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PREFACE

This manual evolved out of a project in the Division of Biomedical and
Behavioral Science, Applied Psychology and Ergonomics Branch, entitled "Methods
For Detecting Cumulative Trauma Injury."

A literature review indicated that there were several methods for detecting
cumulative trauma disorders (CTDs). What was missing was a general reference
source or a manual that explained, with a minimum of technical language, the
concept of CTDs, the parts of the body affected, and the potential causes. Once
the reader understands the seriousness and characteristics of CTDs, a description
of the most current methods for use in detecting, evaluating and controiling
CTDs at the worksite can follow and take new meaning.

The present manual was prepared in this light.

The manual consists of three distinctive parts and an appendix. To the
extent possible, each of the three parts of the manual is complete with respect
to its general purpose. Parts I and II were designed primarily to instruct,
whereas Part III and the Appendices were designed as a reference tool for the
more advanced users.

Part I provides an overview of CTDs for those individuals unfamiliar with
the problem. Part II builds on this introductory base and is directed more to
those individuals responsible for maintaining the health and productivity of the
workforce, as well as those responsible for making preliminary determinations
about jobs with a potential for CTDs. The emphasis in Part II is on specifying a
set of procedures for identifying and analyzing records and jobs for indicators of
_cumulative trauma. Part III outlines strategies for controlling CTDs and provides
a series of ergonomic-based guidelines for redesigning high risk jobs. Part III
should be of particular interest to those practitioners who are respomnsible for
improving and maintaining the safety and health of workers. This may include
nurses, physicians, safety engineers, union representatives, industrial hygienists,
supervisors, insurance carriers, and even individual workers who are concerned
about the problem. Finally, the materials presented in the appendix provide an
expanded treatment of a variety of issues related to posture, medical treatment,
and surveillance techniques that had been previously presented in a more
abbreviated form in the body of the manual.

Most of the information contained in the manusal was derived from original
source materials provided by noted experts in their fields. A list of the
contributors follows.
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ABSTRACT

This manual was developed to define cumulative trauma disorders (CTDs) in
the workplace, to enable nonmedical personnel to recognize them, and to present
strategies for preventing their occurrence. Emphasis is placed on CTDs of the
upper extremities.

Part I of this manual defines the cumulative trauma category of musculo-
skeletal disorders. Information is provided on the structures of the hand and
arm to help identify the symptoms and location of the disorders. Descriptions of
some of the common types of CTDs are also provided along with examples of
jobs in which CTDs may occur.

Part II of this manual presents methods for determining how many workers
at a worksite have CTDs or have some early symptoms of CTDs. Extensive
information on conducting an ergonomic job analysis is also provided. Inform-
ation from such a job analysis is useful for identifying work conditions and tools
that may cause or contribute to CTDs.

Part III of this manual focuses on two strategies used to control or prevent
the occurrence of CTDs: Instituting Personnel-Focused Practices and Redesigning
Tools, Work Stations, and Jdobs. The merits of each strategy are discussed.
Combinations of elements of each strategy are frequently used in workplaces
where prevention programs for CTDs have been implemented. Guidelines for
ergonomic redesign are also provided along with a list of references for further
information on ergonomics.

The Appendices include specialized material designed to supplement
information contained in the body of the manual. Appendix A includes a
glossary of terms and a series of illustrations to define the positions and
movements of the body. Appendix B provides an introduction to the diagnostic
process used by the medical profession to identify CTDs and a summary of
medical procedures used to treat them. Appendix C defines some common
epidemiological terms and describes statistical procedures for evaluating the
prevalence, incidence, and severity of CTDs. In addition, a series of case
histories are provided to illustrate the frequency and costs associated with CTDs
among specific work populations.

ik






PART I: RECOGNIZING CUMULATIVE TRAUMA DISORDERS

The recognition that work may adversely affect health was recorded more
than 200 years ago by an I[talian physician, Bernardino Ramazinni. He identified
two types of workplace hazards: the "harmful character of the materials ... hand-
led" and "certain violent and irregular motions and unnatural postures of the
body, by reason of which the natural structure of the vital machine is so
impaired that serious diseases gradually develop therefrom."l

The first type of hazard, exposure to hazardous materials, is the best known
and persists today despite many recent advances in industrial hygiene and control
technology. The second category of hazard, irregular motions and postures, is
less well known. Terms such as microtrauma, repeated trauma, or chronic
trauma have been used as labels. The adverse health effects that arise from
chronic exposure to micro-trauma are the subject of this manual, viz., the
cumulative trauma disorders (CTDs). Until recently, CTDs commanded compara-
tively little public attention. Yet there is ample evidence from early medical
reports that over the years craftsmen experienced a variety of musculoskeletal
disorders associated with their trade. Names such as bricklayer's shoulder, car-
penter's elbow, stitcher's wrist, game keeper's thumb, telegraphist's cramp, and
cottpn-twister's hand represent a sampling of the names used to label such syn-
dromes.2 A common feature was the element of overuse superimposed on the
progressive changes that accompany the normal aging of the body.

One major obstacle that may have contributed to the general lack of
awareness and research in these disorders is the lack of reliable occupational-
based statistics for documenting the prevalence of these disorders. Estimates
that are available have been drawn mainly from data bases that were not
designed for surveillance, and consequently provide only limited insight into the
epidemiology of the problem. Nevertheless, such reports, combined with findings
from individual worksites and industrial clinics, do suggest that the hazard
described by Ramazzini as "irregular work motions" accounts for an increasing
amount of lost worktime and morbidjty.3

In response to the growing prevalence of the disorders, there has been
renewed research interest in cause and prevention.? Although there are many
excellent reports and studies on various aspects of CTDs, few of these are
widely read or disseminated. The result is a growing information gap or lack of
awareness among many occupational health and safety practitioners, workers, and
management as to the nature, extent, and causes about these disorders.

This section of the manual provides an introduction to CTDs designed in part
to remedy this deficiency. The nature and scope of CTDs is reviewed. Ana-
tomical structures of the hand and arm that are subject to injury from acute and
chronic overuse are described. An overview of the types of CTDs and the
patterns of usage that contribute to the disorders are briefly outlined. Finally,
a list of jobs is presented where various types of CTDs have been reported.

1 ;



Part I: Recognizing CTDs

1. DEFINING CUMULATIVE TRAUMA DISORDERS

The Nature and Source of Cumulative Trauma Disorders

Injuries to the musculoskeletal system that occur from working are very
common. The average employed person loses nearly two days of work each year
because of some musculoskeletal problem. Moreover, during the working years
{ages 18 to 64) more people are disabled from musculoskeletal problems than
from any other category of disorder.9,8

Contrary to popular belief, the majority of these musculoskeletal injuries are
not the results of accidents or sudden mishaps that break bones or strain
ligaments. Rather, the type of injury referred to here usually develops gradually
as a result of repeated microtrauma. Because of the slow onset and often
innocuous character of the microtrauma, the condition is often ignored until the
symptoms become chronic and permanent injury occurs.

Since these musculoskeletal conditions have only recently gained public
attention, no uniform label or term for them has been adopted. Descriptive
labels that have been used include wear and tear disorders, overuse injuries,
osteoarthroses, and degenerative joint diseases.! More recently the terms
repetitive motion injury, repetitive strain injury and cumulative trauma disorder
(CTD) have been used to refer to those musculoskeletal impairments that appear
to be work-related. CTD will be used in this manual.

A useful definition of CTDs can be constructed by combining the separate
meanings for each word. Cumulative indicates that these injuries develop
gradually over periods of weeks, months, or even years as a result of repeated
stresses on a particular body part. The cumulative concept is based on the
theory that each repetition of an activity produces some trauma or wear and
tear on the tissues and joints of the body.s,g,10 The word trauma signifies
bodily injury from mechanical stresses. And the term disorders refers to
physical ailments or abnormal conditions.

CTDs belong to a collection of health problems that are considered to be
work-related--that is, the disorders are more prevalent among working people
than among the general population. As such, work is a risk factor for CTDs. A
risk factor is any attribute, experience, or exposure that increases the proba-
bility of occurrence of a disease or disorder, not necessarily a causal factor.11

Work may also serve as a contributor or exacerbator of an existing health
problem or physical limitation. For example, work may be a factor in a disease
with multiple etiologies, such as degenerative joint disease or rheumatoid
arthritis. Work may also lead to an aggravation of an existing condition of non-
occupational origin, such as joint pain in the elbow stemming from a previous
sports-related injury. Such overuse symptoms may be experienced by weekend
golfers, racket ball players and other sports participants.

2



Part I: Recognizing CIDs

A worker fatigued from lack of sufficient rest, or a worker who is recover-
ing from an illness, may also be more at risk of developing a CTD than a rested
or healthy worker. The risk of an overexertion injury may be further increased
if the worker returns to a job requiring a level of physical exertion that exceeds
his or her capacity. In general, if a sequence of events including episodes of
repeated overexertion followed by insufficient recovery is repeated over succes-
sive days or weeks, a more permanent CTD will develop.

Activities associated with the onset of CTDs arise from ordinary movements
that may include repetitive gripping, twisting, reaching, moving, etc. These
activities, by themselves, are no more hazardous at work than at home. What
makes them hazardous is chronic repetition in a forceful and awkward manner
without rest or sufficient recovery time. Such conditions more often charac-
terize work activities than leisure pursuits.

The difficulty in identifying the roles played by occupational and non-
occupational factors in causing CTDs is further complicated by the role of
personal factors or individual susceptibility. A worker's physical size, strength,
prior injuries, and joint alignment may contribute tec injury or exacerbate the
adverse effects of repeated microtrauma.

Hence, CTDs are "not limited to industry or to specific occupations but to a
pattern of usage."13 Although the dynamics of repetitive and stereotypical
usage still apply when non-occupational causes are suspected, the impairment
occurring in a non-occupational setting is more likely to be described as an
overuse injury than a CTD. If chronic, it may be regarded as the beginning
stages of degenerative joint disease.l4 Regardless of the label and the origin,
life activities, whether occurring in the home during leisure or at work, should
be regarded as a continuum. With matters of health, there are seldom any firm
boundaries that separate the work environment from the non-work environment.

The human body has great recuperative powers given the opportunity to
repair itself. All that is generally needed for recovery is a sufficient interval of
rest-time between episodes of high usage. When the recovery time is insuf-
ficient, however, and when high repetition is combined with forceful and
awkward postures, the worker is at risk of developing a CTD.15,16

To illustrate and reinforce this relationship, a small pictograph was devised
for each of the above key factors, illustrated in Figure la. Figure 1b illustrates
the combined action of these factors on a worker. '

Although many symptoms are associated with CTDs, the most notable are
pain, restriction of joint movement, and soft tissue swelling. In the early stages
there may be little or no visible signs of bruises or swollen joints. If nerves
are affected, the sense of touch and manual dexterity may be reduced. Left
untreated, CTDs can produce significant and lasting disability.17,18,19



1. Four factors that account for CTDs are illustrated by the inserts at the top
of the figure. The combination produces various degrees of discomfort and
limitation of movement in the upper extremity.
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'Part 1: Recognizing CTDs

The Increase in Cumulative Trauma Disorders

CTDs are being recognized as a leading cause of significant human suffering,
loss of productivity, and economic burden on compensation systems.20 Nowhere is
this more evident than in the workplace. Just as work poses some special hazards
that may result in traumatic injuries, work also poses some unique risks for
incurring arthritic problems.

A main reason for the evident increase in CTDs is the pace of work. Modern
work is geared to production standards. The emphasis on production symbolized by
the assembly line has its modern counterpart in the computerized office machine,
the electronic checkout station in food stores, and the mass food processing
services, to name a few examples where high-volume output is required. Most of
these jobs involve performing a simple, repetitive task such as gripping, pushing,
and reaching. The movement may be performed as many as 25,000 times in the
course of the workday, despite physical fatigue. 22 Furthermore, during high-volume
periods, minimal time exists for rest and recovery. In general, mechanization and
automation have served to lighten the workload, but on the negative side it has
increased the pace of work and concentrated the forces on smaller elements of the
anatomy, such as the hands and v»rr:ists.23,24

More than half of the Nation's workers now have jobs with the potential for
CTDs. Major categories include construction, services, manufacturing, and cleri-
cal.2? Data collected from the workers' compensation system revealed that the
occupations of meat-cutters and butchers, miscellaneous laborers, and bottlers and
canners had the largest number of claims for upper-extremity CTDs.26

The overall prevalence of CTDs is not known, but data collected at individual
worksites suggest that CTDs are responsible for a significant amount of lost work
time and labor turnover. One of the earliest reports documented more than 60
cases during 960 worker-years of electronics assembly (6.4 per 200,000 man hours
worls;ed).27 The reported disorders included ganglionic cysts, tenosynovitis, and
carpal tunnel syndrome. The severity of CTDs can alsc be expressed in terms of
the amount of lost work and the need for medical treatments. For example, in a 5-
year period, 104-reportable cases of CTD were distributed among 85 employees at a
plant where workers packed small parts for shipping. Nearly all of the cases
required restricted duty that averaged 22.6 days. In addition, 11 of the most severe
cases required home rest accounting for an average of 12.6 lost workdays. Nineteen
of the affected people who failed to recover were eventually transferred to other
jobs, and three people suffered permanent partial disabilities. 28 Thus, the impact of
CTDs often requires significant adjustments by both workers and managers.

One reason that it is difficult to determine the true incidence of CTDs is that
the person's pain and movement limitation often develops slowly over months or
even years. As a result, a single event or mishap cannot be identified as a
cause. The chronic nature of the disorders contributes to the widespread belief
that aches and pains are the inevitable price for working hard and growing old.
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Part I: Recognizing CTDs

Today, with the proliferation of assembly-line techniques, the ever-increasing
tempo of production, and the widespread use of vibrating and air-powered tools,
CTDs have become a fact of modern industrial life.3? Recent reports describe
new evidence of CTDs among such diverse groups as retail clerks, computer
Keyboard operators, and assembly-line workers.3l Several changes in the U.S.
work force have also contributed to an increase in CTDs:

1. An increase in service and high-tech jobs, 32
2. An aging workforce, 33,34 and
3. A reduction in worker turnover,

The shift away from heavy industry and toward more service and high-tech-
nology jobs is exemplified by the fact that McDonald's restaurants employs more
workers than U.S. Stee].3® Though the work in these new industries may not be
as physically strenuous as in the older heavy industries, it does tend to be more
repetitive, prolonged, and labor intensive. The advent of robotics and increased
automation has also simplified many jobs, reducing them to single repeated acts
akin to the cyclic actions of machine-driven processes.

The aging workforce contributes to CTDs because as a person ages, the
body's resilience to chronic wear and tear is reducecl.?'ﬁ,37 Hence a worker pays
an increasingly higher health price for performing the same task as he or she
grows older.

Reductions in worker turnover contribute to CTDs by reducing the flexibility
in choosing less physically demanding jobs. Reduced turnover occurs during
periods of high unemployment, when jobs are scare. During economic growth
there are more jobs to choose and less desirable, physically stressful jobs have
higher turnover rates.

Finally, as information spreads on the causes and nature of CTDs, workers
and employers are beginning to recognize that certain types of work activity can
cause or contribute to these disorders. Moreover, these disorders do not have to
be accepted as part of the job. Many of these disorders can be prevented.38
Prevention is not always simple, however, since the hazard is often in the way a
job is performed or how a particular tool is used.39

In recent years, trained professionals called ergonomists, who have special
training in engineering, psychology and physiology, have made progress in
redesigning tools and work stations to reduce the amount of cumulative trauma
from the job. New work methods have also been devised to reduce the amount of
repetition needed to perform some jobs. Examples of these workplace changes are
provided in Part IIT of this manual.
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Part 1: Recognizing CTDs
2. UPPER EXTREMITY STRUCTURES AND OVEREXERTION INJURY

The structures of the upper extremity are particularly vulnerable to soft
tissue injury. A main reason is that almost all work requires the constant and
active use of the arms and hands, which are typically unprotected and open to
injury. Changes in either the intensity or duration of human activity are often
sufficient to provoke symptoms of overexertion of the musculoskeletal system.

Terms such as sprains and strains are frequently used to describe an acute
overexertion injury. Repeated episodes of sprains and strains produce a pattern
of tissue inflammation that is often the precursor of chronic injury, referred to
here as the cumulative trauma disorders (CTDs). Regardless of the type or
duration of the underlying trauma, some understanding of the structures and
functions of the upper extremity is necessary to identify and classify the variety
of injuries and disorders that afflict the musculoskeletal system.

The Working Arm

Motion and leverage for the arms and hands are provided by ligaments and
tendons at three major joints: wrist, elbow and shoulder. Together these
structures form an amazingly versatile unit that allows a wide range of movement,
is exceptionally strong for its size, is capable of the most delicate and precise
manipulation, and alternately, is strong enough to damage itself. Thirty-two
bones make up the arm and hand. They consist of four main parts, illustrated in
Figure 2, and discussed below:

Shoulder

The shoulder blade (scapula) and collar bone (clavicle) form the framework of
the shoulder and serve as a pivot that allows the shoulder to be moved up, down,
forward, and backward.

Upper Arm

The humerus is the long bone in the upper arm that is joined at the shoulder
in a complex ball-and-socket joint arrangement. The shoulder joint allows an
exceptionally wide range of movement, letting the arm reach out in almost every
direction.

Lower Arm

The ulna and radius are the two long bones in the forearm that are joined to
the humerus at the elbow. The radius is the bone on the thumb side of the
lower arm. Flexion and extension of the elbow occurs at the humeral-ulnar/radial
joint, and supination and pronation of the forearm and hand occurs at the
proximal and distal radial-ulnar joint.

6
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Part I: Recognizing CTDs
Wrist and Hand with Fingers

The carpals in the wrist, metacarpals in the palm, and phalanges in the
fingers form the strong and flexible wrist and hand. These structures present an
exceedingly complex system of pulleys and canals through which the tendons must
smoothly glide to open and close the hand (Figure 3). Hand and finger
movements are controlled by the muscles located in the forearm. The muscles on
the back of the forearm pull the tendons that open (extend) the hand when the
muscles are contracted. The muscles on the front of the forearm are connected
to the fingers by tendons that run through the wrist and then through pulley-like
structures on the fingers. The fingers close (flex) when these flexor muscles are
contracted.40

Muscle and Tendon Injuries

Muscles are composed of thousands of tiny fibers all running in the same
direction. They are red because they are filled with many blood vessels that
supply them with oxygen and nutrients and carry away carbon dioxide and waste
materials. Muscles can be injured in three ways. First, muscle fibers can be
strained or irritated, causing temporary aching and swelling. Second, and more
seriously, a small group of fibers can be torn apart. Third, a muscle may be
subjected to a severe blow and crushed, breaking many of its blood vessels and
causing blood to seep out into a broad area. If either the blood or nerve supply
to a muscle is interrupted, the muscle will get smaller and be weakened,

As Figure 4 shows, muscles are not usually attached directly to the bones;
rather they are connected by tendons made of tough, rope-like material that is
smooth, white, and shiny. Tendons do not stretch or contract--they merely
transfer forces and movements from the muscles to the bones. When a joint like
an elbow is severely stretched or twisted, usually in response to a sudden trauma,
some tendon fibers can be torn apart like a rope that has frayed. The resulting
injury is referred to as a strain. Scar tissue is formed that can create chronic
muscle tension and is easily reinjured.

The flexor tendons of the hands pass through a rigid, 2-3 cm long tunnel in
the wrist cailed the carpal tunnel. A cross sectiocnal view of the wrist is shown
in Figure 5. The tunnel walls are formed by arched carpal bones in the wrist,
and its roof is formed by a tough ligament that wraps around the wrist bones.

Tendons in the wrist and hand are surrounded by a sheath containing a
lubricant called synovial fluid. The tendon glides back and forth in the sheath as
the muscle contracts and relaxes. A hand tendon may move as much as 5 cm in
the sheath to bring a finger from a fully extended to a flexed position. With
unaccustomed overuse, the lubricating fluid in the tendon sheath may be
diminished causing friction between the tendon and sheath. The tendon area will
feel warm, tender and painful, signaling the onset of inflammation.

7
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Part I: Recognizing CTDs

Inflammation is a protective response of the surrounding tissue and blood
vessels designed to limit bacterial invasion and initiate repair. Swelling and
sensations of warmth occur in the injured tissue from the inflow of blood. The
resulting tissue congestion distorts nerve endings that produce pain. Movement is
limited as result of increased muscle tension and muscle spasm. Moreover,
repeated episodes of acute inflammation trigger the formation of extraneous
fibrous tissue that is largely responsible for establishing a permanent or chronic
condition. This explains why with chronic overuse the tendon sheath will thicken
and impede tendon movement particularly in constricted areas such as the wrist.

Ligament and Bursa Injuries

Ligaments are strong, rope-like fibers that connect one bone to another to
form a joint. Their function is to bind the bones together and limit the range of
joint motion. When a joint is twisted beyond its normal range, some fibers of a
supporting ligament may be torn or even ripped loose from the bone. This is
referred to as a sprain. Rarely will a ligament be completely forn or ruptured
unless subjected to a violent impact where a bone may also be fractured.
Ligament fibers, however, that are torn from over-stretching or unaccustomed
repetitive tasks contribute to permanent joint instability, which increases the risk
of subsequent injury. Ligaments that are injured generally take weeks and even
months to completely heal because of their poor blood supply.

Ligaments form a sealed joint capsule that encases the joint and contains a
fluid that lubricates and nourishes the joint. The joint capsule functions to hold
the bone ends together while allowing free movement at the joint. Ligaments
reinforce the capsule at the stress points. The inner surface of the joint capsule
is lined with a thin, sensitive tissue called the synovial membrane, which produces
a lubricant called the symnovial fluid.

Where a ligament is subject to friction, a lubricating device called a bursa
shields the structure from rubbing against the bone. A bursa is a small, flat,
fluid-filled sac lined with a synovial membrane. Bursae (plural) are located in
those areas where repeated pressure is exerted during the movement of body parts
such as the shoulder, elbow, and knee. Tendons in the shoulder, elbow and
forearm that do have their own protective sheaths must also rely on bursae to
provide a slippery cushion to reduce friction between moving parts.

One important bursa located between the shoulder tendons and the head of
the humerus bone serves to cushion the rotator cuff tendons as they slide back
and forth over the rough bony surface (Figure 6). Each of the shoulder bursae
change shape as the shoulder joint moves. A tendon that becomes roughened
from excessive overuse or chronic use will irritate the adjacent bursa, setting up
an inflammatory reaction called bursitis, similar to that which occurs in the
tendon sheath. Bursitis inhibits the free movement of the tendon in the crowded
shoulder-girdle and ultimately limits shoulder mobility.
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Part I: Recognizing CTDs
3. TYPES OF CUMJLATIVE TRAUMA DISORDERS

Cumulative trauma disorders (CTDs) refer to a category of physical signs and
symptoms due to chronic musculoskeletal injuries where the antecedents {causes)
appear to be related to some aspect of repetitive work. A main distinetion
between CTDs, and strain and sprain injuries is that the latter usually result from
a single act, including injury while falling or slipping, i.e., an acute trauma.
Unlike the causes of strains and sprains, there are few if any distinctive or
dramatic features surrounding the onset of a CTD. Hence, the worker may be
exposed to sources of job-related microtrauma for years and never recognize the
role of his or her work in contributing to the disorders. This is a main reason
for the difficulty in assessing the risk of chronic strain and the onset of CTDs.

As with strains and sprains, common CTD symptoms include local pain and
swelling. This simple reaction is perhaps the body's way of protecting its tissues,
as the swelling and pain tend to restrict the movement of the limb and forces the
sufferer to give it the rest that is needed for healing.

From an anatomical view there are three basic types of injuries to the
working arm: tendon disorder, nerve disorder, or neurovascular disorder. Several

of the more frequently encountered disorders are described in this section.

Tendon Disorders

Minor disorders of tendons and their sheaths are very common. Tendon
disorders often occur at or near the joints where the tendons rub nearby
ligaments and bones. The most frequently noted symptoms are a dull aching
sensation over the tendon, discomfort with specific movements, and tenderness to
touch. Seldom is there noticeable redness or loeal heat. Recovery is usually slow
and the condition may easily become chronic if the cause is not eliminated .41

Tendinitis, or alternately tendonitis, is a form of tendon inflammation that
occurs when a muscle/tendon unit is repeatedly tensed. With further exertion,
some of the fibers that make up the tendon can actually fray or tear apart. The
tendon becomes thickened, bumpy and irregular. In tendons without sheaths, such
as in the shoulder, the injured area may calcify. Without rest and sufficient time
for the tissues to heal, the tendon may be permanently weakened . 42

Tenosynovitis is a general term for a repetitive-induced tendon injury
involving the synovial sheath.  With extreme repetition, the sheath will be
stimulated to produce excessive amounts of synovial fluid. The excess fluid
accumulates and the sheath becomes swollen and painful. For example, repetitions
that exceed 1500 to 2000 per hour are known to produce identifiable symptoms of
tendon sheath irritation in the hands.43 According to Dorland's Iilustrated
Medical Dictionary, the names tendosynovitis, tenovaginitis, tendovaginitis and
peritendinitis are synonymous with tenosynovitis. 4
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Part 1: Recognizing CTDs

If the tendon surface becomes irritated and rough, and if the sheath becomes
inflamed and continues to press on the tendon, a condition called stenosing teno-
synovitis may be diagnosed.45 Stenosis refers to a progressive constriction of the
tendon sheath. De Quervain's disease, named after the French physician who first
described it, is the most recognized stenosing tenosynovitis. This disorder affects
the tendons on the side of the wrist and at the base of the thumb. These
tendons are connected to muscles on the back of the forearm that contract to
pull the thumb back and away from the hand.46

De Quervain's disease is attributed to excessive friction between two thumb
tendons and their common sheath. The repetitive friction accounts for the
abnormal thickening of the fibrous sheath and resultant constriction of the
tendons. Combinations of hand twisting and forceful gripping, similar to a
clothes-wringing movement, will place sufficient stress on the tendons to cause
De Quervain's disorders.47 In general, the flexor tendons and sheaths on the
palmar surface of the hand are the most common sites for CTDs.

If the tendon sheath of a finger is sufficiently swollen so that the tendon
becomes locked in the sheath, attempts to move that finger will cause a snapping
and jerking movements, a condition called stenosing tenosynovitis crepitans or
trigger finger. 48 The palm side of the fingers is the usual site for trigger
finger. This disorder is often associated with using tools that have handles with
hard or sharp edges.49

A ganglionic cyst is yet another form that a tendon sheath disorder may
take. The affected sheath swells up with synovial fluid and causes a bump under
the skin, often on the wrist. An illustration of a ganglion cyst on the wrist is
shown in Figure 7.90 At one time ganglions were called Bible bumps because the
Bible (then the most available book), was used to pound and rupture the ganglion.
Today, ganglions are treated by a surgeon.

