age- 

matched non-power lifters using the sit and reach test. Results indicated that the power 

lifters scored significantly better, with a mean value of 7.6 f 4.0 cm beyond the feet, than 

their non-lifting peers, who scored a mean value of 0-8 f 5.9 cm from their toes. The sit 



and reach test was the onkj flexibility test in the study in which the power lifters 

exceeded the scores of the control group. The other flexibility test performed was the 

behind the back reach test for shoulder flexibility. 

Another study using the sit and reach test compared the flexibility of junior elite 

tennis players to the flexibility of junior athletes involveci in other sports (Chandler et al, 

1990). Results indicated that the sit and reach scores for the tennis pIayers were 

sipificantly lower than the scores of the other athletes, 2.3 :' 8 cm and 6.2 k 10 cm 

respectively, as measured in centimetres beyond the feet. The authors attributed this 

difference to a decrease in low back flexibility in the tennis group, as there were no 

significant differences in bilateral hamstring or gastrocnemius flexibility between groups, 

as measured by active straight leg raises and maximal foot dorsiflexion. This conclusion 

could be made because the Sit and Reach Test is a multi-joint flexibility test, stretching 

the tissues of the posterior leg as weli as the tmnk extensors. Tissues iimiting SR test 

performance cm be inferred by miing out tightness in the other tissues using tests 

specific to those tissues. 

A study by Cornbleet and Woolsey (1996) compared the flexibili ty of school- 

aged boys and a@rls using the sit and reach test with a measurement of the hip joint angle. 

The examiners utiiized a standard sit and reach box, with the soles of the feet placed at 

the +25cm mark, allowing most subjects who cannot reach their feet to achieve a positive 

score. The hip joint angle was indirectly measured by placing the inclinorneter on the 

sacrum while the subject was in the sit and reach position. The results indicated that the 

girls performed better than the boys on the sit and reach test, with respective mean values 

of 26 + 7 cm and 22 I 7 cm, and had a larger value of hip joint angle, with values of 85 + 



10 degrees and 75 f 10 degrees (resp.). The authors suggested that the boys had shorter 

hamstring muscle group lengths than the girls. 

A study by Jackson and Langford (1989) sought to determine the validity of the 

sit and reach test as a measure of hamstring and low back flexibility by cornparison to a 

passive straipht leg raise test and the measurement of lumbar spine flexibiiity in healthy 

adults. Lumbar spine flexibility was detennined by measuring the increase in the 

distance between the Ll and S 1 spinous processes during forward trunk flexion in a 

standing position. Flexibiiity measurements were made in a test-retest protocol in order 

to test the reliability of the methods- Results indicated that the sit and reach test is 

strongly related to hamstring flexibility (r = .89) and moderately related to low back 

flexibility in males, while it is only moderately related to hamstring flexibility in fernales. 

Test-retest cornparisons showed that the sit and reach test was reliable, with an intraclass 

correlation of 0.99, as well as being a valid test of hamstring flexibility. 

The sit and reach test is cornmonly used to assess flexibility, especially when 

testing large groups, because it takes iittle time and relatively easy to administer. 

Measurement devices used in the sit and reach test are easy to read and widely available. 

The test cm even be administered with a d e r  and some tape if a device is not available 

(ACSM, 2000). Weaknesses of the sit and reach test are that it does not account for 

anthropometric differences between subjects, such as arm and leg length, and it is a 

multi-joint test, which means that the test score does not necessarily reflect flexibiiity of 

the hamstring muscles alone. 



Passive Knee Extension Test 

The passive knee extension (PKE) test is considered a measure of the maximal 

length of the hamstring muscles and is thought to be a more selective alternative to the 

passive straight leg raise test (Gajdosik et al, 1993). The test is administered with the 

subject supine and the hip of the test leg flexed to 90 degrees (Figure 2-14). Most 

protocols have relied on the investigator to maintain the hip at 90 degrees of flexion 

(Worrell et al, 199 1; Gajdosik et al, 1993; Bandy Br bon, 1994; Bandy et ail, 1997; 

Bandy et al, 1998; Hartig & Henderson, 1999). However, the use of a chair (Handel et al, 

1997) and the hands of the subject (Starring et al, 1988) to maintah hip angle have been 

reported. The examiner then passively iifts the leg, extending the subject's knee. The 

end point of the test has been doçumented as the researcher's perception of resistance to 

movement (Bandy et al, 1998; Hartig & Henderson, 1999), and as the point of discornfort 

or stretch tolerance as described by the subject (Starring et al, 1988; Gajdosik et al, 1993; 

Bandy & irion, 1994; Bandy et al, 1997). The angle of the knee is measured at this point, 

most often with a goniorneter. In most protocols the contralateral leg was kept straight at 

a O0 hip angle during passive extension (Gajdosik et al, 1993; Bandy & Irion, 1994; 

Bandy et al, 1997). However other researchers felt that partially flexing the contralateral 

limb at the hip and knee would help stabilize the pelvis (Starring et ai, 1988). The use of 

a warrn-up is not cornrnon, however, several static stretches are commonly used 

immediately prior to testing in order to reduce the effects of muscle lengthening from 

repeated trials during testing (Gajdosik et al, 1993). 



Fimre 2- 14: The Passive Knee Extension Test (Worrell et al, 1991) 

A study by Womell et al (199 1) compared the strength and flexibility of injury 

free athletes with athletes who had sustained a non-contact harnstring injury that required 

at least 7 days away from their sport. Concenîric and eccentric muscle torques for bth  

quadriceps and harnstring muscle groups were assessed using a KinlCom isokinetic 

dynamometer, while harnstring flexibility was assessed on both injured and non-injured 

extremities using the passive knee extension test and a goniometer. Results of the 

suenagh testing indicated no significant differences between groups. Flexibility test 

results showed significantly Iess range of motion for both extremities in the injured group 

as compared to the non-injured group, as weil as significant differences between injured 

and non-injured extremities within the injured group. The authors stressed the 

importance of accurate assessrnent of flexibility of athletes with harnsuing injuries during 

rehabilitation, and recommended periodic reassessment to ensure cornpliance with 

flexibility programs in order to prevent re-injury. 

In a study by Hartig & Henderson (1999), the effect of a harnstring flexibility 

program on the rate of lower extremity injury in infanby basic trainees was investigated. 

Stretches were perforrned 3 times daily for 13 weeks in addition to a fitness program. 



Passive knee extension test scores before commencement and after completion of the 

program were compared to those scores for a group that just performed the standard 

fitness program. AU lower extremity injuries, including iigament sprains, muscular 

strains, and contusions, were recorded during the 13-week test period. Results showed a 

significant increase in hamstring flexibility in the intervention group, with a change in 

mean PKE test scores of 7 degrees. Injury incident rates were significantly different as 

well, with 16.7 % for the intervention group and 29.1 nk for the controls. The authors 

concluded that increased flexibility results in a decrease in the number of lower extremity 

injuries. 

Bandy et al (1998) used the passive knee extension test to measure the effect of 

static stretch and dynamic range of motion training on hamstring flexibility. in pre- and 

post-test measurement sessions. the researcher passively extended the subject's knee, 

with the hip at 90" flexion, to a point at which the researcher perceived a resistance to 

movement. Results indicated significant improvements in harnstring flexibility in the 

s tatic s tretc h and dynamic range of motion groups as compared to controls ( 1 1 -42 f 6.52 

degrees and 4.27 + 2.67 degrees, respectively). The authors concluded that the static 

stretching protocol was better than the dynamic range of motion protocol, but both would 

result in an increase in hamstring flexibility. 

Another study by Bandy et a1 (1 997) used the passive knee extension test to 

measure the effect of different parameters of time and frequency of a static stretch 

protocol on the flexibility of the hamstring muscles. The passive knee extension angle 

was measured with a goniorneter. Results of the six-week program showed that al1 

stretch groups significantly increased their PKE test scores by about 10 degrees (range of 



L0.05 to 1 1.50 degrees) when compared to the controls that did not stretch. However, 

there were no significant differences between groups indicating that increasing stretch 

duration beyond 30 seconds or increasing stretch frequency does not result in greater 

harnstring flexibility. This confmed results of a previous study by Bandy & Mon 

( 1994), which reported that sustaining stretches for 30 seconds was better than stretching 

for 15 seconds or no stretching, and that holding stretches for longer than 30 seconds did 

not produce additional increases in flexibiiity. 

In a study by Starring et al (1988), the passive knee extension test was used to 

compare the effect of sustained passive and cyciic stretching on the resting length of the 

hamstnng muscles. Results of the cyciic siretchhg and the sustained stretching to 

maximal tolerance showed significant increases in passive knee extension of 15.4 + 4.97 

degrees and 13.4 f 4.38 degrees. respectively, after 5 consecutive days of stretching. The 

authors concluded that either protocol is effective in creating substantial increases in 

harnstring flexibility, as measured by the passive knee extension test. 

The passive knee extension test is a reliable test for measunng the passive range 

of motion of the knee. This test mimics the movement perfomed dunng testing with a 

dynamometer in the passive mode. One Limitation of the passive knee extension test is 

the subjective nature of the end-point determination, in that it depends on both the 

perception of resistance to movement by the therapist and the stretch tolerance of the 

subject. Also, the use of an external device to maintain hip joint angle is not widely 

reported. 



Active Knee Extension Test 

The active knee extension test has been docurnented in the literature as an 

alternative to the active straight leg raise (Gajdosik & Lusin, 1983; Carneron & 

Bohannon, 1993). The test is performed with the subject lying supine on a mat, board or 

plinth (Figure 2-15). The subject actively extends the knee of the test leg while the leg is 

held at a hip flexion angle of 90 degrees. The subject is aided in maintaining the angle at 

the hip by keeping the thigh in contact with a bar, frame, or cradle (Figure 2-16). 

Figure 2- 15: The Active Knee Extension Test (Sullivan et al, 1992) 



Figure 2-1 6: The use of a cradle in the active knee extension test (Bruce, 1989). 

The non-test leg is most often left extended on the test surface, but can be flexed 

if a cradle device is ernployed (Bruce, 1989). The pelvis and the thigh of the non-test leg 

are usually strapped to prevent extraneous movement (Gajdosik & Lusin, 1 983; Cameron 

& Bohannon, 1993), but have been left unstabilized (Sullivan et al, 1992; Webright et al, 

1997). The initial protocol (Gajdosik & Lusin, 1983) required the subject to extend 

hisker knee until his/her leg began to shake. This is termed myoclonus, which is a 

reflex-firing action of the muscle k i n g  stretched in an effort to protect the tissue from 

injury. The subject was then instructed to slightly flex his/her knee until the rnyoclonus 

stopped, which was considered to be the end point of the maneuver. Subjects stated that 

they no longer felt a stretch sensation at this end point. Later studies (Bruce, 1989; 

Sullivan et al, 1992; Carneron & Bohannon, 1993; Worrell et al, 1994; Webright et al, 

1997) ignored the myoclonus effect and detennined the end range to be the point at 



which the knee could no longer be extended without the stretch sensation remaining 

comfortable. Knee joint angle may be determined using a goniorneter (Gajdosik & 

Lusin, 1983), a flexometer/inclinometer attached to the lower leg (Bruce, 1989; Sullivan 

et al, 1992; Worrell et al, 1994), or by videotape or photographie anaiysis (Cameron & 

Bohannon, 1993; Webright et ai, 1997). Four practice trials are commonly performed 

prior to the actual test trials in order to decrease the potential for inereases in knee joint 

angle that may result from repeated measures from a cold start (Webnght et ai, 1997)- 

The test may be a measure of the initial length of the hamstring musculotendinous unit 

(Gajdosik et al, 1993). 

A smdy by Gajdosik and Lusin (1983) sought to determine the reliabiiïty of the 

active knee extension test. Fifteen heaithy subjects performed the test on two separate 

occasions, as per a test-retest format. Reliability coefficients were -99 for both the right 

and left extremities. The authors concluded that the high reliabiiïty was due to strict body 

stabilization methods, accurate instrument placement, and a well-defined end point of 

motion. Other measures of reliability have been reported, with intraclass coefficients 

ranging from 0.93 to 0.99 (Sullivan et al, 1992; Cameron & Bohannon, 1993; WorreU et 

al, 1994). 

A study by Cameron and Bohannon (1993) compared hamstring flexibility 

measurements between the active straight leg raise (ASLR) and the active knee extension 

(AKE) tests. Twenty-three subjects performed two triais of each test, with two minutes 

rest between trials and tests. Results showed a significant correlation between the two 

tests (r = -0.7 18; p < 0.001). The authors concluded that both tests provide an indication 

of the sarne phenornenon, presumably the length of the hamstnng musculotendinous unit, 



and thus the active knee extension test was a reliable alternative to the active straight leg 

test. 

In a study by Sullivan et ai ( l992), the effect of different stretching techniques on 

hamstring flexibility was measured using the active knee extension test. Subjects with 

Iirnited harnstring flexibility performed eight sessions of either static (SS) or contract- 

relax-contract (CRC) stretch maneuvres in either an anterior or posterior pelvic tilt 

position over a two-week period. Active knee extension measurements were made using 

a flexometer/inclinometer attached to the lower leg and were taken at the commencement 

and the end of the two-week period. Results indicated a significant increase in flexibility 

in the groups performing the SS and CRC stretches in the anterior pelvic tilt position, 9.2 

degees and 12.9 degrees, respectively. The authors recommend using the anterior pelvic 

tilt position when performing either stretching technique, as this position may place a 

greater force on the muscuIotendinous unit and therefore increase the length of the 

hamstrings more efficiently. 

Another study by WorrelI et al ( 1994) used the active knee extension test to 

determine the most effective method of increasing hamstring muscle length. The effect 

of an increased muscle length on isokinetic peak torque as measured by a Biodex 

isokinetic dynamometer was also determined. Nineteen healthy subjects performed 15 

sessions of either static or contract-relax-contract stretches in an anterior pelvic tilt 

position over a three-week period. Flexibiiity and strength measures were determined at 

the beginning and at the end of the three-week period. Increases in flexibility for both 

protocols were not significant (p = 0.082). nor were there any significant differences 

between the two stretching protocols. Knee flexor peak torque increased significantly at 



60 and 1 20°/sec eccentricaüy and at 60"/ sec concentrically (8.596, 13.5%, and 1 1,296, 

respectively). The authors concluded that an increase in flexibility produces an increase 

in selective isokinetic peak torques and that the active knee extension test has a high 

intratester reiiability (ICC = 0.93). 

Webnght et al (1 997) used the active knee extension test to study the effect of a 

nonballistic active knee extension stretching technique on the flexibility of the 

harnstrings, and compareci it to a static stretching protocol. Stretches were performed in 

84 sessions over a six-week period. The authors concluded that a program of 

nonballistic, repetitive active knee extension exercises results in an increase in hamsuing 

flexibiiity of 10.2%, but the increase is not different from that achieved using a static 

stretching program (8.9%). 

A study by Bruce (1989) utilized a modified active knee extension test to measure 

differences in harnstnng injured and non-injured subjects in order to determine factors 

implicated in hamstring strain injuries. The modification to the test procedure was the 

use of a cradle to maintain the hip at a flexion angle of approximately 90 degrees. There 

were no significant differences in harnstring flexibility rneasurement between injured and 

noninjured limbs within or between groups. The author felt that the use of the cradle to 

maintain hip position allowed the subject to concentrate on the knee extension movement 

without having to actively stabiiize the hip. 

The active knee extension test is an effective measure of active joint range of 

motion and has been associated with the active range of motion of different sporting 

activi ties (Hahn et al, 1999, but i t does have severai limitations. Carneron & Bohannon 

(1993) stated that the test is only useful if the subject cannot fully extend their knee when 



their hip is in 90 desees of flexion. The flexibility of subjects who c m  fuiiy extend their 

knee in this position will not be accurately assesseci, as they may not feel a stretch in this 

position. Another limitation is the necessity of an external device to keep the hip flexion 

angle consistent, which may not be practical in a clinical setting. Additionaiiy, the end 

point cf the movement is subject to the stretch tolerance of  the subject and control of the 

my oclonic reflex- 



Passive Dynamornetry Testing 

The use of an isokinetic dynamorneter to measure the resistance to passive joint 

motion has become quite common in the last decade. With respect to the knee, there are 

several different methods employed to test resistançe to knee flexion and extension. 

