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Background
One commonly distinguishes between
single-event injuries, called acute or trau-
matic injuries, and those that are sus-
tained through often repeated actions
whose cumulative effects finally result in
an injury. The distinction is somewhat
hazy: are three motions per week, per
day, per hour or per minute likely to result
in an injury? How many repetitive micro-
trauma have to occur to result in injury?

Cumulative injuries occur often in
connective soft tissues, particularly to
tendons and their sheaths. They may irri-
tate or damage nerves and impede the
blood flow through arteries and veins.
They are frequent in the hand-wrist-
forearm area, (for example, the ‘carpal
tunnel syndrome’) and in shoulder and
neck. Repetitive loadings may even dam-
age bone, such as the vertebrae of the
spinal column.

Injuries due to repetitive stresses are
not a new phenomenon. According to
Tichauer (1973), Bernardino Ramazzini
reported in 1813 that this condition
occurred among clerks and scribes. He
believed that their injuries, usually in the
hand region, were due to repetitive
movements, constrained postures and
general mental stress. By the middle of
the twentieth century, injuries, particu-
larly to tendons and their surroundings
were generally recognised and traced to

repetitive efforts (Tichauer, 1973). In
1960, the International Labour Office
recognised repetition strain injury as an
occupational disease (ILO, 1960). Peres
(1961), Ferguson (1971), Feldman et al
(1983) and Putz-Anderson (1988)
described a wide variety of health com-
plaints in the musculo-skeletal apparatus
of people while Chatterjee (1987) pro-
vided a review of the developing recog-
nition of repetitive strain injuries.

Definition
An operational definition is as follows:
Cumulative Trauma Disorders, CTD, is
a collective term for syndromes charac-
terised by discomfort, impairment, dis-
ability or persistent pain in joints, mus-
cles, tendons and other soft tissues, with
or without physical manifestations. It is
caused or aggravated by repetitive
motions including vibrations, sustained
or constrained postures, and forceful
movements at work or leisure. Many dif-
ferent terms have been used to describe
the observed events. For example, the
syndrome has also been called over-use
injury, cervicobrachial disorder, cumula-
tive trauma injury, repetition strain
injury, repetitive motion injury, rheu-
matic disease, osteoarthrosis (Putz-
Anderson, 1988).

Of course, such general terms do not
provide exact anatomical or pathological
specifications, nor do they indicate the

conditions that lead to CTD. Clearly,
repetitive strains may occur from many
different occupational activities, such as
in assembly, manufacturing, and meat
processing, sewing, packing and other
manipulations. CTD are found among
cashiers in supermarkets and among key-
board operators. Also, these injuries are
quire often associated with leisure and
sports activities; the “tennis elbow” is
one of the better known examples.

Risks and causes
There are many possible causes of CTD.
The risks may be related to occupation
or due to private activities. Among the
non-occupational factors are (according
to Chatterjee, 1987) age, gender, acute
trauma, chronic disease, use of birth con-
trol pills, circumstances of pregnancy,
menopause, etc. Some individuals could
be pre-disposed. Among the occupation-
al factors, repetitive and forceful activi-
ties, static muscle load, body posture,
mechanical stress, vibration and cold
appear to be most prevalent (Chatterjee,
1987).

Repetitive and forceful exertions,
particularly if combined are generally
thought to be responsible for a large por-
tion of the CTD. While there is no defin-
itive statement about what constitutes
high repetitiveness and/or exertion of
force, Silverstein (1985) proposed that
repetitiveness may be defined as a cycle
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time of less than 30 s, or as more than
50% of the cycle time spent performing
the same fundamental motion.
Silverstein also suggests that high force
by itself (for hand force, more than 45N)
may be considered a causative factor.
Posture may be highly important. For
example, a dorsi-flexed wrist generates a
condition likely to cause a specific CTD,
the carpal tunnel syndrome. Among the
postural effects, maintained isometric
contraction of muscles needed to keep
the body or its part in position, is often
associated with a CTD condition. If
muscles must remain contracted as more
than about 15 to 20% of their maximal
capability, circulation is impaired which
can result in tissue ischemia and delayed
dissipation of metabolites, which consti-
tutes a general physiological strain. For
hand, arm, shoulder and neck CTD,
repeated muscle contractions and tendon
movements are regarded as common
causative factors. Also, inward or out-
ward rotation of the forearm with a bent
wrist, deviation of the wrist from the
neutral position, and the pinch grip can
be stressful (Chatterjee, 1987).

