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PREFACE

by Forrest E. Rieke, M. D.

d
. J

For many deca es ~t has been assumed that a large number

of personal work injuries arise from mishandling of materials.

Th~se injuries are attributed to strain in lifting, to slipping

and falling, or to dropping of the load. Critical review of

the literature on injuries and on material handling reveals

a sharp focus on protection of the load, very little on pro­

tection of the worker. Also evident are many untested assump­

tions about causality and too little validated knowledge about

measurement of human ability to lift or move loads safely. If

workers are to be successfully selected, instructed and pro­

tected from damage, more facts and better methods are required.

This study is concerned with research requirements regard­

ing the hazards of manual material handling. It includes a

search of the literature, identification of gaps in knowledge,

and development of a matrix for systematic closure of those

gaps. Such tasks are complicated by large variations in humans,

in loads, and in the work environment. The goal of the study

is clear - safety for both the worker and the load or package.

Routes to the goal are obscure in light of present knowledge.

The study is limited to the unaided human act of lifting,

carrying and releasing an object having definable mass and

form. As: an approach to their relationships, a literature ~ax­

onomy has been defined which includes several system components:

worker, material/container; task requirements; and work prac­

tices actually used. It is recognized that personal damage

from the hazards of material handling will vary widely, depend­

ing on disparities in host, agent, and the environment. Human

responses to the stresses of the physical act of handling loads

needs to be studied to enable a comprehensive definition of

whazards" of such activities. As a start, responses hav~ been

categorized into "hazard indices" including injury indices,

physiologic indices, and behavioral indices.
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There are variations and transpositions of agent, host

and environment which complicate this study. The agent ...

package or load .. , is assumed to have a wide spectrum of size,

shape and consistency; it may range from a bale of cotton, to a

case of canned food, a television set, a barrel of oil or a

patient in a nursing home. The host, a male or female worker,

comes in all sizes, ages, degrees of strength and of intelli­

gence, with a multiplicity of health conditions. Generalizations

cannot vitiate .individual differences and limitations caused

by diseases which reduce the worker's sensory or motor competence.

Not infrequently the worker may be both host and agent; an ag­

ing or ailing worker with incipient joint disease may precipi­

tate disabling pain by starting to twist or bend to move .a load

~f minuscule proportions. The environment may be dry, warm,

well-lighted and properly engineered; on the other hand it is

often slippery, frigid, 9rowded, unapproachable or otherwise

hostile.

Load, worker and environment may be amenable to improve­

ment; admittedly it is not possible to accommodate all packages

or loads to all workers. Loads can be systematized and better

identified, the environment can be better engineered, workers

can be selected and trained to cope with stressful conditions.

Any or all of these improvements depend upon research and

studies yet to be done.
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SECTION I

INTRODUCTION

Hazard is a term used in the accident and safety litera­

ture to identify the causes of injuries due to over- stressing

of individuals and groups of workers. It is an amorphous term

possessing rather hazy boundaries and must be viewed as a non­

discriminating category. In dealing with the first causes of

worker injuries, it is particularly difficult to identify

clearly what is and what is not a result of hazardous conditions.

The problems associated with providing definitions which facili­

tate discrete gradations of these classes of phenomena become

very great indeed. Overexertion, for example, is one form of

hazard which is an after-the-fact phenomenon. Its potential

for occurrence remains hidden in the environment and only emerges

after the damage has been done. In a sense it is a hidden ha­

zard, unlike those associated with~ore readily identifiable
{

components of the external environment such as noxious chemi-

cals or slippery floors-,

In another sense, however, the effects of overexertion are~

more insidious. For example, in the region of the lower back

the effects often do not show themselves immediately, but only

long after a causal agent can be identified. Both of these dif­

ficulties, amorphous conce~tualization and the delayed emergence

of effects, have long plagued accident investigator and r~­

searcher alike.

The reader may ask, given the importance of and need for

knowledge in this area, why has it been so long in coming? A

number of reasons stand out. The major obstacle has been the

complexity inherent in the problems at hand. Attempts at solv­

ing these issues through unidimensional approaches ~gnores the

multidimensional nature of the phenomena. The resultant return

in knowledge has been fragmented. Little federal money has been

made available to fund any generic type of planning or arialysis.

Secondly, until recently the focus of research has been on
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products, not the people who handle those products. The present

charge or mandate deals directly with people, not products.

The difficulty in reversing these priorities is understandable

as one begins to appreciate the complexity of the task ... to

layout a comprehensive workable way of guiding future research
, '

to protect the health and well-being of the worker. A some-

what smaller obstacle has been that the study of the injuries,

which generated concern in the first place, was after-the-fact

and very limited in focus. Piecing together something out of

the past magnifies initial errors of perception in the witness

and victim. Knowing this made many competent investigators

wary of the field of worker safety and hazard analysis. And,

finally, pockets of research talent and sometimes important

findings tend to remain within private organizations who natur­

ally focus on their own safety problems.

1.1 Purpose

Recently in a NIOSH sponsored report, A. D. Little, Inc.

(1972) identified and ranked in order of importance a collec­

tion of subcategories of hazards which require attention in

research programs supporting accident reduction. The act of

manually handling materials was singled out as highly hazardous.

In order to initiate the reconunendations of A. D. Little, it

was determined by NIOSH that a more specific study of the ha­

zards of manual materials handling was required. Although an

impressive proportion of the technical literature provides

valuable findings, there has been no generic thrust. The po­

tential for concerted and coherent future research incursions

in this problem area remains stunted unless an effort is made

to draw together what has been done and found up until now,

and after digesting this thoroughly, to.make recommendations

for the direction which research should travel in the future

and what avenues are apt to prove dead ends. This is the

mandate the National Institute of Occupational Safety and

Health (NIOSH) laid before the research community.
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applied in

worker.

on the job.

moment and

The dimensions of the problem and the issues surrounding

the channeling of research in the complex field of manual

materials handling are considerable. The final goal of research

is to increase the safety of the worker .. The role of NIOSH

is to fund research whose results can be readily

the setting of standards designed to protect the

Theoretically, the worker is always at risk while

The level of risk, however, varies from moment to
\

is dependent on an, as yet, incompletely defined galaxy of cir-

cumstances and variables. In attempting to examine the vari­

ables which are already apparent, one is stymied by the reali­

zation that many of these factors are operating on the worker

at once.

The major components of the worker, the load, and sur­

rounding environment are considered herein in relation to the

physiological and behavioral reactions to inherent hazards.

Only the unaided process of lifting, carrying, or releasing an

object having definable mass and form is considered. A tax­

onomy developed from the literature for its subsequent classi­

fication is used (see Section I~) to categorize the findings

and knowledge directly related to the hazards of manual ma­

terials handling. Each taxonomic category contains the results

of a highly specific literature summary, an identification of

the gaps in the knowledge, and finally recommendations in the

form of criteria or re~olutions to fill those gaps.

1.2 Objectives

The thrust of the present effort involves three major ob­

jectives to better understand the hazards in manual materials

handling:

1. To provide a critique of the published literature re­

garding the hazards of manual materials handling to

identify the. state of knowledge in this area.

2. To define specific gaps in the present knowledge re­

garding the hazards of manual materials handling.

5



3. To develop criteria upon which future programs of

research in this field can be based.

I.3 Procedure

In order to meet and secure these goals, a committee com­

posed of informed researchers in the area of manual materials

handling was formed.early in the summer of 1974. These parti­

cipants provided vital inputs, suggestions, and ~ecommendations

throughout the genesis of the study. The hub of the NIOSH­

sponsored group was located at the University of Michigan.

Initially a taxonomy of the problems of lifting and hand­

ling was prepared which broke down the bulk of the research In

an acceptable and heuristic way. A thorough description of the

taxonomy is treated separately in Section II. It should be

noted that an iterative method was used in its development, in­

volving continual modifications and updating of the taxonomy

serving the areas and functions under investigation. Along with

the initial taxonomy, a selected list of published articles was

prepared. Beca·use of the serious self-imposed time constraints

only those articles which were immediately available and identi­

fied to be of particular relevance were included. Both the pub­

lications list and the initial taxonomy were sent to the group

members prior to the first of two scheduled workshops for their

study and changes. Commentary on the definitiveness of the tax-

onomy was requested along with additions for the list of rele­

vant works in an attempt to broaden the coverage.

The first two-day workshop was held on July 18-19, 1974

in Rockville, Md., under the sponsorship of NIOSH. Prior to

the workshop, a number of tentatively worded recommendations for

future research within certain of the taxonomic categories were

prepared. During the two days each of these statements was pre­

faced with a verbal review of literature thus far abstracted.

Additions, corrections, and clarifications were made on the spot.

Additional reference lists as well as article abstracts were sub­

mitted by each of the conferees. This list was continually

updated.
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When issue was taken with the structure of the taxonomy

reformulation often resulted. The major product of this meet­

ing consisted of approximately 100 recommendations - regarding

research necessary for understanding and ultimately reducing

the hazards found in manual materials handling.

Before the convening of a second workshop less than a

month later, the recommendations were redrafted to reflect

changes agreed to at the first meeting along with expansion of

many of the literature summaries. These were sent to the par­

ticipants for review and comment in preparation for the second

workshop.

On August 15 and 16 in Rockville, the second workshop fo­

cused on the research criteria or recommendations. Closure or

consensus was .sought via the adversary process and only resolu­

tions which were not met by disapproval by more than two members

were adopted. Additional resolutions were developed as a result

of new input from the group. Both the taxonomic categories and

the cast of resolutions were re-examined for their conceptual

validity. Then each resolution was scaled along three separate

dimensions each of which lead to judgements of the probability

of additional knOWledge or benefit from future research devoted

to that recommendation.

I.4 Scaling of Resolutions

As will be seen in sections III and IV, each resolution

(which incidently is made to stand out through a different type­

script) has some combination of three numbers - either zero or

one - attached to it.

The first scaling index represents an evaluation of the need

for such work. Only secondarily may it be viewed as any indica­

tion of the priority of such work. If the need for the research

is substantiated in the technical literature or by the consensus

of the participants, it was scaled 1. If the need was consider­

ed speculative or was not unanimously agreed upon by the parti­

cipants it was awarded a zero scaling. One must keep in mind,

7



however, that a zero here does not j.ndicate that the resol~­

tion is irrelevant, just that it is not as substantial as

others. All resolutions should be considered as having signi­

ficant research need.

The second scaling index represents the judged state of

knowledge. If, based on the literature reviewed and experiences

of the participants, the recommended research criteria were

based on adequate substantive knowledge and accepted, well­

developed methods, the recommendation was scaled as one. If

further methodological developments or basic research techniques

will be required before the work can be profitably initiated,

the identified work is scaled with a zero in this second cate-

gory.

The third scaling index reflects the availability of

research resources in terms of personnel, equipment, and/or

facilities. A one in the third entry reflects that resources

are clearly visible-and easily identified in tOday's research

community.

Thus a research recommendation which has substantiated

need but requires additional methodological development by

qualified and identifiable researchers before benefits will be

realized is scored: 1 0 1. No attempt was made to rank or

order the recommendations in terms of importance across the

entire list. Nor was there any attempt to equally dichotomize

each of the three categories; i. e. half the recommendations

having ones., the other half zeroes. In terms of the certainty

of return or payoff from the research, however, those recom­

mendations having three ones are obviously preferred to those

scaled with three zeroes.

After the seconq and final meeting of the workshop, a draft

of the proceedings was prepared and sent to the workshop parti­

cipants for final commentary and changes requisite to this report.

No pretense is made about the comprehensiveness of the final

literature pool. Although 594 articles were cited by the parti­

cipantsas pertinent to the issues at hand only 208 articles, on

8



the basis of previously mentioned criteria, were ultimately

summarized for inclusion in this document.

Overall response to the goals and needs of the Workshop

was excellent. A more or less continuous dialogue was setup

between the workshop participants and the co-chairmen as the

latter prepared the final document in iterative fashion. An

almost continuous stream of information, abstracts of relevant

publications, and suggestions flowed between the participants.

Because of the huge amount of material needing considera­

tion and assimilation, the initial process was data gathering.

Only later did integration, recasting, and refinement of sec­

tions of the document occur. The mechanics of the process

described in this section may warrant consideration as a tem­

plate with which to develop similar exercises in the future.

9





SECTION II

MANUAL MATERIALS HANDLING PROBLEM TAXONOMY

The state of knowledge of the hazards associated with

manual materials handling is not easily characterized. In or­

der to provide a workable critique of the published literature

and to identify those factors which characterize this problem

area, a taxonomy was developed by the workshop participants.

This section presents a description of a taxonomy of the various

factors involved in manual materials handling. The taxonomy

is used to organize both the summaries of the literature and

the recommended research criteria presented in later sections.

11.1 Definitions

The hazard to a person involved in a physical task can re­

sult in many individual responses which are generally accepted

as not conducive to the person's health and general well-be~ng.

The large number of different human responses to the stresses

of the physical act of handling loads may be divided in three

general categories:

1. Injury and Illness

2. Physiological

3. Behavioral

Inj~ries and illnesses are most 6ften characterized by the

statistics on the frequency (rate of occurrence) and severity

of specific damages. The physiological measures which reflect

hazard are either circulatory/pulmonary, metabolic, biomechan­

ical, or neuromuscular/neurological in nature. The most dif­

ficult to quantify are the behavioral measures which include

psychological, psychophysical, and sociological measures. Re­

commended research criteria for these nine hazard measures are

presented in Section III.

The phrase manual material handling must also be carefully

. delineated before the characteristics of the system can be ex­

amined. For the purposes here, manual material handling refers

11



to the unaided human act of lifting, carrying, pushing, pulling,

and releasing of an object having definable form and mass.

