
Reducing Cumulative
Trauma Disorders

USE OF PROPER WORKPLACE DESIGN

by Roberta Carson

C umulative trauma disorders (CTD) now
account for almost 60% of all recordable
work related illnesses, and costs are esti

mated at approximately $100 billion each year
(Hebert, 1993). Applying ergonomic principles to
workplace design can help you minimize CTD,
increase productivity, and improve quality.

CTD, sometimes referred to as repetitive mo
tion injuries, can be caused by work related and
non-work related factors. The work related causes
include repetitive motions, forceful exertions,
work in awkward postures, mechanical stress,
vibration, exposure to low temperature, pressure
from hard work surfaces or sharp edges, and
unaccustomed work activities (Armstrong, 1982;
Fernandez, 1989; Hoyt, 1984; Joseph, 1987;
Schuch, 1988).

The incidence of CTD has increased ninefold
in the past 8 to 10 year period. Many factors may
be responsible for the increase in cumulative
trauma disorders. They include: increase in em
ployee awareness; changes in production meth
ods; faster paced manufacturing; computers that
enable employees to type faster than with type
writers; employees less tolerant of painful work
ing conditions; job dissatisfaction; aging work
force; and increase in acceptance of injuries as
work related.

Ergonomics, also known as human factors
engineering, is the science of optimizing the inter-
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actions between the person, the job, and the
environment. Ergonomics aims to create a safe,
comfortable workplace that can be easily manipu
lated by the worker. Instead of trying to fit the
person to the job, one designs the job to fit the
employee. Designing jobs within employees' phys
ical capabilities reduces the risk for CTD (Beck,
1987; Drury, 1989; Hoyt, 1984; McKenzie, 1985).

The benefits of ergonomics include decrease in
incidence and severity of CTD; decrease in lost
and restricted workdays due to injuries; decrease
in absenteeism, workers' compensation, and
health care costs; increase in productivity and
quality; and improvement in employee morale
(Beck, 1987; Drury, 1989; Hoyt, 1984; Roughton,
1993).

HOW TO REDUCE CUMULATIVE TRAUMA
DISORDERS

The areas most frequently affected by CTD are
the tendons, muscle, and nerves of the upper
extremities and torso.

Some common cumulative trauma illnesses
are tendinitis or tenosynovitis; nerve disorders,
such as carpal tunnel syndrome; muscle strains
and sprains; ganglionic cysts; and trigger finger.

Four approaches may be used when evaluat
ing and designing workplaces to reduce the inci
dence and severity of CTD: use of anthropometric
data; reduction of the number of repetitions;
reduction of the force required; and elimination of
awkward postures (Putz-Anderson, 1988).

Anthropometric Data
Anthropometry is the study of human body

measurements. It is important to know the vary
ing body dimensions of the people performing the
jobs to design jobs to fit their physical capabilities.

Anthropometric data should be used to fit the
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job to a wide variety of people because designing
for the average male would not accommodate
many employees. There are several sources for
anthropometric data (Diffrient, 1981; Webb,
1978; Woodson, 1981). Instead, the goal of ergon
omics is to design for 90% of the population-all of
those falling between the fifth and 95th percen
tiles (fifth percentile means 5% of the population
is smaller, and 95th percentile means 5% of the
population is larger).

Designing for 100% of the population would
not be practical or economically feasible, because
those at either end of the curve are the extremes.
However, specific accommodations should be
made for an extremely large or small employee.

Two methods will accommodate 90% of the
population. The first involves making a system
adjustable between the fifth and 95th percentiles.
For example, an adjustable chair or workbench
allows employees to fit the job to their personal
requirements. The second method involves de
signing for either the fifth or 95th, depending on
the application. For example, designing a shelffor
the upward reach of a fifth percentile female
insures that all taller people will be able to reach
it also. Conversely, an enclosed area designed
large enough for a 95th percentile male will
accommodate all smaller people.

