
University of Wollongong University of Wollongong 

Research Online Research Online 

University of Wollongong Thesis Collection 
1954-2016 University of Wollongong Thesis Collections 

1997 

Knee function of chronic ACLD patients during static knee laxity Knee function of chronic ACLD patients during static knee laxity 

assessment and dynamic deceleration assessment and dynamic deceleration 

Julie R. Steele 
University of Wollongong, jsteele@uow.edu.au 

Follow this and additional works at: https://ro.uow.edu.au/theses 

University of Wollongong University of Wollongong 

Copyright Warning Copyright Warning 

You may print or download ONE copy of this document for the purpose of your own research or study. The University 

does not authorise you to copy, communicate or otherwise make available electronically to any other person any 

copyright material contained on this site. 

You are reminded of the following: This work is copyright. Apart from any use permitted under the Copyright Act 

1968, no part of this work may be reproduced by any process, nor may any other exclusive right be exercised, 

without the permission of the author. Copyright owners are entitled to take legal action against persons who infringe 

their copyright. A reproduction of material that is protected by copyright may be a copyright infringement. A court 

may impose penalties and award damages in relation to offences and infringements relating to copyright material. 

Higher penalties may apply, and higher damages may be awarded, for offences and infringements involving the 

conversion of material into digital or electronic form. 

Unless otherwise indicated, the views expressed in this thesis are those of the author and do not necessarily Unless otherwise indicated, the views expressed in this thesis are those of the author and do not necessarily 

represent the views of the University of Wollongong. represent the views of the University of Wollongong. 

Recommended Citation Recommended Citation 
Steele, Julie R., Knee function of chronic ACLD patients during static knee laxity assessment and dynamic 
deceleration, Doctor of Philosophy thesis, Department of Biomedical Science, University of Wollongong, 
1997. https://ro.uow.edu.au/theses/1090 

Research Online is the open access institutional repository for the University of Wollongong. For further information 
contact the UOW Library: research-pubs@uow.edu.au 

https://ro.uow.edu.au/
https://ro.uow.edu.au/theses
https://ro.uow.edu.au/theses
https://ro.uow.edu.au/thesesuow
https://ro.uow.edu.au/theses?utm_source=ro.uow.edu.au%2Ftheses%2F1090&utm_medium=PDF&utm_campaign=PDFCoverPages


University of Wollongong
Research Online

University of Wollongong Thesis Collection University of Wollongong Thesis Collections

1997

Knee function of chronic ACLD patients during
static knee laxity assessment and dynamic
deceleration
Julie R. Steele
University of Wollongong

Research Online is the open access institutional repository for the
University of Wollongong. For further information contact Manager
Repository Services: morgan@uow.edu.au.

Recommended Citation
Steele, Julie R., Knee function of chronic ACLD patients during static knee laxity assessment and dynamic deceleration, Doctor of
Philosophy thesis, Department of Biomedical Science, University of Wollongong, 1997. http://ro.uow.edu.au/theses/1090

http://ro.uow.edu.au/
http://ro.uow.edu.au/
http://ro.uow.edu.au
http://ro.uow.edu.au/theses
http://ro.uow.edu.au/thesesuow
http://ro.uow.edu.au/
http://ro.uow.edu.au/




KNEE FUNCTION OF CHRONIC ACLD PATIENTS DURING 
STATIC KNEE LAXITY ASSESSMENT AND DYNAMIC DECELERATION 

A thesis submitted in fulfilment of the 
requirements for the award of the degree 

DOCTOR OF PHILOSOPHY 

from 

UNIVERSITY OF WOLLONGONG 

by 

JULIE R STEELE BPE (Hons) DipTch 

DEPARTMENT OF BIOMEDICAL SCIENCE 

1997 



Declaration 

The work presented in this thesis is original work of the author except as acknowledged in 

the text. I hereby declare that I have not submitted any of the material presented in this 

thesis, either in whole or in part, for a degree at this or any other institution. Copies of the 

original data analysed in the four studies conducted within this thesis are held by the 

Department of Biomedical Science, University of Wollongong. 

Julie Robyn Steele 

ii 



Dedication 

To Bruce, Jessica, and Harrison. 