Electromechanical lifting and moving aids (i.e., cranes, hooks,

block and tackles, slings, dollys, fork-lift trucks, etc.) are

excluded from consideration in this report. Since these devices

are detachable from an object being handled, they present a

separate set of potential hazards depending on the application

and use. Handles or grasping devices, however, which are part

of an object being handled are considered as part of the manual

materials handling system and are included in this re~ort. In

this regard, the 'following system characteristics of the act of

manual materials handling are seen as independent, discriminatory

categories:

1. Worker Characteristics

2. Material/Container Characteristics

3. Task Characteristics

4. Work Practices Characteristics

The worker characteristics which may make a person more

susceptible to hazard include his physical characteristics, sen­

sory capabilities, motor capabilities, and psychomotor skills;

his personality, training/experience, general health status,

and leisure time activities. The material/container charac­

teristics which may contribute to hazard potential include the

load, dimensions of object, distribution of the load, couplings,

and stability of the load. Characteristics of the task which

may modify the hazard include the workplace geometry, the fre­

quency/duration/pace of the handling activity, the complexity

of the movement, and the environmental conditions within the

workplace. Finally, work practices which may modify the hazards

of manual materials handling are subcategorized as individual

practices, organizational practices, and administrative prac­

tices. Specific research criteria for these system characteris­

tics are presented in Settion IV.

Definitions for each of the subcategories for both the ha­

zard measures and system characteristics are presented in

12
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Exhibit 1. This problem taxonomy is used in the remainder of

this report as a format for both the critique of relevant tech­

nical literature and the,recommended research criteria.
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Exhibit I

HAZARD MEASURES

INJURY AND ILLNESS EFFECTS

SEYER~U: measures of the severity of a specific type of injury or
11lness, such as: lost time; time on medical work restriction;
compensation costs; medical treatment costs; lost employment.

fREQUENCY: measures of the rate of occurrence of a specific type of
injury or illness, such as: injury incidents per million man
hours; injury incidents per job classification.

PHYSIOLOGICAL EFFECTS

CIRCULATORy/PULMONARY: measures of the responses to manual materials
handling, such as: heart rate; cardiac output; blood pressure:
aberations in myocardial functions (EKG); alterations in respira­
tion; peripheral blood flows.

~USCLE ~ETABOLISM: measure of the steady state and transient meta­
bolic responses to manual materials handling, such as: oxygen
uptake rates; caloric costs; body temperature changes; hormonal
shifts; plasmic constituents; enzyme levels.

BIOMECHANICAL: measures of the biomechanical stresses and strains,
such as: forces and/or pressures associated with tissues of the
musculoskeletal system; rotational moments and/or torques at variou~

articulations; EMG and kinesiological indications of muscle loads
and fatigue states; altered radiographic findings in tissue fbllow­
ing manual materials handling.

~EUROMUSCU~AR AND ~EUROLOGICAL: measures of the neurologic responses
assoc1ated with manual materials handling, such as: slowed neural
conduction velocities; altered motor unit behavior as indicated
by EMG changes; altered reflexes; abnormal sensory functions.

BEHAVIORAL EFFECTS

PSYCHOLOGICAL: measures of the mental states of workers during and
after manual materials handling activities, such as: MMPI pro­
files; clinical ratings of trauma induced neurosis; attitudinal
indices; attribution scales.

PSYCHOPHYSICAL: measures of the psychological acceptability of manual
materials handl~ng activities, .such as: tolerance of ~hysical

exertion; physical discomfort ratings; perception of unsafe
physical acts or risk taking behaviors in such acts.

SOCIQLQGIC~L: measures related to the social responses of people
. assoc1ated with manual materials handling, such as: turnover

rates; absenteeism attributed to work environment; antisocial
behavior patterns.

15



Exhibit I (cont.)

SYSTEM CHARACTERISTICS

WORKER CHARACTERISTICS

PHYSICAL: include general worker measure~, such as: age; sex;
anthropometry; p6stures.

SENSORY: measures of worker sensory processing capabilities, such
as: visual; auditory; tactual; kinesthetic; vestibular;
proprioceptive.

MOTOR: measures of worker motor capabilities, such as: strength;
endurance; range-of-movement; kinematic characteristics; muscle
training state.

PSYCHOMOTOR: measures of worker capabilities interfacing mental and
motor processes, such as: information processing; reaction/
response time; coordination.

PERSONALITY: measures of worker values and job satisfaction by atti­
tude profiles; attribution; risk acceptance; perceived economic
need.

TRAINING/EXPERIENCE: measures of the worker education level in terms
of formal training or instruction in manual material handling
skills; informal training; work experience.

HEALTH STATUS: measures from worker general health appraisal, such as:
previous medical complaints; diagnosed medical status; emotional
status; regular drug usage; pregnancy; diurnal variations;
deconditioning.

LEISURE TIME ACTIVITIES: measures of the persons choosing to be involved
in physical activities during leisure hours, such as: holding a
second job or regular participation in sports.

MATERIAL/CONTAINER CHARACTERISTICS

LQAn: measure of force; pushing/pUlling force requirements, mass moment
of inertia.

DIMENSIONS: measures of size of unit workload, such as: height; width;
breadth when indicating the form as rectangular, cylindrical,
spherical, etc.

\

DISTRIBUTION OF ~: measure of the location of the unit load CG
with respect to the worker for one hand and two handed carrying.

COUPLINGS: measures of simple devices used to aid in grasping and
manually manipulating the unit load, such as:· texture; handle
size, shape, and location.

STABILITY OF LuAu: measures of load CG location consistency, as a
concern in handling liquids and bulk materials.

16



Exhibit 1 (cant.}

SYSTEM CHARACTERISTICS
(CONT,)

TASK CHARACTERISTICS

~ORKPLACE GEOMETRY: measures of the spatial properties of the task,
such as: movement distance; direction and extent of path;
~bstacles; nature of destination.

FREQUENCy/DURATION/~: measures of the time dimensions of the
handling task inclUding frequency, duration and required dy­
namics of activity over the short term and long term.

COMPLEXITY: measures of combined or compounding demands of the load,
such as: manipulation requirements of movement; objective of
activity; precision of tolerance; number of kinetic components.

ENYIRONMENT: measures of added deteriorative environmenial factors,
such as: temperature; humidity; lighting; noise; vibration;
foot traction; seasonal toxic agents.

WORK PRACTICES CHARACTERISTICS

lNDIYIDU~L: measures of operating practices under the control of the
ind~vidual worker, such as: speed and accuracy in moving objects;
postures (i.e., lifting techniques) used in moving objects.

ORGANIZATION~L: measures of work organization, such as: physical
plant s~ze; staffing of medical/hygiene/engineering/and safety
functions; and utilization of teamwork.

ADMINISTRATIVE: measures of administration of operating practices,
such as: work and safety incentive system; compensation scheme;
safety training and control; hygiene and safety surveys; and medical
aid and rescue; long work shifts; rotation; personal protective
devices.
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II.2 Literature Summary

To identify the gaps in knowledge associated with the ha­

zards of manual materials handling a preliminary literature

search was performed. In total, 594 articles were cited by

the workshop participants. Of these, 208 articles were sum­

marized for special consideration by the group. Due to the

time available for the workshop, the articles formally summar­

ized had to be deemed particularly relevant and immediately

available. The most significant findings and recommendations

presented in the relevant papers are summarized later in this

report.

Using the terminology of the previously outlined taxonomy,

a tabulation was made of the major relationships between the

system characteristics and the hazard measures examined in the

literature. This tabulation is presented in Exhibit 2. Each

number presented denotes the number of reviewed articles which

consider a specified combination of hazards and system charac­

teristics; A given article, of course, could be counted more

than once in any given column or row.

A summary for each article formally reviewed by the parti­

cipants is presented in Appendix A. The checked items denote

that the author(s) examined a particular combination of hazard

and system characteristic measures, not that any particular re­

lationship was observed. Exhibit 2 and Appendix A highlight

the fact that most studies have considered only a few system

characteristics and associated hazard measures at a time, a

fact that will be referred to several times in subsequent dis­

cussions o~ the literature.
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SECTION III

RESEARCH NEEDS ON HAZARD INDICES

It is apparent from the literature that researchers have

used many different indices (or measures) of the hazards to an

individual involved in the act of manual material handling.

Several issues raised by the workshop participants form the

basis for subsequent discussion of the specific hazard indices.

Two recurring observations stood out. First, only a few

researchers have considered more than one hazard measure at a

time. While from a practical standpoint this is often necessary,

it cannot be encouraged. Univariate experimentation does nbt

depict the complexities characterizing human accommodation to

everyday stresses. Hence, research shoutd strive to use mutti­

variate evatuations to identify and define the hazards of manual

materials handling.

Second, methods for measuring the various responses to the

stresses of manual materials handling often are neither well

validated nor standardized. Generally, validation of a method

requires the establishment of both conceptual and consensual

validity. The method should be shown by both experimental re­

sults and logical deduction to provide a measure of a particu­

lar human attribute. Likewise, in many cases it is necessary

to show that the measurements are in agreement with other inves­

tigators' methods, where such exist, and are widely accepted.

Neither criterion is meant to retard the development of newer

and possibly more sensitive and valid hazard measures. They

are mentioned to remind researchers that before embarking on the

development of new hazard measures J existing measures should be

carefully examined to determine those with confirmed validity.

If me.thods for measurement are not suitabte J then researchers
. .

should carefully develqp and report the validity of new methods.

With the preceding two observations as an introduction, the

more apparent hazard indices emerging from the literature are

discussed in the following subsections. ~ach measure is treated
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separately. First the pertinent literature on the measure is

summarized, then criteria or guidelines are set down which focus

on improving future research employing the measure. The hazard

indices which follow are divided into three major groups:

III.l Injury and Illness Indices

III.2 Physiological Indices

III.3 Behavioral Indices

III.l Injury and Illness Hazard Indices

Both frequency and severity of various injuries and ill­

nesses are often utilized to suggest that a particular system

component of manual materials handling is hazardous. Though

these statistics are helpful, it is the consensus of the work­

shop participants that the diagnostic categories and treatment

modalities are often so non-specific that the resulting injury

and illness statistics can only be used as gross indicators of

potential cause, and then only when specific trauma is present.

Unfortunately, the more serious disorders due to manual materials

handling may be slow to develop, further complicating the assign­

ment of cause.

It is the conclusion of the workshop participants that the

reported statistics on injuries and illness do not accurately

reflect the magnitude of the medical problem, since there exist

direct economic incentives to the reporting organizations not

to admit-that a medical incident is job-related. The less speci­

fic the trauma involved, the greater the underestimation of job­

related medical incidents. Because of this it is important that

national occupational health statistics be gathered by survey

methods which will not be biased by monetary incentives. It is

only through such surveys that the genuine nature and extent of

occupational medical disorders will be determined, so as to

serve as an adequate basis for research and control development.

In this same regard, the use of such techniques as the

critical incident technique or biomechanical profiles of va~ious

job conditions (i.e;~ evaluation of the system characteristics
. .
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w~ich could most p~obably cause inju~y o~ illness to a worke~)

shoutd be given mo~e attention in o~de~ to build models pre­

dictive of injury. The'use of such techniques changes the em­

phasis from one of a "reactive mode," wherein research and con­

trol are instigated only after" a set of conditions have resulted

in significant nedical findings, and hence personal suffering,

to the situation wherein research and controls would be based

on a combination of basic physiological and behavioral findings

meant to predict the potential for injury and illness in a

given job.

As should become apparent in the following sections, the

basic knowledge necessary to predict in advance potential ~n­

jury or illness in manual materials handling jobs is not well

developed at present. It is, therefore, a fact· that existing

injury and illness incidents, as weak as they are, will need to

be used to determine the gross hazard associated with various

manual materials handling operations. The following two sub­

sections discuss some of the uses of such statistics ," as well

as present re~ornmendations as to how future statistics could be

improved.

III.la Frequency of Injuries and Illnessess. Various types of injuries

and illnesses have been associated with manual materials hand­

ling activities. In a retrogressive, or Itafter-the-fact," study

of dock workers, Jackson (1968) reported that the trunk,spine

and hands were most often involved in injuries requiring three

or more days off the job. In reviewing over 6000 industrial

accident cases, Brown (1958) concluded that about 30% are due

to manual load handling, of which about 25% are directly attri­

butable to the lifting of loads while another 16% are related

to the person becoming entrapped between the object being

handled and the floor, wall, shelf, etc. Injuries thus incurred

are to the back, hands and feet. Both because the act of lift­

ing and the severity of injury is often great, most literature

on injuries and illnesses associated with manual materials
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handling has utilized the incidents of low-back pain as the

primary indicator of hazard. This is unfortunate in as much

as this particular type of medical incident is most difficult

to diagnose, and thus, lends confusion to the interpretation

of such statistics. As discussed by Brackett (1924), spinal

impairment is often slow to develop. The onset of acute symp­

toms tends to occur when the person attempts to lift an object.

Naturally, the symptoms are attributed to the act of lifting,

but the' actual cause of the resulting disability may have

stemmed from a prior condition with the lifting act simply

aggrevating the previous problem. More recently Rowe (1969,

1971) has elaborated on this difficulty in interpretation by

reviewing a large number of industrial back cases. In many

cases, diagnosis was only evident after close medical surveil­

lance had taken place for an average of five years on each

patient. With such surveillance Rowe concluded that about 70%

of the symptoms were related to spinal disc degeneration. It

should be quickly mentioned, however, that many diagnosticians

have not accepted this high percentage of discogenic back prob­

lems, and instead support the earlier thesis of Herndon (1927)

and Osgood (1920) that the frequent episodes are simple muscle

and ligament strains and sprains. The recent review by Brown

(1973) discloses that about 82% of all low-back pain cases re-

ported today are diagnosed as muscle or ligament strains or

sprains, with few having prolonged· complica tions..

Even though diagnostic criteria for low-back pain are not

well developed, the incidence rates of low-back pain episodes

per se have been useful in many .studies to identify certain

manual materials handling system characteristics as hazardous.