Unsheathed tendons are found in the elbow and shoulder joints. The elbow is
particularly vulnerable to tendinitis because of the imbalance between the large
forearm muscles and the small insertion area on the epicondyle of the humerus
bone (elbow). The finger extensor muscles that are attached to the elbow control
the movement of the wrist and hand. When strained or subjected to overuse, the
tendons become irritated and radiate pain from the elbow down the forearm, a
condition referred to as lateral epicondylitis (Figure 8).%2 Activities that trigger
the condition are associated with the use of the arm for impact or jerky throwing
motions, hence the terms "tennis elbow, pitcher's and bowler's elbow." Symptoms
are most common on the outer side of the elbow,

Golfer's elbow (medial epicondylitis) is an irritation of the tendon attach-
ments of the finger flexor muscles on the inside of the elbow. Epicondylitis is
associated with tasks that require repeated or forceful rotation of the forearm
and bending of the wrist at the same time.?% These injuries earned their names
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Part I: Recognizing CTDs

because they can afflict athletes, but the vast majority of people who suffer with
epicondylitis have never picked up a racket or golf club.

The most common shoulder tendon disorders is rotator cuff tendinitis. Other
names or descriptions for this type of disorder inciude: supraspinatus tendinitis,
subdeltoid bursitis, subacromial bursitis, and partial tear of rotator cuff. The
rotator cuff consists of four tendons that fuse over the joint to provide a main
source of stability and mobility for the shoulder. The rotator cuff tendons rotate
the arm inward and outward and assist in moving the arm away from the side. In
performing this motion the rotator cuff tendons pass through a small bony
passage between the humerus and an overhanging bony process, acromion. A
bursa serves as an cushion to protect the tendons from the bony ridge.

Shoulder disorders are often associated with work that requires the elbow to
be in an elevated position that puts stress on the shoulder tendons and
bursae.54,55 The wear and tear of repeated overhead motions contributes to the
thickening of both tendons and bursa, which can give rise to the "frozen
shoulder" syndrome, characterized by severe pain and severe functional
impairment. The shoulder is also a frequent target for degenerative joint disease
and rheumatoid arthritis.

Nerve Disorders

Nerve CTDs occur when repeated or sustained work activities expose the
nerves to pressure from hard, sharp edges of the work surface, tools, or nearby
bones, ligaments, and tendons.% For example, a seated worker may support his
arm and shoulder by leaning the forearm against the hard edge of a work bench.
In this position, pressure is placed on the ulnar nerve as it passes over the
elbow. In time, numbness and tingling may result over and below the little
finger--much like the sensation produced when & person bumps his "funny bone."
This condition used to be called telephone-operator's elbow. %7

The tendons for flexing the fingers, the median nerve, and blood vessels
pass through the carpal tunnel, under the carpal ligament, from the forearm to
the hand.%® (See Figures 4 and 5.) If any of the tendon sheaths become swollen
in the cramped carpal tunnel, the median nerve may be pinched. This is one of
the causes of an increasingly common CTD, the carpal tunnel syndrome.59 Other
terms used .to describe this disorder include writer's cramp, occupational neuritis,
partial thenar atrophy and median neuritis.

Pressure on, or compression of, the median nerve can occur from chronic
irritation and swelling (tenosynovitis) of the finger flexor tendons inside the
wrist. The pressure interferes with normal sensations felt on the palm and back
areas of the hand. Several specific positions, movements, and hand grips may
also be responsible for the onset of carpal tunnel syndrome.80 Jobs that combine
high force and high repetition pose the greatest risk.61
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Part I: Recognizing CTDs

Sympt;)ms of carpal tunnel syndrome include pain, numbness, and tingling of
the hands. These sensations usually are felt in the areas of the skin connected
to the median nerve--the first three fingers and the base of the thumb. The
condition may affect both hands (bilateral) or only the dominant hand. 62
Affected areas of the hand are illustrated by the shaded area in Figure 8.
Symptoms are often most acute while sleeping. Advanced cases may include a
wasting away of the thenar muscles at the base of the thumb and an apparent
weakness and clumsiness of the hand.83

Neurovascular Disorders

Some CTDs involve both the nerves and adjacent blood vessels. One of the
most common conditions of this type is the thoracic outlet syndrome, which
involves the shoulder and upper arm.®4  Thoracic outlet syndrome is a general
term for compression of the nerves and blood vessels between the neck and
shoulder. Other terms such as neurovascular compression syndrome, hyperabduc-
tion syndrome, cervicobrachial disorder, brachial plexus neuritis, and costoclav-
icular syndrome also are used depending on the exact location of the condition.
The symptoms of thoracic outlet syndrome are similar to those of carpal tunnel
syndrome, namely numbness in the fingers of the hand. The arm may feel as if it
is "going to sleep,” and the pulse at the wrist may be weakened.®® The major
symptoms are due to the compression of nerves and blood vessels between the
neck and the shoulder--the neurcvascular bundle (Figure 10).

The neurovasuclar bundle, also referred to as the brachial plexus, consists of
a network of large arteries and veins found under the coracoid process, which
provides blood circulation for the arm. If the circulation is impeded by activities
or postures that put excessive pressure on these blood vessels, the adjacent
tendons, ligaments and muscles are deprived of oxygen and nutrients. -This
produces an ischemic condition, which slows muscle recovery and limits the
duration of muscle activity. Certain chronic diseases and congenital defects
produce similar effects, such as arteriosclerosis, cervical rib or abnormal
muscles.88  In a work situation, these blood vessels are compressed as a result
of various activities or postures that include: pulling the shoulders back and
down, as a soldier does when he stands at attention, or as a person does when
carrying a stretcher, knapsack, or suitcase, or when the work requires frequent
reaching above shoulder level (Figure 10) .57

Vibration syndrome is also referred to as white finger or Raynaud's phenom-
enon. Occupational vibration syndrome is characterized by recurrent episodes of
finger blanching due to complete closure of the digital arteries. Exposure tc cold
may serve to trigger vasospasm in the fingers. The condition is caused in part by
forceful gripping and prolonged use of vibrating tools, such as pneumatic ham-
mers, chain saws, and power grinders. Common symptoms include intermittent
numbness and tingling in the fingers, skin that turns pale, ashen, and cold, and
eventual loss of sensation and control in the fingers and hands. 58,69
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Part I: Recognizing CTDs
4. JOBS ASSOCIATED WITH CUMULATIVE TRAUMA DISORDERS

Types of Jobs Implicated

Upper extremity CTDs have been associated with work activity in a variety
of industries, jobs, and specific tasks. Many of the reports are clinical case
studies from medical journals. Others involve evaluations of specific types of
jobs where workers exhibited evidence of CTDs. Table 1 is an initial compilation
of such information. It is by no means exhaustive, as there has been no sys-
tematic survey of all industries and jobs to define such risk factors. Occupa-
tional factors that have been noted as causing or aggravating the disorder have
also been listed.

Table 1.

JOB, IDENTIFIED DISORDER, AND OCCUPATIONAL RISK FACTORS

TYPE OF JOB DISORDER OCCUPATIONAL FACTORS
1. Buffing/ Tenosynovitis Repetitive wrist motions,
grinding Thoracic Outlet prolonged flexed shoulders,
Carpal Tunnel vibration, wrist motion,
Raynaud's forceful ulnar deviation,
De Quervain's repetitive forearm
Pronator Teres pronation
2. Punch press Tendinitis of Repetitive forceful wrist
cperators Wrist & Shoulder extension/flexion, repetitive

shoulder abduction/flexion,
forearm supination,

De Quervain's Repetitive ulnar deviation
in pushing controls

3. Overhead Thoracic Outlet Sustained hyperextension of
assembly arms, Hands above shoulders
{welders, Shoulder

painters, tendinitis

auto repair)
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TYPE OF JOB

DISORDER

OCCUPATIONAL FACTORS

4.

10.

Belt conveyor
assembly

Typing, key-
punch, cashier

Sewers &
cutters

Small parts
assembly
(wiring,
bandage wrap)

Musicians

Bench work
(glass cutters,
phone operators)

Operating
room per-
sonnel

Tendinitis of
Shoulder & Wrist
Carpal Tunnel
Thoracic Outlet

Tension Neck
Thoracic Outlet
Carpal Tunnel

Thoracic Outlet

De Quervain's
Carpal Tunnel

Tension Neck
Thoracic Outlet
Wrist Tendinitis
Epicondylitis

Wrist Tendinitis
Carpal Tunnel
Thoracic Outlet
Epicondylitis

Ulnar Nerve
Entrapment

Thoracic Outlet
Carpal Tunnel
De Quervain's

Arms extended, abducted, or
flexed more than 60 degrees,
repetitive, forceful wrist
motions

Static, restricted posture,
arms abducted/flexed, high
speed finger movement,
palmar base pressure, ulnar
deviation

Repetitive shoulder flexion,
repetitive ulnar deviationm,
repetitive wrist flexion/
extension, palmar base
pressure

Prolonged restricted posture,
forceful ulnar deviation and
thumb pressure, repetitive
wrist motion, forceful wrist
extension and pronation

Repetitive forceful wrist
motions, palmar base
pressure, prolonged shoulder
abduction/flexion, forceful
wrist extension with forearm
pronation

Sustained elbow flexion
with pressure on ulnar groove

Prolonged shoulder flexion,
repetitive wrist flexion,
ulnar deviation (holding
retractors)
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Part I: Recognizing CTDs

TYPE OF JOB

DISORDER OCCUPATIONAL FACTORS

11. Packing

12,

13.

14.

15.

i6.

17.

18.

190

20.

Truck driver

Core making

Housekeeping,
cooks

Carpenters,
bricklayers

Stockroom,
shipping

Material
handling

Lumber/
construction

Butcher/
meat packing

Letter
carriers

Prolonged load on shoulders,
repetitive wrist motions,
over-exertion, forceful
ulnar deviation

Tendinitis of -
Shoulder & Wrist
Tension Neck
Carpal Tunnel

De Quervain's
Thoracic Qutlet Prolonged shoulder abduction
and flexion

Tendinitis of
the Wrist

Repetitive wrist motions

De Quervain's
Carpal Tunnel

Scrubbing, washing, rapid
wrist rotational movements

Hammering, pressure on
palmar base

Carpal Tunnel
Guyon Tunnel

Thoracic Qutlet
Shoulder-
Tendinitis

Reaching overhead,
Prolonged load on shoulder
in unnatural position

Thoracic QOutlet
Shoulder-tendin.

Carrying heavy load on
shoulders

Shoulder-tendin.
epicondylitis

Repetitive throwing of heavy
load

Ulnar deviation,
flexed wrist with exertion

DeQuervains
Carpal Tunnel

Carrying heavy load with
shoulder strap

Shoulder problems
Thoracic Outlet

Problems With Posture, Force and Repetition

The majority of the occupational factors noted in Table 1 can be categorized
as involving one or more of the following components: awkward postures of the
wrist or shoulders, excessive manual force, and high rates of manual repetition.
For example, even mechanical stresses on hand tissue, a common CTD in heavy
manual work, can be traced to combinations of forceful gripping and repetitive
pounding with hands.
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Posture

Certain jobs require the worker to assume a variety of awkward postures that
pose significant biomechanical stress to the joints of the upper extremity and
surrounding soft tissues. Research has established that posture is a significant
factor in the development of CTDs.’0  Awkward postures include any fixed or
constrained body position. Other postures considered undesirable include those
that: (1) overload the muscles and tendons, (2) load joints in an uneven or
asymmetrical manner, or (3) involve a static load on the musculature.71

CTDs that have been identified include tenosymnovitis of the flexors and
extensors of the forearm and CTS arising from extreme flexion and
extension of the wrist.72,73 Ulnar and radial deviations of the wrist are
associated with De Quervain's disease.’® Various shoulder ailments,
including thoracic outlet syndrome, have been associated with jobs that
require workers to reach behind or above their shoulder level
1*epeaa‘tedly.75,'76 Shoulder disorders are also associated with reaching
down and behind the torso.?! Extreme flexion of the elbow is associated
with cubital tunnel syndrome.78 Extreme rotation of the forearm is
associated with medial and lateral epicondy]itis.'m,80

Force

The force required to perform various occupational activities is also a
critical factor in contributing to the onset of CTDs.81,82  The load or the
pressure put on various tissues of the body can easily amount to hundreds of
pounds. As the muscle effort increases in response to high task load, circulation
to the muscle decreases causing more rapid muscle fatigue. Recovery time can
exceed actual work time for jobs where force requirements are high. Deprived of
sufficient recovery time, soft tissue injuries will occur. Obviously, bones will
break and skin and muscles will tear if the strain is too great. What is not as
obvious is the mechanical stresses on the tendons and nerves produced by contact
with sharp edges of hard objects that are held in the hand.

Scissors, for example, that rub on the sides of the fingers may also cause
compression of the digital nerves in the fing'ers.83,84 Manual forces are
transmitted through the skin to underlying tendons. The palmar side of
the fingers is a common site of stenosing tenosynovitis crepitans (trigger
finger).85 Trigger finger is associated with forceful gripping of tools
that have hard or sharp edges on their handles. Workers performing
tasks where force is applied with the wrist in a laid back or dorsiflexion
posture, such as in pushing, increase their risk of developing an
entrapment of the ulnar nerve where it passes under the hamate bone in
the wrist (Guyon Canal). A case was reported where a worker used the
fleshy part of his palm to force wood through a pov\re):'s:a.w.s6
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Mechanical stresc produced by vibrating tools such as power sanders may also
contribute to the development of a vibration syndrome that affects the fingers.
The vibration causes constriction of blood vessels, which if chronic, may damage
nerves in the fingers. Common descriptive terms for this syndrome include:
"white finger, and occupational Raynaud's." Mechanical stresses are also produced
by pounding with the hand. In general, acceptable limits of force on various
parts of the body are conditioned by many variables. Age, sex, body build, and
general health all help determine the amount of force that is tolerable.87

Repetition

Jobs that require the worker to perform highly repetitive motions also
contribute to the onset of CTDs.88 Specifically, the more repetitive the task,
the more rapid and frequent are the muscle contractions. Muscles required to
contract at a high velocity develop less tension than when contracting at a slower
velocity for the same load. Hence, tasks requiring high rates of repetition
require more muscle effort, and consequently more time for recovery, than less
repetitive tasks. In this manner tasks with high repetition rates can become
sources of trauma even when the required forces are minimal and normally safe.89

Carpal tunnel syndrome, for example, appears to be induced more by the
repetitiveness of the task than by the force levels. 90 Findings from
another study on repetition indicated that the prevalence of tenosynovitis
and humeral tendinitis is significantly higher for workers engaged in
machine-paced assembly work than for shop assistants with variable tasks.
Repetitive motions of the hands for some assembily-line workers in the
study reached 25,000 cycles per workday.91 In general, the speed,
intensity, and work pace typical of modern industry has been proved
debilitating to many millions of workers. 92 Researchers are just
beginning to assess the acceptable or safe limits of repetition.

Nonoccupational Factors Associated With CTDs

Occupational activities may be only partially responsible for the development
of disorders associated with repetitive trauma. Nonoccupational activities that
stress the musculoskeletal system can produce the same types of disorders. 93

Athletic activities such as racket sports and throwing have been
associated with the development of tendinitis, tenosynovitis, degenerative
joint disease, and peripheral nerve entrapments. Hobbies such as
knitting, sewing, or the playing of musical instruments have also been
associated with the development of these disorders.94 = Traumatic
accidents that result in fractures of the bones of the upper extremities
may predispose a person to many of the disorders that are discussed in
this manual. 93 Various systemic diseases or conditions may also
Predispose a person to many of the common CTDs. Examples include:
17



Part I: Recognizing CTDs

rheumatoid arthritis, hypertension, diabetes, thyroid disorders, kidney
disorders, gout, alcoholism, pregnancy, use of oral contraceptives, and
gynecological surgery and disorders.%, 1

Sometimes it is difficult to clearly distinguish occupational CTDs from non-
occupational conditions. In such cases it may be necessary to closely monitor the
working conditions and review all the symptoms reported by other workers doing
a similar job. Although the finding that co-workers doing similar jobs do not
experience symptoms of CTDs, does not preclude an occupational basis for the
condition due to differences in individual susceptibility and work history. In
general, to effectively control these disorders, the key risk factors should be
identified before any corrective actions are implemented. Furthermore, by
controlling occupational stresses that cause CTDs, and by counseling employees on
nonoccupational factors, the frequency of these work-related disorders can be
reduced .8 '
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Part II: CTDs Problem Definition

PART II: SEARCHING FOR CUMULATIVE TRAUMA INDICATORS

INTRODUCTION

How do you determine whether the workers in a job, work group, plant, or
company have symptoms of cumulative trauma? Similarly, how do you determine
whether the workers are likely to develop CTDs in the near future?

The next three sections describe methods for collecting data that can help
determine past or present occurrences of CTDs or help identify working conditi-
ons that may give rise to such disorders. These methods are briefly outlined as
follows:

1. Reviewing Available Records. Existing medical and safety records
are reviewed to identify past cases of CTDs. Often this information
can be used to determine which current jobs pose a risk to workers,

2. Surveying the Workers. Surveys are used to obtain information
directly from the workers about the extent and location of their aches
and pains. Workers can also provide detailed descriptions of their job
activities and provide actual demonstrations of the motions used in
their work. Survey information can be combined with the results of
physical examinations of workers to assist in identifying current and
past cases of CTDs.

3. Analyzing Jobs. Each job or work task in which workers have
experienced CTDs, or those jobs that may have a high-risk profile may
be subjected to a systematic job analysis. A thorough analysis may
include an evaluation of the work methods, work stations, and tools.
The aim is to identify sources of biomechanical stress that may
contribute to CTDs.

Each of these approaches has its advantages and disadvantages. Any
thorough program of CTD evaluation and control usually involves components of
all three surveillance techniques. A systematic approach for investigating the
causes of CTDs often begins at the records review stage and progresses through
the survey stage, and if warranted, is followed up with a specific job analysis.
Such a progression is useful in establishing a more precise definition of the
cumulative trauma problem and usually provides ample information for devising
appropriate methods of control.
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5. REVIEWING AVAILABLE RECORDS
A first step in the course of evaluating the scope of CTD problems is to
analyze the existing medical, safety, and insurance records for evidence of

injuries or disorders associated with repeated trauma,

OSHA Form 200 Logs

Regulations issued by the Occupational Safety and Health Administration
(OSHA) require most employers to maintain records of work-related injuries and
illnesses. The standard form for keeping these records is OSHA No. 200, Log
and Summary of Occupational Injuries and Illnesses. All on-the-job illnesses and
injuries must be recorded on this form, which is shown below (Table 2).

The instructions for completing Form 200 are somewhat ambiguous as to
whether CTDs are occupational injuries or occupational illnesses. An occupa-
tional injury is defined as "any injury such as a cut, fracture, sprain, amputa-
tion, etc., which results from a work accident or from an exposure in the
workplace." An occupational jllness is defined as "any abnormal condition or
disorder, other than one resulting from an occupational injury, caused by
exposure to environmental factors associated with employment." Several catego-
ries of occupational illnesses are listed, including "Disorders associated with
repeated motion, vibration, or pressure." These disorders are summarized and
recorded on OSHA Form 2000 under Item 7f. The repeated trauma category,
however, also includes hearing loss, so each case must be reviewed before it is
counted.

The left side of the Form 200 (Table 2) is particularly useful for identifying
cases of CTDs. The right side of the form, not shown, is posted for the
employees to review, which alsc serves as a summary of the injury and illness
record for the company. The following procedure may be used to extract
information from the form:

1. Scan Column F (Description of Injury or Iilness) for all

injuries or illnesses of the upper extremities not caused by accidents.
Common diagnostic terms include: tendonitis, synovitis, arthritis,
strain, etc. for the peripheral nervous system (e.g., numbness, tingling,
nerve entrapments such as carpal tunnel syndrome, etc.). Note, cases
are frequently misclassified, e.g., contusion instead of repeated trauma.
Finally, some disorders will be vaguely defined as "persistent intermit-
tent pain in the wrist and hand."

2. If the information in Column F indicates a case of upper extremity
CTD, record the associated data in Column D (Occupational Title) and
Column E (Department). These items may be very useful in identifying
areas in a plant where CTDs are a serious problem.
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Part 1I: CTDs. Problem Definition

3. Finally, record the date of the injury or illness given in Column B.
This information may be useful in evaluating how changes in proced-
ures and equipment affect the occurrence of CTDs.

The effectiveness of the OSHA Form No. 200 is limited by local practices of
recording injuries and illnesses. Some plants record only those visits to the
medical department that are clearly related to work activities. The logs kept at
these plants could miss many CTD cases that were dismissed as due to off-the
job activities. Other plants record all visits to the medical department. The
logs kept at these locations are more likely to reveal CTDs that are potentially
occupational in orig;in.1

To assure that complete logs are kept, plant medical personnel should be
trained to recognize and record all visits that might be related to cumulative
trauma problems. The person's work activity should also be recorded at the time
of the visit, as well as any motions or postures that may affect the symptoms.

Plant Medical Records

if a company is large enough to have a clinic staffed by trained medical
personnel, it may be possible to obtain information on CTDs by reviewing
empioyee medical records. In many places, every visit to the company clinie is
recorded in the employee's medical file and a monthly summary is available. 2
Typically, the information is similar to the entry data on the OSHA Form 200.
It will include items such as the date of the visit, the occupational title at the
time of the visit, the department or location where the patient worked, and a
brief description of the injury or illness. Numeric codes may be used for
recording injuries and illnesses such as the International Classification of Disease
(ICD) system.3 The entry may also include a brief description of any treatment
given, and any medications or work restrictions prescribed. In order to ensure
the privacy rights of individuals, their medical records should be regarded as
confidential information and secured accordingly.

These records vary from plant to plant in their usefulness. They may or
may not include important information such as the reason for the visit to the
clinic, the date, the job, or the department. The clinic staff may also lack the
experience or training to identify CTDs or to determine whether the disorder is
work-related. Again, these factors may influence the quality and utility of the
existing medical records for assessing the extent of CTDs at a given worksite.

A problem in large plants with hundreds of employees is the sheer number
of records that may have to be reviewed to uncover CTD cases. Unless the
records have been entered into a computer file and can be accessed with data
base software, the task of reviewing all records may be toc time-consuming to
be practical. An alternative is to use a random sampling technique to identify
CTD cases.
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Part 11: CTDs Problem Definition

Worker Compensation Records

Workers' compensation insurance records can be used to ascertain some of
the costs resulting from CTDs. These costs may be broken down into two areas:

1. Medical costs - Any payments made to outside hospitals,
clinics, physicians, and other licensed medical personnel for
the diagnosis and treatment (including surgery) of CTDs. If
required, rehabilitation costs (such as occupational therapy)
are included in this category.

2. Disability costs -~ Any payments made directly to the injured
worker for lost work time and payments made as a lump
sum settlement for permanent disability.

The actual costs of a CTD are higher than those covered by workers'
compensation insurance because insurance does not cover medical treatments
rendered directly by the employer, and many employers supplement the disability
coverage provided by the insurance carrier. Finally, workers' compensation
statistics do not include the costs of cases that are not recognized as being
occupationally caused. These cases are paid for directly by the injured worker
or by comprehensive health insurance, which may be provided by the employer as
a fringe benefit.

To determine workers' compensation costs associated with CTDs, records
should be reviewed on a regular basis. Although considerable variability exists
in the format of forms used in different states and by different insurance
carriers, all forms will have an entry for a description of the illness or injury.
This entry should be checked to see if the claim was filed for any disorder that
might result from cumulative trauma. (See Part I, Sec. 3 for a description of
common CTDs). If so, the claim should be checked to make certain that the
disorder did not result from an overt accident. If this requirement is satisfied,
exposure information such as occupational title, department, etc., should be
extracted from the claim.

Workers' compensation reports are quite useful in estimating some of the
costs associated with CTDs and in identifying departments and job titles where
these costs are high. On the other hand, workers' compensation reports describe
only the most severe and advanced problems, and they may fail to identify
problems which are in an early developmental stage. '
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Part II: CTDs Problem Definition
Safety and Accident Reports

Accident reports and other records maintained by a plant's safety depart-
ment are typically designed to record information associated with accidents.
Because CTDs develop over an extended period of time, and are caused by what
are often considered normal activities, rather than mishaps, safety records are
usually a poor source for documenting the extent of CTDs.

Payroll Records

Payroll records are useful for obtaining information on the number of hours
worked, but will seldom tell how much time is spent on each job. This computa-
tion serves as a crude measure of exposure potential, and can be used to
compare plants or jobs in terms of incidence rates of all forms of disorders
including those of cumulative trauma.

Payroll records may also be useful in identifying job titles or departments
where there are high absentee or turnover rates. Although high turnover can
result from several causes, physical stress is a common reason for leaving a job.
Workers may choose to quit or bid out of those jobs that cause CTDs if less
stressful jobs are available.

Minimum Information Required For Evaluating Records

To determine how many workers have symptoms or have been diagnosed as
having a form of CTD, the following information is needed. Much of it is
available from one or more of the sources described above:

1) The total number of CTD cases reported.

2) The date each case was reported.

3) The department (or the specific job) of the injured worker.

4) The number of workers on the same job or in the same department.

This information can be used to calculate the incidence rate or the number
of CTDs per department or job for a specific time period. To compare various
jobs or departments, the percentage of workers who had CTDs must be calcu-
lated. The computations are shown below.