The majority of the studies on the passive resistance to knee extension have been 

performed by Magnusson and colleagues (1995% 1995b, 1996a, 1996b, 1996c, 1996d, 

1997, 1998,20ûûa, 20ûûb) using a Kin/Com isokinetic dynamometer at the Sports 

Medicine Research Unit of the Bispebjerg Hospital in Copenhagen, Denmark. The 

method used is a modification of a seated dynamorneter protoçol (Figure 2-17). The 

backrest is piaced in a vertical position and the thigh of the test leg is raised 30-45 

degrees above the level of the seat. This position of hip flexion, accompanied by ankle 

plantar flexion, is an attempt to isolate the hamstring myotendinous unit as the 

predominant resistors to knee extension. Because the knee never approaches full 

extension in this test position, the potential resistance offered by the posterior knee 

capsule is considered to be minimal. With the ankle in a position of plantarfiexion, the 

potential contribution of the gastrocnemius muscle group can also be reduced. The knee 

is flexed to 70 degrees below horizontal and passively moved at SO/sec to a pre- 

determined end point. The end point is determined as the maximum range of knee 

extension that elicits a strong but not uncomfonable stretch sensation in the posterior 

thigh, similar to the sensation felt during a static stretch maneuver. The end position is 

often held to measure the viscoelastic response to the stretch placed on the knee flexors. 



Fieure 2-1 7: Setup for passive dynamometry testing (Magnusson et al, 1995a) 



Gravity-corrected values of passive torque are measured throughout the range of 

the movement. The range of motion of the movernent is measured in radians, with O rads 

corresponding to the leg at horizontal, which allows variables such as energy to be 

reported. Variables such as peak torque and stiffness of the tissue are rnost often reported 

from the resulting torque measurements, which are discussed in subsequent sections- 

Other variables that may be reported are final torque following static stretch, change in 

torque during static stretch, and energy absorbed by the tissue during the dynamic stretch. 

The energy absorbed by the tissue, in joules, is calculated by the measuring the area 

under the Torque-Angle curve. Values for energy absorbed have been reporteci as 14.5 

+/- 1.7 J (Magnusson et ai, 2000b) and 18.6 +/- 3.1 J (Magnusson et al, 1996b). 

Another method of passive resistance to knee flexion employs a similar procedure 

to the passive knee extension test, with the subject lying supine and the hip stabilized in a 

position of 90 degrees of flexion (Strauss, 2000). A tnink-stabiiizing vacuum splint is 

used to rninimize the movements of the trunk and head. The knee is passively extended 

at an angular velocity of SO/second from horizontal to a pre-detennined end point. 

Different stretching and range of motion protocols cm be used. One limitation of this 

method, similar to the passive knee extension test, is that the subject k ing  tested must 

not have enough flexibility to reach full extension in this position, as ligarnentous and 

capsular tissue become taut near full extension and wiil likely contribute to passive 

resistance to the movement. 

A KidCom isokinetic dynamometer was used in a case study by Ainslie & Beard 

(1996) to quantify the resistance of the knee extensors to passive knee flexion in a 28 

year old, male footballer with a chronic harnstring injury. Variables measured by the 



dynamometer included the joint angle and range of motion, in degrees of flexion h m  

matornical position, and the passive torque of the knee extensors in resistance to knee 

flexion, reported in Newton meaes. The subject resteci on the dynamometer table in a 

prone position and the knee was flexed with the hip in anatomical position. The results 

indicated that the increase in passive resistance to knee flexion occurred eariier in the 

injured leg when compared to the uninjured leg. The authors stated that this was a 

preliminary article designed to introduce the use of dynamometry for measurement of 

passive resistance in the quadriceps musculature and that further study was required to 

validate the method and demonstrate reliability. 

Passive Peak Toraue 

Passive peak torque is the most commonly reported variable with respect to 

passive knee extension testing. The passive peak torque value occurs at the end range of 

the knee extension movement and is the highest recorded torque value during a passive 

test. The end range of the knee extension test is commonly deterrnined as the maximum 

knee extension without the subject experiencing discornfort (Magnusson et al, 1995a, 

Magnusson et al. 1996; Magnusson et al, 1996b; Magnusson. 1998). This position is 

subjective in that it depends on the subject's perceived comfort during a passive stretch 

maneuver. 

Magnusson et al (199%) reported a mean passive peak torque value of 44.0 t 3-9 

Nrn for 10 normal subjects using a KinKorn isokinetic dynamometer. These were 

similar to the mean passive peak torque value of 42.8 f 3.7 Nm, as reported by 

Magnusson et al (1996b) in a study of 13 uninjured subjects using a KinICom 

dynamometer. Another study by Magnusson et aï (1996a) reported a mean passive peak 



torque value of 48.9 k 4.1 Nm in a study of ten male recreational athletes using a 

KidCom dynarnometer. In a study comparing endurance athletes with normal and tight 

harnstrings, as determined by a toe-touch test, Magnusson et al (1997) reported mean 

passive peak torque values of 3 1 -6 f 4.1 Nm and 15.4 f 1.8 Nrn respectively. The 

authors used a Kin/Com dynamometer to assess passive resistance to knee extension. 

S tiffness 

S tiffness of the tissue, as calculateci by the slope of the Torque-Angle curve, h a  

been reported in many studies. The stiffness represents the resistance of the tissue to 

passive stretch in the final range of the movement. Magnusson et al (1995a) reported a 

mean stiffness value of 30.2 f 3.2 Nmlrad for 10 normal subjects using a KinKom 

isokinetic dynarnometer. A similar study by Magnusson et al (1996b) reported a mean 

stiffness of 47.7 + 4.2 within the final range of muscle lengthening, during testing of 13 

normal subjects with a KinKom dynarnometer. In a study comparing endurance-trained 

ath let es with tigh t harnstrings to those with nonnal hamstring flexibili ty, Magnusson and 

colleagues (1997) reported mean stiffness values of 28.0 f 2.9 Nmlrad and 54.9 f 6.5 Nm 

respectively . 

S tabilization 

Stabilization of the subject is widely used in maximal isokinetic testing (Perrin, 

1993). A study performed by Magnusson et al (1993) examined the effect of four 

different stabilization methods, ranging from full stabilization to minimal stabilization, on 

maximal knee flexor and extensor torque production in 20 subjects. Results indicated 

that the method of stabilization significantly affected the maximal torque output 

achieved, with the greatest torque produced during maximal stabilization, with the leg, 



thigh, pelvis and trunk stabilized to the actuator arm, seat, and backrest, respectively. 

These resuIts did not agree with those found by Hanten & Ranberg (1988), who reported 

no signifiant differences in the maximal torque values between maximal and minimal 

stabilization methods, although a backrest was used in both test situations. The use of 

secure subject stabilization is recommended for ail isokinetic testing (Pemn, 1993). 

The use of a backrest and secure strapping around the pelvis, distal thigh, and 

distal leg in passive dynamometer protocols is weli documenteci (Magnusson et al, 199%; 

Magnusson et al, 1995b; Magnusson et al, 1996a; Magnusson et al, 1996b; Klinge et ai, 

1997; Magnusson et al, 1997; Magnusson et al. 1998b; Magnusson et al, 2000a; Strauss, 

2000). The subjects were also instructed to cross their arrns in front of their chest in these 

protocols to promote relaxation and prevent extraneous movement of the upper body. 

Magnusson et al (1995a) stated that the use of adequate subject stabilization during 

passive dynmometer testing was necessary to ensure reliabili ty and reproduci bili ty of 

resuits, with similar conclusions noted in later studies (Magnusson et al, 1996b, Nuyens 

et al, 2000). 

Gravity Compensation 

Many authors have noted errors in the moment values obtained for the knee 

flexors and extensors due to the moment of the weight of the leg. in a seated testing 

position, this moment would have the effect of increasing the measured knee flexor 

moment because the weight of the leg would cause a moment in the sarne direction. The 

opposite effect woutd be seen with respect to the knee extensor moment as the knee 

extensors must overcome the moment due to the weight of the leg. The measured knee 



extensor moment would then be lower than its actual value- The effect o f  the moment of 

the weight of the leg increase. as it moves closer to a horizontal position (Figure 2-18). 

Figure 2-1 8: Moment of the weight of the leg. The moment would be greater with the leg 
at position B than at A, as the moment ann is greater. The force due to gravity would 
remain the same. (Adapted from Baltzopoulos & Brodie, 1989) 



There have been several methods of correcting for the moment due to the weight 

of the leg used in past studies (Herzog, 1988; McHugh et al, 1992; Magnusson et al, 

199%; Kellis & Baltzopoulos, 1996). The authors stressed the importance of using 

gavity correction in the determination of the resultant joint moment from the moment 

recorded by the dynamometer software. 

A study by Kellis & Baltzopoulos (1996) compared the effectiveness of different 

methods of gravity compensation on a Biodex dynarnometer. The methods compared 

included static measurement of the leg by the dynarnometer in a seated and a supine 

position, estimation the leg moment from anthropometric measurements, and the direct 

measure of the moment using a reaction board. Results indicated that the moments of the 

weight of the leg as measured by the dynamometer were significantly different than those 

obtained using anthropometric data and the reaction board method. The authors 

concluded that the most accurate method of gravity compensation was using 

anthropornetric measurements, as they were not affected by muscle action factors. 

Reliability of the Kinetic Communicator lsokinetic S~stem 

Several studies have assessed the reliability and validity of the Kinetic 

Communicator exercise device (Farrell & Richards, 1986; Hanten & Lang, 1988; 

Mayhew et al, 1994). A study by Farrell & Richards (1986) examined the reliability and 

validity of the Kin/Com with regards to the testing and measurement of the function of 

joints in the human body. The examiners focussed their evaluation on the lever arm 

position, lever arm angular velocity, and load-ce11 force measurement systerns, 

considered to be the primary functions of the device. These functions were tested undet 

both static and dynamic conditions, with measurements made using extemal devices and 



compared to those simultaneousIy made by the KinKom system. The authors concluded 

that the KinKom unit tested succeeded in producing valid and reiiable measurements of 

the conditions of the strain gauge and lever arm apparatus. 

In a similar study by Mayhew et al (1994), the reliability and validity of 

rneasurements of force, angle and velocity by a Kin/Com dynamometer were assessed. 

These measurements were compared to an extemal measuring device with known 

weights. angles and velocities. Results indicated that the intraclass correlation 

coefficients for al1 test conditions and measurements were above 0-99- The authors 

concluded that the measurements made by the Kin/Com dynamometer are accurate and 

able to be replicated. 

Hanten & Lang (1988) investigated the reliability and validity of the 

measurements of torque, work, and power by the Kin/Com isokinetic dynamometer using 

certified weights and extemal measuring devices. Results dso indicated intraclass 

correlation coefficients of 0.99 or greater for al1 static and dynamic test conditions. It 

was concluded that the KidCom is able to provide valid and reliable measurements of 

torque, work, and power and should continue to be used in the assessrnent of patients or 

subjects. 

With respect to passive movements, the reliability of the KinICom has k e n  

examined by Magnusson and colleagues (1995a, 1996b) using the previously described 

protocol in a test-retest format. Intraclass correlation coefficients ranged from 0.9 1 to 

0.99, with respect to measurements of peak torque, final torque. stiffness, and energy 

absorbed. The authors amibuted the high reliability to adequate and secure stabilization. 

and clear, consistent instructions. 



CHAPTER 3 

Methods and Procedures 

Introduction 

The purpose of this study was to determine the relationship between the measures 

of flexibility obtained from the SR, AKE, and PKE tests, and the peak torque, angle at 

peak torque, stiffness values obtained during passive knee extension on the Kin/Com 

isokinetic dynamometer. The study also examined the differences in flexibility 

measurement scores between individuais with a previous hamstring strain and individuals 

with no history of hmsaing pathology. The hypothesis was that there would be no 

correlation between the measures obtained from the SR, AKE, and PKE tests, and the 

measures obtained during passive knee extension on the Kin/Com isokinetic 

dynamometer. Secondarily, there would be no difference in these ou tcome measures 

between normal individuals and individuals with a history of hamstring strain injury. 

Ethics approval for this study was received from the University of Manitoba 

EducatiodNursing Research Ethics Review Board prior to data collection. 

Subjects 

Subjects consisted of 20 healthy male athletes between the ages of 18 and 28 

(mean age = 22.0 years). The subjects were cornpetitive athletes, participating in varsity 

track and/or varsity football. These sports were chosen because they involve sprinting 

maneuvers that have been associatecl with hamstring strain injury (Worre11 et al, 199 1 ; 

Devlin, 2000). The subjects were recruited by persona1 communication with the 

researcher and by posters at various locations at The University of Manitoba. Those 

subjects who were wiiiïng to participate were placed in either the conml group or 



experirnental group, based upon history of injury. Subjects in the control group (N=10) 

consisted of those athletes that had no history of harnstring injury and were free of leg 

pathology at the time of testing. Subjects in the experimentd group (N=lO) were those 

athletes that had suffered a unilateral hamstring injury requinng time away from their 

sport within the 18 months prior to testing, They were actively participating in their sport 

without symptoms and were free of lower limb pathology at the time of testing. 

Subjects were given an informed consent fonn and a written description of the 

test procedure. The consent form included the guarantee of confidentiality as weiï as the 

assurance of the right to withdraw from the shidy at any time. Each subject was required 

to sign the informed consent form to c o n f m  that he had read and understood the testing 

procedures and their rights as a participant. Subjects were asked to dress in loose shorfs 

for their test session. 

Apparatus 

Materials to be used during testing included a stopwatch, a pair of anthropometric 

calipers, a cradle and strapping for knee extension testing, a Panasonic Omnimovie 

SVHS video camera with video tape, a 27" Panasonic colour television, a Panasonic 

Omnivision SVHS video cassette recorder with jog-shuttle capabilities, a Fiex Test Sit 

and Reach device (Lafayette Instrument CO., Lafayette, Indiana), and a Kin/Com 

isokinetic dynamometer (Mode1 # 500-9) with cornputer and printer. 

Protocol 

Upon arriva1 at the Biomechanics Lab at the University of Manitoba, each subject 

read and signed the Adult Informed Consent form (Appendix A). Each subject then filleci 

out an information sheet and completed a Harnstring Injury Questionnaire (Appendix D). 



Pnor to commencement of testing, the subject's anthropometric variables (height, weight, 

and thigh & leg lenaas) were measured and the subjects performed the pre-stretching 

exercise. Al1 subjects performed al1 tests on both limbs, with each test completed on one 

limb, followed by the other. The order of the tests rotated for each successive subject in 

each group- Subjects were randomly assigned an order of testing and starting lirnb when 

they arrived for their test session. 

Harnstring Tniurv Ouestionnaire 

Each subject completed an Injury questionnaire (Appendix D) prior to testing in 

order to give the examiner details about the subject's training habits, hamstring injury 

history, and current sport(s) involvement. Information regarding limb dominance 

(preferred iimb) and involvement in a regular strength andfor flexibility program was 

obtained, Previously injured subjects supplied information about which leg was injured, 

the time away from full activity, and history of previous injury. 

Anthropometric measurement 

After explmation of the testing procedure and the signing of the informed consent 

fom, and completion of the questionnaire, the subject's mass, in kilogrms, was 

deterrnined using a balance scale and their height, in metres, was measured using a wall 

scale. The length of the subject's thigh, in metres, was determineci by measuring the 

distance between the greater trochanter of the femur and the lateral femorat condyle. The 

length of each subject's leg, in metres, was also determined by measuring the distance 

between the lateral femoral condyle and the distal tip of the lateral malleolus of the fibula 

using a pair of standard anthropometnc calipers. 