Reducing the Number of Repetitions
Tasks that require high repetition rates require

more muscle effort and, therefore, allow less
recovery time, which can lead to fatigue and
injury. Researchers are beginning to determine
acceptable or safe limits of repetition. To help in
the process of determining high vs. low repetition
rates, a research team (Silverstein, 1984) devel
oped a categorization procedure that can be used
to rate jobs. The classifications are based on the
estimated cycle time and the percent of time spent
performing the same "fundamental cycle." A fun
damental cycle is defined as a work cycle that has
a sequence of steps that repeat themselves within
the cycle.

A highly repetitive job has a cycle time less
than 30 seconds or over 1000 parts per shift, or
more than 50% of the cycle time involves perform
ing the same kind of fundamental cycle. A low
repetitive job has a cycle time greater than 30
seconds or less than 1000 parts per shift, or less
than 50% of the cycle time involves performing
the same kind of fundamental cycle.

If a job has high repetition rates, steps can be
taken to reduce the number of repetitions as much
as possible. In general, reducing the repetition
rate for any job is helpful in reducing ergonomic
stressors.

To reduce the number of repetitions, decrease
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Designing for 100% ofthe population would
not be practical or economically feasible,
because those ateither end ofthe curve are the
extremes.

production rates; limit overtime; change method;
provide mechanical assists; automate when feasi
ble; rotate employees; encourage employees to
take frequent mini-breaks and perform relief ex
ercises; increase the number of employees as
signed to a particular task; or expand the number
of tasks each employee performs to minimize the
constant repetition of a particular sub-task.

Reducing the Force Required
Circulation to muscles decreases as the muscu

lar effort increases in response to a high task load.
If the force requirements are too high, the soft
tissues may not recover, causing injury. If the
forces exerted on the body are too great, bones can
break and muscles can tear (Putz-Anderson,
1988).

Additionally, tendons and nerves are stressed
when held in contact with sharp and/or hard
edges. Pounding with the hand also causes me
chanical stress.

To reduce the force required, use power tools
and assists whenever possible; use the stronger
power grip instead of the weaker pinch grip;
spread the force over as wide an area as possible;
provide adequate gripping surfaces that are not
slippery, sharp, or excessively hard; work with
gravity, not against it; or use jigs and fixtures
wherever applicable.

Eliminating Awkward Postures
Jobs should not require employees to work in

awkward postures that pose biomechanical
stresses to the joints and tissues. Improper
workplace design can lead to pain and injuries in
the shoulder, hand/wrist, neck, and back. Muscu
lar strength is very limited in certain positions,
and any exertions in these weaker, awkward
postures require muscles to work at or near their
maximum capacity. Muscles cannot maintain
static contractions greater than 15% to 20% of
their strength without fatiguing. Therefore, jobs
should be designed to minimize these awkward
postures.

The following paragraphs describe the pos
tures and motions that can be damaging to the
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Ideally, the work position should be fully
adjustable so that employees can adjust their

work areas to fit their anthropometric
requirements.

shoulder, the hand/wrist, the necklhead, and the
back. Additionally, specific guidelines for mini
mizing stress and injuries are included.

The complex structure of the shoulder allows
extensive movements but decreases its stability,
making it prone to injury. As the arm extends
away from the body, muscle fatigue accelerates.

To alleviate shoulder and arm fatigue, mini
mize reaching above shoulder height; avoid reach
ing above the head; keep the elbow close to the
body and bent 90° to 110°; provide adjustable
chairs and workstations; avoid sustained applica
tions of force; minimize force exerted; and move
parts and tools within easy reach.

The nerves and tendons in the hand and wrist
can be easily damaged by awkward postures.
When the wrist is held in deviated positions, the
tendons may become inflamed (tendinitis) or the
median nerve may become compressed (carpal
tunnel syndrome).