First, some definitions are needed. The incidence of a disorder is the
number of new cases that come into being during a specified period of time.
The period of time is measured in calendar time (usually a year) and in exposure
hours to a job. This calculation is usually done by estimating that each worker
works 2000 hours per year (8 hours a day, 5 days a week, 50 weeks a year).
Overtime would make the figure higher.
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Part II: CTDs Problem Definition
The formula for calculating incidence rates is as follows:

§ OF NEW CASES PER YEAR x 200,000 WORK HOURS

INCIDENCE RATE = e m————————————— -— c——
# OF WORKERS IN DEPT x 2,000 HOURS

(200,000 work hours is used to approximate 100 workers per year)

EXAMPLE 1

Department X, with 907 workers, reported 21 cases of shoulder tendonitis in
1983. The department worked no overtime, so the figure of 2,000 hours per
worker is used. The incidence rate for shoulder tendonitis in 1983 would
therefore be:

(21 x 200,000) divided by (907 x 2,000) = 2.31
OR 2.31 CASES PER 100 WORKERS PER YEAR

EXAMPLE 2
Department Y, with 29 workers, reported 2 cases of carpal tunnel syndrome in
1983. The incidence rate would therefore be:

(2 x 200,000) divided by (29 x 2,000) = 6.89
OR 6.89 CASES PER 100 WORKERS PER YEAR

The number of workers in a department or plant can yield an
approximation of total work hours, but the number of workers may fluctuate
from month to month or from year to year. In addition, there may be either
layoffs or overtime work. Often it is possible to obtain the actual number of
kours worked by department and by the entire plant from the payroll or
engineering departments. If the actual hours worked are used, the formula for
calculating the incidence rates is:

¥ OF NEW CASES x 200,000 HOURS
INCIDENCE RATE = --- ——————— e e
TOTAL HOURS WORKED

Consider the information presented in Table 3 for Plant Z. The plant
employed an average of 1450 workers during 1981 in three different departments.
A review of the OSHA Form 200 records revealed that there were 36 new cases
of tendonitis in the plant during the year. According to payroll records, a total
of 2.9 million hours were worked. The table also gives the number of employees,
tendonitis cases, and work hours for each of the three departments. The
incidence rate is calculated for the whole plant and for each department using
the above formula.
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TABLE 3. ANNUAL TENDINITIS INCIDENCE RATES IN PLANT Z

Total
Item Dept. A Dept. B Dept. C Plant
Employees 450 300 700 1450
Hours worked 960,000 600,000 1,400,000 2,900,000
Tendinitis cases 22 4 10 36
Incidence rate per
100 workers/year 4.88 1.33 1.42 2.48

Table 3 shows that the rate of tendinitis cases in department A was more
than three times the rate in departments B or C. Initial information such as
this would be helpful in directing attention to department A for more in-depth
study of the problems.

This type of procedure allows comparisons between and within the same
departments from year to year. A plant-wide incidence rate is used as a
baseline from which to evaluate specific departments or jobs. However, if the
plant-wide rate itself is high, it may not be an acceptable comparison. A
plant-wide rate of 6 cases per 200,000 work hours has been used by some as an
acceptable baseline rate. Other investigators consider this to be excessive. 4

Conclusion

Although a thorough review of existing medical and production records is a
necessary first step in any investigation of CTDs, it will seldom provide the type
of conclusive information necessary to accurately assess the extent or potential
for CTDs in the work force. A main problem is that CTDs are not always
recognized as being work-related, and therefore many cases go unreported.
Hence, plant or group statistics compiled for CTDs often fail to identify those
jobs or workers who may be experiencing symptoms or who are future candidates
for the disorders.

Any review of records should be done very carefully and interpreted with
caution. In general, this process should be considered only a starting point for a
subsequent worksite investigation and analysis. Furthermore, companies or
unions who desire in-depth analyses of plant records for indications of CTDs
should consult with specialists who have experience in surveillance research.
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Part 1I: CTDs Problem Definition
6. SURVEYING THE WORKERS

Some companies do not keep medical records. Other companies may have
records but may not consistently record CTDs. Even when medical records are
complete and available for review, they reflect only the past occurrences of
CTDs. As a result, medical records may not give an accurate picture of the
present situation, such as the frequency, severity, and possible causes. To
remedy this lack of current information, it is often necessary to survey the
workers. Questionnaires and special interview procedures have been developed
for this purpose.

A main limitation of surveys and questionnaires is that they rely on the
worker's recognition of, and willingness to report his or her health condition.
Moreover, in the early stages of CTDs, many of the symptoms are transient and
occur predominantly at night. Hence, the worker may not recall or recognize
the significance of the symptoms during the day at the time of an interview or
survey., In cases where more verifiable information is needed about existing and
developing CTDs, a medical screening examination may need to be conducted.

F

Surveys and Questionnaires

The survey can assist in identifying new or preclinical cases of CTDs in the
workforce. Since almost all types of CTDs will produce some symptoms of pain
or discomfort, the most direct approach is to ask workers if they experience
pain or other symptoms in their upper extremities. Most pain surveys are
usually sensitive to CTDs, but are poor at discriminating or diagnosing a specific
disorder. Perhaps, the major strength of the survey approach is in collecting
data on the number of workers that may be experiencing some form of CTD.

A survey is also a good method for identifying areas or jobs where
potential CTD problems exist. For example, a high level of reported pain
symptoms by various workers on a specific job would indicate the need for
further investigation of that job including aspects of work place layout, equip-
ment design, or work methods.

A typical questionnaire is shown below. These questions are designed to
disclose the nature (pain, tingling, swelling, stiffness) and the location of
symptoms. In addition, it is advisable to ask questions regarding systemic
diseases or conditions. Questions are also needed to determine whether workers
have ever been told by a physician that they had any of the following
conditions: rheumatoid arthritis, hypertension, diabetes, thyroid disorders, lupus,
gout, or kidney disease., It may be necessary to inquire about oral contraceptive
use or pregnancy among women experiencing symptoms of carpal tunnel syn-
drome. A number of these factors have been associated with CTD symptoms. As
yet, the role of any of these factors in the development of CTDs is unclear.
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Part II: CTDs Problem Definition
SAMPLE QUESTIONNAIRE' FOR CUMULATIVE TRAUMA  DISORDERS

NO YES
Within the past month, have you had repeated feelings
of numbness, tingling, or pins and needles sensations
in one or both hands? (1 [1]
Within the past month, have you had repeated feelings
of soreness or pain in either forearm or elbow? () [

Within the past month, have you had repeated feelings

of pain discomfort, burning, or tingling in your shoulders?
Left [1 [
Right [ 1 []

Have any of the above symptoms (numbness, tingling,
soreness, or pain) caused you to be awakened while sleeping?

[1 11

What times does your discomfort regularly occur?
mornings
afternoons
evenings
night

— e
(SN N S "
L T e B s B o
el et bt

Does discomfort in your wrist, arm, or shoulder interfere
with your daily activities (eating, writing, sports,etc.)? [ 1 [ ]

Have you ever received medical treatment for this pain
and/or discomfort? (1 01

Have you ever received medical help (either company
or private doctor) for any of the following: '
Carpal tunnel syndrome? []
Ganglionic cysts? I T
Tendinitis? [

If yes to #8, have you ever had surgery for any of
these conditions? [1 01

10) Does your present job require arm, hand, or finger actions

to be repeated many times each hour and work shift?
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The results of a survey must be interpreted with caution. Tolerance of
pain varies considerably from person to person and this will affect responses.
Furthermore, since the survey is given to active workers, the reported symptoms
are not disabling. A positive response only implies that the worker is
experiencing noticeable discomfort.

Most survey instruments evolve over time as a consequence of trial and
error. Surprisingly few people outside of the social and behavioral sciences are
aware of the vast literature from the psychometric field on survey design and
validation.? Examples of important factors that should be considered in design-
ing surveys include: the reading level (or primary language) of those responding,
the length of the questionnaire, the wording of the instructions given to the
worker, and the time and method of administration (oral versus written). Fortu-
nately, a number of reference sources are available that provide useful informat-
ion on how to conduct surveys and administer various comfort rating scales.®

One survey method that requires a minimum of explanation is the use of a
body parts map (Figure 11). The worker circles or places a mark on the part of
the body where the pain or soreness is experienced. Depending on the type of
work being evaluated and the need to delineate specific body regions, the body
map can be divided into sections by drawing lines that separate various
anatomical parts such as, the neck, shoulder, upper arm, lower arm, wrist, etc.
By counting the incidence of any non-zero body part discomfort-reading for each
body part and dividing by the number of times the map was administered, a
simple measure of body part discomfort can be obtained. The notion is that
sources of chronic discomfort or soft tissue soreness signal the existence of, or
potential for CTDs. Techniques for using and interpreting body part maps are
described elsewhere.’

Medical Screening Exams

Medical screening examinations are particularly useful when the reported
symptoms suggest that disorders are in the beginning stages and there are few
documented cases of existing disorders. Based on the initial employee survey,
trained medical personnel can examine people with a set of simple testing
maneuvers to elicit a more accurate picture of the nature and severity of
problems that may exist. For example, if an employee reports pain in the wrist,
the following tests, illustrated in Figure 12a and 12b, might be used.

. Passive wrist flexion and extension

. Passive ulnar and radial deviation

Resisted flexion and extension

Resisted ulnar and radial deviation

. Finklestein's test for De Quervain's Disease8
. Phalen's test for carpal tunnel syndrome9
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11. Example of a "body-parts map" for workers' to indicate where they hurt.
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Part II: CTDs Problem Definition

Similarly, an evaluation of shoulder problems can be made for the most
common disorders with the following motions:

1. Touching the top of the head
2. Scratching the back

3. Forward flexion

4. Resisted abduction

5. Resisted supination

If the worker can perform these motions without limitation of movement or
pain, no major problem is likely to be present. If there is pain or limitation,
further evaluation by a physician is necessary. Appendix B provides a descrip-
tion of common diagnostic and treatment procedures for CTDs.
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Part II: CTDs Problem Definition
7. ANALYZING JOBS

Job analysis is useful for identifying sources of cumulative trauma before
CTDs are manifested in claims. 10 Moreover, a job analysis can be used to evaluate
improvements in job and tool redesign without having to wait until claims are
actually reduced. Ideally, a job analysis should include a method for measuring
the worker's exposure to each of the major biomechanical risk factors: force,
posture, and repetition. The exposure should then be compared to known human
capabilities to compute an injury probability. Since, however, there is limited
dose-response data to establish a CTD risk, a series of similar jobs may have to
be analyzed to determine what are acceptable postures or safe levels of force, and
frequenc:;,n11 Hence, a job analysis is not only needed to identify the exposure to
risk factors in problematic jobs, but is useful for documenting jobs that illustrate
safe levels of task factors and effective work design.

A job analysis can be conducted in two ways. The first method is patterned
after the traditional work-methods analysis and is particularly appropriate for new
or unusually complex jobs. The second, and perhaps the most direct approach, is
to use an ergonomic checklist. Examples of both methods are provided.

To perform a work-methods analysis a complete task description is needed to
catalogue work content. This may include information derived from company
production records, and video tapes of the job. Once the job components are
documented, awkward postures, high repetition, and even excessive mechanical
forces and stresses can be more readily identified. The most difficult task is to
determine if those biomechanical risk factors pose demands that exceed acceptable
ranges of human capacity, as limited by the design of the existing work station
and tools. Fortunately, certain anthropometric and ergonomic guidelines are available
to assist in that judgement. In the event that the existing guidelines are deficient,
the profile of risk factors from suspect jobs can be comzpared with the profile
from similar "safe" jobs where CTDs have not occurred. !

Work-~Methods Analysis

The job is described as a set of tasks. Each task is defined in terms of a
series of steps or elements.13 Elements are described as fundamental movements
or acts (reaching, grasping, moving, etc.) required to perform a job. A list of
such work elements is shown in Table 3 as proposed by Gilbreth, a pioneer in the
field of work analysis. The elements of Gilbreth's system are called Therbligs.
Gilbreth's work served as the foundation for a widely used motion classification
system called Methods-Time Measurement system (MTM). This system relies on a
description of manual activities with reference to a defined set of elemental motions. -
14 fElements are determined by observing the job or by observing videotapes of
the job played in slow motion. The time required to complete one sequence of
elements (the cycie time) is measured using a stop watch, again, either by actually
observing the job or by viewing videotapes played back in slow motion.
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Tasks are defined as elements that are performed, usually in the same
sequence. Examples of tasks might include getting a pallet, loading a pallet,
cleaning a work area, stuffing a circuit board, sanding a part, etc. Tasks are
determined from available job descriptions, talking to supervisors and workers,
and observing the job as it is performed. The time required to perform each
task is best determined from available time-study or production records, but can
also be estimated from direct observations with a stop watch. 15

GILBRETH'S TABLE OF WORK ELEMENTS 16

Table 3.
Element Description

Search Looking for something with the eyes or hand.
Select Locating one object [that is] mixed with others.
Grasp ' Touching or gripping an object with the hand.
Reach Moving of the hand to some object or location.
Move Movement of some object from one location to another.
Hold Exerting force to hold an object on a fixed location.
Position Moving an object in a desired orientation.
Inspect Examining an object by sight, sound, touch, etc.
Assemble Joining together two or more objects.
Disassemble Separating two or more objects.
Use Manipulating a toel or device with the hand.
Unavoidable  Interrupting work activity because of some
delay factor beyond the worker's control.
Avoidable Interrupting work activity because of some

delay factor under the worker's control.
Plan Performing mental process that precedes movement.
Rest to Interrupting work activity to overcome the effects

overcome of repeated exertions or movements.

fatigue
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Examples of Job Analysis

To illustrate the work methods procedure, two examples are provided: bottle
packing and sanding parts.

Bottle Packing--The elements required to get a bottle from a moving
conveyor and put it into a box (Figure 13a) are as follows:

. REACH for bottles

. GRASP two bottles

. MOVE bottles to box

. POSITION bottles in box
. RELEASE bottles

[V - N S

‘ Only one list of elements is required, since both hands do the same things;
two lists are used when the right and left hands do different things, such as in
the second example.

Sanding Parts--The elements required to sand the edge of a fiber glass part
(Figure 13b) are as follows:

LEFT HAND RIGHT HAND
1. REACE for part HOLD sander
2. GRASP part HOLD sander
3. MOVE part HOLD sander
4, POSITION part BOLD sander
5. HOLD part MOVE sander to part
6. HOLD part MOVE sander over surface 5 times
7. MOVE to pallet HOLD sander
8. POSITION on pallet HOLD sander
"9. RELEASE part HOLD sander

Risk Factor Analyses

After elements of the job have been described and timed, the work content
should be analyzed with respect to potential biomechanical risk factors for CTDs.
A risk factor is defined as an attribute or exposure that increases the
probability of the disease or disorder.17 Biomechanieal CTDs risk factors
include repetitive and sustained exertions, awkward postures, and high mechanical
forces. In addition, vibration, and low temperatures may accelerate the
development of CTDs.
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13 a. Elements required for bottle packing. Bottles are taken from é. moviﬁg

conveyor and placed in a carton.
i3 b. Elements required for sanding a fiber glass part. Fiber glass parts are
taken from one pallet, sanded on the bench, and stacked on another pallet.
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Part II: CTDs Problem Definition

A brief descriptive phrase should be provided for each work element where
biomechanical risk factors are evident. The analysis of the bottle packing example
(Figure 13a) revealed a number of awkward postures. They are:

REACH elbow above mid-torso height

GRASP elbow above mid-torso height pinching the bottles

POSITION inward rotation of forearm with flexed wrist; sharp edge on
container rubs on base of palm.

Similarly, the potential risk factors identified in the sanding task, illustrated in
Figure 13b, are listed for each of three sub-tasks.

GRASP, MOVE, and HOLD part:

.pinching part
.stress concentrations from sharp edges of part

HOLD and MOVE sander:

.pinching sander
.sharp edges on sander handle

MOVE sander:

.sustained static effort to support sander, airline
.inward rotation of forearm with wrist flexion
.pinching sander

.sharp edges on handle

.vibration

.cold exhaust air on fingers

Both of these examples illustrate the advantage of using work methods analysis
to break complex motion patterns into manageable units. Potential biomechanical
risk factors are usually apparent at this stage.

Checklist Items for Worksites

As an alternative or supplement to conducting work-methods analyses, checklists
may be used to itemize undesirable worksite conditions or worker activities that
contribute to injury. Examples of checklists can be found in a number of reference
texts on human factors and ergonomics.18, 19, 20 If the goal is to identify risk
factors for CTDs, then the checklist should be customized to include a list of
the biomechanical risk factors. For each risk factor, specific job attributes
should also be included to focus the effort. For example, the risk factor of
force is relevant to holding, assembling, and pinching. Similarly, posture problems
are associated with reaching, inspecting, and assembling.
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Although most checklists are problem oriented, they may also restrict obser-
vations of situations not specifically described. The best solution is to customize
existing checklists to meet the specific needs of different worksites or departments.
A checklist for an office will emphasize different job attributes and risk factors
than one for manufacturing. Before using a checklist at a new job site, a walk
through survey should be conducted to determine if the checklist encompasses
items that identify the needed mix of risk factors and job attributes. Most ergonomic
checklist will have items that cover the following four problematic work conditions:

o Crowding or cramping of the worker. Work area layout that may
force the worker to stoop or bend to fit the workspace or to unnecessarily
constrain movements.

o Twisting or turning. Placement of tools and materials that may force
the worker to twist the spine to see and reach what is needed for the job.

0 Repeated reaching motions. Work area layout that may force the
worker to stretch and lean to reach and grasp needed objects or controls.

o Misalignment of body parts. Arrangement of the work area that
causes the worker to frequently have one shoulder higher than the other,
or have the spine or neck bent to one side or the other.

An example of a "yes-no" checklist useful for walk through surveys is shown
in Table 4. With a two-choice checklist a quantitative score can be readily
derived for each risk factor and each job. The final score is the percentage of
the items scored as "yes." For the checklist in Table 4 a score of 100% suggests
minimal risk for CTDs.

The following section provides a brief review of some of the rationale and
procedures for evaluating work which poses a risk for CTDs. Following the
theme of this manual, biomechanical risk factors are examined with respect to
stressful postures, excessive force and high repetition or frequency.

Evaluating Stressful Postures

Each major joint in the body has a wide range of movement. But any movement
that over-extends a joint, that is, forces the joint beyond its natural range, can
be harmful because some of the fibers that mske up the tendons and ligaments
may be over stretched from chronic use and possibly torn. 21

Since posture is an important consideration in the design of work procedures
and equipment, portable videotape cameras are often used at the worksite to
record the movements and postures of the worker's arms and hands during a
series of job cycles. Later, the recorded work activity can be analyzed to determine
the speed, angle, and frequency of worker movement.
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Table 4. Michigan's Checklist for Upper Extremity Cumulative Trauma Disorders*

Risk Factors:

NC

YES

1. Physical Stress:

Can the job be done without hand/wrist contact with sharp edges?
Is the tool operating without vibration? S
Are the worker's hands exposed to temperature > 70 F

1.
1.
1.
1.4 Can the job be done without using gloves?

1
2
3
4

oes the job require exerting less than 10 1lbs of force?
an the job be done without using finger pinch grip?

[ I )

3. Posture:

3.1 Can the job be done without flexion or extension of the wrist?
3.2 Can the tool be used without flexion or extension of the wrist?
3.3 Can the job be done without deviating the wrist side to side?
3.4 Can the tool be used without deviating the wrist side to side?
3.5 Can the worker be seated while performing the job?

3.6 Can the job be done without "clothes wringing" motion?

4. Vorkstation Hardware:

Can the orientation of the work surface be adjusted?
Can the height of the work surface be adjusted?
Can the location of the tool be adjusted?

4.1
4.2
4.3
5. Repetitiveness:

5.1 Is the eycle time longer than 30 seconds?

6. Tool Design:

Is the thumb and finger slightly overlapped in a closed grip?
Is the span of the tool's handle between 5 and 7 cm?

Is the handle of the tocl made from material other than metal?
Is the weight of the tool below 4 kg (note exceptions to rule)
Is the tool suspended?

— o Y e ey ey

L B e B e B B oy |

[T Sy S )

e bd bl bad dd Beed

ot b hed Ld Ld

Lo B e B e B e

e ey

Lo B s B e B e B |

L e I e -

—t e e b b

["*No" responses are indicative of conditions associated with the risk of CTDs.]

*Lifshitz, Y. and Armstrong, T. A design checklist for control and prediction

of cumulative trauma disorders in hand intensive manual jobs. Proceedings of

the 30 th Annual Meeting of Human Factors Society, 837-841, 1986.
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Part II: CTDs Problem Definition

The Shoulder--Jobs that require the worker to habitually reach and work
with the arms above the shoulder level (such as reaching up to remove or put
parts on an overhead conveyor) are not only fatiguing, but have been associated
with a range of disorders such as, shoulder tendinitis or thoracic outlet syndrome. 23
Shoulder ailments can also be caused by repeated reaching behind the body or
throwing parts over the shoulder into a bin behind the body. For example, the
motion of sorting and moving merchandise past optical price-scanning screens
may be responsible for some of the musculoskeletal problems experienced by
cashiers in supermarkets (Figure 14).24

The Elbow--Motions that are particularly stressful to the elbow include inward
or outward rotation of the forearm when the wrist is bent. This movement stresses
the tendons in the arm, leading to so-called tennis elbow or golfer's elbow, 25
Repetitive work that requires the elbow to be held straight and the arm extended
is also likely to cause shoulder problems.

The muscles located in the forearm provide the major power and strength
for the hand. They, like other muscles, are at their best mechanical advantage
wken in the midpoint of their normal range of movement, i.e., less tension is
developed at lengths less than and greater than the resting length of the muscle.
For example, when the arm is extended, the flexors of the forearm are at a
mechanical disadvantage and can produce only weak lifting and pulling actions.
A task requiring forceful lifting (or even using a screwdriver in this position)
may overload the muscles and strain the arm.

The Hand and Wrist--The hand and wrist postures used by a worker on the
job strongly influence the ability to reach, hold, and use equipment. Ultimately,
these postures determine how long a worker can perform a job without adverse
health effects such as fatigue and CTD.

Various tasks and tools frequently force the wrist to assume awkward postures.
Wrist position is important because it affects the length-tension relationship of
contracting muscles. As the angle of the joint increases or decreases beyond its
midpoint (neutral position), there is a proportional decrease in effective strength.
This means more exertion or tendon tension is required to do a task with a bent
wrist than is required to do the same task with a wrist in the neutral position.
A number of wrist and finger postures have been identified as particularly stressful.
They are listed below and illustrated in Figure 15.

Ulnar deviation - bending the wrist toward the little finger.
Radial deviation - bending the wrist toward the thumb.
Extension - bending the wrist up and back.

Flexion - bending the wrist down toward the palm.

Pinching - flexor surface of thumb is opposed to index finger.
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14. Arm- position assumed by cashiers moving merchandise past an optical
universal product coder (UPC).
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15. Hand and wrist postures.
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A job, for example, that requires repeated ulnar deviation combined with
supination (turning the palm up) often leads to tenosynovitis of the tendons on
the back of the hand.28 Examples would be looping wire with standard needle-
nose pliers, inserting and starting screws by hand, or rotating controls.

Strong radial deviation combined with pronation (palm down) can cause
tennis elbow. Work strain or pain can often be felt in areas removed from the
actual stress. In some cases, the wrist may be stressed, but it is the elbow that
gets sore. Many common jobs require wrist radial deviation with pronation, for
example, using a power sander or wire brush. 27

Figure 16a illustrates a common wrist posture adopted by workers boning
turkey carcasses in a poultry processing plant. The combination of repetitive
cutting motions and the need to forcefully bend the wrist to set the knife angle
for cutting irritates the flexor tendons in the carpal tunnel of the wrist; a critical
factor in causing tendinitis and carpal tunnel syndrome. 28 Figure 16b shows a
knife with a pistol grip that can also be used for cutting in the vertical plane
that reduces the tendency to bend the wrist while cutting.

Finger and Hand Grasps--There are two basic types of grasps or ways of
gripping an object: The power grasp and the precision grasp.29 Examples of
different grips are shown in Figure 17. The medial grasp is a power grasp, as in
gripping a hammer. The pinch grasp (pulp and lateral) is useful for precise
manipulations. Picking up a flat object from the table would be an example of
the latter. A lateral or instrument grasp is classified as a precision grip. An
example would be holding a piece of chalk or a key. Spherical or cylindrical
grasps are sometimes considered power grasps, depending on the shape of the
item to be grasped. An example would be turning a door handle to open a door.

In the power grasp, the thumb aligns the hand with the long axis of the
forearm, and the wrist assumes a slight ulnar deviation. This posture may be
harmful when combined with high movement-frequency and the use of excessive
force. Repetitive use of the pinch grasp also creates friction on the two tendons
that control the thumb. Because the thumb tendons share a common sheath,
tension levels are elevated by the two stretched tendons needed to maintain the
pinch grip. The tendons will be further stressed if the task calls for pinching in
combination with wrist flexion.

The grasping power of the hand is greatest when the hand is in the neutral
position or slightly bent upwards (extended) and is reduced when the wrist is
bent downward or from side to side.3? Ulnar deviation may result in a loss of
up to 25% of grip strength, and radial deviation may be associated with a loss of
up to 20% of strength. Figure 18 illustrates the reduction in grip stren%th for
various wrist postures as a percentage of the the maximum grip force.3
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16. a Ulnar wrist deviation required to hold knife for boning turkey thighs.
16. b Wrist posture can be controlled by changing shape of handle.




A

PULP PINCH — PPINCH

y
\

PULP GRASP — PGRASP

\—

LATERAL PINCH — LPINCH

\(

FINGER PRESS — FPRESS

MEDIAL GRASP — MGRASP

17. Terminology for classifying various finger-closing postures.
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Neutral
0°, 100%

25°, 80%

45°, 75%

Radial

45°, 75%

Extension

Neutral 0°, 100%

Flexion

45°, 60%

65°, 45%

18. Grip strength as a function of the degree of wrist deviation expressed as a
percentage of power grip as measured in the neutral position.
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Evaluating Forces and Muscle Strengths

Unlike posture, which is relatively visible to an observer or can be recorded
on video tape, the analysis of job forces or task loads is both more obscure and
technically difficult. Furthermore, once force levels have been determined, the
aversive impact of the force levels is dependent on the available muscle strength
of the worker and how the task is performed.

Factors Affecting Force--The amount of force required to do a job depends, in
part, on the properties of the tool or object manipulated: size and shape, effective
weight, surface frictional characteristics and inertial effects. The effective
weight is a function of the mass of the object and any moments or torque created
during handling. A moment is created whenever an object is grasped and lifted
away from its center of gravity. Inertia is a determining factor when the object
is accelerating or decelerating.

Certain principles of mechanics must also be appreciated when the force
requirements of a manual task are considered.32 For example, the amount of
force required to hold an object with the fingers is proportional to the force
causing it to slip out of the hand, and inversely proportional to its slipperiness,
or coefficient of friction (CF). The CF for a moist hand is about 2.0, whereas
for a dry hand it is about 0.5. Hence, a dry hand is in fact slipperier than a
moist hand. The fact that more force is required to grasp something with a dry
hand than a moist hand is demonstrated by the ease in which a moistened finger
can be used to turn the pages in a book as compared to a dry (slippery) finger.33
Force can be reduced by using rubber covers, gloves, or handles. Slipperiness
can be reduced by removing oil and grease from handles and hands.

The force causing an object to slip out of the hand can be estimated from
its weight, the tightness of a fit, or the power setting of a tool. Weight is
related to the mass and number of objects held in the hand. Friction is related
to the material properties of the handle and to the moistness of the skin. Forces
can often be estimated from information about the task, such as size and weight
of a part or a tool. More strength is also required to lift a handful of parts
than an individual part. In other cases, the force exerted with the hand is less
obvious. Examples include buffing and grinding, sewing, and assembling parts.