Pre-Stretching 

Prior to testing, each subject performed 5 static harnstring stretches, in the forrn of 

toe touches, with each stretch hefd for 30 seconds. This was performed to minimize the 

effect of an increase in stretch tolerance and, therefore, range of motion found during the 

first four stretch maneuvers (Taylor et al, 1990). This pre-stretching protocol had ken 

performed in previous studies (Gajdosik et al, 1993; Webright et al, 1997). 

The video camera (Panasonic Omnimovie SVHS) was placed approximately 4 

metres away from the test cradle in order to film the sagittal plane view of the active and 

passive knee extension tests. The size of the subject in the viewer was as large as 

possible, while stili caphiring the entire range of motion of the leg. SmaU silver markers 

were placed on the following anatomical landmarks: the greater trochanter of the femur, 

the tateral femoral condyle, and the lateral maiieolus of the fibula. These landmarks 

corresponded to the thigh and leg segments as well as the axis of rotation of the knee 

joint, and were used for determination of knee joint angle. The sagittal plane view for 

each test trial was videotaped so that the knee joint angle could be detennined by 

subsequent video analysis. 



Sit and Reach Test 

The sit and reach test was administered with the use of the Flex Test Mode1 O1 175 

(Lafayette Instrument Co., Lafayette, Indiana), z standardized Sit and Reach device 

(Figure 3-1). The test was perfomed with the subject wearïng loose clothing and 

stocking or bare feet. The subject sat with his feet flat against the device and his knees 

extended. The anns were extended with the wrîsts pronated and the hands overlapping so 

that the rniddle fingers were even. The subject slowly reached b a r d ,  sliding bath 

hands dong the measuring ruler of the apparatus and exhaling as he flexed at the waist 

and hips, until he could reach no furuier. The subject was instmcted to keep his knees 

straight and not to bounce at any time. The average of the closest two trials was recorded 

at the final score. 



Figure 3-1: The Sit and R a c h  Test, 



Active Knee Extension Test 

The active knee extension exercise was performed in a cradle designeci to hold the 

subject's thigh in a relaxed position at approximately 90 degrees of hip flexion- The 

cradle was similar to that used by Bruce (1989). The test leg was secured to the seat of 

the cradle by a Velcro swap placed around the distal thigh. The subject was instmcted to 

hold ont0 the sides of the cradle in order to maintain the hip angle at 90 degrees by 

keeping the pelvis in contact with the device. The subject was also instmcted to close his 

eyes to eliminate visual perception of the movement, From a starting position of 

approximately 90 degrees of knee flexion, the subject was instmcted to slowly extend his 

knee to the point at which he could not extend further without king uncomfortable. This 

was the end point of the maneuver, which was consistent with the end point used in 

previous studies (Bruce, 1989; Sullivan et al, 1992; Cameron & Bohannon, 1993; Worreli 

et al, 1994; Webright et al, 1997). The subject paused briefly with the leg at the end 

point to ensure capture of the position on video before retuming the leg to the start 

position. 

Four practice trials were performed in a range well short of maximal extension 

allow movement familiarization prior to the actual test (Webright et al, 1997). The 

subject then performed t h e ,  maximal range of motion test trials, with a rest between 

trials lasting a few seconds, The average of the two closest trial scores was taken as the 

final score. 



Figure 3-2: Cradle and subject position during the Active Knee Extension Test. 



Passive Knee Extension Test 

The subject was asked to Le with the leg supported in the cradle in the sarne 

manner as descnbed in the Active Knee Extension test, with the same strapping method 

around the distal thigh employed (Figure 3-3)- Again, srnail silver markers were placed 

on the greater trochanter of the femur, the lateral femoral condyle, and the lateral 

malleolus of the fibula. The subject was asked to relax his leg and close his eyes, as he 

held onto the sides of the cradle in order to maintain the hip angle at approximately 90 

degrees. Starting in a position of approximately 90 degrees of knee flexion, the examiner 

passively extended the subject's knee until the subject stated that his knee could no 

longer be extended without k i n g  uncornfortable. This was the end point of the 

movement, which was consistent with the end point used in previous studies (S tarrïng et 

al, 1988; Gajdosik et al, 1993; Bandy & bon, 1994; Bandy et al, 1997). The knee was 

held at the end point briefly to ensure video capture of the position, before king 

passively retumed to the starting position. 

Four practice trials were performed in a range weli short of maximai extension to 

allow the subject to become familiar with the rnovement pnor to the actual test trials 

(Starring et al, 1988). Three maximal range of motion test trials were then performed, 

with a rest between trials lasting a few seconds. The average of the two closest trial 

scores was taken as the final score. 



Figure 3-3 The Passive Knee Extension Test. 



Passive KinKom Dynamometer Test 

The subject was positioned on the seat of the KidCom with his back against the 

backrest (Figure 3-4). Due to the backward slope of the KinKom backrest, a modified 

thigh pad was placed under the distal thigh that raised the thigh approximately 15 degrees 

above the horizontal in order to maintain the hip at approximately 90 degrees of flexion. 

The sarne modified thigh pad was used for al1 subjects. The distal thigh was secured to 

the thigh pad and the seat with a Velcro strap and the pelvis was secured with a seat belt 

mounted to the seaihackrest The subject was also instructed to cross his anns in front of 

his chest. The Kin/Com table and head height were adjusted to align the axis of rotation 

of the actuator arm with the lateral femoral condyle. The KidCom a m  radius was 

adjusted so that the distal edge of the resistance pad was 2 centimetres above the medial 

malleolus of the tibia, and the leg was secured to the load ce11 with a suap. The actuator 

arm radius was entered into the terminal for automatic torque calculation by the 

computer. 

With the leg starting in a vertical position, corresponding to a knee joint flexion 

angle of approximately 105 degrees, the examiner slowly moved the leg and actuator 

arm, and extended the knee until the subject stated that the leg could no longer be 

extended without being cornfortable. This position represented the end point of the 

movement, which is consistent with the end point used in previous studies (Magnusson et 

al, 1995a; Magnusson et al, 1995b; Magnusson et al, 1996a; Magnusson et al, 1996b). 

The subject experienced a stretch sensation in the postenor thigh similar to that of a static 

stretch maneuver. The end point position was entered into the KinKom cornputer control 

interface and the leg was immediately returned to a posi tion below the end point. Care 



was taken so as not to provoke a painful response in the determination of the end point 

(Magnusson et al, 1995a). 

The leg and the actuator arm were placeci in the starting position and the test trial 

began. The subject was asked to close his eyes during the test. He was also instructed to 

relax as much as possible and not offer any voluntary resistance to the movement. The 

dynamometer passively rnoved the leg at So/second toward the pre-determined end point. 

Once the end point was reached, the actuator arm paused briefiy for 0.5 seconds, after 

which it returned the Ieg to the starting position at an angular velocity of 10°/second. 

There was a short pause, lasting 0.5 seconds, between successive trials. This was a 

Limitation of the passive mode of the KidCom software, as the pause at the end ranges of 

motion (start and end point) had to be the same. 

The subject was allowed four practice trials from the starting position to a range 

well short of the end point, to promote familiarization with the movement. The actual 

test consisted of three trials in the maximum range. The computer detected the angle of 

leg and the force from the load ce11 through out the test trial at a sampling rate of 100 Hz. 

The computer autornatically calculated the torque output for each sample using the 

actuator arm radius as previously entered. The torque values, dong with the 

corresponding actuator arm angle were saved on disk for subsequent analysis. 



Figure 3-4. Set up for the KinICom Isokinetic Dynamometer Test. 



Data Analysis 

The AKE and PKE tests were videotaped in the sagittal plane view and the angle 

of the knee joint was determined during subsequent video analysis. Smaii silver markers 

were placed on the following anatornical landmarks: the greater trochanter of the femur, 

the lateral femoral condyle, and the lateral malkolus of the fibula. These landmarks 

corresponded to the thigh and ieg segments, as well as to the approximate axis of rotation 

of the knee joint (Nordin & Frankel, 1989), and were used for detennination of knee joint 

angle. After testing was completed, the video frarne showing the end-point of each test 

was determined and displayed on the television using the jog-shuttle feature on the VCR. 

The position of the centre of the hip, knee, and ankle joint markers were traced ont0 a 

transparency using a fine tip permanent marker. A stick-figure mode1 of the leg was 

made, with the thigh, axis of rotation, and leg represented by the hip-knee segment, knee 

joint marker, and knee-ankle segments, respectively. Using a protractor, the angle of the 

knee joint was then determined by measurïng the degrees from anatomical position of the 

leg relative to the thigh. This method was used by Webright et al (1997) and reported an 

intratester ICC of 0.98 and a standard error measurement of 1.69 degrees. The angle 

from full extension, to the nearest degree, was taken as the score for that trial. The knee 

joint angle at anatornical position, with the knee fuily extended, was denoted as O0 of 

flexion. The average of the two closest trials was taken as the final score for that test. 

The passive torque and joint angle data from the dynamometer, sarnpled at a rate 

of 100 Hz, were transferred to a Microsoft Excelm file on a persona1 computer for 

analysis (Appendix B). A limitation of the software for the KinfCom Mode1 #5W9 was 

that the angle of the actuator arm was reported to the nearest degree, even though the 



actuator mn was still moving through that degree. At slower angula. velocities, such as 

the 5 degsec employed for this study and other studies (Magnusson, 1998), there were 

approximately 20 different passive torque values reported for the sarne angle. 

In order to obtain a single sarnple to represent each angle, every 2 0 ~  sarnple, 

starting with the 5" sample, was recorded throughout the entire range. By starting on the 

5" sarnple, the recorded passive torque value for each angle was taken from about the 

middle of the values reported for that angle. This method was employed during pilot 

testing and seemed to be successful. The sarne method was used for al1 trials and ali 

subjects. The average of the torque values at each angle for the three trials was used as 

the dynamometer moment (MD) for that angle. 

Corrections for the moment of the weight of the leg were made in the Excel file. 

The moment of the weight of the leg was detennined from anthropometric measurements 

made prior to testing, as recornmended by Kellis & Baltzopoulos (1996), and was 

calculated by the equation: 

M = F x d l  
MW = (0.06 x BWt) x (0.437 x 1 cosû) 

Where, 
MW = moment due to the weight of the leg, in Newton metres, 
0.06 = the ratio of the weight of the leg, reIative to total body weight, 
BWt = body weight, in Newtons, as cdculated by the product of the m a s  (kg) and the 
acceleration due to gravity (g), wt = mg. 
0.437 = ratio of the distance of the CM from the proximal joint and the total segment 
len-oth, 
1 cos0 = length of the leg, in metres, multipüed by the cosine of the angle (0) of the leg, 
relative to the horizontal (cosû). 

This represented the perpendicular distance from the vertical Line of force of the 

weight of the leg, acting through the CM, to the axis of rotation (Figure 3-2). The effect 

of the angle-cosine relationship was that when the Ieg was horizontal, MW was maximal 



(cos O = 1), and when the leg was fi exed to 90 degrees (vertical), the effect of MW was 

absent (cos 90 = O). (Keiiis & Baltzopoulos, 1996) 

Figure 3-5: Illustration of the moment due to the weight of the leg (adapted from 
BaItzopoulos & Brodie, 1989). 

Sample CalcuIation: The effect of the moment of the weight of the lower leg of a 65 -9 kg 
person with a leg Iength of OAMm at an angle of 30 degrees below the horizontal can be 
calculated as: 

MW =(0.06xBWt)x(0.437xlcos0) 
= (0.06 x (65.9kg x 9.8 1 mk/s)) x (0.437 x 0 . 4 4 5 ~  cos30) 
= 6.73 Nm 

The moment of the weight of the leg was then subtracted frorn the moment 

obtained by the Kin/Com (MD) in order to give the resultant joint moment about the knee 



RJMK for the same sample calculation c m  be calculated as: 

Therefore, the resultant joint moment about the knee due to passive muscle 
resistance is 9.87 Nm. 

The correction for the moment of the weight of the leg was applied throughout the 

entire range of motion. The zero value of the MW was applied at the point when the leg 

was at an angle of approximately 90 degrees below the horizontal, which corresponded to 

a knee joint angle of approximately 1 10 degrees of flexion. This position was determined 

by the transition from negative torque values to positive torque values, as reported by the 

dynamometer. This transition occurred at about the same actuator arrn position for ali 

trials during pilot testing. This position was standardized, so that the sarne actuator arm 

position was used for the application of the moment of the weight of the correction for al1 

test trials, 

Once the RJMK values were calculated for each leg of each subject, vaiues for 

passive peak torque, joint angle at peak torque, maximal stiffness, and stiffness in a 

cornrnon range were determined. Passive peak torque was detennined by the torque 

value at the end point of passive knee extension. The knee joint angle at the end point 

was also recorded. Maximal stiffness was determined by calculating the change in 

passive torque during the final 10 degrees of the knee extension range of motion. The 

values for maximal stiffness, in Nmldeg, were converted to Ndrad to allow cornparison 

to stiffness values reported in the literature. 



Samvie Calculation of Maximal Stiffness for Subiect 1. Test 1 from Pilot Study: 

S tiffness = (Tf - Ti)/lOdeg x 57.3 deghad 
= (33.146 Nm - 22.838 Nm)/ 10 deg x 57.3 degirad 
= 1 -03 1 Nmldeg x 57 -3 deghad 
= 59.1 Nmkad 

Therefore, the maximal stiffness for Subject 1 in Test 1 was 59.1 Nmfrad. 

The values for stiffness between 30 and 40 degrees from full extension, a range 

cornmon to di subjects, were calculated in the same manner as the maximal stiffness 

values and were reporteci in Nm/rad. 



Sîatistical Analy sis 

S everal st atistical analyses were perforrned to evaiuate the relationshi p between 

the three clinical flexibility tests and the passive KinfCom Dynamometer test, and to 

compare hamstring strain injured subjects to subjects with no history of harnstring injury. 

For al1 analyses, rnean values were calculated to one decimal place for each test variable. 

Al1 statis tical analyses were perforrned using the S tatview 4.0 statistical package on an 

LBM computer. Statistical significance levels were set at @.O5 

CIinical Tests vs. Kin/Com Test Variables 

The primary purpose of the study was to compare the measurement of hamstring 

flexibility by the Sit and Reach Test, the Active Knee Extension Test, and the Passive 

Knee Extension Test to the resistance to stretch dunng passive extension of the knee, as 

measured by the Kin/Corn Isokinetic Dynamometer. 

Single regression analyses were used to compare each of the clinical tests 

(independent variables) to each of the variables of the KinlCom test (dependent 

variables). Regression equations were calculated for each significant result. 

Independent Variables 

1. Si t and Reach Test score 

2, Active Knee Extension Test score 

3. Passive Knee Extension Test score 

Dependent Variables (Kin/Com) 

1. Passive peak torque 

2. Angle at passive peak torque 

3. Maximal stiffness 



4, Common stiffness 

iniured Subiects vs. Non-iniured Subiects Com~arïson 

The second purpose of this study was to examine the differences in flexibility 

rneasurement scores between subjects with a previous hamstring injury and subjects with 

no history of hamstring injury. For this analysis, the subjects in the Non-injured group 

(N= 10) were matched with injured group subjects (N=10) according to sport, position, 

weight, height and iimb dominance. The Non-injured group limbs were then separated 

into 'injured' and 'uninjure.' groups according to the injured and uninjured iimbs of their 

Injured group counterparts. Seven, hm-way analyses of variance (ANOVA) with one 

between subjects factor (group membership) and one within subjects factor (limb) were 

performed for each dependent variable iisted below. A Tukey's Post Hoc Test was 

performed on any significant result to determine where the significant differences existed. 