For instance, studies by Becker (1953, 1955) disclosed that the

incidents of low~back pain were drastically reduced by stringent

pre-placement medical examination of persons slated for manual

materials handling. Hult (1954) and Magora and Taustein (1969)

disclosed that the initial episodes most often occur in young'

age groups (25-30 years), and are more frequent in people
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performing heavy labor. Chaffin and Park (1973) agreed.with

this latter result, disclosing that low-back in~idence rates

in jobs having significant manual handling of heavy materials

were four times those in sedentary jobs. Magora (1970) found

that women involved in manual materials handling had over twice

the number of incidents of low-back pain as men performing

similar jobs. And recently, Chaffin (1974) reported that the

incidence rate of low-back pain was significantly higher in

those people who could not isometrically demonstrate the lift­

ing strengths required by the job.

In conclusion, data on the frequency of injuries and ill­

nessess has been used to identify some very general system

characteristics which are potentially hazardous. However, the

lack of diagnostic power and statistical controls has limited

the effectiveness of these studies. In specific, injury fre­

quency data are necessarily gathered over time. If well defined

experimental or after-the-fact statistical controls are not ex­

ercised to assure that the hazards and exposures of the indivi­

duals being sampled do not change, then the resulting frequency

data may be subject to question. Furthermore, without good

diagnostic criteria it is all the more important to utilize

well defined injury and illness classification schemes.

It is, therefore, recommended that future injury and ill­

ness frequency statistics intended to elucidate the hazards of

manual materials handling reflect the following:

111

101

Use of a standardized injury or iZZness olassifioation

soheme (e.g.~ 216.1 or OSHA system) where applicable~ or

a clear definition of alternative injury and illness

categories.

More co~prehensive dooumentation of the system charac­

teristics and exposures of individuals and groups in­

volved in the studies.
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1 0 1

1 0 1

100

A concern for all types of injuries and illnessess

associated with manual materials handling~ rather than

just those associated with the low-back.

Longitudinal field experiments with control or measure­

ment of as many system' variables as possible are pre­

ferred over cross-sectional or retrogressive field

studies. This is especially desirable as better methods

of data taking and evaluation are developed.

I

A delineation of whether the medical incidents being

counted are believed to be of occupational or non­

oocupational cause at the time of diagnosis.

III.1b SeveritY,of Injuries and Illnesses. As in the preceding discus­

sion- of the frequency of injuries and illnesses associated with

manual materials handling, cases concerning low-back injuries

predominate in the literature. Compensable low-back cases ac­

count for anywhere from 12% of all industrial injuries (Clark,

1958)" to as high as 34% of all injuries in dockworkers (Blow,

1971). Besides the apparent lack of concern in the literature
I

for disability related to other types of injuries, there is a

general lack of specific information regarding the distribution

of measures often used to indicate the severity of the low-back

injury. Most papers report such indices in terms of mean lost

time rates, i.e., 122 hours/IOOO employees/year due to low­

back pain (Becker, 1953), or 90% of low-back patients recover

in one or two weeks (Bond, 1970 and Clark and Russek, 1958), or

the mean compensation cost of each low-back case is between

$1000.00 (Jones, 1974) and $2000.00 (Leavitt, et al., 1971) ~

The system characteristics that affect these severity

statistics are of great importance. For instance., Clark and

Russek (1958), White (1966), Magora and Taustein (1969) and

Hirschfeld and Behan (1966) indicate that recovery from a phy­

sical disability is heavily dependent upon the desire of the

26



patient to return to his former activities. Also, confounding

the recovery process is the exact cause of the symptoms. Runge

(1958) disclosed that low-back pain patients with spondylolis­

thesis required 50% more time to recovet from an episode than

a person with negative X-ray findings. Wilkins, et al. (1957)

indicated that anomalies detected by X-ray prior to symptoms

are related to longer disability and expense after a low-back

strain; Furthermore, Gillespie (1941) indicated that symptoms

originating from the sacroiliac region have significantly longer

recovery times than those originating in the lumbar spine. Un­

doubtedly severity rates can be sensitive to still other factors.

Future studies to collect statistics on the severity of

injury and illness in order to determine the extent of indi­

vidual suffering due to manual materials handling should re­

flect the following:

1 0 1

1 0 1

100

Development of better methods to determine the degree

of disability due to other types of injuries and ill­

nesses than Just those associated with the low-back

(e.g.~ tenosynovitis~ carpal tunnel syndrome~ contusions

and lacerations of extremities~ etc.).

A more detailed study of the distributions of severity

indices associated with such disability~ ~.g.~medical~

lost time~ lost job opportunities~ replaoement and

training~ rehabiZitation~ etc.) under conditions which

are well controlled and documented.

Concern for the interactive causal conditions which

contribu te to varied disabi Ii ties is needed. (

III.2 Physiological Hazard Indices

Four major physiologic system responses are commonly as­

sociated with the act of manual handling which may indicate

potential hazard t~ a person. These are:
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III.2a Circulatory/Pulmonary

III.2b Metabolic

III.2c Biomechanical

III.2d Neurologic

The available literature describing how these have been

utilized to determine the adverse effects of manual materials

handling will first be reviewed for each general system response.

Following each set of effects are recommendations for describing

how future research might better utilize these responses to more

precisely determine the effects of potential hazards.

III.2a Circulatory/Pulmonary Indices. Manual materials handling com­

bines both rhythmic and isometric exercise in highly variable

proportions. The matter deserves consideration because the

physiological responses to the two kinds of muscular activity
,

are quite different. It is worth considering those differences

briefly.

A good deal is known about the cardiopulmonary responses

of men and women to rhythmic exercise such as walking or cycling

and are extensively reviewed, for example, by Astrand and Rodahl

(1970) and Rowell (1974). The dominant factor controlling those

responses appears to be the level of metabolic activity which

shows an almost linear relationship between 02 uptake and the

cardiac output, the heart rate and the minute ventilation; other

factors such as ~rterial mean blood pressure and ventilatory

equivalent change little, if at all. Steady state responses

are elicited by continued exercise up to about 50% of the

max V02; at higher levels of rhythmic exercise, fatigue eventu­

ally occurs and heart rate, for example, continues to rise

throughout the period of exercise. After rhythmic exercise,

return of those measures of the cardiopulmonary activity to con~

trol levels is relatively slow and is more prolonged as the

intensity. of the exercise increases.

Isometric exercise produces quite different cardiopulmonary

responses and they have been reviewed, for example, by Lind
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(1970) and Simonson and Lind (1971). At all tensions above

15% of the maximum voluntary contraction (MVC) , sus~ained iso­

metric exercise results in rapid muscular fatigue and elicits

a continuing and almost linear rise of both heart rate and

blood pressure. The increase in heart rate is, however, modest,

and appears to be directly related to the r~lative tension

(%MeV) exerted. The increase in mean blood pressure is large

and is, apparently, independent of the tension exerted. A

marked hyperventilation commonly occurs, though it is not yet

known if it is related to the tension. The cardiovascular

responses are independent of the muscle mass involved and are,

thereby, not related to the metabolism, as is the case for

rhythmic exercise. Recovery to pre-exercise levels is rapid.

When sustained static effort occurs during continued rhythmic

exercise, the responses to the static effort are simply super­

imposed on those due to the rhythmic exercise. Little is known

at present of the c~rdiopulmonary responses or of. the develop­

ment of muscular fatigue in intermittent isometric exercise.

It is known, however, that light rhythmic exercise can alleviate

some part of the fatigue induced by heavier exercise.

Much of the existing knowledge of cardiopulmonary responses

to these two kinds of exercise comes from laboratory studies \,

where the conditions are deliberately stylized. and, in that

sense, artificial. Few studies have been made on actual lift-

ing and handling activities which obviously combine both kinds

of exercise and in which the levels of both the rhythmic exer-

cise and the static component can vary widely. Furthermore,

control of the levels of either type of muscular activity in

terms of max V02 or MVC has not been established, and the phy­

siological responses are usually pres~nted as a ~ean value for

periods of continued activity. But the nature of lifting/hand­

ling operations must le~d us to exp~ct rapid and transient car­

diopulmonary responses, exacerbated during lifting activity by

the influence of known rapid incieases in the intra-abdominal

and intra-thoracic pressures.
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So far as measurements made during lifting and handling

tasks are concerned, the preponderance of available data in the

literature pertains to steady state heart rate responses. Mean

heart rate has been stated to vary 1) proportion~lly with the

sum of the body weight and load carried (Datta, et al., 1973),

2) with the location of the load on the body (Datta and Raman­

athan, 1971), 3) as the pace of the lifting task (Hamilton

and Chase, 1969), 4) between leg and arm lifting tasks (Snook

and Irvine, 1969) and 5) with the sex of the worker (Snook

and CiriellO, 1974). It may be concluded from these studies

that mean heart rate is one possible indicator of the cardio­

vascular strain resulting from manual materials handling

activities. However, the real problem lies in setting a

criterion to determine hazardous or permissible mean heart

rates. With the exception of psychophysical studies of Snook

and Irvine (1969), little attention has been given to deter­

mining the tolerance of a person performing a manual material

handling job based on mean heart rate. Thus far, in the main,

heart rate has been used to compare the physiological demand

of various work loads under different manual material-handling

system components. The well known fact t~qt heart rates vary

greatly with individuals (see, for example, Davis, et al., 1969)

must be recognized if it is to be used to establish work load

tolerances.

Similarly, the time necessary for the heart rates to re­

turn to normal has been utilized, for example, by Gupta and

Rohrnert (1964) to indicate the level of severity of various

types of materials handling tasks. Although many studies have

recovery of heart rate to be an index of overall cardiovascular

fitness (see Consolazio et al., 1963 for review), the problem

again revolves around the es~ablishrnent and validation of a

criterion which has practical meaning.

A general conclusion which can be drawn from review of the

information on the circulatory and pulmonary responses to manual

materials handling activities is that both systems react in a

)
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complex fashion and that individual and temporal variations can

be large. Future research into the circulatory and pulmonary

responses to manual materials handling should reflect the

following:

1 0 1

1 0 1

1 1 1

Improved methods of measuring circulatory and pul­

monary changes necessary to document the transient as

well as the steady state responses of the systems to

the physical impulse loading often associated with

manual materials handling.

Methods of measur~ng physiologic subsystem responses

(eg.~ thermographic~ intra-tissue pressures~ 'peripheral

blood flows~ etc.) as well as of typical more gene~al

physiologic responses should be improved.

The relationships of parameters which best reflect hu­

man and tissue tolerance to a physical stress (eg.~

pleural and cardiac tissue rupture levels~ EKG~ angina~

arrythmias~ elevated recovery pulse rates and blood

pressures and hyperventilati6n~ etc.) with physiologi­

cal and mechanical fatigue should be further clarified.

III.2b Metabolic Indices. From the literature examined, the primary

metabolic index used to determine the potential hazard of vari­

ous manual materials handling jobs has been oxygen uptake (V02)

under steady state conditions. Like heart rate, the primary

concern has been to determine relative physiological work .loads

of various material handling activities. In this regard the

estimated metabolic rates from ~02 measures have been shown to

vary with 1) the length of rest periods between lifts (Aquilano,

1968), 2) the weight and posture used during lifting (Aberg,

1961; Kamon and Belding, 1~71), 3) how the load is supported on

the body (Cathcart, et al., 1928 and Datta and Ramanathan, 1971),

4) the load, grade, and terrain during carrying (Goldman and
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Iampeitro, 1962; Haisman and. G61dman, 1974), 5) the height of

lifting loads (Hanson, 1969), 6) the weight/bulk ratio of the

material lifted (Tichauer, 1965) and 7) how a cart is designed

for pushing loads (Haisman, et al., 1972). Estimates of "safe"

average metabolic rates range from 33% to 50% of the person's

aerobic capacity (Chaffin, 1968 and Astrand, 1960) for an eight

hour period. The bases for these estimates are not well vali­

dated at present.

More importantly, the metabolic demand~during most manual

materials handling jobs is variable over time, particularly

during high peak loads. These peaks place special demands on

the anaerobic pathways and thereby the recovery periods may be

longer. Models and data to understand the relationships be­

tween transitional loadings and metabolic response are not

evident, but are clearly needed.

Furthermore, heat stress imposed in addition to the meta­

bolic stress appears to reduce a person's capacity to perform

manual materials handling (Snook and Ciriello, 1974). Acclima­

tization to the heat, and development of skill in manual mate­

rials handling as discussed by Williams (1966), may playa

significant but undefined role in how much material a person

can handle during the work day.

Although gross metabolic measurements are well accepted as

a relevant physiological response which often indicates hazard

potential in manual materials handling, future research using

this response 'variable could be further improved by reflecting

the following:

•

1 1 1 Document~tion of the appropriate aerobic capacities of

workers involved in manual materials handling jobs so

as to establish tolerance and fatigue states based on

the metabolic rates and muscle functions required by

these activities.

32



1 1 1

011

o 1 1

Measurement of the concomitant body core and muscle

temperature~ often associated with manual materials

handling activities.

Better measurement and documentation of·the transient

metabolic responses to the impu[se loadings often as­

sociated with manual materials handling jobs~ reflecting

the limitation imposed by dnaerobic pathways on the

capacity to do work.

Evaluation and use of more sensitive measures of meta­

bolic functions than simply V0 2 and/or its hematologi­

cal correlate measures ~.g. plasma constituents)~ dur-
~

ing both short term impulse loads and long term con-

tinuous manual materi~ts handling.

III.2c Biomechanical Indices. Various biomechanical factors have been

studied in relationship to the hazards of manual materials hand­

ling. Some of the more relevant findings from such studies are

briefly summarized in the following.

