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ABSTRACT 

The posture assumed by the body during manual lifting tasks is one of the most important considerations in 
evaluating the risk of experiencing a back injury. As posture is changed, a number of factors are affected that may 
significantly influence the ability of the body to withstand the stresses of manual materials handling (MMH). For 
instance, changes in posture have been shown to affect muscular strength, lifting capacity, the metabolic cost of 
performing MMH tasks, development of muscular fatigue, and pressure on the intervertebral disks. In many cases, 
redesign of the workplace can easily remedy the postural stresses experienced by workers. However, not all work 
environments lend themselves to easy design modifications. Low-seam coal mines require a significant amount 
of MMH to be performed in awkward or restricted lifting postures. Unfortunately, relatively little is known about the 
biomechanical stresses, physiological cost, and psychophysical responses of the body to lifting in positions such 
as kneeling or stooped. This paper discusses Bureau of Mines research examining the stresses of lifting in restricted 
postures, such as those often used by miners. 

1. Psychophysical Studies. 

The Bureau's psychophysical studies have demon­
strated a significantly decreased acceptable weight oflift 
in the kneeling posture compared to that observed in 
standing and stooping postures. The magnitude of this 
decrease is on the order of 10-20%, and indicates that the 
weight of supplies handled in the kneeling posture should 
be reduced accordingly. 

2. Metabolic Costs. 

The metabolic cost of lifting in restricted postures 
appears to depend not only of the posture, but on the type 
of lifting task being performed. For example, when a 
side-to-side lifting motion is performed, metabolic costs 
are higher in the kneeling posture. However, Bureau 
studies show that when the load must be lifted vertically, 
the stooping posture entails a higher energy consumption. 

3. Blomechanlcal Modeling. 

The Bureau of Mines bas studied the biomecbanics 
of lifting in restricted postures using an EMO-assisted 
model. Results indicate that compressive forces -are 
higher when kneeling, but :shear forces are significantly 
greater when stooping. 

4. Back Strength. 

Comparison of isometric and isokinetic torque gen­
eration capability in standing and kneeling postures have 
also been performed by the Bureau. Results indicate 13-
20% reduction in back strength capability when kneeling. 

Results of these studies have identified certain 
physical limitations associ:ated with work in restricted 
postures. These data can 1be used to assist with better 
ergonomic design of underground work tasks. 



• IEA'94 • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

Proceedings of the 12th Triennial Congress 
of the International Ergonomics Association 

Comptes rendus du 12e Congres triennal de 
I' Association internationale d' ergonomie 

VOLUME2 

Ergonomics in Occupational 
Health and Safety 

Ergonomie, sante et securite 
du travail 

Partially sponsored by I Commandite en partie par : 
Social Sciences and Humanities Research Council of Canada I 
Conseil de recherches en sciences humaines du Canada 

Symposium on Occupational Health and Safety spomored by I 
Symposium sur la sante et la securlte au travail commandlte par : 
National Health Research and Development Program of Health Canada/ 
Programme national de recherche et de d6veloppement en mati~ 
de sant6 Canada 

Symposium on the ldentifICation of Risk Factors for 
Work-related Musculoskeletal Disorders sponsored by I 
Symposium sur le re~rage des facteurs de rlsque de troubles 
musculo-squelettiques Iles au travail commandlte par : 
Institute for Work & Health 

Published by I Publte par 
Human Factors Association of Canada I 
Association canadienne d'ergonomie 

TORONTO, CANADA 
August 15 • 19, 1994 

du 15 au 19 aoOt 1994 



~ci=' 
-I\ 
lo& 
15& 
1'1~ 

••••••••••••••••••••••••••••••••••l~M• 

Proceedings of the12th Triennial Congress 
of the International Ergonomics Association 
Volume 2: Ergonomics in Occupational Health and Safety 

This book is one of six volumes of papers from the International 
Ergonomics Association 12th Triennial Conference held in 
Toronto, Ontario, Canada, August 15-19, 1994. The other five 
volumes are: 
Volume 1: International Perspectives on Ergonomics 
Volume 3: Rehabilitation Ergonomics 

Volume 4: Ergonomics and Design 
Volume 5: Ergonomics and the Workplace 
Volume 6: Part l : Organization Design and Management 

Part 2: General Issues in Ergonomics 

The Proceedings of the 12th Triennial Congress of the International 
Ergonomics Association are published on behalf of the Congress by 
the Human Factors Association of Canada/ Association canadienne 
d 'ergonomie. 