Dependent Variables 

1. Sit and Reach Test score 

2. Active Knee Extension Test score 

3. Passive Knee Extension Test score 

4. Peak Torque (KidCom) 

5. Angle at Peak Torque (KidCom) 

6. S tiffness in final 10 degrees 

7. Stiffness incomrnon 10degreerange 



Pilot Study 

A pilot study was performed with the goals of ( 1) examining the possibility of 

measuring the resistance to passive stretch using the KinfCom dynamometer (Mode1 # 

500-9), (2) to gïve the investigator the opportunity to gain some practical experience in 

collecting data using the flexibility test protocols, (3) to ensure that instructions to the 

subjects are clear and concise, and make modifications where needed, and (4) to collect 

and analyze preliminary data. The investigator received ethics approval from the 

EducatiodNursing Research Ethics Review Board pnor to pilot testing. 

Subjects 

Three active and healthy male subjects participated in the pilot study. The 

subjects were recruited by personal communication with the investigator. Ail of the 

subjects were free of lower limb pathology and pain at the time of the pilot study. Their 

respective anthropometric data is given in the following table. 

Table 3- 1 : Subject Characteristics 

yrs m m m 
Subject # 1 28 1-75 78.5 0.395 0.445 

Materials 

The materials used in the pilot study were the same as those iisted previously in 

this chapter. 

Subject # 2 24 1.67 77.5 0.41 3 0.424 



Protocol 

The protocol for the pilot study was similar to the protocol previously described 

in this chapter. Upon arrival at the Biomechanics Lab in the Max Beli Centre* subjects 

read and signed the Informed Consent, which was then signed and dated by the 

uivestigator and a witness. Anthropometrïc measurements (ht, wt, leg length, thigh 

length) were taken for each subject and each subject performed a warm-up prior to 

testing, which consisted of 5 static hamstnng stretches (toe-touches), each lasting 30 

seconds. Each subject performed the Sit and Reach, Active Knee Extension, Passive 

Knee Extension, and Dynamometer tests, as previously described, with the same end 

point determination for the active and passive knee extension tests, and the passive 

dynamometer test. 

Due to the backward slope of the Kin/Corn backrest, the passive dynamometer 

test utilized a modified thigh pad, which raised the thigh approximately 15 degrees above 

horizontal in order to maintain the hip at approximately 90 degrees of flexion. The same 

modified thigh pad was used for al1 subjects. The same starting position was used for al1 

test trials. 

The subjects were tested on their right leg oniy (arbitrary selection) and each 

subject repeated the protocol with the sarne limb on subsequent days in a test-retest 

format. 

Data Analysis 

The methods of data analysis were the same as those previously described in this 

chapter. The best score out of three trials was used as the final score for the SR test The 

AKE and PKE tests were videotaped, with the resulting video used for determining the 



knee joint angle during subsequent analysis. The final scores for the AKE and PKE tests 

were taken from the average of the three respective angular position values. 

A problem was discovered during analysis of the passive torque and actuator a m  

angular position values, as reported by the KinKom software- The variables from 

Kin/Com (force, arm angle) are sarnpled at 100 Hz, meaning that the force value and the 

arm angle are determined every 1/10Oa of a second. The KinlCom software 

automatically calculates the torque for each sample, using the actuator arm radius, and 

both the force and torque values are reported. The limitation of the Kin/Com software is 

that the angle of the actuator arm is reported to the nearest degree, even though the 

actuator ann is moving through that degree. There is no distinction in position between 

samples taken at 77.1 degrees and 77.8 degrees, for example, which are both reported as 

77 degrees. This limitation is more apparent at slower angular velocities, such as the 5 

degsec used in this study. At this angular velocity, there are approximately 20 separate 

values for force and torque, corresponding to 20 separate samples, reported for the sarne 

angle, 

In an attempt to solve this problem, a single sarnple from each angle was used to 

represent that angle. The 5Lh sample was recordai, as weil as every subsequent 2oLh 

sample throughout the entire range. By starthg on the 5" sample, the value reported for 

each angle would then be taken from about the middle of the values reported for that 

angle. The sarne method was used for all trials and al1 subjects. The average of the 

torque values for each angle from the three trials was taken as the final torque value for 

that angle. 



The moment due to the weight of the leg for each subject was calculated from the 

anthropometric measurements made pnor to testing, as outlined by Kellis & Baltzopoulos 

( 1996). The correction for the moment due to the weight of the leg was applied through 

the entire range of motion. The zero value for the MW was applied when the leg was at 

an angle of approximately 90 degrees relative to the horizontal. This position was 

detennined by the transition from negative torque values to positive torque values, as 

reported by the dynamometer. This transition occmed at about the sarne actuator arm 

position for al1 trials. This position was standardized, so that the same actuator arm 

position was used for the application of the moment of the weight correction for al1 test 

trials. An example of the Microsoft Excelnf file used for calculations is given in 

Appendix B. 

Peak passive torque was determined by the torque value at the end point of 

passive knee extension- The knee joint angle at the end point was also recordeci. 

Maximal stiffness was determined by calculating the change in passive torque during the 

final 10 degrees of the knee extension range of motion. The stiffness in a common 10- 

degree range was also calculated, corresponding to the same range as the maximal 

stiffness of the subject with the smallest range of motion. These values, in Nmfdeg, were 

then converted to Ndrad for cornparison to stiffness values as reported in the literature. 

Sarnple Calculation of Maximal Stiffness for Subject 1. Test 1: 

S tiffness = (Tf - Ti)/l Odeg x 57.3 deghad 
= (33.146 Nm - 22.838 Nm)/lO deg x 57.3 deg/rad 
= 1 .O3 1 Nmtdeg x 57.3 deglrad 
= 59.1 Ndrad 

Therefore the maximal stiffness for Subject 1 in Test 1 is 59.1 Nmlrad. 



Results 

The resuits of the pilot study are summarized in Table 3-2. The final scores for 

the SR, AKE, and PKE tests, cdculated from respective test trials (Appendix C), are 

given for each subject and each day, as well as the average peak torque values and knee 

joint angle at peak torque (end range) from the passive dynamometer tests- The AKE, 

PKE, and dynamometer angular position values represent the knee flexion angle in 

degrees from full extension. The values for maximal stiffness (MS) and comrnon 

stiffness (CS), or stiffness in a common range, are given in Nrn/rad. 

Table 3-2: Results of Pilot Study 

Graphs expressing the passive torque curves from the KidCom test for each 

subject and test are displayed in Figures 3-4 to 3-9. 

Test 

SR, cm 

AKE, deg 

PKE, deg 

PT, Nm 

Angle at 
PT, deg 

MS, 
Ndrad 

C s ,  
Nmkad 

Sub 1 
Test 1 

32 

Sub 3 
Test 1 

43 

24.7 

20.7 

33.1 

24 

59.1 

59.1 

Sub 3 
Test 2 

45 

Sub 2 
Test 2 

35 

Sub 1 
Test 2 

34 

Sub 2 
Test 1 

35 

17.4 

22 

30.5 

27 

55.2 

55.2 

16.7 

10.7 

31.6 

10 

53.3 

30.6 

8.7 

9 

29.8 

8 

4 1.8 

21.7 

13.7 

7 

31.0 

8 

52.1 

28.0 

8.7 

12 

29.6 

6 

48.2 

22.2 



Subject 1 Test-Retest 

F i s r e  3-6: Test-Retest passive torque curves for Subject 1 

Su bject 2 Test-Retest 

Test 1 
Test 2 

Angle, rad 

Figure 3-7: Test-Retest passive torque curves for Subject 2 



Su bject 3 Test-Retest 

Figure 3-8: Test-Retest passive torque curves for Subject 3 

Passive Torque-Test 1 
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Figure 3-9: Cornparison of passive torque c u ~ e s  for aii subjects in Test 1 



Passive Torque-Test 2 

Angle, rad 
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Figure 3-10: Cornparison of passive torque curves for al1 subjects in Test 2 



Discussion 

Because of the small sample size of the study, a staiistical analysis could not be 

camed out, and no conclusions c m  be made based on the results of the pilot study- 

However, some interesting trends in the data c m  be noted. Subjects who performed 

better on the SR test also performed better on the AKE and PKE tests. The angular 

position values for the AKE test were higher han the PKE test values for Subjects 1 and 

2, but not for Subject 3. The values for peak torque were sirnilar for ail three subjects and 

for both tests, with values behcreen 29.6 Nm and 33.1 Nm, although the joint angles at 

which the values occurred were different. The peak torque values were similar to the 

mean peak torque value of 3 1.6 f 4.1 Nm reported by Magnusson et al (1997), but were 

between 10-15 Nm lower than those reported by other studies (Magnusson et al, 1995a; 

Magnusson et al, 1996a; Magnusson et al, 1996b). 

The values for maximal stiffness were similar for al1 three subjects, but the values 

were Iower in the subjects with a greater range of motion. The maximal stiffness values, 

4 1.8 N m h d  to 59.1 Nm/rad, were similar to the range of values, 28 f 2.9 Nm/rad to 54.9 

f 6.5 Nrnhd, reported in the literature (Magnusson et al, L995a; Magnusson et al, 1996a; 

Mapusson et al, 1996b; Magnusson et ai; 1997). Cornmon stiffness values were lower 

in those su bjects with a greater range of motion. 

The average passive torque curves of Test 1 and Test 2 were similar for each 

subject. This suggests that the passive resistance to knee extension can be measured by 

the KinlCom isokinetic dynamometer (Mode1 #50-9) using the descri bed protocol. 



CHAPTER 4 

Results 

Subjects for this study included 20 elite maie athletes from the University of 

Manitoba, with 10 subjats  in the Experimental (injureci) group (age = 22.4 yrs, ht = 

1.829 m, wt = 87.89 kg) and 10 subjects in the Control (non-injured) group (age = 2 1.6 

yrs, ht = 1.822 m, wt = 84.84 kg). These athletes were members of the varsity football 

(N= 15) and track (N=5) tearns. 

Table 4- 1. Descriptive Subject Data, mean (SD) 

Group Age Height, m Weight, kg Years Competing 

Noninjured 21.6 1.82 84.8 3 
(2.95) (o-o@ (9.36) (1 -76) 

Fiexibility Test and Dvnamometer Cornparison 

Regession coefficients for the correlation between the three clinical tests (Sit and 

Reach, Active Knee Extension, Passive Knee Extension) and the variables from the 

KinKorn Isokinetic Dynamometer test (peak torque, angle at peak torque, maximal 

stiffness, conunon stiffness) are reported in Table 4-2. For the Sit and Reach Test, there 

was a significant relationship with the angle at peak torque (pc 0.0 l), maximal stiffness 

(p< 0.05), and comrnon stiffness (pc 0.01). A scattergram iiiustrating the relationship 

between the Sit and Reach score and the angle at peak torque is reported in Figure 4-1. A 

higher Sit and Reach Test score was related to a Iower angle at peak torque. A 

scattergram illustrating the relationship between the Sit and Reach score and the maximal 



stiffness is reported in Figure 4-2. A higher Sit and Reach score was related to a higher 

maximal stiffness- A higher Sit and Reach score was dso correlated to a lower common 

stiffness. The Active Knee Extension Test was significantly correlated to the angle at 

peak torque (pc 0-OL), as illustrated by a scattergram reported in Figure 4-3, and common 

stiffness (p< 0.01). A Iower Active Knee Extension Test score was related to a lower 

angle at peak torque and a lower common stiffness. Significant correlation was also 

noted between the Passive Knee Extension Test and the angle at peak torque (pc 0.0 1 ), as 

illustrated by a scattergram reporteci in Figure 4-4, as well as common stiffness (pc 0.01). 

A lower score on the Passive Knee Extension Test was related to a lower angle at peak 

torque and a lower common stiffness. There were no other significant relationships noted 

between the clinical tests and KidCom test variables. 
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Fimre 4-1. Sit and Reach vs. Angle at Peak Torque Regression, r = -0.407 
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Figure 4-2. Sit and Reach vs. Maximal Stiffness Regression, r = 0.553 



Active Knee Extension vs. Angle at 
Peak Torque 
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Fimire 4-3. Active Knee Extension vs. Angle at Peak Torque Regression, r = 0.604 

Passive Knee Extension vs. Angle at 
Peak Torque 

lnjured leg 
Uninjured leg 1 
Regression line 1 

! 
i 

10 
PKE, deg 

20 

Fimire 4-4. Passive Knee Extension vs. Angle at Peak Torque Regression, r = 0.892 



Table 4-2. Summaty of Regression Coefficients between the Sit and Reach, Active Knee 

Extension, and Passive Knee Extension Tests and the Kin/Com test variables (N=20). 

Regression 
Clinical Test KidCom Variable Coefirrcien t p value 

Sit and Reach Peak Torque 0.111 0.46 

Angle at PT -0.407 0.001 ** 

Maximal Stiffness 0.553 0.03 * 

Cornmon S tiffness -0.568 0.002 ** 

Active Peak Torque -0.129 0.57 

Knee Extension Angle at Peak Torque 0.604 0.001 ** 

Maximal S tiffness -0.190 0.64 

Comrnon Stiffness 0.784 0.006 ** 

Passive Peak Torque -0.23 1 0.37 

Knee Extension Angle at Peak Torque 0.892 0.0001 ** 

Maximal S ti ffness -0.77 1 0.13 

Cornmon S ti ffness 0.596 0.006 ** 



Ini ured and Non-iniured gr ou^ Com~arison 

The means and standard deviations for the Sit and Reach, Active Knee Extension, 

and Passive Knee Extension tests as weii as for the peak torque, angle at peak torque, 

maximal sti ffness, and common stiffness variables for the Kin/Com Isokinetic 

Dynamometer test are reported in Table 4-3. These values are reported for the hjured 

and Non-Injured groups and the injured and un-injured Iimbs. 

A two-way analysis of variance was used to detect differences between Injured 

and Non-injured subjects and between injured and uninjured iimbs. The analysis of 

variance revealed a significant difference (pc 0.05) in Active Knee Extension Test scores 

between the Injured and Non-injured groups. A subsequent Tukey's test reveaied that the 

Injured group had significantly less range of motion than the Non-injured group in both 

the injured legs and uninjured limbs during active knee extension (Figure 4-5). There 

was also a significant difference (pc 0.05) in maximal stiffness vaiues between the 

Injured and Non-injured groups. Subsequently, a Tukey's test showed that the maximal 

stiffness values for the Injured group were significantly higher than values for the Non- 

injured group for both the injured and uninjured legs (Figure 4-6). There were no other 

sipificant differences between the groups for any of the other test variables. 



Active Knee Extension Test 

lnjured Group Noninjured 
(N=l O) Group (N=10) 

Group 
1 

* significantly different from Non-injured group comparison leg, p< 0.05 

Fioure 4-5. Active Knee Extension Test: Injured (N=10) vs. Non-injured (N=10) group. 

Maximal Stiff ness Test 

lnjured Group Noninjured 
(N=l O) Group (N=10) 

Group 
* significantly different from Non-injured group comparison leg, pc 0.05 

Figure 4-6. Maximal Stiffness: Injured (N=10) vs. Non-injured (N=lO) groups 



Harnstrino: Iniurv Questionnaire 

Descriptive data relating to the sport, position, lower limb dominance, injured 

extrernity and duration of injury for the Experimental and ControI Groups may be found 

in Table 4-3. In addition, the harnstring injury questionnaire revealed the following 

information: 

Al1 subjects were involved in a lower body strength-training program. 

50 percent (5/10) of the injured subjects were involved in a flexibility program. 

20 percent (2110) of the non-injured subjects were involved in a flexibility program. 

40 percent (4/10) of the injured subjects reported their hamstring injuries as recurrent. 

80 percent (8/ 1 O) of the injured athletes injured their dominant limbs 

The average time away from activity due to injury was 15.7 days 

20 percent (4/20) of the athletes participated in both sports. 