First, there are those who have constructed simple mechan­

ical analogs of the human body (Tichauer, 1965 and Chaffin,

1969) for analysis of manual materials handling. These models

.have been used to grossly ~stimate mechanical stresses at various

articula~ions or attitudes of the body during lifting, pushing

and pulling in the sagittal plane. Also, such models as well

as direct pressure measurements have indicated high intra­

abdominal pressures, (Davis and Troup, 1964~ Davis, 1969~ Morris

et al., 1961 and Bartelink, 1957), are created during lifting,

and these could result in various abdominal herniations (Davis,

1959). Furthermore, Nachemson (1970) discloses that intra­

discal pressure at the L3 level can become quite high during

lifting, and such pressures are subject to many postural and

load lifting considerations. In particular, the initial accel­

eration phase of lifting creates high peak disc pressures.
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Konz (1973) using a force platform, demonstrated.a similar

dyn~mic affect.

Electromyograms have disclosed that the coordination of

the muscles involved in lifting loads is complex (Chapman and

Troup, 1969; Tichauer, 1972 and Asmussen, 1960). Such com­

plexity must be considered in refined estimates of specific

forces operating within the body during load handling.

It was also noted in the literature that lumbo-sacral

dimensions and configurations may have an important role in in­

dividual tolerance to mechanical stresses (Chaffin and Moulis,

1969; Kumar, 1974 and Tichauer, 1974), but that some current

injury statistics .do not now support these concerns as predic­

tive of individual risk for employment purposes (LaRocca and

MacNab, ·1970) .

It was concluded by the workshop participants that though

many researchers have used biomechanical rationales as the

basis for certain recommendations regarding hazardous manual

materials handling conditions, often, known kinesiological and

biomechanical factors are not well utilized in such rationales.

In other cases, much more basic knowledge regarding the measure­

ment, function, and tolerance of the musculoskeletal components

is required to predict the hazard potential.

It is therefore the .consensus of the workshop participants

that though biomechanical indices have provided the basis for

hazard assessment in a large number of studies, the complexity

and direct relevance of these indices warrant future research

and development. This research should reflect the following

considerations:

1 1 1 Mo~e comprehensive biomechanicaZ modeZs shouZd be con­

st~ucted and used to p~edict the compZex mechanical

st~esses imparted to the .various body tissues during

manuaZ materiaZs handZing. Such modeZs should also be

used to interpret expe~imental findings~ (e.g.~ EMG ZeveZs~

tissue fo~ce and pressure measurements~ radiographic aZ­

terations~ etc.)~ as welZ as to bevaZida~ed b~ such

parameters. 34



1 1 1

1 1 1

101

100

Better techniques should be developed for evaluating

the kinesiological and postural changes associated

with manual materials handling.

The methods for collecting and using cadaver data to

determine their mechanical properties must be adapted

to the occupational trauma situation.

Additional methodological/measurement development is

necessary to determine the mechanical tolerances and
,

fatigue of the various live tissues non-destructively

stressed during manual m~teriaZs handling. New tech­

niques such as thermography may offer potentiaZ here.

Better techniques for measuring tissue forces and pres­

sures non-destructively should b~ developed and used

to determine the stress patterns induced during manual

materials handling.

III.2d Neuromuscular and Neurological Indices. Though literature re­

lating neuromuscular and neurological changes to manual materials

handling per se could not be found, several papers by Lance and

Chaffin (1971), Chaffin (1974), and Tichauer (1974) clearly in-

dicate that sustained muscle exertions can alter coordination

of specific muscle groups. Such alterations are typically de-
. .

scribed in terms o'f a reduction in the precision of the move-

ment, increased tremor amplitudes, and a reduction in the sen­

sitivity to application of force. They are often used to in­

dicate fatigue. These types of responses to exertion could not

only be used to indicate the vulnerable physiological status of

a person involved in manual materials handling, but may indicate

an increased risk of injury while handling heavy loads. Fur­

thermore, mechanical stresses imparted to the tissues might

directly involv~ the neural tissue itself. Perhaps the best

example of.this is the neurologic signs that are often associated
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with spinal disc herniation and resulting compression of the

nerve root. Therefore,

1 0 1 it is proposed that future research on the adverse

effects of manual materials handling include considera­

tion of potential neurologic and neuromuscular responses.

With developmental work some responses may provide a

valuable basis for determining the hazard potential of

specific types of manual materials handling~ as well

as assisting in the development of the diagnostic tech­

niques for assessing pathomechanical injuries and ill­

nesses.

III.3 Behavioral Hazard Indices

Maintaining the health and well-being of the individual

must extend beyond concern for his physical status. His be­

havior and the motivations and emotions which help to shape it

figure as important indices both in the perception of potential

hazard as well as in response to hazard and its occasional ac­

companiment, injury. Viewed as a human feedback mechanism, the

worker's subjective perception of what physical forces he can

successfully overcome has captured a substantial segment of

interest in the behavioral literature focused on manual mate­

rials handling. And finally, man as a social animal and how

institutions and others around him influence his behavior and

emotions stands worthy of serious attention. In this regard the

responses discussed under the heading of behavioral indices

group into three categories: psychological indices, psycho­

physical indices and psychosocial indices. Each category is

discussed in turn along with recommendations for the direction

and focus of future research efforts.

III.3a Psychological Indices. As might be expected, few research ef­

forts have been directed at the psychological status of the

worker engaged in manual materials handling or his attitudes
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toward its potential hazards whether in cases where injuryre­

mains a possibility or has become a reality. This may be so

for any number of reasons chief among which are that many psy­

chological measures retain their reputation for instability or

unreliabili.ty. Subjective states under the conscious control

of the individual can be hidden or changed momentarily. Serious

emotional injury can often be successfully camouflaged just as

inconsequential hurts can be blown out of proportion. Transient

levels of awareness can influence perception. In short, serious

productive inquiry into the complexities making up psychologi­

cal well-being in the generic sense has only just begun.

Clark and Russek (1958) state that the "desire" of the in­

dividual to return to his former job following a low-back epi­

sode is a major factor in the ultimate success or failure of

the treatment. They speculated that if the worker believed

his job was responsible for his injury, he may dislike the job

a factor that may present a special problem in rehabilitation.

In estimating that approximately 10% of low-back cases eventually

become chronic, these authors agree with Hirschfeld and Behan

(1963) that unnamed psychological factors operating in the work·

setting may playa large part.

In a now dated survey, Herndon (1927) found about one per­

cent of low-back cases to be psychosomatic in origin. Concur­

ring with this, Paul (1950) suggested that many low-back pains

are due to something he identified as musculoskeletal neurosis

which is simply postural reactions to psychological stresses.

Current observations single out the low-back syndrome as the

bane of modern man and attribute closer to half its causes to

psychosomatic origin particularly the psychological stresses

encountered in high pressured life styles. The vast clinical

literature on body posture and mental illness (see Mach, 1972,

for review) emerges with a central theme that muscular tonus or

tension (and potentiated spasm) reflects the internal psycholog­

ical stresses. These events may operate as components in a

servo-mechanism or as part of a feedback loop in that as either
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worsens 1 so dbesthe other. The modern day epidemic concern
l

with the lack of intrinsic meaning in many industiial production

jobs may exacerbate the problem and elevate those psychosomatic

illnesses which manifest this dissatisfaction.

In a review paper, Walters (1966) discusses many potential

psychosomatic causes of low-back pain brit maintains that no

one method will be wholly effective in preventing prolonged or

recurring epi~odes in individuals. However, both Clark (1958)

and White (1966) agree that preventing malingering requires

early psycho~ogical support in the treatment of the low-back

patient.

Certain individuals are more susceptible to psychological

trauma resulting from manual material handling injuries. This

is clear. What remains unclear is whether these stresses are

. due to any of the components of a manual materials handling

system. And, if so, how predictable are they?

Although the literature is admittedly marginal on this

specific problem, a vast number of articles concerned with psy­

chological response to various real life stress situations are

available (Appley and Trumbull, 1967). From this extant litera­

ture, both conceptual approaches and methodological application~

can be extrapolated to the issues under scrutiny. In any case,

substantial support must be accorded to the notion that the de­

gree of disability and suffering resulting from manual materials

handling injuries is a function of the psychological reaction

of the person to his own impairment, the impairment of others

or the fear of injury. Similarly, the studieF of risk takrng

and the notion of injury-proneness as a psychological trait al­

though presently in an equivocal state, bear watching for future

developments focused on the high risk-taker or the injury-prone

personality.

In this regard the following recommendations warrant con­

siderations:
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1 0 1

Specific attitudes and attribution of the injured worker

may play an important part in the severity of an ill­

ness or injury particularly in the time taken to recdver.

Various availabZe psychological techniques c~upled with

epidemiological analysis may establish the characteris­

tics of this relationship.

Similarly the worker's perception of and attitudes

towards his hazardous job may predispose him both to

injury and poor performance. Research examining the

relationships between actual performance and attitudes

toward especially hazardous manual materials handling

is warranted.

III.3b Psychophysical Indices. The literature surveyed in this regard

can be catalogued into two subgroups, those concerned with mus­

cular strength and those concerned with endurance. Both rely

on the concept that a person can sense his comfortable physical

capability as well as his absolute performance limit in a given

task.

Many researchers have used maximum, short term strength

(voluntary exertion) to predict the potential hazard for many

of the manual materials handling system components. As an ex-
, .

ample, maximum voluntary strengths appear to be a function of

many factors including 1) width of an object lifted (McConville

and Hertzberg, 1968), 2) height of the lift (Errianuel, et al.,

1956; Switzer, 1964), 3) foot position (Grieve and Arnott, 1970~

and Whitney, 1957), 4) whether seated or standing (Troup and

Chapman, 1.969), 5) sex (Chaffin, 1974; and Snook and Ciriello,

1974), 6) age (Asmussen and Heebold-Nielson, 1961), 7) whether

pushing or pulling (Kraemer, 1974) and 8.) stature· (Strindberg

and Peterssons, 1972). From such relationships, simulation

models have been developed for more general task strength mea­

surements (Chaffin and Martin, 1972; arid Drury and Pfeil, 1973).
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The ability of a person to subjectively endure frequent

submaximal exertions has been studied by Caldwell (1.964) who

noted that when pulling loads muscle endurance varied greatly

with body postures. He found a good correlation between the

postures involved in static strength and those involved in

static endurance. However, Smith and Edwards (1968) point out

that static strength may not predict the dynamic endurance re­

quired in many common tasks. On the basis of hundreds of sub­

jective self reports, Snook and Irvine (1968) and Snook, et al.,

(1970), developed estimates of the load magnitudes a person would

tolerate. for varying rates of exertion (frequency of lifts) and

for three different lifting heights. Also Snook (1971) and

Snook and Ciriello (1974) have shown that both age and heat af­

fect the physical endurance capacity of people allowed to choose

their own work loads.

While it is the consensus of the workshop participants that

psychophysical indices have been widely and effectively used to

determine the subjective acceptability of manual materials hand­

ling acts, several basic inquiries are still warranted.

111 It is necessary to determine how well a person can per­

ceive his or her own maximum capacity to sustain a

physical effort.

In other words, how accurately can a person estimate the

physiological and injury 'based hazard potential in a manual mate­

rials handling activity?

111 Since psychophysicaZly based human performance limita­

tions can and are providing useful guideline~ for the

specification of manual materiaZs handling tasks of

many kinds, research should be instigated ~odefine the

testing conditions which could significantly affect the

resuZts.



Factors, such as the instructions used, time of day, pre­

vious activities and training, and incentives may each influ­

ence the results.

1 1 1 Larger and more heterogeneous working populations shouZd

be studied under a variety of conditions to determine

their psychophysicaZ tolerance to manual materials hand­

ling ..

III.3c Psychosocial Indices. Early versions of this subsection had

entitled it sociological effects. However, the entire document

focuses on the worker within a certain context or impinged upon

by specified events or things. This focus on the individual

worker is retained by substituting psycho-social for sociolog­

ical effects. In effect one attempts to investigate the ques­

tion of what effects does one's social milieu, specifically the

people composing it, have on the individual worker.

The modern day worker, whether in a plant or office, /hardly

operates in a social vacuum. He is in the company of others ­

other workers and supervisory personnel alike - who can and do

influence his behavior and his attitudes. He may belong to a

myriad of small groups most of which lack any formal structure.

In short he is a social animal while residing within a community,

discharging his responsibilities as a citizen, and participating

in various functions, both in and outside of the work situation.

What factors may influence the attitudes and behaviors of

the hypothetical worker? Perhaps of particular importance are

the experiences the worker has lived vicariously--\through the ex­

periences of others. Accidents, injuries, or the tales of ex­

treme hazards passed along to the worker stand to affect his

overall perceptions of the job. The opinions, expectations,

and attitudes of others may do the sarne. This may become a

par~icularly powerful factor if these are shared by the entire

group of which our worker is a member. Such social pressure

whether overt or implied is often manifested as a pres~ure to
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conform or align oneself with the group. Clearly this kind

of pressure may often come from a union and may be particular­

ly potent when hazardous circumstances constitute part of the

worker's job. Often hazards of the job can be magnified out

of proportion particularly where realistic information about

inherent hazard is subverted or where rumor becomes a substitute

for fact. Rumor transmission usually results in an over-magni­

fied, selectively sharpened image of the event.

The results of negative perceptions of the hazards experienced

by the worker may result in "anti-social" or anti-management

acts including high turnovers, absenteeism, job disruptions and

stoppages, and in some cases strikes. Finally, the impact on

the worker of others t perceptions or images-of him following a

partially disabling or disfiguring injury is food for considera­

tion.

Although the committee has been unable to find articles

focusing on the psychosocial effects of manual material handling

it is believed that social forces have an effect on morale,

large scale social movements, and subsequently worker perfor­

mance. Social factors may also play an important role in the

workplace in terms of the perception of and response to hazard

whether or not it eventually results in accident or injury. In

this regard, the following general recommendations are made:

101

001

001

101

The most potent social factors operating in the work­

place should. be identified and their relation to the

hazards of manual materials handling examined.

An inventory of teahniques amenable to studying these

factors should be compiled.

Past sooiological analysis in the workplace should be

reviewed for viable and heuristic conceptual and tich-
\

nical approaches.