Measuring Force Requirements--As noted, it is difficult to measure the force
requirements of most jobs and also to determine the proportion of the worker's
strength demanded to perform the job. Specialized procedures and modern electronic
equipment are usually needed to obtain meaningful data. One such technique
that has been extensively used in laboratory studies of muscle activity is electro-
myography (EMG). EMG works in much the same way that an electrocardiogram
registers heart activity. Small metal disks are placed over the muscle groups.
The electrical impulses given off by muscles during contraction are sensed and
recorded by the EMG equipment for later analysis. By recording and comparing
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the activity of different muscle groups, a trained person can often determine
which motions or body postures are overloading different muscles ., 34

Force and Posture Relationship--Certain work postures are more efficient than
others, and consequently allow the same work to be done with less force exerted,
or conversely require a smaller percentage of the worker's strength capacity.
This is illustrated in Figure 19. On the left side of the Figure, a worker is
holding a box using a pinch grip. The absence of handles increases the load on
the smaller finger and thumb flexors. On the right side of the Figure, handles
in the form of cutouts are provided allowing the worker to use a hook or power
grip that effectively transfers the required force from the hands and forearms to
the larger shoulder muscles. Studies show that the power grip provides a worker
with more than five times the gripping strength of a precision g'x'ip.35,36 Hence,
the strength requirements of a task can be reduced, and the tendon loads lessened,
if a task is performed using a larger muscle mass than a smaller one.

The relationship between force and the effect of body posture is also illustrated
by a task that requires a worker to rotate his forearm in an outward direction.
This motion relies predominantly on the biceps for its strength. By comparison,
inward rotation of the forearm uses weaker muscles that fatigue more quickly.
For example, using a screwdriver with the arm extended will cause the arm to
fatigue sooner in the extended position than in the partially flexed position. A
main reason is that the muscles in the forearm are weaker than the biceps.

Evaluating Frequency of Movements

Repetitiveness can be defined biomechanically as the number of movements
that occur in a given amount of time, or simply the time needed to complete the
task, called the cycle time, A long cycle does not mean that the job is not
repetitive, but that a sequence of steps is repeated to complete the overall cycle.
This is illustrated in the bottle packing example, described above. Bottle packing
requires 36 sec to pack each case. Since, each case has 24 bottles, the "fun-
damental” cycle time is 1.5 sec (36 divided by 24). A fundamental cycle is a
work cycle that has a sequence of steps or elements (Therbligs) that repeat
themselves within the cycle,

Similarly, with the example of sanding parts, 45 sec are required to finish
each part, but 30 of the 45 sec are needed to move the sander 5 times. Hence,
the fundamental cycle is closer to 6 sec (30 divided by 5). These examples illustrate
the importance of conducting a job analysis to evaluate the frequency of movements.

Most observers would judge the above examples as highly repetitive. There
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19. Two alternate hand postures or grips for holding: (A) pinch and (B) hook.
The pinch grip requires more muscie strength, which stresses hand tendons and
is more fatiguing than a hook grip.
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are no guidelines or critieria, however, for defining a task as either highly repe-
titive, or low in repetition. Faced with this problem, one investigative team
developed a categorization procedure in which jobs were rated as either "high"
or "low" in repetitiveness on the basis of estimated cycle time and percent of
cycle time performing the same fundamental cycle. Cycle times of experienced
operators were either measured by direct observation or from videotapes of the
jobs. Information on work standards and production records were also used in
obtaining estimates of cycle times, 38,39

Jobs were classified as low repetitive if the cycle time was more than 30
sec, or if less than 50% of the cycle time involved performing the same
kind of fundamental cycle.

Jobs were classified as high repetitive if the cycle time was less than 30
sec, or if more than 50% of the cycle time involved performing the same
kind of fundamental cycle.

The findings from an independent assessment of the incidence of CTDs at
the same plants indicated that workers in jobs that had been classified as high
in repetition and force had a 31% greater risk for tendinitis than workers who
had jobs classified as low in repetition and force levels.

In addition to repetition rate, the intensity and pace at which the worker is
expected to work to meet production standards also has a significant effect on
the development of CTDs. Recent studies indicate that some time standards may
allow or even encourage workers to over-stress their body in pursuit of guotas.
Working through breaks to achieve a quota is a common example.

Evaluating Physical Fatigue
v

Fatigue is a complex problem that involves physiological and psychological
effects. Physiological fatigue, or local fatigue refers to excessive use of a muscle
or body system. It may be experienced as a cramp in the small muscles of the
hands which accompanies overuse of the fingers. There may also be more general
fatigue encompassing loss of interest, diminished alertness, reduced perceptual
capacity and faulty judgment. At the worksite general fatigue can lead to reduced
performance, increased error rates and potential for mishaps.

Local fatigue may be further categorized as acute or chronic. The main
distinction is that acute fatigue is relieved by rest, whereas chronic fatigue sets
in when the recovery period between work sessions is insufficient to allow physio-
logical adaptation. When local fatigue sets in, and muscles are not allowed to
recover, muscles give up their share of the workload, and place undue stress on
the other components, such as the ligaments. When ligaments are asked to do
the work of muscles, they strain and tear more easily. Hence, chronic muscle
fatigue may be viewed as a risk factor for CTDs.
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In the simplest case, fatigue depends on how hard as well as how long a
person works. For hand grip contractions, the intensity of a contraction is more
critical in producing fatigue than the duration of the hand grip contraction by a
factor of ten. In other words, the duration of work can be increased by ten
fold and effort or fatigue will only increase fivefold, whereas by increasing the
force by tenfold, effort or fatigue will increase by fiftyfold., This suggests that
in evaluating fatigue, at least for static tasks, load and duration are not inter-
changeable factors. The implication for work design is that fatigue may be
reduced by reducing the load, while increasing the duration of work ., 41

There is a large body of literature on local muscle fatigue and its relation-
ship to various static postures and repetitive motions.42 Most of these studies
clearly document those postures and force levels that produce high levels of
local muscle effort. The inference is that excessive effort poses a strain to the
musculoskeletal system that, over time, will translate into CTDs. Though this is
a difficult association to establish in a direct manner, a number of worksite
studies have been conducted that lend indirect support to this relationshjp.43,44

The rate of fatigue onset is also related to the intensity of work. Work
intensity is often measured in terms of 2 percentage of maximum strength. The
general finding is that most exertions below 15% of maximum strength will not
be sustained long enough or frequently enough to produce objectionable fatigue.
Studies have been conducted on repetitive exertions of given durations and intensity
and with rest periods for single muscle groups. 43 Unfortunately, there are major
difficulties associated with generalizing "such results to specific work situations.

As a rule objectionable discomfort is reached before the point of exhaustion.
Therefore, endurance or fatigue curves are not very meaningful. Rather, time-to-
discomfort curves are more realistic in determining work endurance. 46 1p summary,
most job evaluations calling for determinations of rest allowances will require
actual on site measurements of the specific job demands as well as the assessment
of worker discomfort lenrels.‘f",‘l8

Evaluating Work Stations and Worker Posture

A thorough job analysis must also include a study of the work environment.
A main feature of the work environment is the work station. This term denotes
the workspace within the direct reach of the individual and includes all relevant
work fixtures, such as the work table, stools or chairs as well as any supply and
output containers.49 Tools are not included.

Recent investigations of musculoskeletal complaints and poor performance
indicate that a significant proportion of these problems can be traced to the
faulty layout and design of work stations.so, 1, %2 [Some solutions will be
addressed in Part III: "Implementing Solutions."]

47



Part II: CTDs Problem Definition
Static Work

Discomfort and fatigue often arise from having to hold tensed muscles in a
fixed or awkward position for long periods. Examples of static work include
holding the extended arms either forwards or sideways, and bending the head and
neck forwards or backwards. Work conditions that are recognized as requiring
considerable static hand-and-arm effort are defined as follows:?3

o High effort lasting 10 sec or more, e.g. holding an object of 4 kg.
- 0o Moderate effort lasting 1 min or more, e.g. holding an object of 2 kg.
o Slight effort lasting 4 min or more (about 1/3 of maximum force).

Work postures involving elevated arms, such as the workers illustrated in
Figure 20 a and b, may accelerate tendon degeneration by increasing the friction
on the tendons. It may also cause muscle fatigue from the static-muscle effort
needed to hold the arms overhead, which reduces the blood flow to the large
muscles in the shoulder girdle: the trapezius, biceps brachii and deltoid. It is
thought that the restricted blood flow is responsible, in part, for the familiar
sensation of musele burning, an indicator or warning sign to rest.

Muscles subjected to static work require more than 12 times longer than the
original contraction-duration for complete recovery from fatigue.54,5 Moreover,
the muscles of the upper extremity cannot maintain a contraction level in excess
of 20% of their strength for more than a few seconds without significant fatigue.
Hence, in the absence of sufficient recovery time, eprolonged and excessive static
work will weaken joints, ligaments and tendons.

The actual duration of exertion is dependent on the load and the individual
muscie group. In general, the maximum holding time of a muscle group is related
logarithmically to the proportion of maximum force it is required to maintain.
This is another way of saying that arithmetic increments in force are accom-
panied by geometric declines in holding time. %7

Static work postures have been associated with the occurrence of degenera-
tive tendinitis, tenosynovitis, insertion injuries and muscle induration.”® Work
that is repetitive or dynamic, by contrast, allows muscles to rhythmically contract
and relax during work. Muscles involved in dynamic work are more resistant to
fatigue and subsequent injury.
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Work Space and Reaching Distances

One of the major factors to consider in designing or evaluating a work
space is the worker's physical dimensions. Most work stations are not adjustable
to fit the wide range of differences in the height and weight of people who may
be using them.’®  Work spaces are often designed for the mythical average
person, which can be limiting to a large portion of the population. If a door,
for example, were designed for the average person, 50% of the population would
have to duck their heads when passing through.

In designing a work station, the goal should be to establish reach limits
allowing objects to be grasped without excessive body motion or energy expendi-
ture. This is particularly important when the worker is constrained to one seat
location. A number of jobs require a seated worker to extend the arms forward,
or bend the back forward or sideways, to reach equipment or to lift parts.
These jobs can be designed with optimal reach limits to avoid overextensmn or
too much back bending and twisting.

Existing and proposed work stations should be evaluated for adequacy of
anthropometric fit during a normal work cycle. The emphasis should be on
obtaining functional measurements in contrast to static anthropometric measure-
ments. Static measurements provide some information about the boundaries of
the reach envelope, but they do not provide a basis for judging the types of
work activities that can be safely and efficiently carried out at given distances
from the body.

Reach limits can be determined either empirically through direct measurement
of body parts, or estimated from existing anthropometric data tables of average
body-link lengths. 60 51 In past years drawing-board manikins were used in
conjunction with standard drafting techniques to estimate optimal work locations.
Recently the manikin technique has been adapted to microcomputers and
implemented with computer-aid drafting systems (CAD). CAD systems are more
efficient because a variety of workstations and postures can be created without
having to manually draw each configuration.82

Height of the Work Surface

The height of the work surface has a major impaect on job performance and
musculoskeletal problems. If the work surface is too high, the arms must be
held away from the body (abducted) and the shoulders lifted. This can cause
painful cramps in the shoulders and neck. If the work surface is too low, the
worker must bend over, which can cause pain in the neck and lower back. Ideal
surface height is a function of both the elbow height of the worker and the
type of work.83 Elbow height is determined with the elbows held close to the
body and bent at 90 degrees (Figure 21). Factors that influence the type of
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work include: size of the work piece, the level of required manual effort, shape,
weight and the type of motions required to accomplish the task. Some guidelines
for establishing work height are provided in Part III.

Sitting versus Standing

Today the majority of workers are seated. The increase in clerical and
information processing jobs relative to manufacturing jobs is responsible in part
for this. Sitting is generally less fatiguing than standing, since only the weight
of the upper torso must be supported. Of course, any sustained posture over
time will eventually become fatiguing. For example, sitting in a poorly designed.
chair or in an unsupported sitting position can be extremely uncomfortable and
encourages poor posture. This may lead to low back pain. Hence, whether a
worker sits or stands, certain muscles will be fatigued.

A seated worker generally has greater stability and is able to perform jobs
requiring precision or fine, manipulative movement, especially if provided with
arm rests. If seating and other support is not provided, performance may suffer
because more energy is required to maintain a standing posture. A special
standing chair or stool offers another alternative for providing postural support.

Some tasks specifically call for the worker to stand so that he or she will
be able to exert greater forces and move around more. The standing worker
also has a greater area within his or her reach, which means that a larger work
area can be covered than by the seated worker. As long as a person is stand-
ing, an outlay of static muscular effort is required to keep the joints of the
feet, knees and hips in a fixed position. Thus, muscular stress is increased. A
worker who stands also has a smaller area on which to support his or her body
weight, namely, the feet, as compared to the area available to one who sits, the
buttocks. Because of the smaller area of support, the standing worker has less
margin-of-error to maintain balance. If standing is required, it should be
alternated with sitting whenever possible. This will reduce fatigue by alternating
the muscles used to maintain posture.64

Evaluating Tools, Handles and Controls

The handle on a tool, a container, or a machine control should be designed
to fit the capabilities of the human hand and arm. In the past, craftsmen made
or purchased their own tools. Since their tools represented a significant
investment in the job, it was important that each tool be the right size, shape,
and weight for the task. Finding the right tool, however, was often a matter of
trial and error.
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Today in a typical work place, tools are specified by an engineer, ordered
by the procurement department, and handed out by a tool room attendant--
none of whom use them. It should come as no surprise, then, that many tools
do not fit the workers who use them.

Tools that are poorly designed for the worker and job may have a number
of undesirable characteristics, including an awkward grip, a handle that causes
the wrist to bend, a trlg%er requiring heavy pressure, a lack of balance, and
low-frequency vibration.® For example, frequent and sustained contact with
the hard, sharp edges of a hand-held tool, such as a pliers, may pinch the skin
and tendon if sufficient strength is applied. This is illustrated in Figure 22a,
and Insert b. The compression effect is significantly reduced, however, when the
tool edge is rounded and smooth (Insert c, Figure 22). Hence, poorly designed
tools may cause inflamed wrist tendons, obstruct the flow of blood in the palm,
and cause fatigue from undernourished muscles. When compounded for months or
years these conditions often lead to CTDs.56, 67

Indicators of Faulty Tool Selection or Usage

A careful examination of body postures and accompanying work conditions
may reveal that a faulty tool or control is being used. Examples of such
conditions include:

o Static loading of arm and shoulder muscles

o Awkward hand position, especially wrist deviation

o Excessive or continuous pressure on the palm and fingers
o Exposure to vibration and cold from power tools

o Pinch points with double-handled tools

o Handles that require stretching of the hand to grip or
high force to hold

The routine use of improper tools can produce nearly the same combination
of stressful work patierns as faulty work stations or work methods. Stressful
work patterns that involve the use of tools and controls include problems
associated with (1) arm and wrist orientation, (2) frequency of movement, and (3)
forces required by the task. Examples and a discussion of these problems follow.

Tool~Induced Postures

One of the most common complaints about tools relates to the location of
the handle, which forces the worker to bend the wrist when using the tool. If
the tool is used repetitively with a bent wrist, the tendons in the hand are
strained and an inflammatory condition is induced that can cause significant hand
pa.m.68 Figure 23 illustrates a stressful ulnar deviation of the wrist. Such
postures are often assumed as a result of using the wrong-shaped tool or handle
while performing a task on a surface that is either too high or too low.
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22. Example of how a hand tool can compress finger tendons (a). A sharp-edged
tool (b) is more likely to produce injury than a rounded tool (e).




TR un i ’

23. Stressful ulnar deviation associated with faulty tool and workstation layout.
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The type of grip (precision or power) used on a tool also determines to a
large extent the angle of the wrist and elbow. When the wrist is fully extended,
but not over-extended, grasping power is 100%, pinching or holding power is 50%,
and manipulative effectiveness is 50%. When the wrist is fully flexed, the hand
is close to 100% effective in manipulation, but has almost no holding power, i.e.,
grip strength is about half of what it is when in & neutral position.

Tools that cause ulnar deviation and/or palmar flexion, especially while
rotating, may inflame wrist tendons and cause tenosynovitis. Inserting screws in
holes, looping wire with pliers, and manipulating rotating controls are examples
of this action. Tools that call for ulnar deviation coupled with supination
(turning the palm up) of the wrist may also increase the risk of tenosynovitis.
Tools that cause radial deviation, especially in combination with pronation and
extension (rotating the wrist down), can lead to epicondylitis (tennis elbow). A
main reason is that pressure is increased between the head of the radius and the
capitulum of the humerus in the elbow.89 This posture irritates the tendinous
attachment of the finger extensor muscle on the outside of the elbow. Examples
of tasks where tools may be used in this manner include: tightening or twisting
covers, inserting components on an suspended assembly line, or cutting meat. In
general, any tool that forces the wrist into an awkward posture will not only
impede the transmission of the contractile force of the extensor/flexor muscles
that control the hands, but is also likely to compress or irritate the median
nerve or synovial tissues of the hand and arm.

Tool-Related Repetitive Action

Repetitive finger action such as that required to operate triggers on tools
may lead to a condition of "trigger finger" (a form of stenosing tenosynovitis
crepitans). This condition is associated with the use of tools with handles too
large for the worker's hand. This causes the worker to keep the end segments
of the fingers flexed while the middle segment is kept straight in order to reach
the trigger. A condition of chronic-flexor tension is induced, which, when com-
bined with the repetitive finger flexing, irritates the tendon sheaths causing
constriction of tendon action. As the tendon passes the site of obstruction, a
click or snap, is often produced.

Vibration has also been implicated in CTDs, although there is yet no
conclusive evidence. Studies of forestry workers, however, suggest tool vibration
may accelerate the onset CTDs.’”® Ifa vibrating tool, such as a chain saw, is
held in an awkward position for prolonged periocds, the elbow and shoulder joints
are sublected to static loading, and may contribute to premature development of
CTDs.? Moreover, because of the weight and the need to control a vibrating
tool, the worker will tend to grip the tool very tightly. As a result, various
tissues of the hand and arm are likely to resonate at certain critical frequencies.
This may contribute to degeneration or pain in the wrist and elbow joints.
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Vibration is known to cause constriction of blood vessels in the fingers,
which gives the fingers a white and pale appearance. This action can also cause
numbness and swelling of hand tissues and reduce grip s’creng'th.'?'2 Common
names for this syndrome include "white fingers, dead fingers, occupational-
Raynaud's and vibration syndrome." Furthermore, tasks, such as sanding, that
involve the use of vibratory hand tools, and also require repetitive movements of
the wrist, can have an additive stress-effect on the wrist tendons sufficient to
cause carpal tunnel syndrome.73

Tool-Transmitted Forces

Tools transmit various kinds of forces to the hand. When these forces are
excessive, or located in especially vulnerable parts of the hand, cumulative
trauma can result. For example, short-handled pliers can put tremendous
pressure on the palm of the hand where blood vessels and nerves are con-
centrated. The handle digs into the palm, obstructing blood flow (called
ischemia) through the ulnar artery.74 This trauma leads to numbness and
tingling in the hand,

Another example of tool-induced trauma is associated with use of an
ordinary paint scraper. This tool is frequently used in cleaning operations in the
plastics industry. Pushing the scraper causes pressure in the palm of the hand,
cutting off the blood flow to the fingers. This can alsoc be caused by a tool
handle that is too small for the worker's hand (Figure 24). The tool handle is
then supported in the base of the palm, creating pressure on the blood vessels
and nerves, which may cause the worker's fingers to turn cold and white.

The backs and sides of the fingers are also particularly sensitive to exces-
sive pressure because the skin is thinner, with less muscle and fat to absorb
shock. The continuous use of ordinary scissors as shown in Figure 25 requires
exerting some pressure on the back of the fingers after each cut to open the
blades. This can lead to nerve problems in the fingers. Furthermore, pressure
concentrations on localized skin areas or small joints may cause penetration of
the skin, calluses, soreness, and aggravation of joint problems. Sharp ridges like
those on many screwdrivers dig into the fingers, causing discomfort and conse-
quently reducing the force that can be applied by the hand.

Using power tools with a bent wrist also increases the risk of a traumatic
injury. Because grip strength is significantly less when the wrist is bent, power
tools can be more easily dislodged from the hand as a result of a sudden torque
or jolt. To compensate for the reduction in grip strength arising from the bent
wrist posture, a worker may try to maintain control! of the tool by increasing
applied grip force, which accelerates muscle fatigue.
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24. Tool handle that is too short for worker's hand and puts pressure on tissues
at the base of the hand.
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25. Contact forces between the sides of the fingers and the scissors handles can
cause digital neuritis and corresponding numbness and tingling in the shaded area
of the hand.
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Human Variation

Tools typically have been designed with a specific work population in mind.
As the workforce expands and diversifies, there are, however, greater individual
differences in workers' physiques, not only between the sexes, but among races
and different age groups. Hence, tools that are the right size for one group may
be incorrect for another. Furthermore, many hand tools are not designed to accom=-
modate left handed persons, who make up more than 15% of the work population.
For example, drills with handles or serrated knives that are usually beveled only
on one side, result in left-handers applying pressure to the wrong side of the
knife and tearing rather than cutting.

Although form-fitting handles, found frequently on power tools, may look as
though they fit the hand, they, in fact, are only molded to an average-sized hand.
What may be good for the average size hand becomes very uncomfortable for a
person falling well below or above the average. Unless the handle matches the
contours of the user's hand, the handie's finger ridges cause the fingers to separate
and reduce the forces that can be applied.

Sex differences are a major source of human variation to be considered in
tool design. In a survey of on-the-job complaints from 1400 Air Force women,
the two tool-related problems from which most complaints arose were hand length
and grip strength.7 The average hand length of the Air Force women was more
than 0.8 in. shorter than that of the average male. Furthermore, grip strength of
women is on the average two-thirds that of men. If one uses data on maximum
power grip for industrial workers, the average woman would have an available
strength of about 60 pounds and the average man about 100 pounds.76 An inter-
esting sidelight of this study was that no correlation occurred between the strength
of the hand grip and the development of injuries.

Clothing and Personal Equipment

The amount of clothing and personal equipment a worker uses on the job
adds to the effects of human variation. When operating a certain tool, workers
may be expected to wear gloves, and gloved hand size is significantly different
from ungloved hand size. For example, a glove that fits poorly will alter what
was a properly designed hand tool for an ungloved hand into a potentially harmful
tool for a gloved hand. Gloves that are too thick also affect the worker's grasp
by spreading the fingers too far apart. Gloves may also interfere with the sense
of tactile feedback causing the worker to grip tools more tightly than necessary.
The static forces that develop in the tendons of the hand, forearm, and elbow are
likely to contribute to the build up of local muscle fatigue, and pose a risk of
CTDs. Moreover, with a slippery or dry glove, the worker may also over-grip
simply to get a firm hold on the tool or parts that have smooth surfaces. ! Even
the use of rubber gloves result in a 15 - 20% reduction in power grip st]:‘ength.'78
Improper glove sizing may also inhibit the performance of precision control tasks.
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Conclusion. Methods were described for determining whether a worksite has
employees who have CTDs, or are at risk for developing CTDs. In the absence of
reliable medical records, & job analysis may be needed to determine if a cumulative
trauma hazard exists. The main point was that CTD may develop when the work
demands habitually exceed a worker's capacity to respond to those demands. The
solution is to balance work demands with worker capacity. Methods for achieving
this balance are discussed next.
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PART III: PREVENTING CUMULATIVE TRAUMA DISORDERS

\

INTRODUCTION

Part III of this manual focuses on two strategies for controlling or prevent-
ing the occurrence of CTDs: Instituting Personnel-Focused Work Practices and
Redesigning Tools, Work Stations and Jobs. The merits of each strategy are
discussed. Combinations of elements of each strategy are frequently used in
workplaces where prevention programs for CTDs have been implemented. A
series of guidelines for ergonomic redesign are also provided along with a list of
references for further information on ergonomic measures as applied to control-
ling cumulative trauma hazards.

Administrative and Engineering Controls

The recommendations for prevention can be conveniently classified as being
either primarily administrative (focusing on personnel solutions) or engineering
(focusing on redesigning tools, work stations, and jobs).

Administrative controls refer to those actions taken by the management or
medical staff to limit the potentially harmful effects of a physically stressful job
on individual workers. Administrative control is achieved by modifying existing
personnel functions such as worker training, job rotation, and matching emplo-
yees to job assignments. In other words, the control actions are focused on the
worker. This subject is covered in a later subsection entitled "Instituting
Personnel-Focused Work Practices.”

By contrast, engineering control focuses on the job or work environment.
The aim here is to redesign the job or tool to achieve control over those job
factors associated with the onset of CTDs. This subject is covered in a later
subsection entitled "Redesigning Tools, Work Stations, and Jobs."

GetHng Approval and Support

Regardless of the prevention strategy adopted, it is always necessary to
gain the support of key people in your organization, namely: (1)} upper manage-
ment who will have to approve the recommendation for changes, (2) the engine-
ering, safety, and perscnnel staff who have to implement the changes, and (3)
the workers who are affected by the changes.
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Furthermore, whatever the proposed plan of control, it will have to be
justified. This justification is likely to include a discussion of the extent of the
problem, the number and severity of CTD cases, and estimates of the time,
expense, and disruption involved in carrying out the control program.

In addition to the expected justifications required for approval, it may also
be necessary to conduct an educational seminar for the decision or policy makers
in the work establishment. These people could include the plant manager,
department supervisors, and first-line foremen. More than likely, these people
are not well informed about CTDs and will need to be briefed for purposes of
obtaining their approval and support for carrying out indicated control programs.
Specific examples of high-risk jobs from the affected plant should be identified
using procedures outlined in Part II of this manual. If possible, some solutions
should be proposed along with estimates of costs and benefits.

Two basic methods exist for justifying the need for a control program:
social and legal justifications, and economic justifications. The social-legal
justifications center around a company's responsibilities to protect its employees
against workplace hazards and the fundamental desire to do what is right.®

The economic justifications involve the likely costs of CTDs versus the
costs and benefits of preventing them. Such an analysis should center around
the possibilities of reduced overhead costs, reduced nonproductive time, and
improved productivity. Factors involved in overhead expenses and nonproductive
time might include: medical costs, compensation costs, lost productivity because
of injuries and absenteeism (including overtime and increased workforce size to
make up for absenteeism), and labor turnover.

Social-legal justifications can sometimes be very effective and should not be
overlooked. One approach is to focus on the problems cf specific people who
are suffering from CTDs. A presentation might sketch out their history with the
company, the type of work they do, the kinds of physical problems they are
experiencing, the likely course of the disorder, the specific aspects of their work
that probably caused the problem, and ways in which these factors might be
controlled.