Table 4-3. Summary of one-way ANOVA for the Sit and Reach test and two-way 
AWOVA for the clinical tests and the KinICom Dynamometer variabies. 

Injureci Uninj ured 
Variable Group Limb Limb F value p value 

meanf SD rneanf SD 

Sit and INJ 35-4 I9.5 Same 
Reach 0.285 0.60 
( c m  NON 33-1 f 9.4 Same 

Active INJ 17.3 f 5.2 18.7f7.7 Group: 6.154 0-02 * 
Knee Leg: 0.328 0.57 

Extension NON 13.1 I5.4 13.8 f 4.4 G x  L: 0.028 0.87 
(de@ 

Passive INJ 12.5 f 5.7 12.3 f 6.0 Group: 1.557 0-22 
Knee Leg: 0.059 0.8 1 

Extension NON 9.8 k 4.4 10.9 f 4.5 G x  L: 0-165 0.69 
(de@ 

Peak INJ 46.4 f 10.4 43.2 f 8.7 Group: 3 2  15 0.08 
Torque Leg: 1.215 0.28 
(Nm) NON 41.4 f 5.5 38.8 k7.5 G x  L: 0.017 0.90 

Angle ar INJ 8.9 + 7.1 10.3 I 8.2 Group: 0.001 0.99 
Peak Leg: 0.716 0.40 

Torque NON 8.4 f 8.0 10.9 f 5.5 G x L: 0.056 0.8 1 
(de@ 

Maximal INJ 70.8 + 13.8 66.5 + 15.9 Group: 5.667 0.02 * 
S tiffness kg: 1.305 0.26 
(Ndrad) NON 60.8f13.1 54.8 f 14.9 G x L: 0.034 0.85 

Cornmon INJ 43.1 I 10.9 45.0 f 9.8 Group: 1.825 0.19 
S tiffness Leg: 0.694 0.4 1 
(Nm/rad) NON 43 -2 f 12.1 35.7 $= 9.5 G x L: 1 .903 0.18 

Group: between Injured (Experimental) and Non-injured (Controt) groups. kg: between 
inj ured and un-injured limbs, GxL: group and leg interaction. 



Table 4-4. Summary of Activity and Hamstring lnjury Questionnaire. 

Y ears Strength Flexibility Dominant Injured Duration of 
Group Subject Sport Position* Competing Program Program Limb Limb Injury (days)** 

I 
2 
3 
4 

EXP 5 
(injured) 6 

7 
8 
9 
IO 

1 
2 
3 
4 

CON 5 
(Non- 6 
i nj u red) 7 

8 
9 
10 

Trac k 
Football 
Football 

FB/Trrick 
Football 

FBiTrack 
Football 
Trac k 

FBîïrack 
Trrick 

FB-Football 

Trac k 
Track 

Football 
Football 
Football 

FBlTrac k 
Football 
Football 
Football 
Football 

FB-Football 

S PRIJ PR 
RB 
WR 

DB/SPR 
LB 

LB/SPR 
WR 

S PR/JPR 
DBISPR 
SPR 

SPR 
SPR 
RB 
LB 
DB 

RBISPR 
WR 
WR 
WR 
RB 

Y es 
Y es 
Yes 
Y es 
Y es 
Yes 
Y es 
Y es 
Y es 
Y es 

Yes 
Y es 
Yes 
Yes 
Yes 
Y es 
Y es 
Y es 
Y es 
Y es 

Yes 
No 
No 
No 
No 
Yes 
No 
Yes 
Yes 
Y es 

Yes 
No 
No 
No 
No 
Y es 
No 
No 
No 
No 

Right 
Right 
Right 
IAft 
Right 
Right 
Lef t 
Left 
Right 
Right 

Right 
Right 
Right 
Left 

RightlLeft 
Right 
Left 
Left 
k f t  
Le ft 

Right 
Right 
lieft 
Right 
Right 
Right 
Left 

Right 
Right 
Right 

)ic SPR - Sprinter, JPR - Jumper, RB - Running Back, WR - Wide Reçeiver, LB - Line Backer, DB - Defensive Back 
** refers to tiine away from full activity 



Chapter 5 

Discussion 

Harnstring strain injury is a comrnon injury arnong athletes involved in sprinting 

activities. Recovery from a harnstring strain injury is primarily detetmined by fuli 

recovery of strength and pain-free range of motion about the hip and knee joints 

(Andrews, Harrelson, & Wilk, 1998). Once these have been achieved, the athlete follows 

a gradua1 retum to full activity. The athlete increases range of motion, or flexibility, by 

progressive stretching regimes, which will increase the stretch tolerance of the athlete 

(Magnusson et al, 1996~). Therapists facilitate flexibility increases through the use of 

various modalities (massage, ultrasound) to make the tissue more pliable. The aim is to 

reduce the arnount of fibrosis within the tissue and remodel the scar tissue into healthy 

elastic tissue. Scar tissue within the muscle c m  increase the stiffness of the muscle due 

to its inelastic properties (Nikolaous et al, 1987). Methods for accurate determination of 

the stiffness of skeletal muscle exist through the use of an Isokinetic dynamometer 

(Magnusson, 1998), but the prevalence of ùiis technique in a clinical setting in relation to 

injury rehabilitation has not been documenteci. Clinically, therapists rely on their sense 

of touch to determine day-to-day changes in the tightness and stiffness in the tissue 

dunng stretching or massage. However, this method is subjective in nature. The use of 

hand held dynamometers to measure the resistive force during assisted stretching is 

becorning more prevalent, but this technique is limited by potential errors during 

application and the lack of studies in the literature for force value cornparisons 

(Fredriksen et al, 1997). 



The primary objective of this study was to examine the relationships between the 

Sit and Reach, Active Knee Extension, and Passive Knee Extension Tests and the 

resistance offered by the knee flexors during passive extension of the knee, as measured 

by the KinfCom Isokinetic Dynamometer. The dependent variables examined were peak 

torque, angle at peak torque, maximal stiffness, and common stiffness. 

A secondary objective of the study was to determine whether there were 

significant differences in the three Clinicai Test scores and the KinKom Test variables 

between subjects that had sustained a hamstring strain injury and subjects with no history 

of hamstring strain injury. 

This study will enable the therapist to more accurately determine the amount of 

healing in a strained hamstring by providing additional information regarding the 

function and stiffness properties of the recovering muscle. 

Su  biec ts 

Participants in this study included male members of the varsity track (N=5) and 

varsity football (N=lS) tearns at the University of Manitoba. Members of the varsity 

track tearn were al1 sprinters, with two participating in jumping events (long jump andor 

triple jump) as well. Members of the varsity football team who were recruited consisted 

of running backs, linebackers, defensive backs, and wide receivers. These positions were 

selected because a sprinting movement is a major component of each position, and these 

were among the sme positions used by Worrell et al (1991) to compare passive knee 

extension flexibiiity between hamstring injured and non-injured athletes. Four of the 



football players partkipated in track practice during the football off-season in order to 

improve their speed and acceleration. 

Al1 subjects in the Injured group sustained their injuries during a maximal 

sprinting movement either in competition or during a training session. The majority of 

the injured subjects (70%) sustained a harnstring strain injury in their dominant iimb, 

which differs from the findings of Worreii et al (199 1). Arnong 16 Injured group 

subjects, Worreii et al (199 1) f o n d  that only 6 (37%) subjects injured their dominant 

lower extremity . 

Analysis of Test Results 

Sit and Reach Test 

Mean Sit and Reach (SR) scores were 35.4 f 9.5 cm and 33.1 + 9.4 cm for the 

Injured and Non-injured groups respectiveiy. A score of 25 cm indicates the ability to 

reach the soles of the feet, with scores greater than 25 cm referring to the ability to reach 

past the toes. The SR scores in the present study were greater than values reported in the 

literature. Jackson and Langford (1 989) reported a mean SR score of 29.4 1 + 1 1 -43 cm 

arnong 52 male volunteers with no history of injury- A study by Hreljac et al (2000) 

compared the SR scores between male and female long distance runners with or without 

previous overuse injuries at or below the knee. Mean scores for the injured and injury- 

free groups were -3.7 f 1 1.3 cm and 3.2 f 10.2 cm respectively. The scores referred to 

the distance from (negative values) and past (positive values) the soles of the feet, with a 

zero score indicating the ability to reach the soles of the feet. These measwements would 



correspond to values of 21.3 + 1 1.3 cm for the injured group and 28.2 + 10.2 cm for the 

injury-free group. The authors speculated that the lack of flexibility in the injured group 

subjects may have increased the stiffness of the muscles and helped to cause the injuries- 

A study by Chang et a1 (1988) compared the SR flexibility of 10 male power 

lifters to 10 male, non-athletes (controls). Mean SR scores were reported as 7.6 +, 4.0 cm 

p s t  the feet for the power lifters and 0.8 k 5.9 cm from the feet for the controls, with the 

soles of the feet used as the zero point. These values would correspond to scores of 32.6 

t 4.0 cm and 24.2 + 5.9 cm for the lifters and controls, respectively, using 25 cm as the 

soles of the feet. 

In comparison to age-group peers, the subjects in the present study were 

considered to have "Good to "Excellent" SR flexibility (Thorndyke, 1 995; ACSM, 

2000). Orc hard et al ( 1997) studied flexibili ty di fferences between hamstring-strain 

injured and non-injured professional footballers using the SR test, but mean vaiues were 

not reported in the study because no significant difference between the two groups was 

found. 

Active Knee Extension Test 

The Active Knee Extension Test (AKE) is a hamstring flexibility test that may be 

used by a therapist to determine the progress of increasing the range of motion about the 

knee following harnstring strain injury. The AKE test is an easy test to adrninister and 

has a high reliability (ICC = 0.98-0.99) provided the hip angle cm be maintained at an 

angle of 90 degrees of flexion (Gajdosik & Lusin, 1983; Webright et al, 1997). It has 



been suggested that the AKE test may represent the initial or un-stmched length of the 

harnstnngs (Gajdosik et al, 1993). 

Mean AKE values for the Injured group were 17.3 f 5.2 and 18.7 + 7.7 degrees 

from full extension for the injured and uninjured limbs, respectively. For the Non-injured 

group, the AKE values for the matched injured and uninjured limbs were 13.1 + 5.4 and 

1 3 -8 + 4.4 degrees from full extension, respectively. These values were closer to full 

extension than the AKE values reported in the literature. 

Gajdosik & Lusin (1 983) reporteci mean AKE values of 32.8 f 16.75 and 37.6 + 
16.73 degrees from fuii extension in a study of 15 healthy males. Bruce (1989) reporteci 

AKE values of 15.2 f 8.77 and 15.4 f 10.37 degrees from full extension for the right and 

left iimbs of Non-injured male subjects, respectively, and 19.1 f 8.52 and 15.1 f 9-81 

degrees from full extension for the right and left limbs of male subjects with previous 

hamstring strain injuries, respectively. Sullivan et al (1992) reported mean Active Knee 

Extension values of 29.8 + 12.82, 26.7 f 1 1.62,34.1 f 10.03, and 36.1 f 10.56, measured 

in degrees from full extension, for 20 male and female volunteers split into four groups. 

However, comparison of the present study to these values rnay not be fair as one of the 

inclusion criteria for Suliivan et al's study was having harnstring flexibility of more than 

20 degrees from full extension as measured by the AKE test (Sullivan et al, 1992). 

Carneron & Bohannon (1993) measured the hamstring flexibility of 23 healthy subjects 

using the AKE test. However, values were reported as the mean absolute difference 

between test and retest results, thus negating comparison to the AKE values of the 

present study. Gajdosik et al (1993) reported a mean AKE value of 43.0 f 10.2 degrees 



from full extension in a study of 30 healthy males, although subjects included in the study 

were lirnited to those with Lirnited flexibility (Le. a straight leg raise score of less than 90 

degrees), Hahn et al (1999) reported mean AKE values of 37 f 12.5 and 34 + 13.2 

(degrees from full extension) for healthy male athletes aged 18-20 years (N= 49) and 2 L- 

24 years (N=52), respectively. 

The AKE values for the present study were closer to full extension (O0) than those 

reported in the literature, suggesting that the subjects in the present study had greater 

range of motion and better flexibîiity. These differences may be due to the use of video 

analysis instead of a flexometer or a goniometer in the determination of knee joint angle, 

the use of a cradle for stabiiization of the thigh, or differences in study populations, 

Passive Knee Extension Test 

The Passive Knee Extension (PKE) test is another flexibility test that may be used 

by therapists to measure the range of motion progess of a hamstring-injured athlete 

dunng rehabilitation. It can be performed almost anywhere the athlete can lie on hidher 

back. Measurements can be made with a goniometer, flexometer, or by the use of video 

analysis and is highly reliable (ICC = 0.90-0.98), providing the hip can be maintained at 

an angle of 90 degrees of flexion (Worrell et al, 199 1; Bandy et al, 1998; Hartig & 

Henderson, 1999). It has been suggested that the PKE test represents a measure of the 

maximum or fully stretched length of the hamstrïngs (Gajdosik, 199 1; Gajdosik et al, 

1 993). 

Mean PKE values for the Injured group for the i n j d  and uninjured iimbs were 

1 2.5 + 5.7 and 1 2.3 + 6.0 degrees from full extension, respectively . For the Non-inj ured 



group, mean PKE values were 9.8 + 4.4 and 10.9 f 4.5 degrees from full extension for 

the matched injured and uninjured limbs, respectively . 

The vaiues reported in the present study were lower than most values reported in 

the literature, relating to greater passive range of motion about the knee. A study by 

Worrell et al (1 99 1) measured the bilateral PKE flexibility of hamstring injured and non- 

injured athletes. The authors reported mean PKE values, in degrees from full extension. 

of 37.4 + 10.78 and 32.2 + 13.14 for the respective injured and uninjured limbs of the 

Injured group subjects, and 22.6 f 8.00 and 22.3 t 8.23 for the matched injured and 

uninjured iimbs of the Non-injureà group (Worrell et al, 1991). Gajdosik et al (1993) 

reported a mean PKE value of 3 1 .O f 7.5 degrees from fuii extension in a study of 30 

healthy male subjects with limited flexibility (a straight leg raise test score of less than 90 

degrees). Knvickas and Feinberg (1996) reported a mean PKE value of 26 f 13 degrees 

from full extension in a study of the flexibility of 13 1 healthy male college athletes. A 

study by Hartig & Henderson (1999) measured the PKE flexibility in 298 r n i l i t q  basic 

trainees, with a mean value of 41.7 f 8.3 degrees from full extension reported. 

The present study did produce results sirnilar to those reported by Hennessey & 

Watson ( 1993), who compareci the PKE flexibility between hamstring inj ured and non- 

injured professional rugby and Gaeiic footbail players. The authors reported mean PKE 

values of 1 1.9 + 1 1.1 and 12.5 +. 8.1 degrees frorn full extension for the injured and 

uninjured limbs of the injured group (N = 18), and values of 14.1 f 9.7 and 1 1.7 19.4 

degrees from full extension for the left and nght iimbs of the Non-injured group (N = 16). 



Differences in the values of EXE in the present study compared to those reported 

in the literature may be due to differences in knee joint angle determination, the use of 

video analysis in present study and goniometry in referred studies, or differences in study 

population. The Iatter seems more likely due to the sirnilarities in study populations and 

results from the present study and the findings of Hennessey & Watson (1993). 

Passive Peak Toraue 

Passive peak torque is the maximum amount of resistance (Nm) offered by the 

hamstrings in response to passive stretch. Passive peak torque occurs at the end range of 

motion of a stretch manoeuvre and represents the stretch tolerance of the subject, or the 

maximum tension in the tissue allowed by the subject (Magnusson, 1998). The mean 

passive peak torque values for the Injured and Non-injured groups ranged from 38.8 f 7.5 

Nm to 46.4 + 10.4 Nm (Table 4-3) and were similar to other passive peak torque values 

reported in the literature. 