MuZtivariate examination in the field of the outstand­

ing social factors should be considered.
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SECTION IV·

RESEARCH NEEDS ON SYSTEM CHARACTERISTICS

The preceding section has attempted to define the research

needed to better establish the degree and type of hazard asso­

ciated with manual materials handling. This section defines

the research needed to establish valid controls of individuals

and groups and the tasks and materials involved in manual mate­

rials handling slated to reduce recognized hazard levels. To

do this the four major manual materials handling system com­

ponents identified earlier in this report are each discussed

both in terms of the literature that indicates the various ha­

zard levels, and in terms of the research needed to develop

controls of such hazards.

The order of reporting and subse~tion numbers are:

IV.I Worker Characteristics

IV.2 Material/Container Characteristics

IV.3 Task Characteristics

IV.4 Work Practice Characteristics

IV.1 Worker Characteristics

One of the major components of the manual materials hand';"

ling system is the worker himself. As will be shown in this

subsection, the capacity to perform the physical acts embedded

in the manual handling of materials vari.es considerably not

only from individual to individual but within any given individ-
I

ual over time. Furthermore, the lim:i,.tations of this capacity

are complex and interrelated. Each is dependent upon many per­

sonal characteristics. Understanding the relationship of these

characteristics to the resulting risk of injury or illness to

the worker would allow development of schemes which would place

people in jobs which do not compromise their health and safety.

Clearly the worker's characteristics limiting his ability to

handle materials safely must be car~fully researched before

thorough protective placement schemes can be developed. The
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worker related characteristics regarded as being of most rele­

vance to the topic of worker risk are grouped below and will be

discussed in subsections under the following headings:

IV.la Anthropologic

IV.lb Sensory

IV.lc Motor

IV.ld Psychomotor

IV.le Personality

IV.lf Training and

IV.lg Health Status

IV.lh Leisure Time Activity

Recommendations regarding future research needs are pre­

sented at the end of the subsections discussing each of these

characteristics.

IV.la Anthropologic Characteristics. The sex, age and various anthro­

pometric descriptors of an individual's size and form collec­

tively compiise thi~ system characteristic. The literature

suggests the potential effect of these attributes on risk of

injury during manual handling of materials should be of major

concern.

The literature reveals that the sex of the worker may be

related to the risk of a materials handling injury or illness.

It must be noted that both the ILO (1966) and more recently the

U.S. Department of Labor (1970) recommended that women not be

permitted to-lift as much as men. It appears to be accepted

that on the average a woman.' s lifting strengths (primarily arms

and torso strengths) are,about 60% of a -man's according to

Asmussen and Heeboll-Neilson (1961), Chaffin (1974), Snook and

Ciriello (1974) and Petrofsky and Lind (1974). Furthermore,

-the biomechanical linkage mechanism when lifting differs be­

tween males and;females with respect to the lever systems em­

ployed as reported by Tichauer (1973). Hence if asked to handle

a given load, a woman is more highly stressed than a man relative

to their individual strengths. However, it must be noted that
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the range in the strength of males and the strength of females

are very large. Gender thus becomes secondary to the strength

factor per se. Strength as a risk factor will be discussed

within the subsection entitled motor characteristics.

It has also been reported that women have higher heart

rates for given lifting tasks (Snook and Ciriello, 1974) and

similarly the metabolic rates were higher for certain above

shoulder lifts (Tichauer, 1965). It is, therefore, possible

that women are at higher risk of injury or illness during given

highly repetitive and continuous materials handling tasks since

they must work closer to their maximum. aerobic capacities than

men, particularly as a woman nears her own individual maximums.

In regard to low-back injuries, Brown (1974) in a survey

of industrial workers reports that women appear to have larger

relative numbers of complaints than men when required to perform

heavy, physical jobs. Magora (1970) reports a similar result.

In a test of this Chaffin and Park (1973) studied both men and

women performing equally demanding, light-to-moderate load

handling jobs, and reported equal incidence of low-back pain

cases. However, the women in this latter study performing

moderate materials handling jobs were stronger than the average

women in the study (i.e., an unknown selection process was

operating). This last study demonstrates the complexity of

the issue. Sex is conf~unded with many other worker and job

characteristics, and ·hence only carefully designed multifactor

studies must be considered as valid approaches to understandin~

the hazard relqted to sex.

Age, like sex, has often been considered before placing

people on jobs requiring the manual handling of materials. In

practice, advanced age is often used in restricting a person

from load handling jobs. In fact, this is mainly based on

speculation,' namely that older workers have diminished capacity

to withstand physical stresses (Aberg, 1961). Yet the litera-

.ture indicates the greatest incidence of low-back pain (LBP)

occurs in the 30 tb 50 year old group (Herndon, 1927; Hult, 1954;
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Kosiek,et al., 1968; Magora and Taustine, 1969; Rowe, 1969 and'

Brown, 1973). Whether this is because older workers are not as

likely to be exposed to the injury producing stresses of manual

materials handling, or whether only those older workers who

have survived a rigorous history of earlier stresses remain in

the work force is not clear. It appears~ however, that heavy

physical work, even. when performed in the twenties, can cause

accelerated ra~es of injury (Blow and Jackson, 1971). Clearly

age and aging have a complex effect on many attributes necessary

for workers to safely handle heavy loads. It seems likely that

the younger person may not have developed the requisite abilities

to recognize and control the hazards of manual materials hand­

ling as has the older worker. He may be overly stressing his

body; yet may have the strength to withstand the rigor of the

job. On the other hand, the older individual, while having per­

fected his skills in handling heavy or cumbersome loads, is like­

ly to have some diminished physical capabilities. Age must

therefore be viewed as a potential risk factor. Nonetheless

it is secondary to many other anthropometric attributes discussed

in the following sUbsection..

Body weight has a potentially complex affect on an indi­

vidual's risk o£ injury during m~nual materials handling. First,

it is generally accepted that body weight has a direct affect

on the metabolic rate of a person while lifting and carrying

loads (Kamon and Belding, 1971). Thus a heavier person would

have a greater metabolic rate and concomitant circulatory load,

which could lead to earlier fatigue or cardiovascular problems

if the person were so predisposed. On the other hand, a heavier

person is usually stronger than his lighter counterpart, and

usually has the mass ne6essary to counter-balance the h~ndling

of large objects (Snook and Irvine, 1967; Troup and Chapman,

1969 and Konz et al., 1973), though isometric muscular fatigue

has been shown to develop more readily in overweight people

(Petrofsky' and Lind, 1974).
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Besides body weight there are several other anthropometric

variables which appear to have a potential influence on indi­

vidual risk. Tauber (1970), for instance, indicates taller

people have larger numbers of low-back.incidents than shorter

people. Tichauer, et al .. , (1973) report that changes in the

lordotic curvature while holdirig a load in front 6f the body

may be predictive of increased risk of future injuries to the

back which may well relate to somatotype. Yet Troup and Chap­

man (1969) found that trunk/hip mobility did not correlate

with the lifting strerigth of the trunk in flexion or extension.

The above is just a sample of the literature related to

anthropologic factors. It is the opinion of the workshop par­

ticipants that these worker characteristics must be comprehen­

sively studied.

As presented in the literature summary, the past studies

regarding personal risk associated with anthropologic variables

divide into several topics. Hence, the research recommendati9ns

will be presen'ted with regard to these same divisions.

Sex differences are evident in the literature, but are

highly confounded with other anthropologic variables (e.g.,

strength, body mass, postures, anthropometry, etc.), which may

be the more valid indicators of individual risk in a manual

materials handling job.

111 Hen~e~ research is strongly recommended which will study

the hazard potential of these more fundamental physical

~haracteristics~ both within and between sexes.

Age and aging as a risk factor is unclear. For example,

the incidents of low-back pain indicate that age may be cor­

related with reduced incidents in older individuals. Those

older workers in heavy jobs may be survivors, however. It is

clear that many other. worker characteristics change with age.

Experience usually leads to more skill, but diminished sensory

and motor capacities with age may eliminate such advantages.
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111 Therefore, controlled laboratory and field studies a~e

highly recommended, wherein the job stresses and speci­

fic worker characteristics are studied for different

age groups in a multivariate fashion.

Body weight and other related anthropometry are also factors·

which are highly confounded with other worker characteristics in

the studies reviewed.

111

1 1 1

It appears that these are not simple risk factors and

therefore they need to be studied in conjunction with

other anthropologic and motor characteristics (eg.,

stature, strengt~, mobility, reach, lean muscle mass,

ponderal index, etc.).

Body postures and somatotypes in the unloaded state are

not reported in the literature to indicat~ specific risk

of l~ter injury or illness, but work postures (under

load) may be of predictive value, and should be researched

further.

IV.lb Sensory Characteristics. None of the literature revieweddescr~bed

the role of the worker's sensory capabilities and sensory limita­

tions in manual materials handling. Workers with certain di­

minished sensory capabilities may be more susceptible to the

hazards of manual materials handling. The sensory processes

expected to be most influential in assigning relative hazard

include: visual, auditory, tactile, kinesthetic, vestibular and

proprioceptive.

The need for research in this area of worker characteristics

was firstrecogniz.ed in the recommendations of Badger, et al.,

(.1972) and was reinforced in the current workshop deliberations.

1 1 1 In'particular, research ~s needed to understand better

the roZe of the depth perception of a worker interfacing
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with materiaL as weLL as the roLe of visuaL adaptation

iri hazards associated with poorLy iLLuminated work

areas. Since angular acuity is often cor~ected, in

gross material handlinq, it would probably not be a

factor in assigning risk. The use of multifocal cor­

rective glasses, however, may be a factor and further

research is needed. Contrast and dynamic visual acu­

ity are also important sensory capabilities which are

expected to affect handling performance and warrant

additional s~udy in this context.

Sometimes heavy man.ual materials handling. jobs are per­

formed in adversely noisy environments. Recommended

research is needed to understand the importance of

auditory cues and the masking of these cues in manuaL

materials handling environments. Shifts in audibiLity

thresholds of susceptible workers may impinge on safe

handling abilities and shouLd also be considered ~n

studies of sensory capabilities.

11 1 The tactile (cutaneous) senses may be important to the

.worker handLing s Lippery~ hot, or co La obj ects. The pro-.

prioceptive senses may be important to the material

handler of unstable loads which require an awkward body

posture. Further, kinesthetic abilities (awareness of

position and movement of bodypartsJ may affect material

handLing capabilities as may the vestibular orientation

mechanisms related to body balance. Each of these sen­

sory process capabilities may play important roles in

materials handling illnesses and injuries and thus war­

roant carefuL delineation and study in the context of the

hazards of manual materials handling.
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IV.lc Motor Characteristics. As with the sensory capabilities of workers,

little is known of the'relationship between motor capabilities

(strength, endurance, range of movement~ speed of movement and

hyperrnobility) and the hazards of manual materials handling.

Here to, Badger et al.,. (1972) reconunended research to develop

better body mobility tests and better strength testing tech-

niques to supposedly reduce incidences of low-back pain in-

juries.

A number of studies by Chaffin (1970, 1972, 1974) have be­

gun to examine the correlation of strength testing results with

incidents of low-back pain. For example, it was obser¥ed that
l

the incidence (rate) of low-back pain was three times greater for

people lacking adequate lifting strengths to perform all job

elements than for stronger workers. A biome6hanical model was

developed to predict lifting strength based on anthropometry,

sex, coupling point dimension, and body position.' At present,

a rigorous val~dation of the model has not been attempted.

Keaney (1954) studied championship weight lifters, repre­

senting the upper limit of strength capability of the popula­

tion, and concluded that contestants in lighter weight classes

are stronger in proportion to body size than heavier weight

classes. This change in str~ngth/weight ratio with increased

body weight may be a factor in the greater agility and endurance

found in smaller men. Likewise these latter two factors may

partially counterbalance the brute strength of heavier men.

Other references related to worker motor capabilities in­

clude Kraus (1967) who asserts that tests for strength and

flexibility of key postural muscles are essential for good pre~

employment back examinations. Kroemer (1970) points out the

difficulties and pitfalls in current strength testing methods

,and emphasizes the need for standardization of strength testing

. techniques. Davis (1959), Bartelink (1957), and Alston (1966)

discuss the role of abdominal and back musculature in controlling

the manual lifting process and associated stresses.
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All of the reviewed research on worker motor capabilities

has been limited primarily to assessments of muscle strengths

measured for exertions in the sagittal plane.

1 1 1

1 1 1

111

It is recommended that research strive to provide a

more comprehensive characterization of the role of the

motor capabilities of the working population to include:

1. strength in postures other than the sagittaZ

p lane~

2. endurance capabilities~ including localized~

whole body~ and sporadic endurance,

3. range of movement capabilities,

4. kinematic capabilities~ and

5. muscle training state.·

As data 'Z-s made available from the research of the above

recommendation, the focus of study should turn to the

development of methods for using motor capabilities (in

particular, strength data) more effeatively in task

design.

It is also recommended that study of how worker motor

capabilities relate to hazard indices other than bio­

mechanica land psychophysica l(e ~ g.~ me tabo lic ~ cir­

culatory/pulmonary~ and psychological) be made.

IV.ld Psychomotor Characteristics. No repo~ted research was found to

relate the psychomotor capabilities and limitations of manual

materials handlers to the hazard indices. The information pro­

cessing capabilities, reaction/response times, and coordination

abilities of workers may all contribute t6 the occupational ha­

zards associated with handling materials ..
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1 0 1 Research is required to define the risk associated with

the coordinative aptitudes and skills of the worker .en­

gaged in manual materials handling .. It is believed that

'these capabilities may have only marginal effects in

routine aituations but are expected to be associated

with greater risk under highly stressful tasks and/or

working condition~.

IV.le Personality Characteristics. The characteristics of the worker's

personality which may increase susceptibility to the hazards of

manual materials handling are not easily measured or interpreted.

The difficulties of translating measures of worker values and

job satisfaction s~ch as attitude profiles into useful criteria

are evidenced in the research reviewed by the workshop partici­

pants.