¥ U. S. Occupational Safety and Health Act of 1970 Sec. 5. (la) Public Law
91-596. "Each employer shall furnish to each of his employees employment and a
place of employment which are free from recognizied hazards that are causing or
are likely to cause death or serious physi harm to his employees"; ...
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Once the approval of key management has been accomplished, it is neces-
sary to develop a plan for effectively mobilizing the support of others in the
organization. Of course, the details of the plan will depend on the unique
characteristics of the workplace, but a few basic points can be made.

o Give the people you will be relying on as much knowledge and
information as possible.

o Be frank about problems that exist and about what you do and do not
know.

o} Do not force your ideas on others, though you may have more
expertise concerning CTDs.

0 Come to the workers with an open mind and do not talk down to
them.

o] Recognize that those who carry out the work, both workers and
supervisors, often have the best ideas on how things might be changed
to satisfy particular objectives.

o Give workers a real opportunity to be involved in the planning and
implementation of changes that affect them.
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Part III: Implementing Solutions
8. INSTITUTING PERSONNEL-FOCUSED WORK PRACTICES

Good work practices are actions taken at a worksite to prevent or control
work-related injury and diseases. A work practice may be implemented by
management, medical and safety staff, personnel staff, or, in many cases, by the
workers and their labor representatives. An evaluative summary of different
personnel-related work practices used for controlling or preventing cumulative
trauma follows.

Selecting Workers to Fit Specific Jobs

No valid methods exist yet for accurately predicting whether healthy
workers are susceptible to CTDs before hiring. Attempts to screen potential
employees through wrist x-rays, muscle strength tests, tests of physical fitness
or flexibility, or other means have not proved successful and may be viewed as
discriminatory.* Moreover, the courts have deemed that it is management's
responsibility to show the relevance of its screening test in identifying minimum
and essential attributes needed by workers to safely and effectively perform the
job. '

The success of any screening program ultimately depends on obtaining
accurate information as to the specific demands of the job. An accurate
assessment of worker capacities is also needed, particularly as it relates to key
job demands. Any assessment of human capacities is complicated by the
influence of a wvariety of psychosocial factors including work performance,
motivation, expectation, and fatigue tolerance.

For example, it is generally accepted that muscular strength is an appro-
priate job-related criterion for a variety of manual jobs including construction,
heavy assembly, packing/shipping, etc. If a job analysis indicates that the
essential requirement for the job is sufficient upper body strength, then an
appropriate strength test must be designed. The ideal test must accurately
simulate the force, frequency, and endurance demands inherent in the main
components of the job.

Criteria are also needed for deciding the level of & worker attribute that is
necessary to meet the job demands. For example, if the results from a preem-
ployment test indicate that two candidates are equal except for strength, who
should be hired? Is the weaker worker a poor risk? There are no defensible
guidelines yet for such decisions.

* U. S. Federal Rehabilitation Act of 1973, and 44 states have laws that
prohibit discrimination in employment.
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A secondary aim of worker selection might be to assign people to jobs
according to their physical stature. A tall worker, for example, might be able to
comfortably reach the top of a machine or part, whereas a much shorter one
would have to exert added force with the arms held above the shoulder level. A
short worker, on the other hand, might have the advantage of working at
benches that would be too low for some.- Selecting workers according to stature
may prove acceptable if there are sufficient numbers of workers available who
fit the workstation or task requirements. Certainly this approach could not be
used in conjunction with a worker rotation schedule.

These examples highlight the need for developing minimum acceptability
criteria to avoid the tendency to hire only the strongest or youngest workers.
Selecting workers for strength or size opens the door to possible abusive
discrimination. For example, size and strength are both correlated with sex.
Worker selection for strength or size may unwittingly discriminate against
women. Worker selection for strength may discriminate against older employees.

In summary, attempts to determine the strength or dexterity demands of a
job, and the relative strength and dexterity of workers, is a complex process
because of the wide variety of physical job demands inherent in the workplace,
the range of individual physical capacities, and the lack of criteria for safely
and effectively matching workers to jobs.

Finally, some companies use a system called bidding-for-jobs. When a job
becomes available, interested workers may sign up for it. The worker with the
most seniority gets the job. This essentially eliminates management's role in
assigning workers to particular jobs, and it would eliminate the viability of
worker selection as a control technique for CTDs. Some self-selection would
occur to avoid highly stressful jobs, particularly for those workers with CTDs.

A safety and health department staffed by personnel able to assess both the
human performance capacities and the demands of the various jobs in their plant
can perhaps make judicious decisions about worker selection. But a foreman or
department manager who must juggle a constantly changing workforce during the
first minute or two of each work day, and who may not fully understand the
hazards involved in various jobs, may not be able to practice successful worker
selection. Unless the immediate supervisors thoroughly understand what is
involved in worker selection, they are likely to unintentionally undermine any
attempt to use this method for CTD control.
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Training Workers

To train workers in the prevention of CTDs is to teach them to work
efficiently in a safe and healthful manner. This generally involves training
aimed at reducing the number and types of awkward wrist, arm, and shoulder
postures, minimizing the levels of mechanical forces applied, and reducing the
number of repetitive motion patterns. Simply telling workers about the risk
factors that can contribute to CTDs and advising them to avoid engaging in
those behaviors would appear to be a straightforward matter. The essential
question, however, is one of the effectivenes of such instruction.

Training is providing someone with a needed skill. Informing someone
about the general factors invelved in CTDs, and recommending that they avoid
those behaviors may make that person aware that something needs to do done
differently. It may not, however, give them any idea about how their job should
be done.

Even if specific information is provided to the worker about how a job can
be done tc avoid CTDs, the worker may still be unable to do the job in the
recommended way for any number of the following reasons:

The accustomed way of doing things may be an ingrained habit.

There may be production pressures to take short cuts.

The new way may be more difficult or more time-consuming.

The threat of developing CTDs may seem remote.

. The work process, job layout as designed, may not permit the
prescribed actions needed to reduce the trauma risk factors.

6. The weight and shape of the materials handled are usually beyond the

worker's control,

Tl W)

Training Principles

The first step in training is to clearly specify the objectives -- that is, one
must know exactly what behaviors are to be taught. This can be accomplished
by closely watching or analyzing a videotape of someone doing the job. By
studying the videotapes, potentially hazardous work postures and movements can
be identified. Criteria for identifying work patterns that are biomechanically
unsound can be obtained from guidelines appearing in this manual and in
standard ergonomic reference texts cited at the end of this section. After
identifying the problems or conditions that you seek to change through training,
it is advisable to do the job yourself (incorporating the training objective) to
make sure that you understand what is involved and that the recommended
changes can be followed.
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Communicating the objectives consists of showing or telling the trainees
what you want them to do. Manual skills are generally easier to communicate by
allowing someone to observe the recommended way of doing things, either by a
live demonstration or a videotaped or filmed presentation. A minute or two of
demonstration can be worth thousands of words.

Ideally, a trainee should have an opportunity to practice a recommended
skill immediately after it is shown. The immediacy of the opportunity minimizes
the chances of forgetting. On-the-job practice is the most realistic. Appropriate
feedback can be given to correct faulty performance.

Much industrial training is conducted with little thought as to whether or
not the learned behaviors can be easily maintained after training. For example,
a worker may be better protected from CTDs if he occasionally uses a particular
tool in carrying out a specific task. The worker may be given the tool and
trained in its use. However, if there is great pressure to keep up a particular
pace of work, and if using the new tool requires extra time and effort, the
effects of the training will probably not endure.

Before embarking on a course that requires particular work behaviors, make
sure that (1) there are no work pressures or demands that would impose
restrictions on those behaviors, and (2) the work environment will support those
behaviors. If the CTD control program requires support from an immediate
supervisor who is always pushing production instead of encouraging healthful
work habits, expect that maintaining the objectives of the training will be
difficult. An appeal to upper level management may then be necessary.

Efforts are under way in some industries to broaden training beyond the
fundamental issues of safe work practices to include more comprehensive
approaches, such as (1) hazard recognition programs for increasing worker
awareness and (2) problem-solving programs designed to provide workers with the
information and skills necessary to participate in hazard control activities.

Training Conclusions

Although industrial training programs are easy to implement and have an
intuitive, rational appeal based on the belief that behavioral change follows
awareness, their success in reducing CTDs has been mixed. A second reason for
the interest in training is that it is usually less costly than ergonomic intervent-
ions. Experience has shown, however, that over the course of a few years, the
costs of on-going training programs may exceed the initial expenses needed to
implement ergonomic changes in the job or tools used. A main reason for the
continuing expense of training programs is that each new employee must be
trained, and retrained periodically to reinforce safe work practices.
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Training programs have traditionelly focused on teaching employees specific
work practices for safety and hygiene. Though most experts support such
training, the actual effectiveness of such programs has been difficult to evaluate.
More recently, the concepts of training have been extended to include elements
of recognition and problem solving. Moreover, it is now recognized that
training, or more appropriately, education aimed at awareness is needed at all
levels of management, including such staff specialists as loss-control personnel,
procurement officers and engineers who are concerned with tool and workplace
design and use.

Worker Rotation

The purpose of rotating workers from one job to another is to reduce the
duration of exposure of any one worker to tasks that call for stressful postures,
forces, and highly repetitive activities involving the arm, wrist, and hand.
Worker rotation schemes are complicated by the fact that no one knows with
certainty what is an acceptable exposure to & cumulative trauma causal factor.

Worker rotation may also pose an increased hazard of injury. For example,
a worker may lack experience with the rotated jobs and suffer what is called
response interference. An example of this was found in a food processing plant
where workers were rotated from fish filleting to trimming operations. Both
jobs required the use of a knife, but filleting required high force and trimming
required small precise motions. Workers who rotated between the two jobs had
difficulty adjusting to the different forces needed and ended up over-cutting or
under-cutting. This increased their risk of suffering severe finger or hand cuts.

Worker rotation may also violate certain employment agreements or
collective bargaining issues governing job assignments. Supervisors may also
object to worker rotation because of the need to maintain consistent production
levels. For example, worker rotation may disrupt the supervisor's job assign-
ments that places the most highly productive or skilled employees on the more
demanding jobs. Obviously, the supervisor's cooperation is necessary, and more
important, their understanding of the intent of the job rotation is necessary.

The purpose of using worker rotation as a control for CTDs is to help
alleviate physical fatigue and stress by systematically alternating job demands
and task duration by rotating workers.through different jobs. However, if a
worker is rotated into what appears to be a different job, but in reality imposes
the same physical demands as the previous job, worker rotation will fail to
achieve the goal of alleviating physical fatigue and may even accelerate the
condition.
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Part III: Implementing Solutions
9. REDESIGNING TOOLS, WORK STATIONS, AND JOBS

Once a job analysis has established the probable source of the cumulative
trauma, a plan for control and prevention should be devised. The preceding
section outlined three personnel-focused work practices used to control the
incidence of CTDs. The conclusion was that training, job rotation and worker
selection represent people solutions to what are essentially job design and
equipment problems. Hence, such administrative procedures should only be
considered as temporary measures to be used until a more permanent solution is
available. A permanent solution is one in which safe work is a natural result of
the design of the job, workstation and tools, and is independent of specific
worker capabilities, or work techniques.

Changing the Job, Not the Worker

The guiding principle of this section is to make the job fit the person, not
to make the person fit the job. This goal is accomplished by redesigning the job
or tool to reduce the job demands of high force, repetition, and awkward
postures. Ultimately, by improving the fit between the worker and the job, we
are not only contributing to the well-being of the worker, we are also improving
productivity. We call this the ergonomic solution.

Ergonomics is an applied science concerned with the design of workplaces,
tools, and tasks to match the physiological, anatomical, and psychological
characteristics and capabilities of the worker. Ergonomics as a discipline draws
from the fields of physiology, anatomy, psychology, and engineering for theory
and methodology.

Special skills and training are needed to design and implement changes in
jobs, tools, and work methods. Experts in this field usually have had formal
training in one or more of the following areas: industrial and biomechanical
engineering, work physiology, anatomy, applied psychology, and industrial
hygiene.

Coping with Obstacles in Redesigning Jobs

Often the initial task of identifying the causes of CTDs is overshadowed by
the more difficult task of deciding on the most effective method of control or
intervention. There is seldom a simple, single change to be made. More often
there are numerous overlapping problems involving some combination of high
production demand, faulty work methods, awkward workstation layouts, or ill-
fitting tools. Furthermore, what may be an effective ergonomic intervention for
controlling cumulative trauma at one workplace may be totally inappropriate at a
sister plant with a different work population. Perfect solutions are rarely
available, and design decisions often involve compromises and trade-offs.
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There is also the risk that a proposed ergonomic solution, like any thera-
peutic regimen, may have a side effect that outweighs the proposed benefit. For
example, providing a chair may alleviate lower back and leg fatigue, but may
increase the distance the operator has to stretch to reach certain controls or
supplies. Hence, attempts to alleviate one source of cumulative trauma may
create or contribute to new injuries or illnesses that may even be more serious
than what is being remedied.

Perhaps the most cautious way to proceed is to administer an ergonomic
intervention with the same degree of care as one would use with any new
remedy. One should (1) perform a thorough examination first (job analysis) to
determine the specific problem, (2) evaluate and select the most appropriate
intervention(s) (the assistance of an expert may be useful here), (3) start
conservative treatment (implement the intervention, if possible, on a limited
scale) (4) monitor progress, and (5) and continue to adjust or refine the scope of
the intervention as needed.

Despite the potential difficulties associated with the development and
implementation of any type of intervention or control program, there remains a
pressing need to provide some practical guidelines for redesigning jobs that carry
risks of CTDs. What follows is a discussion of the principles and recommend-
ations of ergonomic experts on the prevention of CTDs.

Design Principles Based on Ergonomics

The majority of the guidelines presented in this manual for achieving
ergonomic control over cumulative trauma have one or more of the following
three objectives:

I. Reduction of extreme joint movement.

I1. Reduction of excessive force levels.
III. Reduction of highly repetitive and stereotyped movements.
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I. Reduction of extreme joint movement.

Since excessive stress on joints and tendons is a principle cause of CTDs,
motions that are performed often should be kept well within the range of motion
of that joint. Work activities should ideally be performed with the joints at
about the midpoint of their range of movement. When force is being applied by
the hand, the wrist should be kept straight and the elbow bent at a right angle.
All side to side deviations of the wrist should be avoided. The hands should be
kept in line with the forearms.

At least three methods exist for reducing deviations of the wrist:

o Altering the tool or controls
(e.g.,bending the tool or handle instead of the wrist
o] Moving the part
(e.g., rotating the part in front of the worker so the wrist
can be straight)
o Moving the worker
{changing the position of the worker in relation

to the part)
II. Reduction of excessive force.

Since tasks that require prolonged and excessive muscle contractions to
maintain a posture, or to assemble a part, or hold an ill-fitting tool, contribute
to the development of CTDs, jobs should not require the worker tc exert more
than 30% of his or her maximum force, for a particular muscle, in a prolonged or
repetitive way. All muscular contractions, including occasional ones, in excess of
50% of the maximum should be avoided.

Exertion level or fatigue can also be minimized by heeding the relationship
between load and duration. Simply, by decreasing the required effort (lcad) by
as little as 10% will allow work to continue at a constant level for a duration
that exceeds the original duration by a factor of five or six. In essence, work
fatigue is influenced more by load than duration. The ratio of load to duration
may be as high as 10:1, respectively.

Available charts and tables provide a general range of strength for specific
muscle groups in men and women of different age groups and worker stature.
(Humanscale 1,4 by Diffrient et al. 1981, and NASA Anthropometric Source Book,
Vol I & II , edited by Webb Associates, Publication No. 1024, 1978.)
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Three general approaches to controlling job forces are:

0 Reducing the force required (keep cutting edges sharp, use
weaker springs in triggers, power with motors rathei than muscles,
use jigs and clamps instead of hands to grip parts.

o Spreading the force (use trigger levers rather than single-finger
push buttons, and allow the worker to alternate hands).

o Getting better mechanical advantage (use stronger muscle groups and
use tools with longer handles)

III. Reduction of highly repetitive movements.

Since highly repetitive and stereotyped manual movements contribute to
CTDs, potentially aggravating production and design factors must be iden-
tified and altered to reduce the repetitive levels of a work cycle. Counter-
measures include limiting the duration of continuous work or restructuring of
work methods.

Although it is difficult to define repetition levels that can be labeled as
always harmful, jobs that have a cycle time of less than 30 sec and a funda-
mental cycle that exceeds 50% of the total cycle time, should be considered
as posing a risk for CTDs. A fundamental cycle is a work cycle that has a
sequence of steps or elements (Therbligs) that repeat themselves within the
cycle.

Several approaches may be taken to reduce rates of repetition:

o) Task enlargement. Restructure jobs so that each worker has a larger
and more varied number of tasks to perform. This must include a
corresponding increase in job-cycle-time.

o Mechanization. ¥ The use of special tools with ratchet devices or
power drivers can reduce stressful repetition.

o Automation. Repetitive tasks are performed best by a machine. To be

cost effective, this must typically involve a high-volume, long-term
production process.
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Design of Work Stations

Given the opportunity, most employees will begin to customize their
work area to enhance efficiency or reduce some aspect of fatigue. If they
share the work area with others, the extent of any customizing will be
limited to items that a worker may bring to work or that can be quickly
installed and removed when work is finished. For example, workers may
bring special seat cushions to compensate for height variations when chair or
stools are not adjustable. Special mats, rugs, or even make-shift risers may
be used to stand on to reduce shoulder fatigue from working with arms
raised. Crates may be placed on benches by tall workers to reduce bending
of the shoulder and neck. Some creative employees may even rearrange the
location of their supplies and output bins for disposing of waste and finished
products.

Supervisor reactions to such worker initiatives are varied. Some may
object if changes interfere with the work of others or with the department's
overall productivity or safety. Other supervisors may even encourage or
seek advice from workers regarding needed improvements. However, the
criterion for deciding what job modifications are actual improvements may
rest solely on productivity and thus fail to reduce sources of cumulative
trauma to the worker,

From the above examples, it can be seen that improvements in work-
place design are usually the result of trial and error. The purpose of this
section is to provide some guidelines based on ergonomic principles for
planning the Ilayout or modifications of work stations to minimize the
stressful effects of repetitive and static work patterns.

Guidelines for Work Stations !
1. Design Work Stations to Accommodate Different People

An ergonomic work station should accommodate a vast majority of the
people who work on a given job and not merely the average. A work
station that is adjustable and was either designed or selected to fit a
specific task should be experienced as relatively comfortable by 90% to 95%
of the worker population. The work space should also be large enough to
accommodate the full range of required movements. For the seated operator,
certain space requirements should be observed. Minimum requirements are
given in Figure 26a and b.
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Data for design decisians can come from a variety of sources:

o Anthropometric tables offer extensive listings of the size
measurements and proportions of the human body as distributed in
the adult population, and are especially helpful at the drawing
board stage of a new work station. (See NASA Source Book, 1978,
and the Humanscale series by Diffrient et al., 1981)

o Fitting trials use actual workers in an inexpensive cardboard
mock-up of a possible work station. This mock-up trial allows
for adjustments of key dimensions for each subject so that an
optimum final design may be made.

o Fatigue measurements in the laboratory and factory involve
using scientific instruments to measure muscle activity and force.

2. Permit several different working positions.

To avoid static loading of muscles, good work station design should
permit the worker to adopt several different but equally healthy and safe
postures which still allow performance of the job. Ideally, a worker should
be able to choose either a sitting or standing position. Arm rests and foot
rests should be supplied when appropriate.

An example of work stations at which a worker can either sit or stand
are shown in Figure 27. Notice that the shape of the tool handle may have
to be changed to maintain a neutral wrist position when the worker assumes
different positions. This example illustrates one of the difficulties in
designing multi-purpose work stations for seated and standing postures, and
the accompanying need to fit the tool to the worker's different postures to
reduce stressful wrist deviations.

Whether a worker should be standing or sitting depends on the type of
task to be performed. Sitting is best for tasks that require fine precision
work. This position requires less muscle activity to maintain the posture
and provides greater stability for the worker. Foot controls can also be
operated more easily. Standing is best for tasks that require a large space
to be covered or large forces to be exerted.
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27. Shows the effects being seated or standing on the type of tool handle needed
to maintain a straight wrist.
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3. Design should start from the working point, where the hands spend
most of their time.

Frequent work should be kept within the area that can be conveniently
reached by the sweep of the forearm, with the upper arm hanging in a
natural position at the side of the trunk. The area that can be reached by
extending the arm from the shoulder will vary greatly, depending on the size
of the worker.

If the worker has to use the hand to grip an object, the maximum
reach of the arm should be reduced by 5 cm (2 inches) or more. An
occasional stretch to reach beyond this range is permissible since the
momentary effect on shoulders and trunk is transient. However, if this
becomes a permanent part of a job, forearm or shoulder fatigue may be
experienced. In general, the design should allow the worker to maintain an
upright and forward-facing posture during work. Figure 28 provides a graph
layout of average reach distances for wrist, thumb and finger tips for both
sitting and standing.

4. Place controls, tools, and materials between shoulder and waist height
to be easily reached and manipulated.

Avoid reaching above shoulder level or behind the body. All reaching
should be below and in front of the shoulder. There should be a definite and
fixed space for all tools and materials. Their location should be close to the
point of use, and they should be arranged so that they permit the best
sequence of motions. Figure 29a illustrates a worker using a punch press
where the controis are located overhead requiring extreme shoulder ele-
vation. An improved version is illustrated in Figure 29b where the controls
were moved away from the press and relocated at waist level. Figure 30
illustrates acceptable and unacceptable work areas for positioning repetitive
work with respect to the hands and arms. If the surface height is too high,
the arms are held away from the body (abducted) and static loading of the
shoulder muscles results.

5. The more precise the work, the higher the work surface. The heavier
the work, the lower the work surface.

As a general rule, for most types of industrial jobs, the work area
should be about 5 tc 10 cm (2 - 4 in.) below the elbow when standing or
seated in an erect posture. This is measured with the elbows held close to
the body and arms bent at S0 degrees. The arm should hang from the
shoulder in a relatively relaxed position allowing the forearm to be nearly
horizontal,
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29. Example of workplace redesign showing relocation of punch press controls to
waist level to reduce need for overhead arm extension, while keeping hands safe.
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In addition to using the worker's elbow height as a guide for setting
the height of work surfaces, the force requirements of the task should also
be considered. For example, the work area may be raised 5 to 10 cm (2 - 4
in.) above the elbow for very precise or delicate work, whereas for heavy
manual-assembly jobs, the work surface should be 10 - 15 ¢cm (4 - 5 inches)
below elbow height. For jobs where the work surface is elevated above
elbow height, adjustable pads should be provided for resting the forearms.

The optimal work surface height for the seated worker is more
complicated because it is a function of the height of the seat or chair, the
thickness of the work surface and the worker's thigh, Figure 3la and 31b
show a set of recommendations for work surface heights based on the type
of work performed for both the seated and standing worker, respectively.

7. All edges of the work surface should be well rounded and padded where
an elbow or forearm might be rested.

Figure 32a depicts a worker's elbow supported on the surface of a work
bench to stabilize the hands and rest the shoulders. This posture places
pressure on the ulnar nerve and in time can produce numbness and tingling
in the fingers. Stresses on the elbow can be reduced by cushioning and
rounding the edge, as in Figure 32b.

8. Provide well-designed chairs.

Make sure the chair is correctly designed for the job and the person.
Despite the fact chairs and stools have been used in workplaces for years,
there has been remarkably little attention, until recently, to the design or
selection of chairs that actually fit the job or the worker. A chair that is
inappropriate not only is a source of discomfort, which can affect produc-
tivity, but in the long run can contribute to back, neck, and leg problems.

One of the impediments to good chair design has been the erroneous
notion that sitting is a static activity, when in fact, it is a dynamic one.
People need to be able to move around in their seats, lean this way and
that, and get up and down easily. Moreover, seating should be viewed in
relation to the worker's task. Since chair comfort is task dependent as well
as person dependent, there is seldom a single chair that will satisfy the
needs of all workers. The seat height, back rest, and foot rest should be
adjustable to accommodate 90% of the population. The adjustments should be
simple and easy to perform.

A methodology for evaluating chairs has been developed using a
combination of fitting-trials and user comfort-evaluation.2 The report also
provides a "chair-feature checklist," that is useful for individuals needing to
evaluate chairs for industrial or office use.
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32. (a) A work posture that places pressure on the ulnar nerve (b) A rounded
pad placed over the edge of the work table relieves pressure on the ulnar nerve
as it passes over the elbow.

76-C




Part III: Implementing Solutions

An example of an adjustable chair with both arm and lumbar support is
shown in Figure 33.

Guidelines to proper chair design and fitting are:3,4

o) Inclusion of a small kidney-shaped backrest, which provides
mobility and support. Position the backrest to clear the pelvis
to ensure maximum mobility.

o Chair height should be adjustable so that work surface is slightly
below elbow height. If the seat is too high, legs will dangle,
increasing pressure on the underside of the thighs. If the seat is
too low, knees will be raised, putting leg muscles under tension.

o Clearance must be provided for thighs. The distance between the
top of the seat and bottom of the work surface should be 29 - 30
cm {about 11 inches).

o] Footrests may be useful for high chairs or short people. Position
the footrest to take weight off the thighs. A good footrest offers
a large surface on which to place the feet.

o Position both the seat depth and the back rest to avoid pressure
at the back of the knee (the popliteal cavity). The seat front
should be rounded to eliminate pressure in the popliteal area,
which contains nerves and blood vessels.

o Provide arm rests if they do not interfere with necessary
movement. Often one arm rest on one side will suffice.

o The seating surface should be slightly slanted backwards (3 to 5
degrees) to prevent sliding out of the seatpan and encourage the
use of a backrest. '

o The seat should be upholstered with a slightly porous, rough-
textured material that does not give way more than 2-3 cm.

Design of Work Methods

Every job has a set of procedures for accomplishing the work. . The
origin of these procedures usually can be traced to the need by management
to plan the staffing requirements for the new job. For example, information
is needed to determine how long the job will take, what skills or physical
demands are required of the worker, and what is the optima! method or
sequence of motions for performing the job. To obtain such data, a
work-methods analysis is often conducted. (See Part II, Section 7).
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Part III: Implementing Solutions

Despite the fact that traditional work methods analyses were designed
primarily to obtain staffing and production estimates, work-methods analyses
can provide useful information for identifying the physical stress to the
hands, arms, and shoulders that contribute to CTDs. For example, by closely
examining the Methods-Time Measurements system (MTM) coding, and with a
sketch of the workplace, the durations of both static holding postures and
repetition rate can be computed.

Traditional work-methods analysis, however, does not provide needed
information on force levels or on hand and arm postures. Hence, job
analyses conducted to identify sources of cumulative trauma require an
additional assessment of the actual load or force applied by the workers.
Although force may be assessed using electromyographic techniques, the
procedure is too cumbersome and time consuming for routine work analysis.
One alternative is to use a psychophysical procedure to assess the worker's
level of perceived exertion. The most widely used is the Borg Rating of
Perceived Exertion (RPE) scale. In general, measures of perceived exertion
or effort correlate highly with objective measures of work load, such as
heart r'ate.s,G

Appendix A of this Manual defines and illustrates a variety of stressful
postures and terms used to describe them.