Magnusson et al (1995a) reported a mean value of 44.0 k 3.9 Nm for the peak 

torque in 10 normal subjects, while Magnusson et a1 (1996b) reported a mean torque 

value of 42.8 I 3.7 Nm in a study of 13 normal subjects. A study by Gajdosik et al 

( 1990) found a mean peak torque value of 4 1.4 I 5.7 Nm during passive extension of the 

knee in 15 healthy male subjects. A study of eight healthy male subjects by Magnusson 

et al (1996d) reported a mean passive peak torque of 34.2 + 3.8 Nm. In a study 

comparing male subjects involved in either a strength or a strength and flexibility 

program, Klinge et al (1997) reported passive peak torque values of 34.6 f 9.8 Nm and 

23.1 + 6.3 Nm, respectively. 



The fact that the values for passive peak torque were similar to those reported in 

the literature suggests that the method of determining passive peak torque used in the 

present study was valid. 

Angle at Passive Peak Toraue 

Angle at passive peak torque refers to the angle of the knee at which the subject 

attains peak torque in response to passive stretch of the hamstrings. The angle at passive 

peak torque is always the angle closest to fuli extension of the knee and is directiy related 

to the range of motion about the joint (Magnusson, 1998). The more range of motion 

about the knee that a subject has, the closer to fuli extension their knee wiil be during 

passive stretch on the Kin/Com dynamometer. 

Mean angles at passive peak torque for the injured and uninjured limbs of the 

Injured group were 8.9 + 7.1 and 10.3 + 8.2 degrees from full extension. For the Non- 

injured proup, the mean angles at peak torque were 8.4 + 8.9 and 10.9 + 5.5 degrees from 

full extension for the matched injured and uninjured limbs, respectively. These values 

dernonstrate greater range of motion than those values reported in the literature. In a 

study of 15 healthy male subjects, Gajdosik et al (1990) reported a mean maximum knee 

angle at peak torque of 18.9 i 7.9 degrees from fuli extension dunng passive extension of 

the knee with the hip flexed at approximately 90 degrees. 

The difference in these values and the present study may be due to rneasurement 

of the knee joint angle using the two different methods. Gajdosik et al (1990) measured 

the knee angle directly using photography whereas measurement of the knee joint angle 

in the present study was based on the assumption that the angle of the knee was equal to 



the angIe of the actuator arm of the Kin/Com dynamometer. However, a smali difference 

exists between the angle of the knee joint and the angle of the dynamometer actuator arm 

(Herzog, L 988). This is due to the fact that the instantaneous axis of rotation of the knee 

changes position as the knee moves from a position of flexion into extension (Nordin & 

Frankel, 1989), while the axis of rotation of the dynamometer actuator arm remains 

constant. Therefore, the angle at passive peak torque, as measured by the Kin..Com 

Dynamometer, may not be an exact representation of the knee joint angle. Herzog (1988) 

reported that the angle of the dynamometer actuator arm and the angle of the shank (leg), 

relative to the vertical, were similar during isokinetic movements of the knee, but the 

angle of the actuator arm was always slightly larger. Therefore, the KinKom may 

slightly overestimate the range of motion of the leg about the knee. This error can be 

minirnized and considered negligïble if proper subject stabilization methods are 

employed (Herzog, 1988). 

Cornparison of angle at passive peak torque values from the present study to those 

reported by Magnusson and colleagues is inappropriate due to the difference in hip joint 

position used in the two methods. The present study placed the hip in a position of 

approximately 90 degrees during the KinICom test. The method employed by 

Magnusson and colleagues (1995-2000) employed a hip flexion angle of 110 to 135 

degrees from matornical position (more hip flexion than the present study). The 

harnstrings cross both the hip and knee and are stretched by both hip flexion and knee 

extension. Therefore, the position of increased hip flexion would place a greater stretch 

on the hamstrings and thus reduce the magnitude of joint range of motion about the knee 



dunng extension. This difference would not translate to measures of peak torque or 

stiffness as the length of the hamstnngs during stretch in the different positions should 

not change, although this has not as yet been investigated. 

Maximal Stiffness 

Maximal stiffness refers to the rate of change of tension within the muscle during 

the final 10 degrees of passive stretch, as noted by the slope of the passive torque-angle 

curve for the muscle (Figure 5-1). The method used to caiculate stiffness in this study, 

outlined in Chapter 3, involves dividing the change in passive torque by the change in 

joint angle. This method is simple to use but is only valid if the graph is linear (Hall, 

1999). Because the portion of the graphs k ing  evaluated were fairly tinear, this method 

was considered to be a valid measure of stiffness. An improvement to this method would 

be to smooth the graph mathematically and calculate the slope using integration. 

i 

Maximal Stiffness 
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Fimire 5- 1. Determination of maximal stiffness from a torque-angle curve. The slope of 
the torque-angle curve in the final 10 degrees for Sub A is 59.064 Ndrad. 



The values for maximai stiffness reported in the present study (Table 4-3) were 

higher than those values reported by Magnusson et al (1995a), Magnusson et al (1996b), 

and Magnusson et al (1997), which were 30.2 + 3.2 Nmlrad, 47.7 f 4.2 Nmkad, and 28.0 

f 2.9 Ndrad & 54.9 + 6.5 Nm/rad, respectively. This finding can be attributed to the 

fact that a11 subjects in the present study were participating in a strength program, which 

has been shown to cause an increase in maximal stiffness (Klinge et ai, 1997; Magnusson 

et al, 1997). It has been proposed that the muscle hypertrophy cornmonly associateci with 

strength training may be responsible for the increase in maximal stiffness (Klinge et al, 

1997; Magnusson et al, 1997). The increase in muscle cross-sectional area due to 

increased muscle fibre size and comective tissue means that there would be more muscle 

tissue involved in the stretch. Therefore, someone with a larger cross-sectional area of 

the hamstrings should have a higher stiffness during stretch, although this relationship 

has not yet been extensively investigated (Gajdosik et al, 1990; Klinge et al, 1997). 

The higher stiffness values may also be due to the differences in study 

populations. Most of the studies in the literature used normal subjects or recreational 

athletes, whereas the present study examined elite athletes involved in sprinting activities 

and heavy weight-training regimes. This would support the hypothesis that an athlete 

with a greater cross-sectional area would have a stiffer muscle, but again this has not 

been investigated. 



Clinical Tests Vs. Kin/Com Test Com~arison 

The primary reason for comparïng these three chnical tests and the resistance 

offered by the knee flexors during passive extension of the knee is that this comparison 

has not been investigated in the literature. Also, this study was performed to investigate 

the use of the KinKom Isokinetic Dynamometer as measure of hamstring flexibility and 

resistance to stretch, in an effort to provide more information to patients on the 

rehabilitation of harnstring muscle strains. The three clinical tests are used to measure 

range of motion changes during tehabilitation. The angle at passive peak torque can also 

be used to measure improvements in range of motion about the knee. The other KinlCom 

variables (passive peak torque and stiffness) could be used to measure improvements in 

stretch tolerance and muscle consistency. 

Sit and Reach Test Vs. KinKom Test 

Cornparison of Sit and Reach Test (SR) scores to the variables of the KinKom 

Test revealed several significant relationships. A higher score in the SR test was related 

to a lower angle at peak torque (Le. angle closer to full extension), or a greater range of 

motion at the knee joint. This result is similar to that reported by Jackson and Langford 

(1989) who found that a greater SR test score was significantly related to greater 

hamstring flexibility, as measured during a passive straight leg raise. 

The SR test was also significantly related to maximal stiffness, with a higher SR 

score relating to a higher maximal stiffness, which is the slope of the passive torque- 

angle curve in the final degrees of extension during a stretch maneuver. The maximal 

stiffness refers to the rate of increase in tension in the harnstrings during the finai degrees 



of knee extension. Subjects that have a greater range of motion about the knee during 

stretch will have a greater stiffness in the hamstrings. This finding is supported by 

Mapusson et al (1997), who reporteci that athletes with the ability to reach beyond their 

toes during a toe touch movement had a greater maximal stiffness than those athletes that 

could not reach their toes. The authors attributed this difference to a greater tolerance to 

stretch in the hamstrings in those athietes with better flexibiiity. Mapusson et aI (1997) 

defined the tolerance to stretch as the abiiity of the subject to allow greater forces to be 

developed within the tissue during a stretch maneuver. Nthough the SR test is not 

limited to harnstring flexibility, it is related to hamstring flexibility and thus subjects with 

greater hamstring flexibility and tolerance to stretch should perfonn better on the SR test 

than someone with less flexibility. Other joints that may affect SR scores include the 

lower back, the upper back, and the shoulder girdle. 

The SR test was also significantly related to the common stiffness, which is the 

stiffness of the tissue in a range of motion comrnon to al1 subjects as determined by the 

slope of the passive torque-angle curves. Subjects with a higher SR test score had a 

lower cornmon stiffness, or a lower slope to the torque-angle curve, Reasons for this 

significant relationship are similar to that of the SR-maximal stiffness relationship. 

Subjects with greater flexibiiity take longer to develop tension in the tissue during 

passive stretch, as seen on a passive torque-angle curve. The curves are similar in shape 

but the T-A curve for Subject B is shifted to the right of the curve for Subject A, a result 

of the increased range of motion for Subject B. Because of this apparent shift, the slope 

of the T-A curve for Subject B wili be lower than that of Subject A within the same range 



of motion. There was no significant relationship between the SR score and the peak 

passive torque value. 

Common Stiff ness (Yellow Slopes) Cornparisoi? 

Angle, rads 

Fimire 5-2. Passive torque-angle cornparison between normal subjects with differing 
flexibility (Sub B > Sub A). Common stiffness (yellow slopes) values are 38.425 Nmlrad 
for Sub A and 19.510 Nm/rad for Sub B. 

Active Knee Extension Test Vs. KinICom Test 

Results from the study indicate that the Active Knee Extension Test (AKE) was 

sigificantly correlated to the angle at peak torque and the common stiffness. A lower 

AKE score was related to a smailer angle at peak torque. Both scores relate to a p a t e r  

range of motion about the knee joint. A lower AKE score was also related to a lower 

common stiffness. This correlation can be attributed to the curvilinear nature of passive 

torquefangle relationshi p. As the subject extended his knee towards the end range of 

motion, there was an increase in the passive resistance (torque) about the knee. This 



increase occurred more rapidly in subjects with less range of motion, as compared to 

subjects with greater range of motion. In a comparison of torque/angle gaphs between 

subjects, as seen in Figure 5-2, the subject with a greater range of motion (Subject B) 

would have a lower slope and therefore a lower common stiffness within the same range 

of motion, This is due to the observation that subjects with a greater flexibility wiil take 

longer to develop tension within the tissue dwing passive stretch within a given range of 

motion. 

Although there were no studies in the iïterature relating Active Knee Extension to 

the resistance to stretch dunng passive extension of the knee, this relationship c m  be 

attributed to the curvilinear response to stretch. A subject with a large active range of 

motion about the knee joint will have a greater range of motion and therefore take longer 

to develop tension within the tissue during passive stretch. 

Passive Knee Extension Test Vs. Kin/Com Test 

The results from the Passive Knee Extension Test (PKE) show significant 

rehtionships with the angle at peak torque and stiffness in a comrnon range. A lower 

score on the PKE test corresponded to a lower angle at peak torque. This highly 

signifiant relationship is logicai as both tests are measuring the passive range of motion 

toward extension about the knee with the hip in a position of approximately 90 degrees of 

flexion. Anûther similarity is the slow angular velocities about the knee joint during both 

tests. 

Two differences between the two tests were in the determination of the end point 

for each trial and the method by which the leg was moved about the knee. The end point 



for the PKE test was determined during each triai, and therefore, separately for each trial 

of the test, whereas the end point during the Kin/Com test was predetennined before the 

test trials and the same end point was used for each trial. During the PKE test, the 

examiner moved the subject's leg, whereas the leg was moved by the dynamometer 

during the Kin/Com test. These subtle differences appeared to have no effect on the 

results, as noted by the strong correlation between the two tests. Thus, the validity of the 

KidCom test to measure passive range of motion about the knee during a stretch 

manoeuvre was verified. 

A lower PKE test score was also related to a lower common stiffness, which 

would be attributed to the sarne reasons as the Active Knee Extension Test - common 

stiffness relationship. A subject with greater flexibility in the hamstrings wiil take longer 

to develop the same tension in the tissue than a person with poor flexibiiity, and therefore 

the rate of change in tension is lower within the same range of motion. However, there 

were no studies in the literature reporting the relationship between the Passive Knee 

Extension Test and the resistance to stretch during passive extension of the knee as 

measured by an isokinetic dynamometer. 

In_iured gr ou^ Vs. Non-iniured Group Cornparison 

This cornparison was perforrned to detect di fferences in flexibi lity variables 

between hamsmng-injured and non-injured subjects and to evaluate the KinKom 

Isokinetic Dynamometer as a measurement tool for detennining harnstring strain injury 

healing progress. The results of this study show only a few significant differences in the 

different test variables between hamstring injured and non-injured subjects. However, 



more differences would be expected since injured muscles usually contain increased scar 

tissue (Garrett, 1996). The presence of inelastic scar tissue rnay cause an increased 

stiffness within the tissue, resulting in a decreased range of motion about the joint 

(Nikolaous et al, 1987). The lack of a large number of significant resulü may be 

indicative of careful rehabilitation and return to activity progressions (Hennessey & 

Watson, 1993; Andrews et al, 1998). 

Sit and Reach Test 

There was no significant difference in Sit and Reach scores between injured and 

non-injured subject groups. This finding supports research performed by Burkett (1970), 

Stephens & Reid (1988), and Orchard et al (1997), who examined the differences in Sit 

and Reach scores between harnstrîng injured and non-injured professional football 

players. The lack of a significant difference between the two groups was attributed to the 

fact that the Sit and Reach test is a general, multi-joint flexibility test, meaning that the 

outcome of the test is dependent on the range of motion about the knee, hip, spine, 

shoulder girdle and upper extrernities (Burkett, 1970; Stephens & Reid, 1988; Orchard et 

ai, 1 997). Thus, if there was a difference in hamstring flexibility present between the two 

groups, it may be masked by an increased flexibiiity in the leg and ankle, the lower and 

upper back, or the shoulder girdle, or by differences in iimb lengths (Jackson & 

Langford, 1989; Knapik et al, 1992; Worrell & Pemn, 1992). 

Also, the differentiation between injured and uninjured limbs cannot be made 

because the Sit and Reach Test is a bilateral mesure of flexibility, as noted by 

Hennessey & Watson (1 993). By this rationale, it is possible that the SR scores are 



lirnited by the flexibility of the injured limb, which rnay be less than the uninjured leg. If 

this was me, the lack of significant differences in SR scores in the literature only 

confirms the notion that the SR test is not specific enough to detect hamstring flexibility 

differences between injured and non-injured athletes. 

Active Knee Extension Test 

The results of the study show significant differences in Active Knee Extension 

(AKE) test range of motion between the injured and non-injured groups. In a cornparison 

between injured group and non-injured group injured iimbs, and the injured group vs. 

non-injured group uninjured iimbs, the injured group scores were significantly higher 

than the non-injured group scores in both cases. Also, the injured limb values for the 

injured group were significantly higher than the uninjured limb values for the non-injured 

group. h w e r  scores in the AKE test, measured in degrees from full extension, indicated 

greater knee extension and, thus, increased hamsmng flexibility. Therefore, the hjured 

group subjects were significantly less flexible than the Non-injured group. 

These results are not consistent with those of Bruce (1989) who found no 

simi ficant differences in Active Knee Extension scores between hamstnng injured and 

non-injured groups. The author atmbuted these results to full rehabilitation of the injured 

limb (Bruce, 1989). The discrepancy between these results and the resulü of the present 

study may be due to different methods of flexibility measurement (flexometer vs. video 

analysis) andor different sample populations. This discrepancy and lack of studies on 

this topic suggest the need for further investigation to clarify the relationship between 

active knee flexibility and previous strain injury. 