I dedicate this thesis to you. I am indebted to your unending love, patience, and 

understanding, without which this thesis would never have been completed. You have 

sacrificed much to let m e achieve m y goals. 

iii 



Acknowledgments 

I would like to express my gratitude to the following people without whose 

assistance this thesis would not have been possible. Sincere thanks to: 

• Professor Len Storlien, Head of Department of Biomedical Sciences, whose 

persistent encouragement ensured this thesis was completed. Thanks for the push. 

• m y supervisors, Dr Mark Brown and Dr Peter Milburn whose guidance, knowledge, 

and friendship were greatly appreciated. Thanks Mark for coming in at such a late stage 

and yet still having such a positive influence on the final thesis. 

• Dr Greg Roger, the Australian Institute of Musculoskeletal Research, for access to 

the D C T and valuable advice on using the arthrometer. 

• Mark Andrews for developing software used during data collection and analysis and 

for stimulating such enthusiastic biomechanical debates. 

• Mario Solitro and Arno Reiners for their skilful construction and repair of hardware 

required during data collection and analysis. 

• Tania Barrett for her advice and for confirming accuracy of the mathematics used in 

Experimental Section B. 

• Dr Steve Boutcher for his statistical advice in using SPSS/PC. 

• Dr Peg McLeod and the Academic Women's Development Group for their funding, 

support, and belief that this thesis would be finished if given time. 

• the people who assisted identifying A C L D subjects. In particular, thanks to Dr 

Mark Jones; to physiotherapists Patrick Brown, Anita Bout, Colin Cope, and Ian Roscoe; 

and to orthopaedic surgeons M r Robert Elliott and M r Rhys Gray. Thank you also to the 

numerous control and A C L D subjects for their patience during testing. Without their 

cooperation this study could not have been conducted. 

• the many students from the Department of Biomedical Science who donated time as 

research assistants. In particular, thanks to Bridget Munro, Martin Harland, Gavin 

Pinniger, Scott Vercoe, Trish Carroll, Tania Longworth, Julie Harm, and Romie McGauran. 

I am truly grateful for their dedication and enthusiasm throughout the many hours of testing. 

• Ken Steele, Bridget Munro, and Owen Curtis for their patience and invaluable 

editorial advice on the final manuscript of the thesis. 

• m y mother, Elvire Asprey, for her unerring love and belief that this thesis would be 

finished, one day. 

Finally, special thanks to m y husband, Bruce; daughter, Jessica; and son, Harrison 

for the continued support they provided over the duration of this thesis to let Mum finish her 

book. 

iv 



Publications 

The following publications and presentations have arisen directly from the work 

conducted for this thesis. Other related publications completed by the author are included in 

the reference list. 

Publications in Refereed Journals 

Steele, J.R., Roger, G.J., & Milburn, P.D. (1994). Reliability of knee laxity assessment 

using the Dynamic Cruciate Tester [abstract]. Medicine and Science in Sport and 

Exercise, 26(5), S62. 

Steele, J.R., Roger, G.J., & Milburn, P.D. (1995). Tibial translation and hamstring activity 

during active and passive arthrometric assessment of knee laxity. The Knee, 1, 217-

223. 

Steele, J.R., Milburn, P.D., & Roger, G.J. (1995). Effect of torso position on arthrometric 

assessment of anterior knee laxity. Clinical Biomechanics, 10: 421-427. 

Steele, J.R., & Roger, G.J. Reproducibility of knee laxity results using the Dynamic 

Cruciate Tester. Australian Journal of Science and Medicine in Sport (accepted for 

publication pending minor revision). 

Steele, J.R., Milburn, P.D., & Roger, G.J. Effects of a clinical warm up on tibial 

translation and muscle activity during arthrometric assessment of knee laxity. 

Medicine and Science in Sports and Exercise (in review). 

Steele, J.R., & Brown, J.M.M. Effects of chronic A C L deficiency on muscle activation 

patterns during an abrupt deceleration task. Clinical Biomechanics (invited 

submission as a finalist in the Clinical Biomechanics Award, International Society of 

Biomechanics; in review). 