The most recent study by Blow and Jackson (1971) attributes

the observation of more injuries in young workers under the age

of 25 years to inadequate training or experience and an irnrna-·

ture attitude among youthful workers. Magora (1970) in Israel

observed that formal education and religious training may in­

crease low-back pain severity. He.earlier (1969) reported that

psychosocial background and attitude toward life were observed

to affect duration of sick leave from work. Shano and Edwards

(1956) observed that the number of accidents was equal for per~

manent and temporary workers over 45 years of age. White (1966)

speculates that people receiving low-back pain compensation may

become insincere after exaggerating claims of disability, that

people try to avoid work whenever possible, and that the psycho­

somatic aspects of low-back pain compensation cases should be

studied.

As with many of the other worker variables, . the study of

personality characteristics is most often confounded with other

demographic or anthropometric variables such as age, training,

or experience. Clear evidence as to how the role of worker va­

lues and job satisfaction contribute to risk does not exist.
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The measurement and prediction of worker attitudes with

respect to manual materials handling warrants research

attention. What are the attitudes of workers toward

the hazards of manual materjal handling? What are

their attitudes toward training? Is their attitude

toward training a predictor of hazard susceptibility?

How is attitude measured? Does poor attitude lend it­

self to aggressive/destructive behavior?

Virtually nothing is known about how workers perceive

risks and how their attitudes and behaviors are influ­

enced by their perceptions of risk. Thus, it is recom­

mended that research address the concept of risk ac­

ceptance t6 define what levels of risk are tolerable

to the working population.

It is expected that risk acceptance of the manual mate­

rials handling hazards is influenced by perceived eco- .

nomic need. Attention to the strength of this relation­

ship is needed to better characterize the susceptibility

of the workforce ~o hazards~

IV.lf Training/Experience Characteristics. The importance of train­

ing and work experience in reducing hazard is generally accepted

in the technical literature. The lacking ingredient is largely

~ d~finition of what the training should be and how this early

experience can be given to the naive worker without harm.

Davis and Troup (19641 and Brown (1958) discuss the need

for training, particularly on self-pacing, to reduce worker

fatigue, especially with heavy loads. Glover and Davies (1961)

present a training course scheme which involved a physiothera~

pist giving instruction in manual materials handling and lifting

methods to workers. Afterward they observed a reduction in

manual materials handling accidents. Himbury (1967)" discussed

a similar training course for manual workers with supervisors
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emphasizing the kinematic method for lifting using the strong

leg muscles and body weight momentum. Smith and Edwards (1968)

report increases in isotonic strengths, geometric strengths,

and endurance after training.

According to some researchers, laymen appear to .imitate

the mechanical body positions shown in instructional pamphlets.

This shortcoming of many training schemes was the subject of

a critique by Anderson (1970). Burch (1965) suggests that disc

degeneration in adult males is largely due to the "soft way of

life" and points out the need for physical conditioning in

addition to safety instruction.

The sole study reviewed which explicitly considered the

experience of workers was by Magora (1970). He found a dis­

crepancy between the subjective assessments of work performed

between a group of workers with low-back pain histories and a

control group of workers. This discrepancy was also apparently

related to the time spent in the same occupation.

It is interesting to note that in all of the literature

repor~ed there were no thoroughly controlled experiments. Those

experiments with training were of a "before" versus "after"

training type with no comparison group of workers which had un­

dergone no training during the duration of the study. Studies

of experience characteristics invariably confound experience

wi th age·. There were no workers of any age who were neither

trained nor experienced.

. 1 0 1 It is concZuded that little ia known of the training/

experience phenomenon in the context of manual mate­

rials handling. Study is needed to evaluate the ef­

fectiveness of diverse training schemes. A few alter­

natives for future comparative study include

1. conditioning training: the physical condition­

ing of the body to the specific demands of the

job~

2. experiential training: learning by experienc­

ing controlled hazard at the workplace~
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3. ves tibu le training: training of "correct"

methods for handling prior to job placement~

4. on-the-job training: training of "correct"

methods for handling for a particular job after

placement~

5. genera l job orienta tion: (simi lar to e::r:peri entia l

training with the exception that some general ~n­

formation in the form of do's and don't's are'

passed from one worker or foreman to the new

worker.

With respect to worker experience, it is not uncommon for older

workers to enter the more demanding jobs later in their careers.

It is also possible for some young workers to have considerable

experience.

1 0 1 Research is certainly warranted to discern between the

importance of age versus experience as contributory

factoTs to the hazards of manual materials handling.

IV.lg Health Status Characteristics. At the time of an employment

examination a variety of medical tests have been used to fore­

cast individual risk of later injury or illness. The literature

summarized below examines some of the complexities of this char­

acteristic of the worker.

There are strong opinions" as summarized by such experienced

physicians as Clark and Russek (1958), Hanrnan (1958), and Peres

(1960) that good physical examinations are effective in reducing

the number of workers who will later experience low-back pain.

Studies by Magnuson and Coulter (1921), Becker (1955), Moreton

et al., (1958), McGill (1968), Kosiek et al., (1968) and Rowe

(1969) appear to justify this approach. More skeptical opinions

are expressed by White (1966) and, earlier, by Osgood (1919).

Rowe, (1969) states about 10% ofla.ter low-back pain sufferers

could be detected by a complete physical examination, including

a lumbo-sacral radiographic evaluation upon employment.
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The use of radiographic findings for assessing the risk

of later LBP has been thoroughly debated. Though papers by

Stewart (1947), Becker (1955) Kosiek et al., (1968) and McGill

(1968) strongly advocate the use of X-rays for pre-placement

of people, more recent papers by LaRocca and MacNab (1970) and

Redfield (1971) seriousl~ question the predictive validity of

such X-rays. It now appears that only the grossest of skeletal

anomalies would be allowed to exclude a person from a materials

handling job (Leggo and Mathiasen, 1973). Along these lines

Runge (1958) had earlier suggested spondylolisthesis and obvious

disc degeneration be considered as grounds for rejecting a per­

son's placement on heavy manual materials handling jobs. Ste­

wart (1947) and Kosiek, et al., (1968) indicated disc degenera­

tion should also be considered as a basis for rejection of a

person. on jobs requiring heavy labor.

Because of a growing concern over radiation of people due

to X-ray examinations, there has been a growing need for other

more objective tests of a person's health status. The develop­

ment and evaluation of such tests were highly recommended re­

cently by a group of experts concerned with occupational low­

back problems (Badger et al., 1973).

The literature also indicates that medical and occupational

histories are important in determining an individual's risk

(Rowe, 1969). Magora and Taustein (1969), Meyers (1967) and

Hirschfield (1963) all strongly urge consideration of various

psychosocial factors when determining the capability of a per­

son to perform manual materials handling.

The available literature indicates that for a large number

of operating conditions pre-placement medical examinations for

manual materials handling jobs have been effective in protecting

the workers. What is in question, however, is the validity of
. .

medical criteria and safety of methods us~d to select people

for the jobs. Static visual measurements may be insufficient

to judge safety motions. Spinal X~ray fin~ings must be blended

with a judicious medical history and physical examination in
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setting load limitations. When evaluating the status of the

lower back in males and females: Concern for radiation in­

jury has encouraged search for functional tests of equal or

greater usefulness.

1 1 1 It is therefore recommended that functional tests be

more quickly developed and eval~ated in well~controlled

laboratory and field studies.

The literature indicates that medical and occupational

histories are important factors in assigning. risk of future

injury. This includes the habitual taking of drugs. Tichauer

and Wolkenburg (1972) and Gold et al., (1973) have reported that

changes in lifting posture are still observable for many hours

after blood alcohol, following an episode of social drinking,

has returned to zero.

1 0 1

1 0 1

[):>
Unfortunately~ the specific criteria for assigning risk

based on such histories have not been evaluated~ and

thus research is recommended. In this regard the phy­

sical~ psychosocial and occupational histories appear

to be important~ and should thus be included in such

studies.

It is also recommended that studies be undertaken to

better determine the individ:u.al risk to a person work­

ing in manual ~aterials handling jobs when 1) using

drugs of various kinds~ 2) pregnant~ 3) at various

points in the diurnal cycle~ and 4) deconditioned due

to aging~ sicknes;~ injury or prolonged absence from

physical activity.
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IV.lh Leisure Time Activity. This category of worker characteristics·

which must be better defined in relation to the hazards of manu­

al materials handling was considered only by one researcher

(Minard, 1971) in the literature reviewed. Discriminating be­

tween on-the-job or job related injuries and off-the-job injuries

is often difficult, if not impossible. For instance, back in~

juries sustained off-the-job may not show up until the next day

when special physical exertion is required at the work place.

101 To better understand the role ofextraourricular activi­

ties such as holding a second job or regular partioipa­

tion in iports~ studies are needed to examine the re­

lationship of these aotivities to the haz~rds of manual

materials handling.

Here, too,· there are confounded variables. Second jobs affect

diurnal rhythrnns (see Health Status) and ,.,regular participation
d'~;.,

in sports or athletic activities promotes-physical conditioning

(see Training/Experience) so the potential hazards associated

with leisure time activities will not be easily distinguishable

from a number of other possible factors.

IV.2 Material/Container Characteristics

The second. major component of the manual materials hand­

ling system is the material and/or container. The characteris­

tics of the material which affect the worker/material interface

are of primary importance here, since it is this interface, par­

ticularly that related to the material side, which is subject

to the establishment of industry standards. These character1s­

tics have been grouped into five categories as follows:

IV.2a Load

IV.2b Dimensions

IV.2c Distribution of Load

IV.2d Couplings

IV.2e Stability of Load
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Recommendations regarding future~ research needs are presented

at the end of the subsections discussing each of these charac­

tE:ristics.

IV.2a Load Characteristics. The findings reported in the literature

are confusing and do little to provide a recognizable direction

to be followed in future research. Consider first the rep6rted

incidence of low-back pain in industry. Hult (1954), Kosiek,

(1968), Magora (1968) and Rowe (1970, 1971) are a few of the

authors who contend that the frequency of low-back injuries is

undoubtedly (though only moderately) greater in "heavy" than

in "light" industries. Newcomers to this scene of research are

invariably surprised at the frequency of this kind of injury

in light indistry. Surprising, too, are reports that many of

these injuries occur when individuals lift objects which are

familar in size, shape and weight (Herndon, 1927; Brown, 1955).

Another point of view is reported by Chaffin (1973) who found

that the weight lifted, when considered as the sole criterion

of the job, was not correlated with low-back pain when the

weight was less than 35 pounds. Furthermore there is good rea­

son to believe that the expenditure of a good deal of time and

effort in the training and education of industrial workers in

the "back-straight, lift-with-the-legs" method of lifting has

been to little or no avail since the subsequent frequency of'

industrial injuries has not abated (Brown, 1972).

Second, many workers hav~ used a variety of approaches to

rationalize the definition of maximal permissible loads for

workers. Gupta (1964) defined the maximal permissible load as

that weight which could be carried for 30 minutes at a speed
'. . ,

of 4.5 Km/hr without a continuing rise of heart rate, and with

rapid recovery of the heart rate afterwards. Hamilton (1969)

found a linear relationship between the weight of the load and

~02 and heart rate when the w~ight was between 10 and 25 pounds;

for a fixed work output he found it preferable to move heavier

loads at a lower rate thah lighter loads at a' fast pace. ' But
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Kamon (197l) advocated,on the basis of metabolic and cardio­

vascular responses, that 33 pound packages were preferable to

22 pound or 44 pound packages when large amounts of material

were moved by hand. Aberg (1961) considered that when only one

act of lifting was to be undertaken, the limiting load depended

on the worker's body weight. Ronholm (1962) found that when

lifting of a weight of 11 pounds is repeated, the optimal rate,

in terms of V02 was 30 lifts/minute. Goldman (1962), however,

considered that the energy cost, per unit weight, of reasonably

fit men was constant, regardless of the distribution of weight

between the body and the load, for weights up to 66 pounds.

Datta (1973) described linear empirical relationships between

the weight of the load, the ~02 and peak heart rate. Chapman

and Troup· (1969) found a linear relationship between the inte­

grated EMG output and the load pulled, but that training re­

duced the EMG output. Lind and McNicol (1968) showed that when

two men carry a stretcher by hand with a total weight of 176

pounds (or 44 pounds per carrying hand), local isometric fatigue

occurred rapidly, whereas if the same load was carried by a

yoke, thereby distributing the load to much stronger muscles,
,

the stretcher could be carried without fatigue. Jorgenson

(1974) concluded that in repetitive, submaximal lifting, the

capacity of both the oxygen-transport system and the muscle

~trength were limiting factors and advocated that loads should

not exceed. 50% of the maximum strength. Thomas (1959) found

that carrying a load on the back produces increased spinal

flexion as the weight increased from 26 pounds to 53' pounds.

But Datta and Ramanathan (1971) found this mode of carrying to

be much less demanding in terms of oxygen consumption than,

for example, 'carrying the same weight by hand. Snook and Irvine

(1967), who investigated the weight of loads to be lifted, in

terms of voluntary acceptance, to be between 40 and 60 pounds
,-

depending on the height of the lift. Later, (1968) they de-

scribed the ~cceptabl~ weights to be lifted at specified rates,

in terms of percentiles (from 10 to 90) of the subjects they
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examined. Snook (1970) found the maximum (voluntarily) ac­

ceptable weight to be moved by 90% of his subjects to be be­

tween 28 and 37 pounds and later (1974) described comparable

values for female industrial workers. Tichauer (1970, 1971)

advocated the weight/bulk ratio of the wieght to be lifted as

a major determinant of the severity of the task, and proposed

that weight limits set without regard to the bulk of the object

would fail to take account of many accidents which occur with

objects weighing less than 10 pounds. Tichauer (1~73) also re~

ported that there was no direct relation between spinal response

and the weight, alone, of objects lifted. McConville and Hertz­

berg (1968) showed that the maximal weight that subjects could

lift with one hand varied linearly with the width of the object·

lifted. Chaffin (1969) investigated the forces operating on

the LS/Sl disc for various postures and loads; he found that

individuals limited the LS/Sl forces to approximately those

levels that lead to fracture in cadavers.