There was no significant difference in Active Knee Extension Test scores 

between limbs within injury groups, which support the findings of Bruce (1989). Again 

the author attributed the Iack of a difference to fuU rehabihtion foliowing injury (Bruce, 

1989). 

It has been suggested in the lïterature that the Active Knee Extension Test is a 

measure of initial or un-stretched hamstring length, with the end range of motion 

indicating the point of initial resistance within the muscle (Gajdosik et al, 1983 ; Gajdosik 

et al, 1993). A decrease in active range of motion during knee extension can be attributed 

to a shortened hamstring muscle length or a decrease in the subject's tolerance to stretch 

(Gajdosik et al, 1993), meaning that there is a decrease in the amount of tension the 

subject will allow to develop within the tissue before stopping the movement due to pain 

or discornfort. By this rationale, subjects who had sustained a hamstring injury had a 

decrease in tolerance to stretch, as comparai to healthy subjects. It is uncertain whether a 

decreased stretch tolerance was a pre-injury condition, or O C C U K ~ ~  as a result of 

harnstring injury, If the former situation were m e ,  then it may be possible to pre-screen 

athletes for the likelihood of sustaining a hamstring strain injury. However, pre- 

screening of athletes has been inconclusive (Hennessey & Watson, 1993; Orchard et al, 

1997; Benne11 et al, 1998). A prospective study by Orchard et al ( 1997) looked at the 

incidence of hamstring strain injury in 37 professional footballers and found that those 

athletes that sustained injury had weaker hamstrings in the injured leg than in the 

opposite leg. This result was not supported by Benneli et a1 (1998)' who concluded that 

pre-season isokinetic strength testing was not able to predict hamstring strain injury in 



102 professional footballers. In a retrospective study, Paton et al (1989) found no 

significant differences in isokinetic strength between previously injured athletes and 

athletes with no history of injury. Pre-season flexibility testing using either the Sit and 

Reach test (Orchard et al, 1997) or the Passive Knee Extension test (Hennessey & 

Watson, 1993) was not able to predict harnstring injury. 

If the injury produces decreased flexibility, it may be attributed to changes in the 

consistency of the muscle tissue around the site of injury, such as a decrease in tissue 

pliability due to the formation of an inelastic scat within the tissue (Nikolaous et al, 

1987). Investigations into the effectiveness of different treatment interventions on 

hamstring strain injury should then be performed to determine the best method for 

reducing this increased tissue stiffness. 

Passive Knee Extension Test 

No significant differences between injured and non-injured groups were noted 

during the Passive Knee Extension Test. There were also no significant differences in 

Passive Knee Extension Test scores found between injured and uninjured Limbs within 

either the hamstring injured or non-injured groups. These resuIts were similar to the 

findings of Hemessey & Watson (1993) who found no significant differences in passive 

knee extension scores between the injured and uninjured Limbs of hamstring injured and 

non-injured athletes. The authors attributed this lack of a difference to careful attention 

to stretching during rehabilitation of the injured athlete (Hennessey & Watson, 1993). It 

is possible that the results of the present study can be attnbuted to careful rehabilitation, 



but the details of the rehabilitation programs for the subjects in the present study were not 

known. 

The results of this study were not consistent with the findings of Worrell et al 

( 199 1) and Jonhagen et a1 ( 1994), who also examined the differences in passive 

flexibility between hamstring injured and non-injured athletes. Worrell et al (199 1) 

found sipificantly higher passive knee extension scores in the injured limbs of injured 

athletes, as compared to theu uninjured limbs and the limbs of non-injured control group 

subjects. A study by Jonhagen et al (1994) examined differences in hamstring flexibility 

between injured and non-injured sprinters using the passive straight leg raise test. Results 

suggested significantly less hamstring flexibility in the injured group as compared to the 

non-injured group. The authors attributed their findings to changes in the muscle 

consistency due to scar formation within the tissue, resulting in decreased tolerance to 

stretch for that limb (Worrell et al, 1991; Jonhagen et al, 1994). This is supported by 

Taylor et al ( 1  993), who found that pnor injury makes muscle more susceptible to a 

second injury in in vitro studies in rabbits. Specifically, the authors found that rupture in 

rabbit skeletal muscle with a previous strain injury required 63% of the load required to 

rupture healthy conuol muscle, and the length at rupture was 79% of the control length at 

rupture. The results of the present study suggest that the presence of any scar tissue 

within the muscles of the injured group limbs was not enough cause a decrease in stretch 

tolerance during the PKE test, as compared to the Non-injured group. 

A limitation of the Passive Knee Extension Test is that subjects who could fully 

extend their knee with theu hip in 90 degrees of flexion may not feel a stretch in this 



position. Some subjects in the present study reported this phenomenon with the Passive 

Knee Extension Test, A modification to reduce the incidence of this limitation was 

suggested by Fredriksen et al (1997). This study examineci the reliability of a passive 

knee extension test with the hip stabilized in a flexion angle of 120 degrees from 

anatomical position, instead of the 90 degrees of hip flexion normaiiy employed. A 

standardized force, 68.7 N as measured by a hand held force transducer, was also used to 

extend the leg. The authors reportai an intraclass coefficient of 0.99 with a test-retest 

protocol. Implementation of this protocol in future studies may help to demonstrate a 

significant difference in Passive Knee Extension scores between injured and non-injured 

groups* 

Lirni tations in the use of the method proposed by Fredriksen et al ( 1997) do exist, 

however. Because this method is not widely reported, there is very Little information in 

the literature to which results can be compared. This limitation may only be ternporary if 

more PKE values are reported using this method. Another limitation of this method is 

that it required two testers to perform, one to move the leg and one to measure the knee 

angle with a goniorneter. This may be overcome with the use of video analysis to 

determine the knee joint angle, or the use of a cradle to maintain hip position of 120 

degrees of flexion. 

Passive Peak Toraue 

Results from the study indicate no significant differences in passive peak torque 

values between the injured and non-injured groups. There was a trend (p = 0.08) for the 

passive peak torque of injured limbs in the injured group subjects to be greater than the 



passive peak torque of the uninjured limbs in the non-injured group subjects, but this 

difference was not significant at p< 0.05. This difference may have become significant if 

more subjects were added to the study. There were no studies in the literature reporting 

on differences in peak torque b w e e n  hamstring injured and non-injured subjects. The 

potential differences may be due to individud differences in muscle fibre composition 

and cross-sectionai area, or differences in individual tolerance and comfort level with the 

amount of tension developed within the tissue. 

Angle at Peak Torciue 

There were no significant differences in the angle at peak torque found between 

the injured and non-injured groups. Although there were no studies loçated in the 

literature directly related to this particular cornparison, this finding rnay be related to lack 

of a significant difference in PKE Test vdues noted between the two groups in the 

present study, as both variables are strongly correlated and relate to the passive joint 

range of motion about the knee. 

Maximal S ti ffness 

The results of the study show significant differences in the maximal stiffness 

values of the injured limbs and uninjured iimbs between the injured and non-injured 

groups. The maximal stiffness values of the injured and uninjured limbs of the injured 

groups were significantly higher thm those for the non-injured group. Also, the injured 

limbs of the injured group had a significantly higher maximal stiffness than the uninjured 

limbs of the non-injured group. Wilson et al (1991) argued that increased stiffness in the 

musculature increases the potential for injury due because the musculotendinous unit 



must absorb energy more rapidly or in a shorter range of motion, thus increasing the 

Iikelihood of failure. hcreased stiffness in injured muscles has been attributed to 

adhesions within the muscle (Garrett et al, 1987; Sdran et al, 1988) and even 

calcification within the muscle tissue (Garrett et al, 1989)- 

In response to strain injury, there is haemorrhage within the tissue, denoted as the 

inflarnmatory phase (Andrews, Harrelson, & Wilk, 1998). Fibre disruption is dong the 

myotendinous junction, located throughout the length of the hamstring muscle (Garrett et 

al, 1987), and there is a significant loss of contractile ability during this phase (Nikolaous 

et al, 1987). After a few days, depending on the severity of the injury, the haemorrhaging 

stops and the muscle enters the repair phase, charactenzed by a reduction in edema and 

formation of a collagen matrix to form a union at the site of fibre disruption (Amheim & 

Prentice, 199 1 ; Andrews, Harrelson, & Wilk, 1998). The contractile ability of the muscle 

begins to slowly retum back to normal. By day 7, full function is almost restored as the 

contractile ability has reach 92% of pre-injury levels and the visible edema has 

disappeared (Nikolaous et al, 1987). At this point, the muscle is still very susceptible to 

injury. Taylor et al, (1993) reported that failure of rabbit muscle in this state of healing 

required only 63% of the load needed to fail normal controls, and the length at rupture 

was 79% of controls. This has been attributed to the formation an inelastic scar at the site 

of fibre disruption. This is the weak point in the muscle, as failure occurs within or 

directly adjacent to this scar (Nikolaous et al, 1987; Taylor et al, 1993). The tissue must 

undergo a lengthy remodeliing phase in order to demonstrate elasticity similar to non- 

injured muscle, although the muscle may never retum to normal (Safran et al, 1988; 



Garrett et al, 1989)- Therefore. the tissue may retain an increased stiffness following 

injury. 

Comrnon Stiffness 

The resuIts from this cornparison indicate no significant difference in stiffness in a 

comrnon range of motion between Injured and Non-injured groups. There were no 

studies found in the literature directly relating to this topic. The present result may be 

related to the lack of a significant difference in the angle at peak torque, which is the 

indication of the range of motion during passive extension of the knee with the Kin/Com 

Test. Mapusson et ai (1997) noted significant differences in cornmon stiffness between 

individuals with tight hamstrhgs and individuals with normal flexibility, with subjects 

possessing greater flexibility having a lower common stiffness. Al1 subjects had similar 

ranges of motion during the KinKom test, and therefore, should present a similar 

stiffness in a cornrnon range of motion. This result suggests that stiffness before the final 

degrees in the range of motion are not as relevant to hamstring injuries as the maximal 

stiffness. This is supported by the fact that hamstring muscle strain injuries occur during 

movements within the end ranges of motion of the knee joint (Garrett, 1996). 



S u m m  of Discussion 

This s tudy was performed to determine the relationship of three clinical flexibility 

tests to the passive properties of the harnstrings during a stretch maneuvre. In addition, 

the differences between harnstring injured and non-injured subjects were compared. 

Significant differences in maximai stiffness between the groups suggest that hamstring 

injured athletes have stiffer hamstrings at the end range of motion, which may indicate 

incomplete rehabiiitation. AthIetes with stiffer hamstrings may be pre-disposed to injury 

because of a sharper rise in tension within the muscle tissue (Klinge et al, 1997). The 

present information about muscle stiffness after injury may assist the rehabiiitation 

speci alist in determining fuii rehabiiitation andor determine the best method of treatrnent 

to reduce the risk of re-injury. 



Chapter 6 

Swnmary, Conclusions, and Recommendations 

Summarv 

The high incidence of recurrent hamstring injuries in sport, especially in the 

recent Summer Olympics, calls into question the accuracy of current measures of injury 

rehabilitation. Strength and flexibility differences between healthy and previously 

hamstring-injured athletes have been reported in the literature, but many studies have 

found no significant differences between the two groups using similar testing methds. 

Studies of the passive properties of skeletal muscle have rneasured the resistance to 

passive knee extension using a Kin/Com isokinetic dynamometer. Cornparison of this 

flexibility measurement technique to other, more common measures of flexibility is not 

well documented in the literature. Also, there is little information in the literature with 

respect to the passive properties of in vivo skeletal muscle with a previous strain injury 

The purpose of this study was to compare the measurement of knee flexor 

(hamstring) flexibility by use of three clinical tests, the Sit and ReachTest, Active Knee 

Extension Test, and Passive Knee Extension Test, to the resistance to stretch as measured 

by the Kin/Com Isokinetic Dynamometer during passive extension of the knee. A sub- 

problem was to examine the differences in flexibility measurement scores between 

individuals with a previous hamstring strain injury and individuals with no history of 

strain injury. 

Twenty male elite athletes were recruited from the University of Manitoba 

Varsity Football and Track tearns. Non-injured subjec ts (N= 10) were matched with 



Inj ured su bjects (N= 1 O) according to sport, position, weight, height and limb dominance. 

The Non-injured group iimbs were separated into 'injured' and 'uninjured' groups 

according to the injured and uninjured limbs of their Injured group counterparts. Data 

collection and comparisons were made on the Sit and Reach Test scores, the Active Knee 

Extension Test scores, and the Passive Knee Extension Test scores, as weii as the 

variables of passive peak torque, angle at passive peak torque, maximal stiffness, and 

stiffness in a common range. 

Regression analysis between the three clinical tests and the resistance to stretch 

variables resulted in several significant correlations. The Sit and Reach Test was 

significantly related to the angle at passive peak torque, maximal stiffness, and comrnon 

stiffness (p ~0.05) .  Both the Active Knee Extension Test and the Passive Knee 

Extension Test were significantly related to the angle at passive peak torque and cornmon 

stiffness values (p 4.05). These results suggest that the Kin/Com Isokinetic 

Dynamometer is a valid measure of hamstring flexibility. 

Two-way analyses of variance (ANOVA) with one between subjects factor 

(group) and one within subjects factor (limb) were performed for each of the chnical 

flexibiiity test scores and the Kin/Com variables. Injured athletes had significantly less 

flexibility in both limbs than the Non-injured athletes, as measured by the Active Knee 

Extension Test (p ~0.05) .  Injured athletes also had significantly greater maximal 

stiffness in both limbs as compared to the Non-injured athletes. Injured athletes also had 

significantly higher stiffness in the final range passive extension of the knee in both limbs 

than the Non-injured group (p (0.05). These results suggest that the Injured athletes may 



be at greater risk of strain injury than normal, Non-injured athletes, as the higher stiffness 

may be indicative of the presence of scar tissue within the muscle. Therefore, therapists 

need to continue efforts to decrease scar tissue and stiffness in the hamstring even after 

the athlete has returned to full activity in order to reduce the risk of re-injury, There were 

no other significant differences between the groups. 

The results of the presenkudy suggest that the KidCom Isokinetic 

Dynamometer would be a valuable tool for determining the flexibility and stiffness of the 

hamstnngs following strain injury. 



Conclusions 

1) Greater flexibility, as measured by the Sit and Reach, Active Knee Extension, 

and Passive Knee Extension tests, was significantly correlated to a greater range of 

motion during passive extension of the knee with the KinfCom Isokinetic Dynamometer. 

Ail of the tests may be considered to be valid methods of evaluating hamstcing flexibility. 

2) There were no significant correlations between flexibility, as measured by the 

Sit and Reach, Active Knee Extension, and Passive Knee Extension tests, and the peak 

passive torque or maximal stiffness of the hamstrings measured by the KinKom 

Isokinetic Dynamometer during passive extension of the knee. Clinical measurement of 

hamstnng flexibility appears to be unrelated to peak passive torque or maximal stiffness 

of the hamstrings. 

3) There was a significant difference in the Active Knee Extension Test scores, 

which were significantly higher in the injured and uninjured limbs of the hamstring 

Injured athletes as comparai to the injured and uninjured limbs of the Non-injured 

control group. Harnstring injured subjects appear to have less flexibility during active 

movements than subjects without harnstring strain injuries. 

4) The maximal stiffness values in the injured and uninjured limbs of the 

Injured group were significantly higher than the injured and uninjured limbs of the Non- 

injured control group. Harnstring injured subjects appear to have greater stiffness in the 

hamstrings during the final degrees of passive extension of the knee. 

5) There were no significant differences in Sit and Reach scores or Passive Knee 

Extension scores between Injured and Non-injured subject groups or between injured and 



un-injured iimbs within subjects, Flexibility measurernent by the Sit and Reach and 

Passive Knee Extension tests appears to be unaffected by hamstrîng strain injury. 