To minimize problems with the hand and
wrist, use properly designed tools and equipment
that will allow the wrist to be kept in a neutral
posture while working. Remember to examine the
tool/equipment itself and how it will be used to
make an appropriate choice. Consider wrist pos
tures when arranging work areas to keep wrist in
neutral posture (as it would be when naturally
hanging at one's side). Provide proper storage
bins for all materials, which allow employees to
remove items with straight wrists. Finally, be
sure employees are at proper height in relation to
task.

Head inclination angles greater than 20° to
30° lead to fatigue and pain. Additionally, neck
extension (bending neck backwards so chin is up
toward ceiling) should be avoided.

To alleviate neck pain, tilt or raise the work
piece if fine vision is required; enlarge print of
text; adjust height of chairs and/or workbenches;
schedule frequent, short rest breaks; and position
microscopes to minimize bending the neck.

Improper posture can lead to back injuries.
The workplace should be designed to allow the
spine to be in the neutral position while sitting,
standing, and working.
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Guidelines for workplace design include keep
ing all materials and controls in front of employee
and at proper height; providing chairs that swivel
and adjust for height; providing adjustable height
workbenches; avoiding twisting and lateral bend
ing; minimizing stooping; avoiding reaching be
hind body; avoiding static postures; and allowing
employees to change postures frequently through
out shift.

SPECIFIC RECOMMENDATIONS FOR
WORKPLACE DESIGN

Work Surface Height
The work surface height must accommodate

the various postures, movements, and actions of
the worker. To minimize fatigue and injury, the
arms should not be held above shoulder height,
and the back and neck should not be inclined
greater than 20° to 30°.

A low workbench may force employees to bend
their backs and/or necks and rotate their shoul
ders forward. These postures lead to rapid fatigue
and pain. Conversely, a high workbench can force
employees to work with elevated arms, leading to
rapid fatigue and pain.

Often a compromise must be made between
the comfort of the arms, back, and neck. Because
it is best not to overly stress one particular part of
the body, the work piece should be placed at a
height that will equally distribute the stress
between all affected body parts. This will mini
mize the potential for injury of anyone body part.

Ideally, the work position should be fully
adjustable so that employees can adjust their
work areas to fit their anthropometric require
ments. However, because full adjustability may
not be practical or feasible, it is essential that at
least an adjustable chair be provided, with foot
rests available for all employees who need them.

When designing a workplace, it is important
to realize that different tasks require different
work heights. Also, remember that the height of
the item being worked on is the crucial height, not
the height of the bench itself.

In general, the following guidelines should be
used to determine the appropriate work height
(Putz-Anderson, 1988):
• For precision work or close inspection, the work
piece should be 2" to 4" above elbow height.
• For light assembly work, the work piece should
be 2" to 4" below elbow height.
• For heavy work requiring large force expendi
tures, the work piece should be 4" to 5" below
elbow height.

Standing vs. Sitting
The ideal work area would allow the worker to

alternate between sitting and standing, because
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maintaining one posture for prolonged periods
can be stressful. However, a fully adjustable
system cannot be achieved in most areas.

It is important to correctly determine whether
standing, sitting, or a combination is the best
posture for the job. When evaluating a work area,
it is important to determine if the operation
requires the employee to stand, sit, or rotate
between the two postures. When a standing oper
ation becomes adapted for seated work, the em
ployees often work with their arms elevated to
shoulder height or higher. This prolonged reach
ing can be very painful and fatiguing. In this
situation, the employee should be standing or
have a higher chair. However, a chair that is too
high poses a safety problem, as does placing a
chair on a platform.

The author once saw an employee working at
a microscope that had been placed on a lab
cabinet. Because there was no place at the cabinet
for legs and a chair, the employee decided to kneel
on the chair while working on the microscope.
This unsafe and uncomfortable position easily
could have been avoided with a little forethought.

The following guidelines will assist in deter
mining which posture is best when analyzing jobs.