Guidelines for Redesigning Work Methods

The following guidelines were developed largely from experience with
job analysis, including MTM, and from experience with the application of
ergonomic principles to job redesign. A few of the more time-tested
guidelines that have been used to control sources of cumulative trauma in
the workplace are presented.

1. Use jigs and fixtures whenever possible.

Many jobs are performed with the non-preferred hand acting as a "bio-
logical jig" because no other means of holding the work piece is provided.
An example of a useful fixture for holding a typewriter housing is shown in
Figure 34. The top half of the figure (a) shows the original wrist posture in
which the worker must flex her wrist and exert pressure to hold a sander
against a typewriter housing. In the bottom half of the figure (b), an
adjustable fixture is shown for holding and orienting the part. The sander
handle has also been redesigned to reduce the wrist flexion.

Duck-billed pliers fastened at an appropriate height and actuated by a
pneumatic or hydraulic cylinder serve as convenient jigs for holding small
parts that would otherwise demand a pinch grip by the operator.
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Jigs for complex items can be produced cheaply with quick-setting
plastic, which can be molded to hold unusual shapes. A slightly oversized
part or movement of the part during the molding operation will ensure that
parts can be easily put into the plastic jig and removed at the end of the
cycle. Jigs and products should be designed for easy assembly. Lead-ins for
holes and tool-entry points reduce assembly time and reduce the need for
static loading of the operator at the entry point. Figure 35 illustrates
two jigs, (a) and (b), which required the operators to bend their wrist. An
improved version is shown in (c).

2. Re-sequence jobs to reduce repetition.

Analyze the sequence of elements to see where both long static
contractions and frequent repetitions occur. Both should be avoided. Often
the element sequence can be rearranged to break up a long static contrac-
tion or to spread repetitions across both hands. 4

For seated operators, a foot pedal may be used to activate a jig or to
eject a work piece from a jig. When anslyzing the manual sequence of
motions, determine whether alternative muscle groups may be brought into
use for highly repetitive elements. This will distribute the work load over
different muscle groups and joints.

3. Combine jobs to reduce repetition.

In addition to reorganizing work methods within a cyele, thought should
be given to reassigning tasks to operators as a method of reducing repetition
rates. This means combining jobs that had previously been broken down to
provide very short cycle times with each movement being repeated many
thousands of times per day. Often, combining jobs can also lead to reduced
materials handling, reduced storage for work in progress, and reduced
unpacking and repacking of containers.

Industrial relations researchers have found that job design has the
added benefit of increasing job satisfaction and worker productivity.
Enlarged jobs not only reduce the degree of repetition by increasing the
cycle time and diversity of manual activity, they can also provide the worker
with a sense of accomplishment.

Feelings of accomplishment stemming from job enlargement provide the
worker with a greater sense of personal control and responsibility for a
finished product. Job enlargement or enrichment, as it may be called, is a
viable alternative to job rotation. Moreover, it may improve worker
productivity in ways that worker-job rotation cannot.
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Combining jobs means that for the same output, more parsllel work
stations may be needed. Hence if a particular machine or tool is required
for one operation, more machines or tools will often be needed, and they
may not be used all of the time. CTDs, however, are rarely associated with
complex and expensive machines that need to be run for 24 hours a day to
be profitable. Rather, CTDs occur predominantly in industries such as
sewing, small parts assembly, and meat preparation, where tools and-
machines are simple, have a lifetime far beyond their payback period, and
may be used for one or two shifts per day. In general, the costs of CTDs
far outweigh the costs of purchasing additional tools and machinery for
parallel work stations.

4. Automate highly repetitive operations.

Because of the complex nature of work procedures in some plants, it
may be too difficult or costly to redesign certain jobs to eliminate the
biomechanically-stressful elements of work. Under these conditions, automa-
tion or semiautomation may be required. By using robotic techniques,
engineers can eliminate many high-risk jobs and substitute machines to take
over these stressful tasks while the operator performs the remaining tasks.
This technology has recently been introduced in the automotive industry,
where robots perform jobs that are hazardous and highly repetitive in
nature, such as weiding, painting, and finishing. However, automation can
also have negative side effects. While it has relieved the worker from
performing many of the more strenuous and dangerous jobs, it has also
served to simplify jobs, often reducing them to single repeated acts that
focus the biomechanical forces on smaller, more vulnerable parts of the
musculoskeletal system, such as the hands and wrist.

5. Allow self-pacing of work when possible.

Most of the studies supporting this recommendation provide only
general statements indicating that one work condition, such as paced work,
causes more or less work strain than another, e.g., non-paced work. 18 A
fixed pace is only optimal for a small percentage of workers. For the
majority of workers, a fixed pace may be either too slow to provide
adequate challenge to hold their attention and maintain work motivation, or
alternately, a fixed pace may be too fast to allow sufficient recovery
between work cycles to prevent local muscle fatigue. Hence, any work
design that provides the worker with some control over the pace will make
it easier to find people who will not only do the job, but remain on the job.
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8. New employees should start at a slower rate.

By starting at a slower pace an employee can become work hardened or
conditioned prior to assuming full work capacity. A few hours of warm-up
may only be needed for a conditioned worker, whereas several weeks may be
needed for a worker returning from an injury or CTDs. Just as athletes
recognize the need for conditioning and stretching to increase muscle efficiency
and coordination, and to prevent injuries, workers who are introduced to the
job at a slower pace develop improved work practices and are less likely to
experience start-up soreness. Soreness is attributed in part to micro-tears
in the connective tissue in response to forceful lengthening from unaccustomed
repetitive exertions. The degree and extent of conditioning should be tailored
to each worker's capacity and the demands of the job. -

‘7. Allow frequent rest pauses.

Rest pauses should be scheduled to provide relief for the most active
muscles of the upper extremity used in the job. By contrast, most conven-
tdonal notions concerning rest pauses are designed to conserve the worker's
overall workload (energy expenditure). Usually, a work:rest ratio is deter-
mined by assessing the duration of heart rate recovery.

By comparison the guideline offered here is based on worksite experi-
ence indicating that the incidence of upper extremity CTDs is a function
more of the work and rest of the forearm and intrinsic hand muscles than of
overall work load.? Guidelines for estimating rest pauses for repetitive jobs
involving various levels of effort, based on maximum voluntary contractions
(MVC), can be obtained from inspection of the graph shown in Figure 36.10
To use this graph, job information is needed on the effort required, and on
either the total cycle time, or holding time. If the job is externally paced,
the cycle time is known. The holding time can be obtained with a stop-watch
from videotapes of the job. To estimate effort, a simple rating scale has
been devised that corresponds to the MvC.11  From this scale effort is
categorized into one of the three levels shown on the graph: light, moderate,
or heavy.

The needed recovery time for a given level of effort is determined from
the graph and, depending on the available information, either the cycle time
and holding time is used as starting point. A straight line is drawn from
either the cycle time or holding time values to intersect with the appropri-
ate effort level. Another line is then extended back to the coordinate axis.
Recovery time is equal to the total cycle time minus the holding time for a
given level of effort. For example, an overhead assembly task, categorized as
heavy, that has a 30 sec cycle time (paced at 120 insertions per hour) shouid,
based on the graph, require no longer than a 6 sec holding time to complete
one insertion cycle. The minimum recovery time is then 24 sec.
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6. New employees should start at a slower rate.

By starting at a slower pace an employee can become work hardened or
conditioned prior to assuming full work capacity. A few hours of warm-up
may only be needed for a conditioned worker, whereas several weeks may be
needed for a worker returning from an injury or CTDs. Just as athletes
recognize the need for conditioning and stretching to increase muscle efficiency
and coordination, and to prevent injuries, workers who are introduced to the
job at a slower pace develop improved work practices and are less likely to
experience start-up soreness. Soreness is attributed in part to micro-tears
in the connective tissue in response to forceful lengthening from unaccustomed
repetitive exertions. The degree and extent of conditioning should be tailored
to each worker's capacity and the demands of the job.

7. Allow frequent rest pauses.

Rest pauses should be scheduled to provide relief for the most active
muscles of the upper extremity used in the job. By contrast, most conven-
tional notions concerning rest pauses are designed to conserve the worker's
overall workload (energy expenditure). Usually, a work:rest ratio is deter-
mined by assessing the duration of heart rate recovery.

By comparison the guideline offered here is based on worksite experi-
ence indicating that the incidence of upper extremity CTDs is more a function
of the work and rest of the forearm and intrinsic hand muscles than of
overall work load.? Guidelines for estimating rest pauses for repetitive jobs
involving various levels of effort, based on maximum voluntary contractions
(MVC), can be obtained from inspection of the graph shown in Figure 36.10
To use this graph, job information is needed on the effort required, and on
either the total cycle time, or holding time. If the job is externally paced,
the cycle time is known. The holding time can be obtained with a stop-watch
from videotapes of the job. To estimate effort, a simple rating scale has
been devised that corresponds to the MVC.11  From this scale effort is
categorized into one of the three levels shown on the graph: light, moderate,
or heavy.

The needed recovery time for a given level of effort is determined from
the graph and, depending on the available information, either the cycle time
or holding time is used as starting point. A straight line is drawn from
either the cycle time or holding time values to intersect with the appropri-
ate effort level. Another line is then extended back te the coordinate axis.
Recovery time is equal to the total cycle time minus the holding time for a
given level of effort. For example, an overhead assembly task, categorized as
heavy, that has a 30 sec cycle time {paced at 120 insertions per hour) should,
based on the graph, require no longer than a 6 sec holding time to complete
one insertion cycle. The minimum recovery time is then 24 sec.

81 -



LIGHT (30% MVC)

o
s

(=

§ MODERATE (50% MVC) O LIGHT
: - MOD

2 - HEAVY

20 40 60 80
CYCLE TIME IN SECONDS

36. Work and recovery guidelines, adapted from data in Rohmert!* and Rodgers?,

I8




Part III: Implementing Solutions

Although this model is based on limited data collected some years
aLg'o,12 it does provide a simple method for assessing the need for task
redesign either to shorten hold time, reduce effort levels, or increase total
cycle time (which would reduce the work pace). Additional research on
work/recovery is needed not only to verify the existing model, but also to
provide more precise measures of work effort.

In summary, the above three guidelines all invelve the issue of time,
i.e., pacing, work rates, work duration and recovery. A main difficulty in
obtaining this type of data is the specificity of each work situation and the
difficulty in making generalizations from one job task to another. A second
problem rests with the accepted criterion as to what is a realistic work
schedule that meets the goals of the company and still provides the workers
with a margin of protection against overuse and exertion injuries. In
general, guidelines for work duration, rest breaks and production levels need
to be derived directly at the work site for each job situation. This should
be evaluated in terms of the protection afforded to the workers, which is
often a process of trial and error.
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Design of Tools and Handles 13 |

Tools and handles increase man's productivity by extending and ampli-
fying manipulative abilities. Since productivity is associated with a worker's
livelihood, workers are motivated to carefully select and in some cases
customize their own tools when given the opportunity. Moreover, proper
attention to the selection and design of tools and workstation layouts can
minimize the risk of CTDs.

Until recently, few guidelines were available to help workers select
tools that were both effective and safe to use. Workers relied on trial and
error procedures to find the right tool for the job. The right tool was
judged not only on its effectiveness, but also by how it felt, the balance,
and its weight, shape, and handle size. Hence, an effective tool not only
aids productivity, but also minimizes the development of fatigue and physical
stress that accumulates over the course of a work day. Fortunately, these
two criteria can be made compatible by applying principles from the field of
ergonomics. Tool and handle design for preventing CTDs rests on four
fundamentals:

o Avoiding high contact forces and static loading.
o Avoiding extreme or awkward joint positions.

o Avoiding repetitive finger action.

o Avoiding tool vibration.

The following guidelines are offered for the design and selection of
tools and handles. The guidelines were derived from numerocus studies
conducted over the last 15 years, and they include recommendations covering
hand tools, power tools, and container handles.

Gaidelines for selecting and designing tools
1. Handles should be provided.l4,13

Handles are essential. Many tools are designed so that the operator
must grasp a motor housing or an air cylinder rather than a handle. This
exposes the hand to vibration, cool air currents from the motor, skin
compression and abrasion from contact with the tool surface and skin burns.
A properly designed tool handle should isolate the hand from contact with
the tool surface, enhance tool control and stability, and serve to increase
the mechanical advantage while reducing the amount of required exertion.
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2. Design for minimum muscular effort.

To operate a hand tool at least one hand must support it in place and
apply some type of leverage (or pressure on a switch). Both support and
control require static muscular contractions in the arm and fingers, a
process which is fatiguing. Ideeally, the support function should be separated
from the application of force and control.

The workstation layout should also be designed so that between work
cycles, the tool can either be conveniently laid down or inserted into a
holster. Otherwise, consider suspending the tool overhead using retractor
linkage. Various types of suspension systems and counterweights are
available for holding tools. A tool that weighs between 4 kg (10 Ib) and 6.5
kg (15 1b) cannot be held by the forearm in a horizontal position for more
than 2 or 3 minutes without experiencing extreme muscle discomfort.

Since finger muscles are small and individual muscle groups are rela-
tively weak, even small forces may exceed a worker's maximum force
capacity. Similarly, if a hand grip is too small or too large, these weaker
muscles are working at a disadvantage. The center of gravity of the tool
should be located close to the body to reduce fatigue. Heavy or unbalanced
tools will tire the muscles very quickly, particularly if the arm must be
extended outward. Handles should also be located close to the tool's center
of gravity to reduce the tendency of the tool to slip out of the hand.

3. Power with motors more than with muscles.

Whenever possible, power tools should be used to reduce the amount of
human force and repetition required. In some cases a simple ratchet
mechanism can greatly reduce hazardous repetitive motions. Careful
attention should also be paid to selecting a power tool of minimum weight
and making sure the operator has a minimum length of power cords and lines
to contend with. Some brands of power tools are twice as heavy as others
with identical power outputs and equal reliability records. There are some
exceptions to the principle of selecting the lightest tool. See Principle # 5.

4. Bend the tool, not the wrist.

This principle is illustrated in Figure 37. On the left side of this figu-
re, a hand is shown gripping a conventional pliers that causes an ulnar
deviation. An improved version of the pliers with a bent handle is shown on
the right side of Figure 37. This version allows the wrist to maintain a
neutral position. The actual degree of bend in the tool depends on the task
performed and the workplace layout. The Western Electric bent-pliers have
a 35-degree bend; soldering irons can have a 30-degree bend; and hammers
have been designed with a 5 to 15 degree bend.
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37. The straight pliers on the left has a straight profile requiring an ulnar
deviation of the hand when working at bench level, whereas the bent pliers on
the right allows the worker to maintain the wrist in a neutral position.
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Assembly operations typically require the use of powered-hand tools to
drive screws. To control the tool rotation or torque, workers must often
use grip forces that may be near their maximum strength capacity. If the
proper tool or handle shape is not used, the worker may add to his or her
biomechanical stress by bending the wrist into awkward postures to complete
the assembly. Figure 38 illustrates this problem and the potential solution
for a motorized screw-assembly task. Two types of drivers are shown in
Figure 38: the cylindrical, inline handle and the pistol grip driver. The
handle of the pistol grip is bent between 70 - 90 degrees. Figure 38 serves
to emphasize the point that it is the orientation and location of the work
pieces relative to the position of the worker that dictates the choice
between tool shapes.

In general, tools with pistol grips should be used where the tool axis
must be horizontal. A straight grip should be used where the tool axis is
vertical, or where the direction of force is perpendicular to the work plane.
Straight tools can be purchased with removable pistol grips to reduce tool
inventory and maintenance costs and still accommodate the operator.

The use of specialized tools, such as the bent-handle tools, are most
effective in applications where (1) all of the work is done in the same plane
( i.e., horizontal or vertical), and (2) only one or two other tools are used.
Jobs where frequent switching between specialized tools are required will
contribute toc increased operator fatigue and slowed production. In such
cases, consider designing a single tool with multiple uses that encourages the
use of neutral postures.

Avoid tool designs that require the wrist to be flexed and the arm
pronated at the same time, as this stretches the tendons and may contribute
to lateral epicondylitis (tennis elbow). In addition to wrist deviations, wrist
flexions or extension, extremes of elbow flexion, and shoulder abduction
contribute toc the stress on tendons and nerves of the hand.

Finally, avoid the use of tools that require flexion of the last joints on
the finger, the distal phalanges. If trigger movements are needed, design
the movement sc that both the middle and end sections of the fingers can
be bent simultaneously. As a rule use a trigger strip as opposed to a trigger
button. This reduces local finger muscle-fatigue while increasing force
capacity. The index finger and second finger can be combined and used to
activate a trigger (Figure 39).
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38. Example of wrist postures used with various hand tools and work station
layout (Armstrong, T. An Ergonomic guide to carpal tunnel syndrome. AIHA,
Akron, Ohio, 1983).
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39. Example of a tool with a trigger that is long enough to accommodate 2 or 3
fingers. .

O




Part III: Implementing Solutions
5. Keep the weight of the tool low.

In repetitive tool usage, the weight of the tool should be kept low because
of the high frequency of use. Workers should be able to easily hold the tool
with one hand. Tools heavier than a pound or two should be supported by a
counter-balancing harness. [Also see Guideline 2 about the use of minimum
muscular effort. ]

The tool's center of gravity should also be aligned with the center of the
grasping hand. Arm muscles should not have to correct for improper tool
balance. An example of a tool that is front heavy is the typical electric drill
shaped like a gun. Maintaining proper tool balance will also keep the hand
from being whipped around by rotational tool movements or torque.

When applied to power tools there are some exceptions to this principle of
"low-tool-weight." Specifically, if a power tool is too light, the operator has
to provide the force and often must grip harder and add shoulder tension to
the task, increasing the risk of CTD problems. For example, a grinder or
buffer needs a certain amount of weight to provide sufficient inertia to
prevent transmission of vibration to the hands and arms and to provide even
pressure on a surface.

6. Use special-purpose tools.

Adapt the tool to the task rather than having the operator adapt to a
general-purpose tool. For example, where power tools are needed to tighten
both horizontal and vertical fasteners on an assembly, it may be possible to
combine two tools into one to perform two functions so that the operators do
not have to change tools as frequently. If a job is causing CTD problems, it
will usually be cost effective to redesign tools with the specific job and
workers in mind. :

Standard off-the-shelf tools are rarely ideally suited to a particular task,
but they are easy to modify. It will usually be economically feasible to design
special handles. Examples would be the scissors used in the sewing industry or
special knives used for butchering poultry.

7. Design tools to be used by either hand.

The majority of commercially available manual tools are designed for the
typical right-handed worker. Examples are electrical circular saws, industrial
power sanders, and scissors. Tools should be symmetrical or easily altered for
use by left-and right-handed people. Those that are not create difficulties for
left-handed people and discourage the alternate use of the non-preferred hand
to avoid awkward positions, or to allow relief of the hand.
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8. Use a power grip for power and a precision grip for precision.

Handles and hand grips should generally be designed for a power grip, in
which the hand wraps around the handle. The power grip is capable of
generating more force than other grips. Handles that allow a power grip are
less fatiguing because they require a lower percentage of the worker's total
gripping strength to maintain control of the tool.

For maximum precision in aiming and placing a tool, a precision grip is
used. This can be either the internal precision grip (gripping a carving knife)
or the external (holding a pencil). Regardless of type, a precision grip should
be avoided, particularly for jobs that are intensive and of long duration.
Muscle groups involved in precision grips are usually not used to their greatest
mechanical advantage, which accelerates the onset of fatigue.

The pinch grip requires large muscle and tendon forces relative to the force
produced. It is inefficient and fatiguing and should be avoided in any engine-
ering effort to control CTDs.

9. Make the grip the proper size and shape.

The most common error in handle design involves providing handles that
are too small, One reason is the belief that smaller tools should have smaller
handles. The other common problem, particulariy with large tools, is the use
of a handle that is too large in diameter (e.g., when the worker is expected to
use the motor housing of a tool as a handle).

Handles and grips should be cylindrical or oval with a diameter of between
30 mm and 45 mm (1.25 - 1.75 in.). This diameter improves grip and control
of the tool without sacrificing torque capacity. For precision operations, a
diameter ranging from 5 mm to 12 mm (1/5 to 1/2 in.) is recommended.

Flutes or ridges may be provided on the handle of tools such as screw-
drivers if high torque ability is required. However, if these ridges and flutes
are very deep or have sharp edges, they often cause excessive pressure on the
soft tissues of the palm. Textured rubber handles will usually provide enough
friction for a good grip. A small diameter and smooth front end on a tool
will also allow better control and manipulation. A T-shaped handle provides
greater torque with less grip force.
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10. The minimum handle length for any tool is 100 mm.

Since the average worker's hand or palm is about 100 mm (4 in.) across, a
100 mm handle is the absolute minimum for handle length. In order to provide
the worker some freedom of hand placement on the handle, a 115 mm - 120
mm (5 in.) handle is preferable, if it does not interfere with other design
considerations. For tools that are used with gloves, add 10 mm (0.5 in.) to
the handle length.

Handles that are too short do not allow all of the fingers to grip. As a
result, the handle may dig into the palm, pressing on nerves and reducing
blood flow. Such tissue compression stress should be avoided. If a handle
must be tightly grasped or squeezed, the handle should be well rounded to
allow the forces to be distributed over as large an area as possible.

If high force is regquired, it should only be applied to large, insensitive,
and noncritical areas of the hand. It is particularly important to avoid heavy
pressure on the center of the palm. Moreover, the force output should provide
enough sensory feedback during the task to allow the operator to provide the
correct amount of pressure.

11. Use handle spans appropriate for men and women.

For tools with a handle span (e.g., pliers), the recommended maximum
distance between the two handles is between 50 mm and 67 mm (2.0 - 2.7 in.)
for both men and women. The span over which a power grip is exerted will
influence how much strength is available for the task. Grip spans that are
either too small or too large change the type of grip used. For example, if
the grip is too small for the hand, the worker may use a pinch grip, which
reduces the worker's effective grip-strength by approximately 25%. 6

r

12. Avoid form-fitting handles.

Form-fitting tool handles, such as those often found on pistol grips of
power tools or handles on heavy-duty pliers, should be matched carefully with
the population intended to use them. Though handle finger-grooves may look
as though they were molded to the hand, they are in fact only molded to one
particular size of hand. What gives good utility to a person with an average
hand becomes very uncomfortable for a person with an exceptionally large or
small hand. If the fingers are stretched to fit form-fitting features of hand
tools, power is lost and the ability to operate the instrument is impaired. This
happens because it is difficult to flex the fingers while they are held apart.
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13. Spring load pliers and scissors.

Tools such as metal snips require the operator to exert pressure against
the metal handle to open the jaws, causing calluses and trauma to the soft
tissues on the back and sides of the hand. A provision of an automatic
spring-opening on tools such as scissors and pliers will enable the operator to
use strong hand-closing muscles rather than weak hand-opening muscles.
An example of a spring-loaded scissors is shown in Figure 40. Opening the
jaws by means of a finger inserted between the handle induces a cramped
posture of the hand and may also cause trigger finger. Where the operator
must exert a force along the handle, as in pushing on a pump screwdriver, a .
large rounded finger guard at the forward end of the handle will also help
reduce the grip forces required.

14. Provide larger triggers.

Triggers on power tools should be at least 51 mm (2.0 in.) so they can be
activated by 2 or 3 fingers. Trigger strips will reduce the stresses on the
first finger and allow other modes of operation. If a one-finger trigger is
used, allow enough room for the whole hand to grip the tool with the finger
off the trigger and outside the trigger guard. This arrangement prevents
inadvertent operation of the tool when it is being carried. With a handle
longer than 55 mm (2.2 in.), the operator may have difficulty relaxing his or
her grip without losing control of the tool. (See Figure 39.)

Relief from static loading can be obtained if the operator can momentarily
release the tool by relaxing the grip. A strap around the back of the hand
can help, like the grips on ski poles. With a strap, a tool can be held
correctly for re-grasping and the grip force can be relaxed between operations.
However, if more than one tool is used at the work station, a strap around
the grip will interfere. In that case, each tool should have its own tool
holder or be counterbalanced on an overhead hanger so that it can be released
and re-grasped easily.

15. Tool handles should be nonporous, nonslip, and nonconductive.

Glossy paint or highly polished surfaces on tools should be avoided. A
material such as rubber or plastic will avoid the absorption of chemicals and
be resistant to small chips and grit while providing heat and electrical
insulation. Grasping surfaces should be slip resistant. 1 As an alternative to
wearing gloves a new type of porous safety-tape is now available that has a
rubberized coating to preserve the frictional characteristics of the fingers and
allow sweat evaporation.
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40. Spring-loaded scissors that prevent irritation of the backs and sides of the
fingers caused by opening conventional shears.




Part III: Implementing Solutions

Special absorbent sleeves are also commercially available for fitting over
tool handles (Figure 41). The sleeve consists of an outer layer of leather-like
plastic and an inner layer foam plastic, all held on the tool by a fabric
fastener. Compressibie rubber handles provide enough friction for a good grip
and are superior to metal flutes or ridges. Although rubber sleeves will not
attenuate vibration frequencies much below 700 Hz, they do reduce the amount
of force exerted on the tools.

Finally, tool handles should not conduct electricity or heat. Heat-con-
ductive handles (usually metal) can become hot with the heat dissipated from
an electric motor or, more commonly, cold because of expansion of compressed
gir in an air tool. A cold conductive handle reduces hand temperature, a
condition associated with the aggravation of a number of CTDs.
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41, Western Electric pliers with compressible plastic coated handles. The handles.
are spring-loaded to open automatically.
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Part III: Implementing Solutions
SUMMARY

Occupational safety and health professionals have become increasingly
concerned with the potential for workers who perform certain hand-intensive
jobs to develop CTDs.

These disorders, which primarily affect the soft tissues of the musculo-
skeletal system, are associated with repeated or sustained exertions in awkward
or static postures. They may also involve a high concentration of stress in
the upper extremities. Examples of CTDs in this category include: tendinitis,
tenosynovitis, De Quervain's disease, epicondylitis, carpal tunnel syndrome, and
thoracic outlet syndrome.

Although these trauma disorders have historically been known to exist in
the workplace, they are only now recognized as a major cause of lost time and
human suffering.

Research conducted at various worksites over the last few years confirmed
earlier clinical observations that attributed many of the CTDs to improperly
designed work surfaces and/or improper selection of tools that place excessive
stress on the tendons, muscles, and nerves of the upper extremities.