Publications in Conference Proceedings 

Steele, J.R., Milburn, P.D., & Roger, G.J. (1993). Effect of torso position on 

measurement of knee laxity and hamstring muscle activity [abstract]. In S. Bouisset, 

S. Mitral, & H. Monod (Eds.), Abstracts of the International Society of 

Biomechanics XF/th Congress (pp. 1282-1283). Paris, France: Soci&e" de 

Biomecanique. 

v 



Steele, J.R., Roger, G.J., & Milburn, P.D. (1993). Tibial translation and hamstring activity 

during active and passive assessment of knee laxity: clinical implications [abstract]. 

In The Third Congress of Knee and Orthopaedic Sports Medicine Section of the 

Western Pacific Orthopaedic Association Programme (pp. 122). September 8-11, 

Sydney, Australia. 

Steele, J.R., Milburn, P.D. & Roger, G.J. (1993). Reliability of the Dynamic Cruciate 

Tester [abstract]. In Abstracts of the National Annual Scientific Conference in Sports 

Medicine. Sports Medicine in Oceania. October 26-31, Melbourne, Australia (Young 

Investigator Award - Basic Science). 

Steele, J.R., Milburn, P.D. & Roger, G.J. (1993). Effects of warm-up on arthrometric 

assessment of knee laxity [abstract]. In Abstracts of the National Annual Scientific 

Conference in Sports Medicine. Sports Medicine in Oceania. October 26-31, 

Melbourne, Australia (Highly Commended Award - Basic Science). 

Steele, J.R., & Munro, B.J. (1995). Biomechanical assessment of knee laxity in functional 

chronic A C L deficient patients. In T. Bauer (Ed.), Proceedings of the XIII 

International Symposium of Biomechanics in Sport (pp. 20-24). Thunder Bay, 

Ontario, Canada: Lakehead University. 

Steele, J.R., & Munro, B.J. (1995). Lower extremity strength, thigh girths, and tibial 

translation in chronic A C L deficient patients [abstract]. In Abstracts of the Australian 

Conference of Science and Medicine in Sport. October 17-20, Hobart, Australia. 

Other International Conference Presentations 

Steele, J.R. (1994). Functional adaptations in the A C L deficient knee: performance of a 

deceleration task. The New Zealand Federation of Sports Medicine Annual Scientific 

Conference. April 15-18, Nelson, N e w Zealand (Invited Presentation). 

Steele, J.R. (1994). Arthrometric testing of the A C L deficient knee. The New Zealand 

Federation of Sports Medicine Annual Scientific Conference. April 15-18, Nelson, 

N e w Zealand (Invited Presentation). 

Steele, J.R., Brown, J.M.M., & Milburn, P.D. (1997). Effect of chronic A C L deficiency 

on tibiofemoral joint forces and knee moments of force during an abrupt deceleration 

task. XVth International Symposium of Biomechanics in Sport, June 21-24, Denton, 

Texas (accepted for presentation). 

Steele, J.R., & Brown, J.M.M. (1997). Effects of chronic A C L deficiency on muscle 

activation patterns during an abrupt deceleration task. XVIth International Society of 

Biomechanics Congress, August 25-29, Tokyo, Japan (accepted for presentation and 

selected as a finalist in the Clinical Biomechanics Award, International Society of 

Biomechanics). 

vi 



Abstract 
Treatment of anterior cruciate ligament deficient ( A C L D ) patients is complicated by 

difficulty in accurately predicting those patients who will be functionally impaired by A C L 

rupture and those who will have minimum symptoms. Although the effects of A C L rupture 

on knee function during locomotor tasks have been studied, no research was located which 

examined whether the use of compensatory adaptations by A C L D subjects to perform 

dynamic tasks could be associated with knee function during knee laxity assessment. 

Therefore, the purpose of the thesis was to establish the relationship between knee function 

during arthrometric knee laxity assessment and knee function during a dynamic movement 

known to stress the A C L , namely abrupt deceleration. To achieve this three studies were 

conducted to establish a standardised arthrometric knee laxity assessment protocol using the 

Dynamic Cruciate Tester (DCT) and to verify reliability of the protocol (Experimental 

Section A ) . In Study 1 active and passive knee laxity was assessed for 10 uninjured subjects 

before and after the subjects cycled for 10 minutes and then performed hamstring stretches. 