Sit/Stand
An ideal workplace design would allow em

ployees to rotate between standing and sitting or
to use a sit/stand chair, because prolonged sitting
and prolonged standing can cause pain and inju
ries. Rotating between sitting and standing al
lows one to rotate postures; minimizes discomfort
associated with prolonged standing or prolonged
sitting; and allows employees to quickly and
easily stand or walk at a bench. The flexibility of
sit/stand work is especially preferred when re
peated reaches are above work surface or outside
the reach, which forces employees to reach over
shoulder height or to reach beyond their arms'
length; when employees have to stand or walk
frequently as part of a task; and when the work
surface height is too high for seated work and too
low for standing.

If it is not possible to allow the employees to
rotate between standing and sitting, it is impor
tant to correctly determine whether standing or
sitting is the best posture for the job.

Standing
Standing is preferred when a wide range of

movement is required; high forces are required;
the work surface is too high for seated work; or
there is no leg clearance if chairs are used. An
additional advantage of standing is that it allows
mobility.

To minimize the pain and discomfort in the
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lower back and legs associated with prolonged
standing, consider providing anti-fatigue mats or
shoe inserts: these will encourage circulation and
minimize blood pooling in the lower extremities.
Additionally, they will minimize lower back dis
comfort associated with continuous standing. Pro
vide a 4" to 5" high foot rail, which will allow the
employee to rest one foot on an elevated rail. This
forces the spine into a posture that reduces com
pression on the discs, leading to reduced discom
fort in the back. Encourage body movement by
adding task variations. Avoiding stagnant body
postures increases circulation and reduces dis
comfort to the lower back and legs.

Sitting
Sitting is preferred when no large forces (>10

lbs) are required; fine, hand intensive work is
required; materials and equipment are within
easy reach; and foot pedals are required. Sitting
provides more stability, is less energy consuming,
and is less physically stressful.

Although sitting is less physically stressful
than standing, prolonged sitting can be very un
comfortable and can lead to back and leg pain. To
minimize discomfort and pain allow for postural
changes, provide well designed ergonomic chairs;
use footrests whenever needed to avoid dangling,
unsupported legs; train employees in the proper
adjustments of their chairs; encourage employees
to adjust their chairs at the beginning of each shift
to accommodate their physical requirements-this
is especially important in a multi-shift operation;
and allow 7" to 10" thigh clearance between seat
pan and bottom of work surface.

Chairs
It is essential that all seated employees use

properly designed ergonomic chairs. Well de
signed chairs provide comfort, adjustability for
different body types and jobs, the ability to sit in
the correct position in relation to the work, help in
maintaining correct posture, and reduced pres
sure on the spine.

When adjusting chair height or training em
ployees to do it, consider the height at which the
task will be performed. Do not make the common
mistake of thinking shorter employees need their
chairs lower to the ground so their feet will not
dangle. When this is done, the employee is often
too low in relation to the task and is forced to
elevate the arms continuously throughout the
shift, causing shoulder, arm, and wrist problems.
Instead, when shorter employees are adjusting
their chairs, they should adjust them so they are
at the correct height for the task, and then they
should use a foot rest to support their feet. Several
adjustable height foot rests are available.
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TABLE

Important Chair
Characteristics

Chair height easily adjustable, preferably
pneumatically

Back rest separate from seat pan
Back rest has independent height and tilt adjustments
Seat pan tilts forward and backward
Back rest provides support and encourages proper

lumbar posture
Front edge of seat pan has waterfall design
Seat pan wide enough to accommodate all users
Seat pan deep enough to allow use of back rest
Movement of torso or arms not restricted by back rest
Back rest spring loaded so it follows body movement

and maintains support
All controls easily reached and operated while sitting in

chair
Swivel design
Five legged base for safety
Padded with breathable fabric 1-2" thick
Safety casters available if needed
Arm rests present if feasible

Conversely, tall employees must raise their
chairs to a height that allows a comfortable
position of their legs (thighs approximately paral
lel to the floor). However, with the raised chair,
there may not be enough clearance for the thighs.
In these situations, the work surface should be
raised to accommodate the taller employees
even placing a few wooden blocks under a desk
can make a difference.