In an occupational setting, the recommended intervention is to modify or
redesign the job or the tool to minimize sources of biomechanical trauma.
Based on the theory that work-related trauma is the principle causal factor,
such an action should result in a reduced incidence of cccupational musculo-
skeletal disorders.

In general, it is recommended that jobs should be designed to maintain the
wrist in a neutral posture that is not flexed toward the palm, nor hyper-
extended toward the back of the hand, nor deviated side-to-side. Also, the
elbows should be kept at the sides of the body. Objects that are held in the
hands should be designed to distribute the forces over the largest area
possible, avoiding contact with areas over the nerves at the sides of the
fingers, base of the palm, and elbows. Other factors such as force, frequency,
and vibration should be minimized even though safe levels have not been
determined.

It is hoped that the information contained in this manual will help health
professionals, workers, and employers be more cognizant of the types of work
patterns that have a potential to cause various CTDs and be aware of the
types of ergonomic interventions that can be used to reduce these problems at
the workplace.
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APPENDIX A: TERMINOLOGY FOR BODY POSITION AND MOVEMENT

Accurately describing body movements in everyday language is often
difficult. For example, to say that someone bends his wrist tells us very little.
In what direction? How far? Is the palm facing up or down? Thus, to describe
precisely the position and movement of the human body, science has had to

develop specialized terminology.

Although this manual uses a minimum of technical language, there are a
number of standard terms used in defining various postures and motions of the
body that are necessary to communicate effectively with others about aspects of
cumulative trauma. Some of the most commonly used terms are provided in the
attached glossary. Illustrations are also provided in Figures Al and AZ.
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GLOSSARY
ABDUCTION/ADDUCTION
Abduction - movement away from the central axis of the body
away from the median plane.

Adduction - movement toward the central axis of the body
toward the median plane.

Deviation - a change or alteration, as in the following:

Radial deviation - bending the hand at the wrist in the
direction of the thumb.

Ulnar deviation - bending the hand at the wrist in the
direction of the little finger.

FLEXJON/EXTENSION
Flexion - movement that decreases the angle between two adjacent bones.

Extension - movement that increases the angle between two adjacent bones.

PRONATION/SUPINATION

Pronation - medial rotation of the forearm that brings the palm of the
hand downward (turning the wrist so as to have the palm down).

Supination - lateral rotation of the forearm that brings the palm of the
hand upward (turning the wrist so as to have the palm up).

LATERAL/MEDTAL
Lateral - structures farther to the sides, away from the midline.

Medial - structures of the body nearest the midline.
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A-1. Positions of the hand and arm.

q9¢. a




PLANES (See Figure

Coronal plane

Frontal plane

Sagittal plane

Transverse plane

APPENDICES DRAFT

A2)

EFFORT

Dynamic effort -

Static effort

Static work -

FORCES

External forces -

Internal forces -

a vertical plane perpendicular to the median
plane that divides the body into anterior (front) and
posterior (back) segments.

another name for coronal plane.

the median plane (called midsagittal) or any plane
parallel to it that divides the body into right and
left parts.

a plane at right angles to both the sagittal and
coronal planes dividing the body into superior
and inferior portions.

rhythmic alternation of contraction and
extension, tension and relaxation.

prolonged state of muscle contraction.

Muscles remain in a state of heightened tension;
blood is not flowing through the muscle, and no
useful work is visible.

work that occurs when effort must be made to hold
the body in a certain position instead of directing
that effort to a task such as grasping.

forces applied to the body by outside objects
€e.g., weight of a box being held or carried)

those forces generated by the muscles as a result of

muscle tendon action. (e.g., holding or carrying a
weight)
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APPENDIX B. MEDICAL DIAGNOSIS AND TREATMENT !

This section illustrates how the diagnostic process works and identifies
some of the general procedures used by the medical profession in treating these
disorders. Additional information dealing with medical diagnosis and treatment of
musculoskeletal injuries can be found by consulting the reference sources listed
at the end of this chapter.

HOW AND WHY DIAGNOSES ARE MADE

Determining the cause and the type of a CTD is important for several
reasons. First, a correct diagnosis is needed to select the most useful or
effective medical treatment. Second, the cause of a CTD must be identified so
that the stressful activity can be avoided. If the stressful activity cannot be
avoided, then the activity or job must be modified in some way so as to reduce
or eliminate trauma to the body. Third, a diagnosis lets the patient know what
to expect, since the usual courses of common CTDs are known. For example,
many shoulder problems eventually result in chronic pain with any large move-
ment of the shoulder joint. Such news is understandably distressing to the
patient. However, once the diagnosis is correctly established, the patient can be
reassured that the pain will gradually disappear over a 6-month to 1-year period
with some form of physical rehabilitation and with avoidance of certain shoulder
movements. Finally, a specific diagnosis is usually necessary to establish the
work-related nature of a CTD. If the CTD is correctly diagnosed as work-
related, the patient is usually eligible for compensation for the cost of medical
treatment and lost time that may not otherwise be available.

The diagnosis of a particular problem should contain several parts. First,
the specific part of the body affected should be identified. For example, the
cause of pain and tingling in the fourth and fifth fingers could be pressure on
the ulnar nerve at the elbow. Such symptoms might occur with work requiring
elbows to rest on a work bench for long periods.

The second part of the diagnosis is to describe the degree of impairment or
the extent of the loss of function. For example, in tendinitis of the shoulder,
the ability of the patient to raise his or her arm should be evaluated., There are
standard methods for medical professionals to precisely assess and record the
degree of impairment.

1, prepared by L. Fine, M.D.
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The third component of a diagnosis is to determine what, if anything,
triggered the sudden onset of the symptoms and what the underlying long-term
cause is. Often, changes in recent work or leisure-time activities may trigger
some pain in a joint or a muscle that was injured or weakened by events that
occurred many years earlier.

HISTORY - THE PATIENT'S EXPERIENCE

The first and most important information used in making a diagnosis is the
patient's description of what bothers him or her, how the problem started, how
it has progressed, and what makes it better or worse. This history can be
useful in several ways.

The first use of the history is to help determine the severity of the
problem through the patient's own assessment. For example, a victim of carpal
tunnel syndrome may notice that grasping motions with his or her thumb are
becoming progressively weaker. This observation may indicate a serious abnorm-
ality in the median nerve function and a wasting away of the muscles that move
the thumb. A history of increasing difficulty with opening jars or dropping of
tools is evidence that the carpal tunnel syndrome is severe.

The second use for the history is to help the examiner determine whether
the problem is a nerve or a tendon disorder. In nerve disorders, cramping pain
or numbness and tingling are often reported. The sensation is often compared
with the familiar "pins and needles" feeling that occurs when the hand "“falls
asleep." Tendon problems usually result in dull, aching pain that is often worse
in the evening. Also, the patient will usually limit the motion of the affected
tendon. For example, patients with shoulder problems often stop combing their
hair or reaching into their back pocket with the affected arm. Though symptoms
sometimes suggest which tissue has been injured or damaged, they are often not
very specific. Discomfort that wakes the patient from sleep occurs both with
carpal tunnel syndrome and tendonitis of the shoulder.

The third way that the history can be useful is in helping to locate the
site of the problem. For example, numbness in the hand and fingers is common
to both thoracic outlet and carpal tunnel syndrome. But the numbness is most
commonly felt in the fourth and fifth fingers for thoracic outlet syndrome, and
in the first three fingers for carpal tunnel syndrome.

Occasionally, referred pain (that which is felt in a body part far removed
from the site where it actually originates) can be confused with pain from a
joint or tendon. The source of referred pain is often an internal organ and may
represent a serious medical problem. For example, gall bladder problems often
cause shoulder pain.
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THE PHYSICAL EXAMINATION

The physical examination for a CTD involves several components. The first
is called inspection, and it simply involves observing the patient. The examiner
looks for asymmetry between the two sides of the body or for other visible
irregularities like a ganglion or swelling.

The second part of the examination is called range of motion maneuvers
(ROM). These include active and passive,and resisted motions.l In passive
ROMs, the patient allows the examiner to move the arm through a set of
positions. This procedure is especially useful for determining whether a problem
within a joint is present. When a joint is moved by the examiner, the muscles
and tendons surrounding the joint are generally relaxed. The major stress is
usually located within the joint, so if pain is caused by the motion, a joint
problem is suspected.

Resisted ROMs test the muscle tendon structures. The patient attempts to
move his or her arm while the examiner holds the arm steady. As a result, the
muscles are contracted and tendons pulled without joint motion. Thus, the
resisted motions are a better test of tendon and muscle function than of joint
motion. If the resisted motions are more painful than the appropriate passive
motions, the problem often involves a tendon.

In active ROM tests, the patient moves his arms by himself. These tests
combine the testing of both tendons and joint structures. They are a good
screening test for a particular joint. For example, if one can perform the three
simple motions illustrated in Figure B-1, then it is unlikely that a serious CTD
exists in the muscles or tendons of the shoulder joint. Subtle signs can be
observed during these motions which indicate a serious problem.

In the third part of the physical examination, the examiner presses with his
or her fingers against a part of the body to determine whether there are areas
of tenderness. This is called palpation. This procedure can be very useful in
discovering the particular source of the problem. For example, palpation is used
to locate which of the shoulder tendons is the most inflamed. Since palpation
can cause generalized pain that could lead to misleading symptoms, it would
normally be performed after ROM testing.

The fourth part of the physical examination tests arterial blood vessels and
peripheral nerves of the upper extremities. In thoracic outlet syndrome, for
example, the pulse at the wrist may be noticeably weaker when the patient
raises the affected arm straight up and turns his or her head to the side. This
procedure is known as the Adson maneuver.

102



o

B-1. Motions for determining CTDs of the shoulder.

02 &




APPENDICES DRAFT
LABORATORY TESTS

Laboratory and specialized electronic tests may be performed after the
physical examination. For example, if the patient reports loss of sensation and
control of the hand, a carpal tunnel syndrome (CTS) condition may be suspected.
A special electrodiagnostic test is available that is capable of determining if the
ulnar and median nerves in the hand have been damaged. A key diagnostic
condition of CTS is entrapment and injury of the median nerve inside the carpal
tunnel of the wrist. When a nerve has been damaged, the velocity of the nerve
impulses are reduced. By measuring the velocity of the median nerve and
comparing it to the velocity of the ulnar nerve a more rigorous diagnosis can
often be made. As with many electrodiagnostic techniques, however, the
procedure is very sensitive to artifacts, such as electrode placement, temper-
ature, and accurate calibration. Electromyographic (EMG) diagnostic techniques
have also been used to assess muscle activity. The majority of CTDs, however,
seldom require such elaborate methods for diagnosis if a thorough physical
examination has been conducted.

As an alternative to X-rays and dye-induced arthrograms, a new technique
called magnetic resonance imaging (MRI) is being used to provide images of soft
tissue, which includes tendons, ligaments and muscles. MRI relies on the inter-
action between the body's normally aligned hydrogen protons and radio frequency
waves to produce a computerized image of an intact structure or a joint. By
improving the diagnostic information, MRI should reduce the incidence of
unneeded surgery.

THE ASSESSMENT

The final stage of the diagnostic process is the assessment. The examiner
attempts to review the mass of information collected, synthesizes it into an
overall analysis of the problem, and decides on the proper course of treatment.

The successful treatment of CTDs depends on an accurate diagnosis that
provides the following information:

1. A precise anatomical location of the disorder. This step is important,
because some treatments, such as drug injections into an inflamed tendon,
require accurate contact with the injured body part.

2. Characterization of the extent of damage. More severe injuries may
require prompt surgical repair. In carpal tunnel syndrome, for example, it is
generally agreed that surgery should be seriously considered once the patient
shows signs of weakness and wasting away of the muscles at the base of the
thumb.
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3. Determination of whether the disorder is a cumulative trauma or some
other condition. The information from the exam is reviewed to see if it fits the
pattern of one or more CTDs. Often a list is made of the most likely pos-
sibilities, including non-CTD problems such as an infected joint or arthritis.
Pinpointing the basic type of disorder is the single most influential factor in
selecting an appropriate treatment.

4. Determination of the duration of the CTD and its response to previous
treatments. Failure of previous therapy to relieve a CTD may indicate that the
previous diagnosis was wrong or that the patient is still performing an activity
at home or work that is reinjuring the damaged body part.

MEDICAL TREATMENT

This section presents some of the general principles that guide the treat-
ment of CTDs. These principles are not presented in sufficient detail to be of
use in prescribing treatment; rather they give the interested reader a basic
understanding of the general treatment process. The intention is to provide
sufficient information to facilitate intelligent discussions between doctors and
patients and other concerned parties about the treatment of CTDs.

The patient is generally interested in several goals:
1. To be able to live and continue working without significant pain.

2. To have a ireatment plan that will minimize side effects, involve the
least disruption to ones life, and not be too costiy.

3. To have a treatment plan that will restore him or her to a healthy
state in the shortest possible time.

Often trade-offs are involved in choosing a particular type of treatment,
The doctor and patient must discuss the possible choices and the patient's
priorities and preferences. Jointly they should establish a set of goals and a
time frame for accomplishing them.

Nonmedical people and patients often fail to understand or accept readily
the fact that weeks or often months may be required for medical therapy to be
successful. The major goal of therapy is to eliminate or at least sharply reduce
the physical stresses that caused or aggravated the CTD. Once this stress has
been eliminated, the body's natural repair process can take place. Recovery
often requires a long period during which work activities must be restricted.

If the recovery period is long, or if the preliminary treatment fails,
difficulties for the patients and their families can be very troublesome. But it is
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important not to take a short-term view of a chronic illness. The "quack"
doctor will intentionally attempt to provide immediate and temporary relief at
the expense of a long-term cure. With CTDs, the illusory quick cure may lead
only to future problems. What is required is a long-term strategy that is shared
and negotiated with the patient. This strategy must be flexible, and it requires
modification during the treatment process.

Treatment Strategies

A treatment strategy usually tries the simplest approaches first. They
should be the least costly and the least painful, and they should have the fewest
side effects. These approaches are called conservative treatments. If this
approach fails, the doctor may try more elaborate treatments such as the use of
special drugs or even surgery in extreme cases.

Conservative treatment of CTDs combines four types of therapies:

. Restricting motion and splinting
. Applying heat or cold

. Medications and injections
Special exercise

PO R

Restricting Motion

The first major type of therapy is to avoid the activities that cause pain or
stress the injured body area. This often entails the use of work restrictions. A
splint may also be used to immobilize movement of the joint or muscles. The
aim is to reduce pain or inflammation by supporting the body part in a position
of low stress.

In the case of carpal tunnel syndrome, for example, the following treat-
ments may be used: If the condition has not been present for more than & year
and if there is no evidence of muscle deterioration and weakness, a simple, very
Hghtweight splint can be molded for the patient's wrist. The splint illustrated in
Figure B-2 maintains the wrist in a slight extension yet permits and assists
finger and thumb movement. Patients are instructed to avoid extensive wrist
motion, particularly when pinching or grasping.

Splinting and taking aspirin or other mild analgesics usually provide
significant alleviation of symptoms. This method may require months of persis-
tence, but it is often successful. If there is significant muscle deterioration and
chronic pain, a more radical form of treatment may be required.

Splints or immobilization of a painful joint can lead to three types of
problems. The first is that the inactivity can weaken muscle. The problem,
however, is not major because loss of muscle tone is reversible after treatment
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ends. The second problem is that long periods of inactivity (4 weeks or more)
can cause loss of normal range of motion in the splinted joints. This is a
particular problem with the shoulder if it is immobilized. The third problem is
that if a worker with a splint is assigned jobs that require major movements of
the splinted area, these motions may be even more stressful with the splint than
without it. A transfer to a different job needs to be considered.

Heat and Cold

The second major type of therapy is the application of heat or cold to
relieve pain and perhaps facilitate the repair process. Definite evidence exists
to support the usefulness of heat or cold for temporary pain relief, especially
before periods of physical therapy. Much less evidence supports a major role for
such application in speeding the healing process.

Therapeutic heating can be subdivided into two categories: superficial
heating (such as the use of a heating pad, hot packs, or a sauna) and diathermy,
or deep heating (shortwave, and ultrasound). The type of heating used depends
on the location of the injury. Ultrasound may be used on a deep muscle injury
and a heat lamp on an injury closer to the skin's surface. Heat increases the
blood circulation in muscles and tendons that are close to the skin's surface.

Heat may be recommended for pain relief for minor strains where there is
no swelling. Where there is an injury that is causing significant inflammation,
however, the application of heat should be avoided for at least 48 hours. Heat
will increase the flow of blood to the injured area, causing increased internal
bleeding and swelling. After 48 hours heat may be applied to temporarily ease
the discomfort of sore and tense muscles. For the majority of CTDs, however,
there is no evidence that heat by itself can help heal painful scar tissue, reduce
inflammation and swelling, or relieve pressure on a nerve.

Ice, if applied immediately after an injury or overuse strain, promotes
recovery by reducing pain and swelling, which allows more mobility. For strains
and sprains active movement is beneficial. For CTDs some movement may also
be beneficial, but vigorous movements or exercising the hand or arm may further
aggravate the condition. Ice is clearly inappropriate for Raynaud's disease
(vibration syndrome), rheumatoid arthritis, and diabetic conditions.

Medication

The third major type of therapy is the use of medication to reduce
inflammation and pain. Three types of medications are used for treating CTDs:
aspirin, nonsteroidal anti-inflammatory drugs, and injected corticosteroids

All of these drugs are effective in reducing inflammation. Inflammation is
a natural response of the body to injury or physical stress. The repair processes
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of the body can frequently repair the damage totally if the inflammation is
stopped soon enough. However, it can be dangerous to disrupt drastically the
body's ability to initiate an inflammatory response, since it is an important
defense against infections and has many other useful purposes.

Aspirin is probably the most commonly used drug for CTDs, and it has two
useful actions: relieving pain and reducing the inflammatory response. The dose
of aspirin needed to reduce inflammation is higher than the amount needed to
relieve pain. Though aspirin is a safe drug, there are side effects, which include
heartburn, nausea, and gastrointestinal problems. Risks of developing problems
can be reduced if aspirin is taken with taken with liquid or food.

More than 25 drugs are categorized as nonsterovidal anti-inflammatory drugs
(NSAID). The actions of these drugs are believed to be similar to aspirin. They
differ in that most are much more expensive, and some are much longer-acting
than aspirin and may be given once a day. Experts differ as to whether these
drugs are a major advance over aspirin. Most believe that some of the NSAIDs
are less likely to cause gastrointestinal symptoms than aspirin, but evidence is
less convincing that the risks of serious ulcer or bleeding problems are reduced.

Injections of corticosteroids (such as cortisone) into the inflamed site in
the case of tendonitis or bursitis can often provide effective relief, but may also
impede the healing process. These injections have been used in the past with
varying degrees of success for a large number of CTDs. As long as injections
are not used frequently, their main risks are infection (which is very unusual)
and rupture of a tendon (if repeated large volumes of medicine are used).
Injections can frequently cause a temporary increase in pain for 24 to 48 hours.

All of the drugs discussed so far are best viewed as secondary forms of
treatment to make the patient more comfortable. Work restriction and splinting
may also be used to allow recovery. Prevention, however, should be aimed at
reducing the levels of physical stress through job redesign.

Stretching and Exercise

Stretching is an important link between sedentary activities and work.
Stretching promotes circulatior, increases the range of motion, and reduces
muscle tension. Stretching, if done properly, will also prevent injuries such as
muscle strains. Though stretching is routinely recommended for prevention of
low back problems, there is also a need to stretch the upper body prior toc work.
Stretching prescriptions have been devised for almost every type of activity and
part of the body.

Various forms of exercise can be used to maintain or restore strength to an
injured joint and its surrounding tendon-muscle units. With respect to CTDs,
exercise is probably most important in the case of shoulder disorders. For hand
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or wrist disorders exercise should be avoided since it will likely aggravate the
existing condition. For people with CTDs, a physical therapist should be con-
sulted before any type of stretching or exercise program is initiated.

Conclusions About Treatments

One of the most important aspects of any treatment program is to ensure
cooperation between the patient and others (employer, supervisor, and family
members) who can have a major impact on the patient's level of exposure and
general well-being. Thus, the patient and doctor must communicate sufficiently
to ensure that the patient understands the causes of the injury, the likely course
of treatment, and the overall outcome. If a doctor recommends a non-conserva-
tive treatment such as surgery or drugs that may have serious side effects, then
it is even more important that the patient understand the reasons for such
treatment, its risk, and the expected outcome.

Finally, if a complete and permanent recovery is expected, it is important
that the worker not be returned to the same job or task that precipitated the
CTD. This may require establishing a communication network that includes the
patient's physician, a top management person, a person from the company's loss
control department, the worker's supervisor, key health and safety staff and
worker representatives. Ultimately, a successful program for the treatment,
control and prevention of CTDs depends on a team approach where open dialogue
is encouraged and rewarded.

SUGGESTED READING

The following books are recommended for those who want more detailed
information about the identification, diagnosis, and treatment of CTDs.

1. Listen To Your Pain , Ben E. Benjamin, Ph.D., Penguin Books, 1984. Useful as
a layman's resource for identifying bursitis and muscle and tendon injuries.

2. The Musculoskeletal Manual, Jacob S. Birnbaum, M.D., Academic Press, 1982.
A practical jllustrated guide to the diagnosis and treatment of a wide range of
musculoskeletal injuries, including most of the CTDs.

3. Soft Tissue Pain and Disability, Rene Cailliet, M.D., F. A. Davis Company,
1983. Other valuable books by Dr. Cailliet include Shoulder Pain, Hand Pain and
Impairment, and Neck and Arm Pain.

4. Stretching, Bob A. Anderson, Sheiter Publications, Bolinas, CA., 1980.
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APPENDIX C: CTD STATISTICS: PREVALENCE, INCIDENCE, AND SEVERITY 2

Any system that is used to measure the frequency of occupational CTDs
should have the following attributes:

1. The system should indicate the rate at which the disorders occur in a
specified group of workers.

2. The system should be able to compare the rates of disorders between two
groups of workers.

3. The system should be able to identify areas (e.g., plants, departments,
sections, job titles) in which CTDs are emerging or unacceptably high.

4. The system should be able to measure progress (or lack of it) in efforts to
control disorders.

Three pieces of information are needed to compute & meaningful frequency
rate: The numerator of the fraction (the number of workers in a specified group
that experience a disorder), the denominator of the fraction (the total number of
workers in the specified group), and the period of time in which the disorders
occurred.

Prevalence and incidence are often used to measure the frequency of a
disease or disorder. Simply defined, prevalence is a dimension-less unit that
gives the frequency of a disorder, or the proportion of a population that
experiences it, at a specified point in time. The following case is an example:

A plant that manufactures computer circuit boards employed 135
assembly line workers on dJuly 1, 1983. On that date, all of these
workers were given a physical examination to detect cases of carpal
tunnel syndrome. Five cases were found during the examinations. The
prevalence rate for this population was therefore computed as 5/135, or
0.037. -

The incidence of a disorder is the number of new cases that come into
being during a specific period of time. For occupational disorders, time is
usually measured in terms of exposure hours to a job, in addition to calendar
time.

2. Section prepared by W. M. Keyserling, Ph.D.
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The incidence rate is the number of new cases in a population per specified
unit of exposure time. Before the passage of the U. S. Occupational Safety and
Health Act (OSHA Act) in 1970, most industries computed incidence rates as the
number of cases of a disorder per million hours of exposure (ANSI, 1969). Since
the implementation of the Act, most industries have adopted the OSHA procedure
that uses 200,000 hours as the standard unit of exposure time. The following
example illustrates the OSHA method:

In the previous example, the circuit board manufacturer employed an
average of 128 full-time employees during calendar year 1982. (A
full-time employee works 40 hours per week, 50 weeks per year for an
exposure time of 2000 hours per year.) During that year, six new cases
of carpal tunnel syndrome (CTS) were diagnosed among assembly line
workers. The OSHA-computed incidence rate of CTS for the year can
be computed using the formula:3

,000
Incidence Rate = Cases x 200 = 6 x 200,000 - 4. g9
Hours Worked 128 x 2,000

Substituting plant data into the equation, the incidence rate of CTS was
found to be 4.69 during 1983. This may be considered a moderate incidence
level, and may serve as an early indicator of an emerging problem. An ergo-
nomic hazard analysis should be conducted to determine if the incidence rate
represents a trend requiring some immediate intervention or only a temporary
condition that is self-limiting.

Severity statistics attempt to describe the seriousness of a disorder in
terms of its cost to an employer. Severity is not a measure of disease fre-
quency. A commonly used measure is the American National Standards Institute
(ANSI) Severity Rate, defined as the number of work days lost during a calendar
year per million hours of work time.4 Other commonly used severity measures
include:

o Number of days lost per employee per year or number of days lost per 100
employees per year.

o Worker's compensation cost per employee per year or per 100 employees per
year.

o Number of days lost per case of a given type of disorder or injury.

o Worker's compensation cost per case of a given type of disorder or
injury.
Because of the lack of standardization in severity statistics, it is often

impossible to compare the experience of one plant with that of another.
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ADVANTAGES AND LIMITATIONS OF STATISTICAL MEASURES

None of the statistics discussed above is the best single measure for
describing CTDs. The primary advantage of prevalence statistics is that they
describe the proportion of a population affected by a disorder at an instant in
time. This information may be helpful in identifying problem jobs where CTDs
are unacceptably high. However, because prevalence rates are computed for a
given poeint in time, repeated observations should be made to assure the stability
of the statistics.

The major problem with prevalence measures is that they depend on two
factors: The development of new cases of a disorder and the duration of a case
once it develops. To identify causal factors that explain the occurrence of a
disorder, incidence statistics are preferable to prevalence statistics.

By plotting incidence rates over time, it is possible to determine changes in
the rate of new cases. If there is a sudden increase in the incidence rate, one
can attempt to identify the cause (e.g., a change in production methods that was
implemented before the increase). Analysis of incidence rates is also useful in
evaluating the effectiveness of programs that are implemented to control CTDs.

The principle use of severity statistics is to determine the costs associated
with repetitive trauma disorders. These statistics can be plotted over time to
assess the costs of the problem and the effectiveness of control programs. A
potential weakness of severity statistics is that they are affected by many
factors associated with the recovery from a disorder (e.g., quality and timeliness
of medical treatment, success of rehabilitation programs, and the ability to find
gainful employment for a worker recovering from a CTD.)

Information provided by severity statistics can be very useful in evaluating
the effectiveness of medical services and rehabilitation programs. However,
these statistics provide almost no information regarding the causes of disorders,
and they are of limited use in developing prevention programs.

In summary, several statistics are available for describing the frequency and

costs associated with CTDs. Since each statistic has certain limitations, it is
desirable to use several types of statistics to describe and evaluate the problem.
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RESPONSE MEASURES FOR EVALUATING CTDs

The frequency measures discussed in the above section are highly sensitive
to the procedures and criteria that are used to classify and count occupational
CTDs. These issues are discussed in the following subsections.