As there were no significant differences between anterior tibial translation (ATT), knee 

extension force, or hamstring activity pre- compared to post-warm up it was concluded that 

a warm up suitable for use with A C L D patients was not required before arthrometric knee 

laxity assessment. In Study 2 active and passive knee laxity of 12 controls and 12 A C L D 

subjects was assessed with the subjects in three torso positions: vertical, reclined, and 

supine; while electromyographic ( E M G ) data were collected for the hamstring and 

quadriceps muscles. Although there was no significant difference in mean A T T as a 

function of torso position, subjects displayed significantly greater hamstring activity when 

seated vertically or reclined compared to when supine. As torso position also significantly 

affected knee extension force, it was recommended patients be supine during arthrometric 

knee laxity assessment to minimise muscle guarding. In Study 3 reproducibility of A T T and 

knee extension force data were examined for 13 A C L D subjects and 16 controls. The A T T 

and knee extension force results were found to be highly reproducible between and within 

test days. However, as a significant main effect of trial was found on A T T , a pretrial was 

recommended before knee laxity assessment to enhance reproducibility of the results. It was 

concluded that, following the standardised protocol, the D C T was a reliable tool to 

characterise A T T and isometric knee extension deficits and to monitor hamstring guarding 

by chronic A C L D subjects during active and passive arthrometric knee laxity assessment. 

Once the arthrometric assessment protocol was established, a kinematic, kinetic, and 

neuromuscular analysis was conducted of 11 chronic functional A C L D subjects and 11 

matched controls performing a deceleration task (landing in single-limb stance after catching 

a ball) after each subject's lower extremity strength and knee laxity were assessed 

(Experimental Section B). Compared to the controls, the A C L D subjects displayed: lower 
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Lysholm knee scores; significantly lower peak knee extension torques assessed isokinetically 

(60°-s1); no evidence of knee flexion strength deficits and no significant reduction in thigh 

circumference; a significantly greater mean passive gap but a negligible limb-to-limb 

difference in active A T T ; greater hamstring cocontraction during anterior tibial drawer to 

restrict excessive A T T ; and took longer during active assessment to deactivate rectus femoris 

and vastus lateralis after reaching their maximal knee extension effort. During the 

deceleration task no significant alterations were evident in the kinematic parameters analysed 

at either Initial Contact (IC) or Peak Resultant Ground Reaction Force (PRGRF) or in the 

ground reaction forces generated by the A C L D subjects. However, compared to the 

controls, the A C L D subjects displayed: significantly less knee flexion motion from IC to 

P R G R F ; a higher tibiofemoral compressive force (Fc) at IC caused by higher knee flexion 

moments; a delay in hamstring activation so that peak hamstring activity was more 

synchronous with IC and with the high tibiofemoral shear forces (F,) which occurred post 

IC; but no evidence of quadriceps-avoidance nor any increase in hamstring cocontraction 

intensity. These between-subject group differences were thought to be functional adaptations 

employed by the A C L D subjects to stabilise their involved knee against a giving-way 

episode via increased joint compression and posterior tibial drawer in preparation to 

withstand, rather than reduce or avoid, the high anterior F, generated during deceleration. 

Landing technique adaptations displayed by A C L D subjects were evident only at IC 

with the hamstring and quadriceps muscles activated before IC. These findings supported 

the notion that subjects preprogrammed their deceleration strategy before landing in 

anticipation of the joint loads. Although increased hamstring guarding during arthrometric 

knee laxity assessment and restricted knee flexion motion during deceleration were displayed 

bilaterally, alterations in Fc, knee flexion moments, and hamstring sequencing during 

deceleration were not transferred to the contralateral limb. It was postulated that task 

novelty or upper extremity motion involved in catching the ball may have interfered with the 

A C L D subjects' motor programs developed to control lower extremity muscle function 

during deceleration. 

Thirty five correlations between variables characterising knee laxity and deceleration 

were significant across the pooled subject group results. However, the correlations were 

low (r = 0.299 - 0.483) such that most of the variance within the variables characterising 

knee function during deceleration could not be explained by their relationship to the 

variables characterising knee function during arthrometric knee laxity assessment. 

Therefore, although providing information pertaining to functional status during a closed 

isometric knee extension effort or during passive anterior tibial loading, it was concluded 

that the D C T could not be used to predict knee function of A C L D subjects during an open 

dynamic deceleration task. 
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