When selecting chairs, it is important that the
chair be properly designed for ergonomics, safety,
and durability. Two standards provide guidelines
about chairs for office and VDT use. The ANSI!
HFS 100-1988 standard includes discussions of
important characteristics for chairs used with
VDTs, including seat height, depth and width,
backrest, and seat pan angle.* The BIFMA X5.1
1193 standard includes information on minimum
standards for manufacturers' testing for durabil
ity and safety of office chairs. t There is currently
no standard for industrial use chairs, but many
chair manufacturers determine their own stan-

*Cal! the Human Factors and Ergonomics Society at (310)
394-1811 for ordering information.
tCal! the Business and Institutional Furniture Manufacturers
Association at (616) 285-3963 for ordering information.
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dards for industrial settings. See the Table for
desirable characteristics of chairs.

Work Area Design Criteria
Work areas should be designed to minimize

reaching upward, forward, to the side, and be
hind. All tools, parts, and controls should be
placed between shoulder and elbow height, and
within easy reach of all employees. Ideally, all
work should be performed in the area 6" to 14" on
the work surface in front of employees. This will
minimize reaching forward to obtain items far
away and reduce pulling elbows backward to work
too near the front of the bench (Eastman Kodak,
1983).

Static reaching should be eliminated by rede
signing the job or providing arm rests. Work areas
also should be organized to eliminate twisting and
the need for employees to kneel to do their work.

If the job design requires operators to rest
their arms or wrists on table edges, discomfort or
nerve damage may result. To relieve the pressure,
table edges should be covered with padded sup
ports.

Components and Parts Storage
To eliminate problems associated with retriev

ing parts, supply all items in containers that
allow operators to keep their wrists straight while
removing items. If the wrist is bent forward while
retrieving parts, tendinitis or tenosynovitis may
result. Additionally, locate all containers and bins
within arms' reach and between elbow and shoul
der height.

Machine Controls
Improperly designed machine controls may

stress the neck, shoulder, and arm. It is important
that all controls are easy to reach and operate.
The following guidelines should be considered
when designing or purchasing equipment.

Locate controls between elbow and shoulder
height (approximately 40" to 48" for standing
employees and between 12" and 21" above seat
pan height for seated workers). Provide hand
controls for accurate and rapid movements and
foot controls for forceful activations. Recessed
controls which are close to the body would avoid
accidental activation. Make sure control levers
move in the same direction as the object being
controlled. Consider universal expectations, such
as up for on and down for off, when designing
controls and displays.

Noise
Noise can distract employees, interfere with

communication, and affect the ability to concen
trate. Excessive noise may also result in hearing
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loss. The degree of hearing loss is dependent on
intensity, frequency, length of exposure, and indi
vidual susceptibility. NIOSH found that 8 hours
of exposure to noise above 85 dBA (Time
Weighted Average) may cause hearing loss
(NIOSH, 1972). However, levels below 85 dBA can
be disturbing.

Reducing the noise exposure can be achieved by
the following methods: substitute with quieter
processes or equipment; separate employees from
noisy equipment; change the direction of the noise;
reduce turbulence and velocity; or absorb the noise
with specially designed noise dampeners.

Lighting
The lighting levels in a work area can affect job

performance and personal comfort. Proper illumi
nation allows employees to correctly see the work
without feeling strained. Different tasks require
different levels of illumination, depending on the
degree of vision required. It is possible to reduce
overall lighting levels by providing adequate task
lighting.

Glare, which can be annoying and interfere
with a person's ability to perform, may be elimi
nated or minimized by using several low intensity
lights instead of one bright light. Position lights
as far from operators' line of sight as possible. Use
indirect lighting or light shields or hoods. Provide
shades for windows. Change the placement or
orientation of the work piece. Avoid using shiny
surfaces. Provide anti-glare screens on VDTs.