General Editors: 

Sharon McFadden, Les Innes, Maury Hill 

Special Editors: 
Symposium on Occupational Health and Safety: Robert Norman 

Symposium on Identification of Risk Factors for Work-related 
Musculoskeletal Disorders: Harry Shannon 

Symposia on Cumulative Trauma Disorders and Manual Materials 
Handling: K.H.E. Kroemer 

Symposium on Computer Aided Ergonomics and Safety: M. Mattila 

Production by: InfoLink Consultants Inc., Ottawa, Ontario, Canada 
Printed by: By Press, Ottawa, Ontario, Canada 

For copies of this or other volumes contact: 
Human Factors Association of Canada I 

Association canadienne d'ergonomie 

6519-B Mississauga Rd., Mississauga, Ontario, Canada, LSN 1A6 

ISBN 0-9698544-1-2 

Comptes rendus du 12e Congres triennal de 
I' Association internationale d'ergonomie 
Volume 2 : Ergonomic, sante et securite du travail 

Le present recueil fait partie d' une serie de six volumes contenant 
les communications presentees au cours du 12e Congres triennal 
de l' Association internationale d'ergonomie tenu l Toronto, en 
Ontario, au Canada, du 15 au 19 aoQt 1994. Titre des cinq autres 
volumes: 
Volume 1 : Regards sur !'ergonomic intemationale 
Volume 3 : Ergonomic et readaptation 
Volume 4 : Ergonomic et design 
Volume 5 : Ergonomic et lieux de travail 
Volume 6: #1 : Design organisationnel et gestion 

#2 : Communications d'ordre general 

Les Comptes rendus du 12e Congres triennal de L' Association 
internationale d'ergonomie sont publi~ au nom du Congres par 
l' Association canadienne d' ergonomic/Human Factors Associa­
tion of Canada. 

Sous la direction gen~ale de: 
Sharon McFadden, Les Innes, Maury Hill 

Coordination: 
Symposium sur la sante et la skurite au travail : Robert Norman 

Symposium sur le reperage des facteurs de risque de troubles 
musculo-squelettiques Ii~ au travail : Harry Shannon 

Symposia sur !es lesions attribuahles au travail repttitif et la 
manutention : K.H.E. Kroemer 

Symposium sur I' ergonomic assistee par ordinateur et la skurite : 
M. Mattila 

Production : InfoLink Consultants Inc., Ottawa, Ontario, Canada 

Impression: By Press, Ottawa, Ontario, Canada 

Pour obtenir des exemplaires d'autres volumes ou de celui-ci, 
communiquer avec: 
Association canadienne d'ergonomie/ 

Human Factors Association of Canada, 

6519-B Mississauga Rd., Mississauga, Ontario, Canada, LSN 1A6 

ISBN 0-9698544-1-2 

IEA '94 acknowledges the signltlalllt cootribution or the rollowing sponsors: 
Nous voulons souligner l'importante contribution de nos prlncipaux commandltalres: 

Agence de cooperation culturalle et technique 
CANDU Owners Group (COG) 

Department of the Secretary of State of Canada/Secnitariat d'~tat du Canada 
Hennan Miller Inc. 

Institute for Work & Health 
International Forest Products Limited 

National Health Research and Development Program of Health Canada/ 
Programme national de recherche et de developpement en matiere de san1' Canada 

Social Sciences and Humanities Research Council of Canada/ Conseil de recherches en sciences humaines du Canada 
Steelcase Inc. and Steelcase Canada Ltd. 

Transport Canada/Transports Canada 
Transportation Development Centre/Centre de developpement des transports 

United States Federal Highway Administration 