6) There was no significant difference in passive peak torque values between 

Inj ured and Non-inj ured subject groups- 



The following recommendations have been made based on the cument study and 

rnay be of benefit to other researchers planning to conduct sirnilar investigations. 

1) Research should continue to examine the relationships between different 

clinical tests of hamstring flexibility and the resistance to stretch offered by the knee 

flexors during passive extension of the knee, as there is very Little information about this 

topic reported in the literature. This wiil function to clarify the relationships between the 

Clinical tests of flexibility and the peak torque and maximal stiffness of the hamstrings 

during passive extension of the knee, 

2) Further research is needed to examine differences in flexibility and resistance 

to stretc h between hamstring injured and non-injured su bjects. Preseason testing could 

provide researchers with a database of flexibility parameters and would provide the 

opportunity for cornparison to pre-injury levels should an athlete sustain a hamstring 

strain injury in-season (prospective study). 

3) Investigations into the effects of different methods of rehabilitation on the 

stiffness of the harnsmngs folIowing hamstring strain injury should be made. By 

determining the most effective method(s) by which to rehabilitate the injured athlete, it 

may be possible to reduce the risk of re-injury when the athlete retums to cornpetition. 



4) A larger sample population is recomrnended. Although some signifiant 

differences were found between hjured and Non-injured subjects, there were trends in 

the data that were not of statisticai significance. A larger sample size may lead to more 

significant findings. 

5) S tudies incorporating different study populations, such as femde athletes and 

athletes from di fferent sports, should be perforrned. This may help clari fy di fferences 

between Injured and Non-injured athletes and ailow for more generalization of the 

results. 

6) Research should investigate the relationship between muscle strength and the 

mistance to stretch as measured by a Kin/Com Isokinetic Dynamometer, as this has not 

been well documented in the literature. 
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Appendix A 
Example of an Adult Informed Consent signed by aii participants. 



Adult Informed Consent 

You have volunteered to participate in a study entitled "Flexibility Measurement 
of the Knee Flexors: A Compaxison of Three Clinical Tests and Isokinetic 
Dynamometry". This study is a topic of a master's thesis being completed by the 
Investigator, Stephen Diakow, a graduate student in the Faculty of Physical Education 
and Recreation Studies. 

You have been asked to participate in this study because you fali into one of two 
categories: (1) you are an athlete who has sustained a unilateral hamstnng muscle injury 
within the past 18 months, or (2) you are an athlete who has never sustained a hamstring 
injury. Participants from the injury group will be placed in the experimental group and 
those from the non-injury group will be placed in the control group. Both groups wiU 
perfonn the same test protocols. 

There are two sets of requirements for this study, each cocresponding to the 
Experimental and Control groups. Requirements for the Expimental Group are that you 
have sustained a hamstring strain injury within the past 18 months. completed a 
rehabilitation program and have returned to your activity or sport. You are free of 
symptoms related to this injury, as well as lower leg, knee, hip, or back pain or injuries. 

Requirements for the Conaol Group are that you have never sustained any 
postenor thigh injury and are actively participating in your activity or sport. You are 
healthy and are free from symptoms related to lower leg, knee, hip, or back pain or 
inj unes. 

In the present study you, being a healthy athlete and meeting the requirements of 
one of the two groups, will be placed in either the Experimental or Control Group. Your 
height, weight, and the lengths of both upper and lower legs will be recorded. You will 
be required to perfonn four static stretches of the knee flexor muscles, 30 seconds in 
duration each. You will be required to perform four different flexibility tests for your 
knee flexors. Your active knee-flexor flexibility will be assessed with the Sit and Reach 
and Active Knee Extension Tests, and your passive knee-flexor flexibility wiii be 
assessed by the Passive Knee Extension Test and by the Kin/Com Isokinetic 
Dynamometer. Al1 of these tests will be completed in the same test session in the 
Biomechanics Lab at the University of Manitoba This session should last approximately 
one hour. All of these tests will be recorded on video and subsequently analyzed for the 
sole purpose of measuring the angle of your knee joint. 



Your participation in this study is completely votuntary and you are free to stop 
your participation and withdraw from the study at any time without any penalty. You are 
free to ask any questions of the investigator at any tirne and you wiii receive a clear and 
honest response, The investigator wili record ali information, however, your information 
and data will remain confidentiai and wili be stored in a locked environment at the 
University of Manitoba The recorded data will not be redistributed or used for any other 
purpose other than the present study. Your identity will not be revealed at any time 
without your written consent- 

Do you have any questions at ùus time? 
Should you have questions at a later date, please contact us at any tirne. 

Stephen Diakow (Investigator) 
307 Max Bell Centre 
Health, Leisure and Human Performance Research hstitute 
The University of Manitoba 
Phone: 474-6875 

Dr. Marion Alexander (Advisor) 
307 Max Bell Centre 
Health, Leisure and Human Performance Research hstitute 
The University of Manitoba 
Phone: 474-8642 

Margaret Bowman 
Human Ethics Secretarïat 
The University of Manitoba 
Phone: 474-7 122 

1, , have read the above information and 
understand the testing procedures, the risks involved, and 1 agree to participate. 1 
understand that al1 gathered information will be treated with smct confidentiality and that 
1 will not be identified personally when the results from the study are presented. I 
understand that 1 have the right to refuse to participate in any testing sial and 1 have the 
right to withdraw from the study at any time without repercussions. 

Signature of Investigator Date 

Signature of Participant Date 

Signature of Witness Date 



Appendix B 

Example of Microsoft Excelnf sheet used for Dynamometry Data and Calculations 

L e ~ e n d  

len,m 
CM/L 
swt/bw 
BW, kg 
BW, N 
CM posn 

Moment 
reP 
point# 
angle 
mom 
avg mom 
1% ang 
m w  
Fm 
jt ang 

Length of the leg, in metres. 
Distance from the proximal of Centre of Mass of the leg. 
Ratio of the weight of the leg to the total weight of the M y .  
Body weight, in kilograrns- 
Body weight, in Newtons. 
Position of Centre of Mass of the leg, in metres from the proximal end of 
the leg. 
Moment of the weight of the leg. 
Kin/Com Test repetition number. 
Sample point number from KinKom data readout. 
Actuator arm angle, in degrees, from KinKom data readout. 
Moment, in Newton metres, from the Kin/Com data readout. 
Average of the Moments of the three KinlCom test repetitions. 
Angle of the leg, in degrees relative to the Horizontai. 
Moment of the weight of the leg 
Moment about the knee due to resistance of the knee flexors to passive 
stretch. 
Angle of the knee, in degrees from fuli extension (matornical position). 



sub c8 

file name sdcr.0 18 thïgh, m 0.44 len, m CM/L s W w  BW, kg BW, N CM Moment 

lei! r ht, m 1.89 0.485 0.437 0,062 78.9774.01 0.211910,13813 
order pads 

rep point# angle mom rep point# angle mom rep point# angle mom avg mom leg mg mmw j m  jt mg 







Appendix C 

Raw Pilot Study Data 



ake, deg 
sub #1 

pke, deg 

sar. cm 

ake,deg 
sub #3 

pkedeg 

test 1 
test 2 
test 1 
test 2 
test 1 
test 2 

test 1 
test 2 
test 1 
test 2 
test 1 
test 2 

test 1 
test 2 
test 1 
test 2 
test 1 
test 2 

Raw Pilot Studv Data 

mal  1 trial 2 trial 3 average 

ake: active knee extension in degrees from full extension 
(0 deg) 
pke: passive knee extension in degrees from full extension 
(0 de@ 
sar: sit and reach, in centimetres from toes (O cm). Neg indicates 
inability to reach toes 
leg len: length of leg (lat. fem. condyle to the distai tip of the lat, 
Malleolus) 

mass, kg 78.5 
leg len, m 0.445 
thigh len, m 0.395 
ht, m 1-75 

mass* kg 
leg len, m 
thigh len,m 
ht, m 

mass, kg 
leg len, m 
thigh 1en.m 
ht, m 



Appendix D 

Subject information Sheet 

Harnstnng Injury Questionnaire 



Subject Monnation Sheet 

Date: 
Narne: Age: 
Address: 
Phone Number: 

CONTROL GROUP: 

TEST ORDER: 

Height (m): 
Mass (kg): 
Length of Thigh (m): Right 
Length of Shank (m): Right 

SIT AND REACH SCORES (cm): 

Trial #1: 
Trial #2: 
Trial #3 : 

EXPERTMENTAL GROUP: 

LEG ORDER: 

Left 
Left 

Average of two closest values: 

ACTIVE KNEE EXTENSION SCORES (de& 
R L 

Trid # 1 : 
Triai #2: 
Trial #3 : 

Average of two closest values: 

PASSIVE KNEE EXTENSION SCORES (depl: 
R L 

Trial #l  : 
Trial #s: 
Trial #3 : 

Average of two closest values: 



Hainstring Fledbitity Study 
1n.j ury Questionnaire 

Subject # 

Age: 

1. What sport(s) are you currently involved in? (Include training period and frequency) 
e g  Track Mid-season Wweek 

2. Have you had a hamstring strain injury requinng some time away from your activity 
in the past 18 months? (circle) YES NO 
If 'no', please skip to question # 6. 

3. In which leg did you sustain a hamsaing injury? (circle) 
WGHT LEG LEFT LEG 

4. How long were you away from full activity? (days) 

5. Have you ever injured this leg before? (circle) YES NO 
If ' yes' . please describe (# of times, date (dy) ,  time away from activi ty). 

eg. 1 time, 07/00, 12 days 

6. Which is your preferred leg? (circle) R[GHT 
If you are unsure, check with researcher. 

7. Are you currently involved in a regular hamstring flexibiüty program? YES NO 
If yes, please descnbe (seetches, frequency).eg. Modified hurdlers stretch, 3x/week 

8. Are you currently involved in a regular, lower body weight-training program? 
YES NO 

If yes, please describe (exercises, frequency). eg. Squatsl Leg Press, 3x/week 



Appendix E 

Subject Demographics and Matching 

Test and Leg Order Randorn Allocation 



O-,,,,,, I d -  - - - - - - - z  - - c. 
O & , & & , & & &  & & j  p & 4 g 3 ~ b b L m L -  
~ g m w w w N m ~ 4 m o  m e & N r . g  

Y Y Y Y Y Y Y Y Y Y  



Test and Leg Order Random Ailocation 

order rdm # sub 
SAPD 61 
SADP 17 
SPAD 78 
SPDA 70 
SDAP 12 
SDPA 91 
ASPD 69 
ASDP 99 
APSD 62 
APDS 75 
ADSP 16 
ADPS 50 
PSAD 23 
PSDA 21 
PASD 19 
PADS 67 
PDSA 27 
PDAS 86 
DSAP 47 
DSPA 43 
DASP 25 
DAPS 5 
DPSA 76 
DPAS 55 

sub # T order rdm # leg order rdm # Group INJURED GROUP NONINJURED (3ROt.JP 
1 DAPS 
2 SDAP 
3 ADSP 
4 SADP 
5 PASD 
6 PSDA 
7 PSAD 
8 DASP 
9 PDSA 
10 DSPA 
11 DSAP 
12 ADPS 
13 DPAS 
14 SAPD 
15 APSD 
16 PADS 
17 ASPD 
18 SPDA 
19 APDS 
20 DPSA 
21 SPAD 
22 PDAS 
23 SDPA 
24 ASDP 

1 
1 

NON 
NON 

1 
1 

NON 
I 

NON 
1 
1 

NON 
NON 

1 
NON 
NON 
NON 

1 
NON 
NON 
NON 

1 
1 
1 

TEST 
DAPS 
SDGP 
PASD 
PSDA 
DASP 
DSPA 
DSAP 
SAPD 
SPDA 
PDAS 
SDPA 
ASDP 

LEG 
LR 
RL 
LR 
RL 
LR 
LR 
RL 
LR 
LR 
LR 
LR 
RL 

TEST 
ADSP 
SADP 
PSAD 
PDSA 
ADPS 
DPAS 
APSD 
PADS 
ASPD 
APDS 
DPSA 
SPAD 

LEG 
RL 
LR 
RL. 
LR 
RL 
RL. 
LR 
RL 
RL 
RL 
LR 
RL 

S: SIT AND REACH TEST 
A: ACTIVE KNEE EXTENSION TEST 
P: PASSIVE KNEE EXTENSION TEST 
D: KINCOM DYNAMOMETER TEST 



Legend 
Sub 
sr 
Iake 
Uake 
Ipke 
Upke 
I P ~  
U P ~  
Iaw 
Uang 
Ims 
Ums 
Ics30 
Ucs30 
Ithigh 
Uthigh 
dom 
inj leg 
flex 
str 

Appendix F 

Raw Subject Data 

Subject 
Sit and Reach Test score 
Injured leg Active Knee Extension Test score 
Un-injured leg Active Knee Extension Test score 
Injured leg Passive Knee Extension Test score 
Un-injured leg Passive Knee Extension Test score 
injured leg peak passive torque 
Un-injured leg peak passive torque 
Injured leg angle at peak passive torque 
Un-injured leg angle at peak passive torque 
injured leg maximiil stiffness 
Un-injured leg maximal stiffness 
Injured leg comrnon stiffness (30-40") 
Un-injured leg common sti ffness (30-40°) 
Injured leg thigh length 
Un-injured leg thigh length 
Dominant leg 
Injured leg 
Participates in a regular flexibility program 
Participates in a regular strength training program 



group siib 
con cl 

con c2 
con c3 

con c4 

con CS 
con c6 
con c7 
con c8 
con c9 
con cl0 
exp el 

exp c2 

exp e3 

exp e4 
exp e5 
exp e6 
exp e7 

exp e8 
exp e9 
exp el0 

lake 
16 
9 
4 
15 

24 
13 
16 
17 
8 
I ! 
19 
20 
2 1 

15 
15 
1 1  
23 

26 
18 
15 

lpke Upke 
4 9 
10 IO 
4 4 
8 7 
17 1 1  
I l  12 
12 19 
17 16 
10 10 
9 6 
13 16 
18 20 
16 21 

10 6 
12 5 
8 8 

20.5 13,s 

21 14 
8.5 7 
6 5 

lang Uang 
2 7 
17 12 
3 10 
8 9 

17 15 
O O 
14 17 
22 18 
9 IO 
O O 
19 21 
16 16 
18 16 

7 10 
3 2 

O O 
13 20 

8 5 
12 5 
O O 

Ims 
79.223 
53,667 
46.149 
56.549 

54,8 1 3 
86,426 
45.53 1 
57.770 
53.965 
70.147 
63.3 14 
67,964 
65.1 84 
47,949 
65,952 
90.694 
57,7 18 

69,642 
92,287 
85,709 

Ums 
57.638 
59.867 
32.799 

57,970 

45,628 
86,477 
51,049 
58,205 
43.204 
64.640 
49.135 
58,985 

45,118 

61,569 
72,593 
79.570 
56.767 

72,255 
85.142 
89,566 

lthigh 
0.430 
0.420 
0.435 

0.460 

0.475 
0.425 
0.460 
0.440 
0,450 
0.440 
0.4 1 5 

0,440 
0.450 

0,445 
0.430 
0.465 
0.450 

0.440 
0.480 
0.420 

Uthigh 
0.4 10 
0.420 
0.440 

0.450 

0.460 
0,430 
0.470 
0.450 
0.440 
0.420 
0.41 5 
0,445 
0.470 

0,440 
0.440 
0.450 
0,445 

0.455 
0.480 
0.420 

dom inj leg flex str 
R R Y Y  
R L N Y  
L L N Y  
R R L N Y  
R L N Y  
R R Y Y  
L L N Y  
R R N Y  
R L N Y  
R R N Y  
R R Y Y  
R R N Y  
R R N N  
L L N Y  
R R L N Y  
R R Y Y  
L L N Y  
L L Y N  
R L Y Y  
R L Y Y  