TRAINING
It is very important that all employees under

stand the proper methods for performing each
task they are required to perform. Demonstrating
the ergonomically correct procedures before an
employee begins a new job assignment enables
employees to develop good working habits. Addi
tionally, employees must understand the signs,
symptoms, and causes of CTD. Employees should
be encouraged to report any physical signs of
injury as soon as possible, since early detection of
a CTD can reduce the severity of the injury.

ADMINISTRATIVE ACTIONS
Sometimes ergonomic stressors cannot be de

signed out of a job. In these situations, adminis
trative controls should be implemented-such as
job rotation, job sharing, job enlargement, and
work/rest cycles. When implementing a job rota
tion plan, one must be careful not to move an
employee from a task that is physically stressful
for one body part to another job that will stress
the same body part. For instance, it would be
beneficial to rotate an employee from a job that
stresses the right wrist to a job that stresses the
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back. This allows the body time to recover from
the stress, which in turn reduces the risk of
developing a CTD.

EXERCISE PROGRAMS
Exercise programs also have been successful in

preventing CTD. The exercises, which increase
flexibility, strength, and endurance, must be
properly designed, and workers must be precisely
trained. Many companies have realized signifi
cant reductions in CTD after instituting preven
tive exercise programs (Hebert, 1993).

NON-OCCUPATIONAL FACTORS ASSOCIATED
WITH CTD

Job characteristics may be only partially re
sponsible for the development of CTD. Several
non-occupational activities and conditions are
thought to cause CTD or increase a person's
likelihood to develop a CTD. Also, some employ
ees have pre-existing conditions that are aggra
vated by work related postures and motions
(Putz-Anderson, 1988).

Some activities associated with CTD include
racket sports such as tennis, throwing motions,
knitting, sewing, and playing musical in
struments (Armstrong, 1979). Traumatic acci
dents that cause broken bones in the hands and
arms may make a person more susceptible to
CTD. Medical conditions that may predispose a
person to CTD include rheumatoid arthritis, hy
pertension, diabetes, thyroid disorders, kidney
disorders, gout, alcoholism, pregnancy, gyneco
logical disorders, and use of oral contraceptives
(Hebert, 1993; Putz-Anderson, 1988).

To determine if a CTD is caused by occupa
tional or non-occupational factors, one must ex
amine the working conditions to identify any
potential ergonomic stressors. It is also helpful to
determine if any other employees performing the
same task have developed any symptoms or inju
ries. Coworkers with similar symptoms indicate
that the job may be the cause of the CTD.
However, one cannot assume that because no
other employees have symptoms, the CTD in
question is not be work related. One employee
may develop a CTD because of differences in
individual susceptibility and work history (Putz
Anderson, 1988).

In general, it is important to identify any
possible ergonomic stressors and take corrective
engineering and/or administrative actions. Also,
it is important to counsel employees on non
occupational risk factors to help reduce the inci
dence of CTD.

SUMMARY
Many steps can be taken to reduce CTD, which
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Selecting the proper work surface height
will help reduce fatigue, pain, and discom
fort and will allow the employee to be at the
right height in relation to the task. Ideally,
an adjustable height work surface should
be provided that will accommodate all po
tential users.

In addition to providing a properly designed
work area, a successful ergonomics pro
gram should include training, administra
tive actions, and exercise programs.

Prolonged standing and sitting are physi
cally stressful to the body. However, by
providing a well designed work area with
the appropriate accessories, such as anti
fatigue mats, ergonomic chairs, and foot
rests, fatigue and discomfort can be mini
mized.

Cumulative trauma disorder can be re
duced by applying four ergonomic ap
proaches: applying anthropometric data,
reducing the number of repetitions, reduc
ing the force required, and eliminating awk
ward postures as much as possible.

1.

3.

2.

4.

can be associated with improper work area de
sign. By paying attention to the population's
measurements and the force, repetition, and pos
tures required in work, one can aim to reduce the
risk for injuries. Additionally, training programs,
administrative actions, and exercise programs
also can reduce CTD.
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