Cumulative trauma disorders are different from most occupational injuries in
that they do not result from a clearly defined event or accident. Instead, the
disorder may gradually develop over an extended period. When an employee
recognizes symptoms of the disorder, it is often difficult to identify a specific
occupational cause, since there is no associated mishap or accident to flag the
occasion. In some instances, the early symptoms of a disorder may not occur
while a worker is performing his or her job, and they may not be associated
with work activities. An example of this phenomenon is the nocturnal paresthe-
sia often experienced in the early stages of carpal tunnel syndrome. It may not
be obvious to the patient that the feelings of pain, tingling, or numbness that
occur at night are caused by repetitive hand and wrist activities that occur
during the day.

Counting Systems Based on ldentification of Symptoms

Conventional systems for recording occupational injuries and illnesses
usually require the condition to be clearly related to an occupational activity or
event for the case to be recorded (ANSI, 1969). As a result, these systems tend
to under-report CTDs when a specific cause cannot be identified.

An alternative method is to count all cases of CTD, even if occupational
activities are only partially or potentially responsible for the case. Such a
system is based on identifying symptoms of CTD instead of specific causes. An
attractive feature of identifying symptoms is that this method recognizes that
CTDs can be caused by normal work activities instead of deviations from the
normal (i.e., accidents). If this approach is accepted, then appropriate investi-
gative procedures can be used for identifying the CTD causes (e.g., tool and
equipment design, work methods, etc.). Obviously, the alternative system
generates higher frequency statistics than the conventional approach for counting
cases.

Counting Systems Based on the Severity of the Disorder

Frequency statistics also depend on the type of response measure used to
count cases of CTDs. If the counting system recognizes only lost-time cases or
Workers' Compensation cases, relatively low prevalence and incidence rates will
be computed because the counting system recognizes only those cases that have
progressed to the point at which a person can no longer work at any job.
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A system of counting based on severity also misses those cases in which an
employer transfers the affected worker to another job that has fewer stresses
that could either cause or aggravate the disorder. The principle advantage of a
of a counting system that measures lost-time is that it recognizes only the most
severe CTD cases. A main disadvantage of a system based on severity is that it
ignores CTDs in the early stages. In other words, by the time CTDs are recog-
nized as an important problem at a worksite, some of the workers with CTDs
may have progressed to the point where substantial costs (in terms of lost time
and Workers' Compensation payments) are incurred. Hence, the main dis-
advantage of a prevalence rate based on severity is that it may be insensitive to
early indicators of CTDs, and may under estimate the overall significance of CTD
problems at a workplace.

If the scope of the counting system is expanded to include all OSHA
recordable cases, any employee complaint requiring medical attention (other than
first aid) would be counted. This system would be more sensitive to early signs
of CTDs than the system discussed above. Naturally, it would result in higher
frequency rates.

Counting systems that are based on either lost-time cases or OSHA
recordable cases usually include only those situations in which an employee takes
the initiative to seek medical treatment from his own physician or from the
employer's medical service. Moreover, if the worker seeks private treatment, he
or she will usually have to report this to the company's personnel or medical
department. In addition, a copy of the physician's diagnosis will be needed to
support the work-related nature of the disorder. Hence, unless the worker takes
the initiative to obtain medical treatment for the CTD, and reports the disorder
to the proper office in the company, the case will never be recorded. The only
way to count such cases, is to survey the workforce for symptoms and com-
plaints of CTDs.

Counting Systems Based on Employee Surveys

The principle advantage of counting systems based on employee surveys is
that they are more sensitive to CTDs in their earliest stages of development.
This information may be very useful in the development of programs to control
stresses that cause the disorders before they progress to serious stages. A
disadvantage of this type of counting system is that it over-counts cases, since
some CTD symptoms result from nonoccupational causes, and since surveyed
employees might report non-existent symptoms. Not surprisingly, this type of
counting system generates the highest frequency statistics of the methods
discussed.
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Counting Systems Based on Occupational Injury Statistics

Standardized practices that are currently in use for recording occupational
injury data (e.g., the U. S. Bureau of Labor Statistics, Supplementary Data
System, SDS) were originally designed for recording information pertaining to
work accidents ¥ Because CTDs typically cannot be associated with a clearly
defined event or accident, the recording systems are not well suited for collec-
ting information on these injuries. In fact, no methods are presently available
for using existing data bases to accurately estimate the frequency of CTDs and
their cost on a national level.

In spite of these problems, NIOSH recently completed a study to assess the
magnitude and distribution of wrist disorders that are caused by repetitive
motions and exertions.® In this study, workers' compensation data for calendar
year 1979 were obtained from the 30 states that participate in the SDS.

To be included in the analysis, the compensation claim associated with the case
had to satisfy three criteria:

o The nature of the injury had to be either inﬂam.matiqn of musculo-
skeletal tissue (e.g., joints, tendons, muscles) or peripheral nerves.

o The body part affected had to be the wrist.

o The cause or onset of the disorder could not have been mechanical
impact. Instead, the disorder must have been caused by repetitive
motion or pressure, or by overexertion.

During 1979, a total of 58,698 workers' compensation claims were filed for
wrist injuries in the 30 states that reported to the SDS. Approximately 6
percent of these claims were classified as cumulative trauma injuries using the
criteria listed above. The average cost to settle a CTD claim was $1498.

Incident ratios were computed for wrist injuries in seven different industry
groups (Table C-1). (Note: Incident ratio was defined as the number of claims
per 100,000 workers. The denominators of the ratios in Table C-1 were esti-
mated using census data. Exposure hours were not available; therefore incidence
rates could not be computed.) Manufacturing operations had the highest incident
ratio of all industry groups, with 20.1 wrist injuries per 100,000 workers.
Incident ratios were also computed on the basis of occupation. The 12 occu-
pations with the highest incident ratios are presented in Table C-2. Based on
the reported claims, butchers experienced the highest rate of CTDs.7

®_ The SDS was designed to standardize occupational injury and illness data
from State Workers' Compensation systems to achieve some degrée of national
g:omparabﬂ..ltﬁr. The source of information for SDS jis the reporis of inju and
tiess v%%zgce‘ employers and insurance carriers submit to te Workers Compen-
sation offic

114



APPENDICES DRAFT

Table C-2. Incident Ratio of 1979

Nonimpact Wrist Disorder Claims in

30 States by Occupational Title
Table C-1. Industry-Specific

Ratios of 1979 Nonimpact Claims per
Wrist Compensation Claims 100,000
for 30 States ] Occupation " Workers
Manufacturing 20.1 Butchers 222.1
Construction 9.1 Miscellaneous Laborers 141.5
Trade 3.7 Assemblers 133.7
Services 2.4 Fishermen, Oystermen 94.0
Mining 2.4 Bottling, Canning Operatives §89.3
Transportation 2.2 Polishers/Buffers/Sanders 57.3
Finance 0.9 Shoemakers 54.2
Total 8.3 Punch Press Operators 44.9
Sawyers 44.7

Miscellaneous QOperatives 43.0

Material Handlers 42.2

Packers 40.2
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The statistics developed in the NIOSH study do not fully describe the
magnitude of the CTD problem in the U. S. for the following reasons:

o The study, described above, was limited to disorders of the wrist.
As discussed elsewhere in this manual, the shoulders, elbows, hands,
and fingers are also common sites of cumulative trauma complaints.

0 The study was limited to CTD cases that resulted in the filing (and
eventual settlement) of a Workers' Compensation claim. To qualify for
compensation, the injured worker must have missed a specified
minimum number of work days (typically ranging from 3 to 7 days,
depending on the laws of the state where the claim was filed). Lost
workday cases that did not exceed the minimum were not counted.
Cases where an injured worker was assigned to an alternative job
were not counted. Cases in which a worker continued to work while
injured were not counted.

0 Because the relationship between work activities and the develop-
ment of CTD was not always obvious, some workers who experienced
CTDs may not have filed Workers' Compensation claims. (In situations
where a worker was adequately covered by private or even company
health and disability insurance, there would have been no reason to
file for compensation.)

o Considerable differences exist among the states in the definition
and recognition of CTD from the standpoint of compensation.

o Not all workers in the U.S. are covered by the Workers' Compen-
sation System.
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CASE STUDIES OF CTD COSTS AND FREQUENCY

Because of the problems discussed here, it has been difficult to estimate
accurately the magnitude or cost of CTD in the United States. However, several
studies have recently been performed to measure the frequency and/or cost of
CTDs within specific populations. The results of selected studies are summarized
in the cases presented in the following subsections:

Case 1: Electronic Parts Manufacturer

Plant A is a medium-sized facility that manufactures small electronic parts
for circuit boards and other electronic equipment. Depending on the demand for
the products produced, hourly employment ranges between 800 and 1000. Most
of the workers are women aged 20 to 40 who live in the rural communities near
the plant. Virtually all of the production jobs in the plant are sedentary and
consist of repetitive hand tasks (e.g., loading and unloading parts to racks, jigs,
fixtures, and machines, operating machine tools, using hand tools such as wire
cutters, and inspecting). These jobs are performed while standing or sitting at a
workbench. Most employees are paid under an incentive system that awards
bonuses for each unit processed above a base rate.

Management became concerned about CTDs (particularly carpal tunnel
syndrome) in the plant when the medical department reported an increase in
lost-time cases. A study was initiated to determine the cost of these problems.
In this study, workers' compensation claims were reviewed to identify cases of
CTDs that resulted in a compensation payment. During the 6-month period in
which claims were reviewed, six carpal tunnel claims were settled. With the
procedures developed in the NIOSH study discussed above, this figure converts to
an incident ratio of more than 1300 cases per 100,000 workers per year. Table
C-2 compares this rate with wrist disorders in other occupational groups. The
sum of medical costs (surgical fees, hospital fees, occupational therapy, etc.) and
disability payments averaged approximately $2400 per case. There was, however, a
wide range in the cost of settlements, from a low of about $200 to a high of
more than $8000. Furthermore, the typical case resulted in about 7 weeks of
lost time.

Although the above numbers seem high, they underestimate the severity of
CTDs in the plant. First, they were limited to counting only those cases of
carpal tunnel syndrome that resulted in a compensation claim. Less severe cases
of carpal tunnel syndrome and cases of other CTDs were not counted. Second,
they were limited to cases in which final settlement was reached during the 6-
month period of the study. Several additional carpal tunnel cases occurred but
were not settled during the period covered by the study.
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Case 2: Metal Fabrication

Plant B manufactures air filters for a variety of engines and office
machines. The hourly workforce fluctuates between about 50 and 100, depending
on the sales of the plant's products. Production jobs in the plant occur in two
major areas -- metal fabricating and product assembly. In the metal fabrieating
area (about 15 percent of the hourly workforce), employees operate stamping
presses, press brakes, and manipulate machine tools to form the metal frames
that house the filters. In the assembly area (about 75 percent of the work-
force), employees cut and break paper filter elements, install the elements into
the metal housing assembly, and clean the final assembly using putty knives and
other hand tools. Virtually all of the jobs in the metal fabricating and assembly
areas involve repetitive exertions of the hands and upper extremities. The
balance of the hourly workforce (about 10 percent) performs miscellaneous
activities such as maintenance or shipping and receiving.

In 1981, NIOSH performed a health hazard evaluation at the plant after
receiving a request from the employees' union. At the time of the NIOSH visit,
96 hourly workers were employed. A review of medical and insurance records
revealed that 15 of these workers were initially diagnosed as having carpal
tunnel syndrome while working at the plant. Of these, 11 had undergone surgery
to decompress the median nerve in the affected hand(s). While at the plant,
NIOSH medical personnel distributed questionnaires and performed physical
evaluations on the 96 employees. As a result of these procedures, 16 additional
"suspected" cases of carpal tunnel syndrome were discovered. (A case was
classified as suspected if the worker experienced symptoms consistent with the

carpal tunnel syndrome.)

Counting only the 15 confirmed cases (those with a positive diagnosis of
carpal tunnel syndrome before the NIOSH visit) and using payroll records, the
incidence rate was found to be 7.5 cases per 200,000 hours. The corresponding
prevalence rate based on confirmed cases was computed as 0.16. By adding the
suspected cases, the prevalence rate increased to 0.32 for the plant.

The above discussion of prevalence rates shows how any statistic of disease
frequency is largely dependent on the criteria that are used to define a case.
By relaxing the definition from "confirmed diagnosis" to "symptoms consistent
with carpal tunnel syndrome," the prevalence rate virtually doubled.

Case 3: Poultry Processing Plant

In Plant C, turkey carcasses travel down an overhead conveyor belt and are
disassembled intc a variety of poultry products. Many of the jobs on the
conveyor line require repetitive hand motions to cut and separate parts of the
carcass.
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By reviewing injury logs that covered an 8-month period, the morbidity
patterns for CTDs in Plant C were identified. Disorders of the hand, wrist,
forearm, and elbow were classified into one of the following categories:

Nervous - A diagnosed injury or illness of a nerve, or numbness
in the upper extremity that could not be attributed to
an acute episode.

Tendinous - An inflammation, tearing, or any other injury or illness
of a tendon or tendon sheath that could not be attributed
to an acute episode.

Nonspecific - Any complaint (e.g., soreness, aching, swelling)
that could not be attributed to an acute episocde.

Incidence rates {per 200,000 hours) were computed in Table C-3 for each of the

three categories of disorders for eight different areas of the plant.®

Table C-3. Analysis of Frequencies and Incidence Rates of CTDs by Area
in a Poultry Products Plant.

Type of Disorder

Department Hours Nervous Tendinous Nonspecific Total

No. I.R. No. I.R. No. I.R. No. I.R.

Trimming 58,092 0 0.0 0 0.0 6 20.7 6 20.7
Boning 114,794 1 1.7 1 1.7 8 13.9 10 17.4
Skinning 15,438 0 0.0 1 13.0 9 116.9 10 129.6
Parts 52,262 0 0.0 0 0.0 1 6.2 1 6.2
Pan Roast 30,400 1 6.6 0 0.0 1 6.6 2 13.2
Curing 5,024 0 0.0 0 0.0 1 39.8 1 39.8
Cook Roll 11,538 0 0.0 1 17.3 0 0.0 1 17.3
Sanitation 13,310 0 0.0 0 0.0 1 7.4 1 7.4
Total 501,668 2 D.8 3 1.2 27 10.8 32 12.8
*No. = Number

I. R. = Incidence
Notes: Cases per 200,000 work hours.
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Several important observations can be made from Table C-3. Clearly, a
relationship exists between the department and the incidence rate of CTDs. For
example, the incidence rate in the (thigh) skinning department (129.6) was more
than 20 times the rate in the (turkey) parts department (6.2). The relationships
between work activities and CTDs are discussed elsewhere in this manual
(Section 4). This case illustrates the value of systematically reviewing injury
data to identify potential problem areas for CTDs in a plant.

Note also that the overali incidence rate in Plant C was more than twice
the reported rate in Plant B (See Case 2). Though there are many possible
explanations for this difference (including differences in work activities), Plant B
counted only diagnosed cases of carpal tunnel syndrome, whereas Plant C counted
any complaint symptoms associated with a variety of CTDs. The latter counting
method was more sensitive and therefore resulted in a higher rate.

Case 4: Clothing Makers

This case is based on a study of 190 garment workers employed in seven
garment shops.10 Four of the shops were quite small, employing fewer than 15
production workers. Two of the shops employed more than 50 production
workers.

Approximately two-thirds (125 of 190) of the study population were
stitchers (i.e., sewing machine operators). This job involved rapid, repetitive
hand motions to guide the fabric through the sewing machine. In addition, it
was frequently necessary to hold the hands and wrists in awkward postures. All
of the stitchers were females.

Seventeen subjects (2 males and 15 females) were employed as pressers.
This group operated utility steam pressing machines (similar to those that are
found in most dry cleaning establishments). The job involved repetitive hand
motions while placing garments on the pressing table, and repetitive shoulder
actions while operating the machine.

Fifteen members of the study population (all females) were employed as
floor help. This job involved carrying bundles of fabric between workstations,
and it involved little, if any, repetitive hand work.

Eleven subjects (8 males and 3 females) were employed as cutters. This job
required the worker to operate an electric cutting machine to cut bulk fabric
material into patterns. The job did not require repetitive hand motions, but it
did require the operator to maintain the upper extremities in sustained and
sometimes awkward postures.
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The remainder of the population (n = 22) performed a variety of jobs. This
group will be designated as "other" for the remainder of the discussion.

None of the seven shops was large enocugh to have an in-house medical
clinic for treating work injuries or maintaining employee health records. As a
result, it was impossible to review existing records to determine the existence of
CTDs. To overcome this problem, a survey was conducted among the subjects.
The purpose of the survey was to determine the prevalence of symptoms (e.g.,
pain, numbness, tingling, swelling, and stiffness) that could be related to
disorders such as tendonitis, tenosynovitis, carpal tunnel syndrome, or degen-
erative joint disease. The results of this survey are presented in Table C-4.

Table C-4. Prevalence of Hand and Wrist Pain
Among Garment Industry Workers

Number of Subjects Prevalence

Occupation Workers with pain Rate
Stitchers 125 47 0.376
Pressers 17 5 0.294
Floor help 15 2 0.133
Cutter 11 3 0.273
Other 22 4 0.182

e —_ —————
Total 160 61 0.3217

® Average

The rate of hand and wrist pain among the surveyed workers was quite
high. Almost one-third of the study population reported that they experienced
persistent pain in their hands and wrists. The problem was greatest among the
stitchers who reported a prevalence rate of 0.376. The problem was least among
the floor help, who reported a prevalence rate of 0.133. In spite of the high
prevalence rates, it is important to note that all of the participants in the study
were performing their assigned jobs at the time of the study and therefore were
not disabled by their pain. The reported pain, however, may have been a
precursor to potentially disabling disorders and may have reduced productivity.

The prevalence rates reported in Case 4 were the highest of all the cases
presented because pain was selected as a criterion for counting a case of CTD
instead of the more stringent criteria used in the other cases. In addition,
reports of pain were actively sought in Case 4 by surveying workers to identify
cases of interest. In the other case studies, passive methods (e.g., review of
Workers' Compensation records) were used to identify cases.
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IDENTIFICATION OF PROBLEM AREAS

Generating Job-Specific Rates of CTD 4

To determine whether a CTD problem exists on a given job or in a given
area, it is necessary to collect the data required to compute job-specific or
area-specific incidence rates.

Consider the information in Table C-5 for hypothetical Plant Z. The plant
employed an average of 1,450 workers during 1981 in three different departments.
A review of the OSHA log disclosed that there were 36 new cases of tendinitis
in the plant during the year. According to payroll records, a total of 2.9 million
hours were worked. Table C-5 also gives the number of employees, tendinitis
cases, and work hours for each of the three departments.

Table C-5. Tendinitis Experience in Hypothetical Plant "Z"

Item Dept. A Dept. B Dept. C Total Plant
Emplioyees 450.0 300.0 700.0 1450.0
Hours Worked* 900.0 600.0 1400.0 2600.0
Tendinitis Cases 22.0 4.0 10.0 36.0
Incidence Rate 4.88 1.33 {-4a. -~ 2.48
Expected 11.17 7.45 17.38

* imn thousands

The incidence rate of tendinitis cases for the entire plant can be easily
computed using the OSHA formula:

Cases x 200,000

Incidence Rate = Hours Worked

By substituting data from Table C-5, the rate for the entire plant was
found to be 2.48. The incidence rates of tendinitis in each department were also
computed and are presented in the table.

4, Material supplied by M. Keyserling, same plant Z data as in part 2, sec 5.
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A cursory analysis shows that the rate of tendonitis cases in Department A was
more than three times that in Departments B or C. The statistical test, discussed
below, can be used to compare rates among the departments.

Statistical Method for Identifying Problem Areas

To determine whether differences exist in the incidence rates of tendonitis in
the three departments at Plant Z, it is necessary to test the null hypothesis,

where: Hy: Iy = 1B = Ig¢
I, = incidence rate in Department A,

incidence rate in Department B,
incidence rate in Department C,

]
O
noa

against the alternative hypothesis,

Qhere:
Hy: Not all I; are equal.

Duncan described a nonparametric approach for testing the null hypothesis.ll The
method computes a Chi-square statistic according to the following formula:
2 e
2
Ym-l = = (Ei - Oi)

t=} —E]

7( . = test statistic with (m-1) degrees of freedom,
m = number of groups being compared (in this case, m=3),
E; = expected number of incidents in group i,
0; = observed number of incidents in group i,
i =1,2,3,...m.

The value of E
where:

j is computed using the following equation:

E. = Hi xOp

i _———Ef—_'

H; = hours of exposure in group i,
Hr = total hours of exposure for all groups,
Or = total observed incidents for all groups.

A restriction on this test is that the expected number of incidents in each group
(E;) must be at least five. 12
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Substituting the appropriate entries from Table C-5 into the above equations, the
Chi-square test statistic was computed to be 15.1, which is significant at the 0.01
level. This means that it is highly improbable that the recorded incident rates for
the three departments are equivalent. Since they are not equivalent, there must be
some factor(s) that is (are) responsible for the higher incident rates occurring in
Department A that may not be occurring in Departments B and C. Based on the
expected values shown Table C-5, and the computed incidence rate for each of the
three departments, the conclusion is that Department A should be further investigated
to determine the causes of the larger incidence of tendinitis.

The Chi-square test described above was appropriate in this example because the
total number of tendinitis cases in Plant Z (36) and the distribution of exposure hours
in the three departments resulted in values of E; that exceeded 5. Unfortunately, this
requirement is not met in many settings because population sizes are smaller. In
situations like these, it is often necessary to make decisions without conclusive results
of statistical tests.
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POSTSCRIPT
INTERNATIONAL PERSPECTIVE: SOME CTD PREVENTION STRATEGIES

Although in the United States the label "cumulative trauma disorder" is the
most common term used to refer to these problems, it is evident from the
scientific literature that problems similar to CTDs, whether referred to as
repetitive strain injuries, occupational cervico-brachial disorders, or occupational
overuse syndromes are growing problems in every major industrialized country.”"'
This is most evident from reports carried in the media and medical literature.
With the exception of Sweden, Australia, and perhaps the United States, it is
unclear if other countries with high-risk work populations have implemented any
special guidelines for these disorders, or amended existing occupational health
and safety regulations to cover the work-related musculoskeletal disorders. The
three countries that have taken a more direct approach to the problem each
illustrate a type of prevention strategy that was designed to fit the prevention
needs of the individual country.

Sweden in 1984 jssued a regulation titled: "Ordinance concerning work
postures and working environment."13 This ordinance, prepared by the National
Board of Occupational Safety and Health in Sweden, represents the first attempt
by any country to provide legislation for controlling CTDs. The ordinance
consists of 7 Sections, each specifying one or more provisions concerning work
postures, working environment and physical load. Rather than account for every
work contingency, the provisions were developed to indicate general principles
for the implementation of the Work Environment Act in Sweden. The following
excerpt from Section 1 illustrates the nature and spirit of the ordinance.

Work must be designed so as to avoid unnecessarily fatiguing or
otherwise strenuous work postures and working movements. Efforts
must be made to enable the person doing the work to vary his work
posture and working movements. If there is little opportunity of
variation, the person doing the work must be given suitably disposed
breaks.

Although the ordinance does not contain an ergonomic equivalent of a
"threshold limit value," or similar quantitative values for controlling biomechan-
ical stress at the workplace, it does provide a set of useful recommendations and
explanations for good ergonomic work practices.

. + .Because of the confusion in both terminolo and
diagnostic categlomes in identifying work-related musculoskeletal

orders, a select group of participants from the international
health community (World Health Organization) will meet in 1988 to
consider some common terminclogy and diagnostic criteria for
labeling these conditions.
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Australia, in a similar fashion, developed a "Model Code of Practice" in
response to what was seen as a near epidemic of musculoskeletal problems among
a number of high risk occupations in their country that included packers,
sorters, machinists and keyboard operators.14 In early 1880 a tripartite special
Commission was formed to draft a report on ways to prevent repetitive motion
injury (RSI), the Australian equivalent of the cumulative trauma disorders. The
report was released in 1986, published for the National Occupational Health and
Safety Commission, '"'Worksafe Australia', by Australian Government Publishing
Service.

The objective of the Australian Model Code of Practice was to provide a
framework for minimizing the risk of, and management of RSI. The proposed
prevention strategy consists of recommendations covering eight main elements or
factors including the following: work organization, job and task design, task
variation/work pauses, work adjustment periods, workplace and environment
design, technology selection and equipment design and education and training.

The philosophy and content of the Australian Code of Practice parallels the
Swedish ordinance. For example, Item 1 of the Australian Code stresses the
need for work "to be organized so that employees are able to regulate some of
the pressures related to their work." Likewise, the Swedish ordinance suggests
that "efforts must be made to arrange work in such a way that the employee can
influence his own working structure," (Work Environment Act, Ch. 2, Section 1,
Subsection 2).

In the United States, the National Institute for Occupational Safety and
Health (NIOSH) completed in 1985 in cooperation with the Association of Schools
of Public Health, a Proposed National Strategy for Preventing Musculoskeletal
Injuu'ies.lf’,16 Unlike the Australian and Swedish documents, the U.S. National
- Strategy focussed more on the process for preventing musculoskeletal disorders
than on specific recommendations. The musculoskeletal strategy identified
research and informational needs, such as: 1) the need for better surveillance
and diagnostic information for identifying the disorders, 2) the types of research
that needed to be done, and 3) the role of the public and private sectors in
implementing and evaluating the proposed interventions. Of the different
interventions considered, a main conclusion was that ergonomic changes in the
form of job and tool redesign should be attempted first, and that training and
employee selection should be secondary. The strategy also stressed the impor-
tance of dissemination to ensure that needed target groups receive the inform-
ation on the implementation of successful interventions for reducing CTDs.
Implementation would be facilitated by the establishment of a National Committee
and Clearinghouse that would promote interchange of information.

Other than the guidelines found in this Manual, there are no other recom-
mended, official or unofficial, work practices or codes in the U.S. for controlling
CTDs in the workplace. In the related area of lifting, NIOSH-sponsored and
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published a Work Practices Guide for Manual Lifting in 1981, which is to be
updated and expanded in 1988 to include a wider variety of lifting conditions. 17
The revised lifting guide, like its predecessors, provides only recommendations or
guidelines that are neither standards nor designed to be used for enforcement of
safe work behavior. This approach appears to reflect a general philosophy that
compliance will occur voluntarily when both management and workers recognize
that it is in their best interest, from both a health and economic stand point, to
cooperate in reducing work-related and injury and lost time. One way to
facilitate that process is to provide the necessary information about these
disorders and their prevention, which was one goal of this manual.
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