In summary, the statistical description of industrial in­

juries and accidents due to lifting and handling provides little

clarification of the role of the weight lifted. Those statis­

tics fail to consider the confounding features of rate of lift­

ing, size and shape of the load, environmental factors, body

size and any of the many other features which can be expected

to influence the frequency of injuries and accidents, and the

importance of which are repeatedly emphasized in this report.

In terms of the studies reported, weight is an uncontrolled

variable, and thus may be masking or amplifying the true cause

of injuries.

The weights handled and forces required to move objects

have been recognized as an important variable in most reported

studies. Unfortunately, there is little agreement in research

findings of the true role of the load as a contributor to the

hazards of manual handling.

In laboratory studies, the study of weight is more easily

controlled and in a number of studies this has been. done. The
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indices of ha2ard also change to behavioral and physiolbgical

factors. Thus the experimental setting and the hazard-response

variables are confounded. Unless a relationship between phy­

siological and behavioral indices and injuries can be drawn

either in the field or in the laboratory, the results of labora­

tory studies may lack validatibn and practical applicition.

Strong relationships between weight and the behavioral and phy­

siological indices have been drawn. However, they are always

qualified by some other system characteristic. This interaction

of system characteristics must be continually recognized.

1 1 1 Weight '1..S neither an additive variable nor '1..S it a

simple linear componen t. Care must be exercised in

future research to assure that this non-additivity and

non-linearity '1..S taken into consideration.

The extrapolation of the observed interactions in the lab­

oratory to the working population in the field must also be care­

fully examined. Validation of interactions with uncontrolled

"independent" variables is alway expensive in terms of research

effort.

1 1 1

1 1·1

The concept of the "load moment" as an indicator of

-stress has not been used enough in previous investiga­

tions and thus it is recommended that the use of this

measure be emphasized in future research.

The majority of studies '1..n the past have recorded only

"lifting" of objects in the sagittal plane. If the true

characteristics of load are to be understdod more ex­

tensive study of "twisting" and "turning," "pushing"

and·"pulling" activities are needed.

1 1 1 Also, the moments of other body member may be used to

characterize risk '1..n terms of the kinetic chain of mo­

mentsandcertainly warrant future study.
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1 1 1 Further~ it is expected that some loads are hazardous

due io inadequate labeling. The ability of the materi­

als-handler to perceive load characteristics of weight

and force is no doubt minimal for the non-repetitive

handler. Hence~ guidelines need to be developed re­

garding the labeling of objects for hazard due to weight

and other container characteristics.

IV.2b Dimensions. Unlike the load characteristics, the dimensions of

objects has received relatively little attention in the research

literature. Badger, et al., (1972) recommended that morel care­

ful research be performed including this task characteristic.

The Ergonomic Guide to Manual Lifting (1970) without substanti­

ation considers size of objects as _~ significant hazard factor

to consider in lifting. The awkwardness effects presented by

Drury and Pfeil (1973) reflect the possible load dimension ef­

fects, but only indirectly. McConville (1968) found that the

maximum weight subjects would lift varied linearly with the

width of boxes in a study of the interaction of weight and den­

sity of one-handed symmetrical boxes.

Tichauer (1970) presents the weight/bulk ratio.as a major
/

factor in determining severity of lifting tasks. He recommends

the establishment of quantitative relationships between this

ratio and phy~iological work stress. Later (1971) he shows

that load moments about the L5/51 disc and hips can be estimated

for upright carrying by using the weight/bulk ratio of the load.
. .- I . .

In general, it is observed that field studies which attempt

to relate material dimensions and shape to the hazards of mate­

rial handling are not abundant in the literature. Those reported

laboratory studies of material handling do often quantify the

material dimensions but seldom include height and width in the

frontal plane as opposed to the. sagittal plane. Further, how

different load shapes may influence biomechanical adaptations

or awkward positions has not been well studied.
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Research is needed to bettep charactepize those sh~pe

parameters which may be standardized in measupement

for use in hazapd evaluation. Specifically~ peseapch

is needed on the effects of fPontal plane width and ob­

jectheight as they pelate to risk.

The study of objects which change shape duping handling

would be worthwhile since many materials do not remain

of th~ same shape/dimensions and require special con­

siderations in handling.

IV.2c Distribution of Load. A great many materials handling tasks are

not the two-handed symmetrical lifting tasks emphasized in pre­

vious research. Some minimal attention has been paid to other

load distributions and may be summarized as follows.

According to Anderson (1951) the proper method for lifting

must be based on the load distribution. For example, lifting

bags requires special foot, chin and grip positions. Brown

(1973) hypothesizes that movement with a load in a plane which

is not parqllel to the plane of the center of gravity may re­

sult. in injury. Cathcart (1928) showed that the cheapest (phy~

siologically) method of carrying was by yoke. Carrying with

handS at sides was also physiologically economical but with

heavy loads tends to cause severe elbow and arm strains.

Chaffin's (1970, 1972, 1973) biomechanical models incl~de

the location of the lo~d with respect to the worker as an im­

portant variable in load lift capability prediction. Datta

(1971) evaluated seven load distribution schemes. Drury and

Pfeil (1973) recognized the effect of load distribution to

some extent in their study of object awkwardness.

Virtually all of this reported literature relates load

distribution to the hazards of manual materials handling in a

laboratory setting; No reference was found which examined

asymmetric loads in symmetric containers and thus load distri­

bution and load. shape were treated synonymously. 'In practice,
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this is not a good strategy, since as has been pointed out above,

distribution and shape are not always synonymous. That is, asym­

metrical shapes, if carried correctly, may be reasonably well

distributed while symmetrica~ shapes may be unbalanced.

111

1 0 1

Future studies are needed to characterize the general

problem of one-handed material handling. This ~oupled

with a better characterization of the postures encou~

raged and stresses induced by asymmetric load distribu­

tions would fill a gap in knowledge which has been long

overlooked.

Special functions such as drum chiming and barrel roll­

ing also need to be considered in future studie~ as ex­

ceptions to the more general modeling approaches of the

past.

IV.2d Couplings. The design of handles and gripping surfaces as

coupling devices to aid the manual materials handler has re­

ceived little attention in the literature. Himbury (1967) and

Koskela (1968) point out the need for full grasp handles to

avoid injuries occasioned by dropping the load. The Internation­

al Labor Office (1958, 1966) recommend large hand grips as nec­

essary for couplings in dock work. Inspection of grips is also

a recommended good practice. Powell (1971) recommends improved

packaging of goods with plastic rather than m~tal bandings to

reduce hand injuries. Better, box construction is als6 recognized

as important.

Cathcart and Bedale (1928), Gupta and Rohmert (1964) and

Datta (1971) point out the advantages of yokes (a ~pecial type

'of coupling) in carrying loads for long distances.' Anderson

(1951) recognizes that all dbjects cannot have handles, such as '

bags of material, and thus recommends adjustment of moving me­

thods such as special footing and gripping techniques to facili­

tate handling.
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1 0 1

As can be seen, virtually no relevant quantitative re­

search was found on the proper design and plaqement of

coupling devices. The criteria for including handles,

the difference in capacity to carry loads, and the user

acceptance of alternative coupling devices requires re­

search attention.

Further, research is needed to determine the character­

istics of good coupling devices, including for example,

1. surface texture

2. Placemen t

3. orientation

4. dimension (including bearing surface).

Also, handles may affect postures and thus induce addi­

tional materials handling hazards so there i& a need to

discriminate between lifting, carrying, pu~hing and

pulling-type coupling devices.

Adequate literature relating grip strength and basic

hand dimensions to the hazards of manual materials hand­

ling (both gloved and ungloved) is lacking. Before vi­

able safety criteria for coupling devices can be estab­

lished, these data mUst be obtained.

It is important that more attention by given to the func­

tional characteristics of the hand other than grip

strength. At present these are neither well u.nderstood

nor ari they related to hazard potential and thus re­

search is warranted.

Fu~ther~ the interaction of the task variables andgr~p­

ping surface needs to be studied, especia~ly as it re~

lates to hand function.
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IV.2e Stability of Load. No literature was found which directly re­

lated load stability (i.e., consistency in location of the cen~

ter of. gravity) to any of the hazards associated with manual

materials handling. As mentioned in conjunction with load dis­

tribution, it is not uncommon for a symmetrical container to

contain asymmetrical materials whose weight is not evenly dis­

tributed across its mass or is somewhat smaller than the box.

In the case of the latter event loads may shift in movement and

it is not enough to consider just the shape and dimensions of

a container.

1 0 1 It ~s recommended that research attempt to define the

compounding of hazards evidenced by special materials

such as handling of liquids and bulk materials.

IV.3 Task Characteristics

The third major category of system characteristic variables

which is of concern in determining the potential hazards of manu­

al materials handling are the characteristics of the task. Em­

phasishere is placed on those characteristics of the task

which make up the worker/material interface. They are expected

not only to modify the associated hazards but to uncover identi­

fiable measures upon which standards may be based.

The task characteristics of concern in the following sub-

sections include:

IV.3a Workplace Geometry

IV.3b Frequency/Duration/Pace

IV.3c Complexity

IV.3d Environment

Recommendations regarding future research needs are pre­

sented at the end of the discussion of literature related to

each task characteristic.
/

IV.3a Workplace Geometry. The characteristics of workplace geometry

which are expected to contribute to the hazards of manual material
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handling include the nature of the origin and destination points

of movements, objects in the pathway, and confined spaces which

may restrict the movement. Two references were found in the

literature which specifically relate to workplace geometry,

Peres (1960) and Powell (1971). While both of these articles

point out the need for more res~arch in this area they do not

offer recommendations for workplace design.

Since workplace geometry is a major component of the manual

materials handling system it requires research attention. Stud­

ies are necessary to understand:

1 1 1 the sequencing of lifting patterns encouraged by work­

place layout and the role of confined spaces on the ha­

zards of manual materials handling;

1 1 1 the role of imperfect surfaces (e.g.~ stairs and grades

and slippery surfaces) on hazards~ including the worker's

perceptions of imperfect surfaces;

1 1 1 the characteristics of good coupling and uncoupling

points. Included here is a need for studies of the ef-

fects·of movement distance~ direction and exten t of path~

obstacles~ and nature of the material des tina tion.

1 0 1 the possible postural reflex hazard associated with cer­

tain workplace geometries;

1 1 1 the hazards associated with manual materials handling

".while in a seated position. Here~ too~ research is

needed to determine criteria for seated workplace de­

sign to include the effectiveness of footrests and gen­

eral chair configuration~

1 0 1 the hazards associated with manual materials handling

. while in other than seated or standing positions (e.g.~

kneeling~ crouching~ prone);

68



101 the interaotion ofworkplaoe geometry with the material/

oontainer variables.

IV.3b Frequency/Duration/Pace. The relation of frequency, duration

and pace of manual materials handling to the hazards of hand­

ling has been studied in a number of contexts. However, the

results and inferences are far from clear, conclusive or ex­

haustive. For example, Aberg (1961) set out to determine how

frequently lifting can be performed, and reached no generaliza­

ble conclusion. Bartina (1961) points out the need for a stand­

ard related to maximum lift frequency but offers no guidance

to accomplish this effort.

Research which supports the need for better understanding

of frequency was performed by Chaffin and Park (1973) who found

occasional and high frequency load lifting to be related to in­

creased incidence rates of low-back pain. Chapman and Troup

(1969) examined pulling durations and found mean EMG levels to

be related to the time of sustained exertion. During contrac­

tion at 30% of maximum for four minutes, they observed that EMG

activity was reduced to 70%.

"Goldman and Iampeitro (1962) present graphs of relationships

b~tween pace, grade of walking surface, and load to enery costs.

Hamilton and Chase (1969) showed that pace and weight signifi­

cantly affect energy expenditure and heart rate in a linear·

fashion. Ronholm (1962) shows the greatest physiological ef­

ficienciesoccur for frequencies between 20 and 30 lifts per

minute with 5 kilogram loads. Williams (l968) shows variation

in mechanical efficiency with body weight and intensity of work,

the latter of which is related to frequency, duration and pace.

Snook and Irvine (196B) provide profiles of different popu­

lation percentiles for maximum lift. frequencies based on psycho­

physical meas~rement technique~. Jorgensen and ~oulsen (1974)

conclude that maximum lift frequencies for females is approxi­

mately 70% of that for males at the same relative burden.
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To clarify the role of frequency, duration and pace, a

number of research efforts are required.

111
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111

011

111
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A careful delineation of the role of periodicity of

efforts is needed. For example~ often a load may be

lifted 20 times per day with an average lift duration

of two seconds per lift for two weeks every other month

with no lifting at other times. The quantification of

the influence of frequency and duration on hazard poten~

tial is not easily delineated.

Frequency~ duration and pace have historically been

viewed pnly wi~h mean (average) values; however~ atten­

tion ·to the variability of these measures by spectral

analysis wduld be desirable.

The possible interaction of these variables with the

material/container characteristics~ namely load~ also

merits attention.

The "warm-up" phenomenon for physical activity is not

dlearly understood. Does this warm-up reduce risk?

This~ too~ is d topic for necessary research.

The effects of ove~time (increased task duration) on

the hazards to tne individual involved in manual mate­

rials handling requires add~tional study.

The significance of self-paced versus machine-paced

operations in terms of hazard potential w~rrants re~

search attention.

IV.3c Complexity~ The concept of task complexity as .addressed in the

technical literature has not been in the context of the hazards

associated with a manual materials handling task. Rather the
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concept was derived in relation to performance times and pro­

ductivity standards associated with classical work measurement

methodologies. Times required to perform various intricate

movements of the hands and arms as a function of distance, load,

and tolerance have been derived.

In terms of the hazard potential in gross manual handling,

there is a scarcity of literature. Research is need~d to:

100

001

o 0 1

Examine the combined or compounding demands of the load

due to manipulation requirements of the activity, pre­

cision tolerance of the movement activity~ and the num­

ber of kinetic components.

Understand the degrees of freedom and kinetic components

required in handling as indices of task cpmplexity and

resulting hazards.

Determine the hazards associated with interactions of

load dynamics and task complexities. For example, ac­

celerations and decelerations required to position a

load quickly and accurately may exaggerate the. material

handling hazards.

IV.3d Environment .. The environment in which the worker handles material

to accomplish a task is known to affect performance. Little is

known, ho~ever, o~ the hazards associated with adverse environ­

ments in terms of added deteriorative effects. Further, the

interaction of these environmental factors with other system

characteristics and with other environmental variables themselves

has received little attention in pre~ious research. This is at

leastly partly due to the fact that researchers do not document

the operating environments in which studies are undertaken un­

less the environment if of specific relevance to the study topic.

Care sh6uld be exercised in future studies to repo~t typical en­

vironmentalconditions for reader perspective.
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The four articl.es reviewed by the workshop participants

in this context may be summarized as follows. Kamon (1971)

showed that heart rate increases approximately 7 to 10 beats

per minute for each 10 degree centigrade rise in temperature.

Magora (1970) did not observe any effects of climate on the

incidence rate of low-back pain in his study. Shanoand Edwards

(1956) found seasonal peaks (winter and summer) in accident

rates but could not suggest that the effects were necessarily

environmental. Tauber (1970) noted that more backaches appear

to occur in warm months than during cold months, but again not

necessarily temperature related.

Research is needed to identify the effects of those

physical environmental variables which represent com­

pounded stress and hazard to the worker including

111

1 1 1

1 0 1

1 0 1

- 0 1 1

011

a) temperature

b) altitude

c) illumination

d) toxic substances

e) noise

f)-vibration

Each of these variables is expected to affect other dimen-

-sions of the system characteristics.. Temperature, for example,

could affect worker coordination (see psychomotor capabilities)

as well as sensory and motor capabilities. The effectiven~ss

of gloves, clothing, and personal protective devices (see ad­

ministrative work practice characteristics) may be modified by

environmentai conditions.
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Altitude studies have been performed in the past and hypoxic

effects are well documented. Unfortunately, most of the studies

were performed in mines, submarines, or spacecraft. Little is

known of the hazardous effects of moderate amounts of reduced

oxygen when performing manual materials handling jobs. Fatigue

due to climatic conditions such as temperature may also compound

the hazards of manual materials handling. Here too, identifying

the worker population is important for within limits native

residents adapt to certain temperature and altitude environments.

a a a The long term adaptation phenomenon to altitude and

temperature effects on the hazards of manual materials

handling merits research attention.

Finally, care must be exercised to assure that apparent en­

vironmental influences are not actually surrogates of other caus­

ative factors. Seasonal effects must be critically analyzed

1eg., farm workers may not report or complain of injury until

after harvest) to assure~that real causes are not masked.

IV.4 Work Practice Characteristics

The following discussion of the potential hazards regarding

various work practices of both the organization and the individ­

ual are grouped into th~ following three divisions:

IV~4a Individual Practices (including lifting techniques)

IV.4b Organizational Practices

IV.4c Administrative Practices

Recommendations regarding future research needs are pre­

sented at the end of the discussion of literature related to

each type of work practice.

IV.4a Individual Practices.

system characteristic

during load lifting.

The major literature pertaining to this.

is in regards to the "correct ll posture

Proponents of the universal, erect back,
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squat leg posture predieate their views basically on a sim­

plistic biomechanics logic; namely that this posture allows

the load to be held close to the torso and, therefore, the

spinal bending moment and compression forces will be small.

In addition, the stresses on the vertebrae will be better

distributed with an erect back lift~ng posture, e.g., Floyd

(1958), Davis (1959), Munchinger (1962), Himbury (1967),

Andersen (1970) and Nachemson (1971). In such analyses, little

. concern is shown for the actual dynamic loadings on both the

back and the knees during the actual lifting sequence, not

withstanding the practical fact that many heavy objects are

too large to be lifted between the knees, as is required by the

squat lift method. Furthermore, papers by Clark and Russek

(1958), Brown (1973) and Jorgensen and Poulsen (1974) disclose

that leg lifting .from a squat position is metabolically more

demanding, thus possibly leading to more fatigue related in­

juries (e.g., slips and falls, or dropping of object). Chaffin

(1969) found that the location of the load relative to the back

is more important than the lifting posture in generating high

compressive forces in the spine.

Confounding the issue of which posture is the safest for

lifting is the realization that many low-back pains occur due

to sudden slips and the resulting postural corrections neces­

sary to regain balance (Hult, 1954; Brown, 1958). Therefore,

to protect the back as well as other body segments one must

maintain a posture which assures a maximum stability over the

period of the activity. Grieve and Arnott (1970) indicate, for

instance, that torso strength is directly affected by the rela­

tive foot positions, with a "wide stance" being recommended.

Further complicating the dynamics effects is the fact that hand­

ling lighter loads often involves high initial accelerations

which can overstress the back (Troup, 1965; Tichauer, 1970).

Brown (1973) also raises the question regarding the extra

stresses impa~ted to the spine when having to laterally bend or

torsionally rotate the torso. It was agreed by the Workshop
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participants that this is an important factor, but the degre.e

of hazard has not been established.

Finally, the pace of lifting loads has been studied in

mostly laboratory settings. The literature examined clearly

indicates that the metabolic rate is increased in proportion

to the frequency of lifts (Hamilton and Chase, 1969). Also,

using self-paced lifting rather than machine-paced is more

efficient (Karvonen and Ronholm, 1963), and free-paced lift-

ing in brief bouts with specific rest periods minimizes the

metabolic rates as opposed to paced lifting with distinct rests

between each lift (Ronholm, 1962). Further, the maximum ef­

ficiency (met~bolic expenditure/work done) is often" accomplished

with lighter loads and higher frequencies.

Biomechanical evaluatio~~ of the injury potential of various

lifting postures appear to form the basis for most of the recom­

mendations followed by many people today.

1 0 1 Unfortunately~ the rules used to recommend specific

lifting postures have be~n overly simplistic~ and con­

flicts exist which can only be resolved by further

research l~ading to the development of more representa­

tive biomechanical models of the body and the critical

validation of these models as they are developed.

This latter need is particularly evident in as much as con­

trolled field studies of lifting postures used in industry and

the associated injuries were not obvious in the literature. It

was reported by Tichauer (1973) that ten different elements of

a lifting task have to be considered simultaneously if a state­

ment about its stressfulness is to be made.

1 1 1 Thus~ field evaluations of common lifting postures in

industry should be an initial investigation.
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101 Industrial field studies are also needed to determine

the extent to which met~rials handling .related injuries

are due to the individual's work methods as opposed to

other system ch~racteristics (e.g., poor working con­

ditions, task specification, or container design).

The need for this type of inquiry appears to be supported by

reports which relate many incidents of low-back pain to slips

and falls as opposed to overexertions.

The literature appears,to support the view that sudden

movements which create high accelerations of both the body and

load masses, and/or movements which twist and laterally bend

the torso are potentially hazardous.

111 Unfortunately, the degree or nature of the hazard due

to these dynamics is not well described, and hence both

laboratory and field studies are warranted.

In essence, this latter recommendation simply requests that

future-studies attempt to broaden the scope of inquiry to include

consideration of more realistic lifting, carrying, and pushing/

pulling activities than have been studied in the past.

IV.4b Organizational Practices. Studies by Kosiak, et al., (1966)

and Becker (1955), report that the incidence of low-back pain

was significantly reduced when both organizational and adminis­

trative changes were introduced. The organizational changes

were~ to instigate comprehensive medical, safety and hygiene

programs. Though details of how these programs operated were

not available, their experience would substantiate what is often

reporte9 informally by many occupational health and safety mana- /

gers. Unfortunately, studies do n~t appear evident which could

identify the specific organizational practices which might be

generalizable to many different types and sizes of organizations.
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001 It i~ recommended that field studies be initiated to

determine if organizational factors play an impor­

tant role in determining the hazards of manual materi­

als handling.

Typical questions which need to be researched are: What

is the adequate number of medical, safety, hygiene and engi­

neering professionals for a given group of productive employees

engaged in manual materials l:J,andling? What type of consulta­

tive health and safety services are necessary and most effective

when people are engaged in manual materials handling? How does

plant size affect the level of hazard in various types of manu­

al materials handling operations? If it does have an effect,

why does it? What affect does the existence of "materials

handlers" as a job classification· have instead of allowing any

worker to perform this activity in a plant?

IV.4c Administrative Practices. Several different administrative

practices are discussed in the literature as they relate to

the potential hazards of manual materials handling. For in­

stance, Burch (1965) indicates many injuries are due to "soft"

life styles, which can only be overcome by specific physical

training for manual materials handling jobs. Wilkins, et al.,

(1957), Munchinger (1962) and Troup (1965) also support such

a concept.

Aquilano (1968) evaluated several of the.more classical

schemes for establishing rest allowances, and concluded that

these were not adequate to meet the metabolic demands of most

people engaged in manual materials handling activities. Davis,

et al., (1969) demonstrated that improved work methods and rest

allowance specification could be developed by evaluating the

metabolic and heart rate responses of people involved in manual

materials handling jobs. Powell (1971) performed an ergonomic

evaluation of many materials handling jobs and concluded that

most were deficient in 1) good methods and workplace layout
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principals, 2) g60d package design, 3) training programs, 4)

identifying safety responsibilities and 5) use of personal pro­

tective devices.

In regards to personal protective devices, it is generally

accepted that many different types of manual materials handling

jobs require the worker to wear personal protective devices

(gloves, safety shoes, leg guards, etc.) as illustrated by the

ILO (1958). Unfortunately, neither the effectiveness nor the

design of such devices have been well evaluated (Fourt and

Hollies., 1969).

The need for selecting and training people to perform

manual materials handling jobs is agreed upon in principle by

many authorities. Unfortunately, the research to substantiate

the obvious social and economic costs of specific administra­

tive policies and procedures in this regard is still needed.

1 0 1 Such research ~hould be conducted as fieZd studies

whioh could demonstrate the effeotiveness of different,

w.ell defined selection and placement p6lioies.

It appears that existing criteria for determining rest

allowance schemes may not be adequate in manual materials hand­

ling operations.

1 0 1 There i~ a need to develop and evaluate criteria for.

predicti~g the rest requirements in manual materials

handling jobs based on several of the hazard indices

identified earlier in this report.

l' 0 1. In this· same regard, research is needed to determine

if productivity inoentive systems modify hazard poten­

tial in manual materia~s handling jobs.

The general use of personal protective devices, though

acknOWledged as necessary in manual materials handling jobs,

is not well substantiated by injury statistics.
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1 0 1 Because such device~ can impede normal movements and

sensations their design needs to be carefully research­

ed, and their eff~ctiveness proven in controlled field

studies prior to general distribution and propagation.

Too often this has not been done in the past.

Finally, periodic safety and health surveys and "safety

incentive" pr6grams are often r~portedto be of assistance

in controlling the hazards of manual materials handling. Un­

fortunately, specificity of these practices is lacking, and

little or no critical evaluations are evident to stipport their

general propagation.

1 0 1 Hence, field studies are recommended wherein well de~

fined safety and health programs would be instigated

and evaluated in plants having manual ~aterial hand­

ling under controlled operating conditions.
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SECTION V

CONCLUSION

The research criteria presented in the previous sections

represent a broad spectrum of research disciplines and approaches

for attacking the hazards of manual materials handling. In gen­

eral, they specify the unidimensional probes which are necessary

to fill the large gaps in knowledge of this complex problem.

If these hazards are to be effectively reduced in the future,

there is a need for studies which examine not only the effects

of single factors of the problem but also the influence of mul­

tiple factors.

In many operating environments, hazards cannot be assumed

to result from poorly engineered tasks alone, nor are they due

singly to the nature of the material or container handled.

1 1 1

1 1 1

111

Researoh of the interaotion of the various system ohar­

aoteristios (the worker, the material/oontainer, the

task, and the work praotioes) as they oolleotively in­

fluenoe the hazards of handling is needed.

Studies must also refleot the multiplioity of hazards

assooiated with manual materials handling, inoluding

not only injuries and illnesses, but the physiologioal

and behavioral indioes as well. To this end, multi­

variate statistioal analysis teohniques must be more

oonsoientiously and oonsistently applied.

More oareful elaboration and applioation of sound statis­

tioal measures and teohniques are required to oharaoter­

ize hazard and to provide measures whioh are reliable

and reproduoible. Further, the use of oritioal inoi­

denoe teohniques and nonparametrio statistioal methods

have not reoeived enough attention in previous studies;

their use in the future should be better dooumented.

Preceding page blank
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1 1 1

111

To address the multiple dimensions of the hazards of

manua~ ~aterials handling it is recommended that de­

liberate programs be developed which bring to bear

more subspecialties of expertise. For example~ medi­

cal professionals should be encouraged to work together

with engin~ers and research scientists to develop pro­

gram~ which incorporate each specialty in the design

and implementation of safe/healthy systems.

Finally~ there is a recognized lack of standardization

of methods and measurements. To some degree this must

be accepted. The important point is that these mea­

surements and methods' must be better documented ~n re­

ports so that others may benefit from developments in

the ar~aand so that adequate verification and valida­

tion are possible.

The recommendations of the Workshop participants wil+ not

be relisted here, nor will they be summarized in over general­

izations and over simplifications. Rather, it must be emphasized

that the recommendations of the preceding sections represent a

subset of possible recommendations which could be made. Those

which are reported should be viewed individually and collective~
".

ly as worthy of consideration in the planning of any future re-

search program to control the hazards of manual materials hand­

ling.
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