Body components at risk
The human musculo-skeletal system
consists primarily of the long bones of
the body, joined together in their articu-
lations and moved about by these mus-
cles. While bones (except vertebrae) are
not usually injured in the context of
CTD, joints, muscles and tendons and
their related structures, as well as nerves
and blood vessels, are at risk. (For more
detail, see Putz-Anderson, 1988.)

Soft tissues
Muscles can generate tension between
two (or three) body segments (‘links’ –
i.e., bones connected by a joint) either to
stabilize their positions (isometric effort)
or to move them relative to each other
(dynamic effort). Muscles are composed
of thousands of fibres, more or less
aligned with the long axis of the muscle.
Their finest elements, filaments, generate
contraction. The contraction is stimulat-
ed and controlled by neural signals. The
contraction is associated with energy
generation and release, supplied by body
metabolism. For this, sufficient oxygen
supply by blood flow to the working
muscle is necessary.

Muscles can sustain three different
kinds of CTD. Muscles can be strained

or irritated, associated with temporary
aching and swelling. A more serious
injury is present when a group of fibres is
torn apart. If blood or nerve supply is
interrupted for an extended time, the
muscle atrophies.

Muscles are not attached directly to
the bones, but fuse at each end (at the
origin and insertion) in tendons which in
turn are attached to the bones. Tendons
contain collagen fibres which neither
stretch nor contract. If overly strained,
tendon fibres can be torn. Scar tissue
forms which creates chronic tension and
is easily re-injured.

Tendons are often surrounded by a
sheath which contains a lubricant, syn-
ovial fluid. This allows easy gliding of the
tendon within its sheath to follow mus-
cle contraction and relaxation. Such
movement may be quite large, for exam-
ple, 5 cm in the hand when the finger is
moved from fully extended to complete-
ly flexed. The synovial fluid in the ten-
don sheath may be diminished which
causes friction between tendons and its
sheath. First signs are feelings of tender-
ness, warmth and pain, which may indi-
cate inflammation.

Inflammation of a tendon sheath is a
protective response of the body, its pur-
pose being to limit bacterial invasion.
The feeling of warmth and swelling
stems from the influx of blood. The
resulting compression of tissue produces
a pain sensation. Also, movement of the
tendon within its swollen surroundings is
limited. Repeated forced movement may
cause the inflammation of additional
fibre tissue which, in turn, establishes a
permanent (chronic) condition of thick-
ened tendon sheaths which, of course,
impede tendon movement.

Ligaments are fibres that connect
bones around a joint. When a joint is dis-
placed beyond its regular range, fibres of
a ligament may be torn, or pulled from
the bone. This is called a ligament sprain,
often resulting from a single trauma but
also possibly caused by repetitive strains.
This can contribute to a permanent joint
instability, and hence increases the risk of
further injury. Injured ligaments may
take weeks or even months to heal
because their blood supply is poor.

A bursa is a small flat, fluid-filled sac
lined with synovial membrane. It pre-
vents rubbing between tendons and
bone by providing a slippery cushion. An
often-used tendon, particularly if it has
become roughened, may irritate its adja-
cent bursa, setting up an inflammatory
reaction called bursitis, which is similar
to the inflammation in tendon sheaths.
Bursitis inhibits the free movement of
the tendon, and hence reduces joint
mobility.

Nerves and vessels
Nerves can also be affected by repeated
or sustained pressure. Such pressure may
stem from bones, ligaments, tendons
and tendon sheaths within the body, or
from sharp edges of tools, equipment
and work surfaces. Pressure within the
body can occur if the position of the
body segment reduces the passage open-
ing through which a nerve runs. Another
source of compression, or an added one,
may be irritation and swelling of other
structures within this opening, often of
tendons and tendon sheaths. The carpal
tunnel syndrome is a typical case of nerve
compression.

There are three different systems of
nerve fibres, which serve different func-
tions: motor, sensory and autonomic.

Impairment of motor nerve fibres
reduces the ability to transmit signals to
the innervated motor units in muscle.
Thus, motor nerve impairment impedes
the controlled activity of muscles, and
hence reduces the ability to generate
force or torque to tools, equipment and
other external objects.

Sensory nerve impairment reduces
the information that can be brought
back from sensors to the central nervous
system. Sensory feedback is very impor-
tant for hand activities because it con-
tains information about force and pres-
sure applied, position assumed and
motion experienced. Sensory nerve
impairment usually brings about sensa-
tions of numbness, tingling or even pain.
The ability to distinguish hot from cold
may be reduced.

Impairment of autonomic nerve
fibres reduces the ability to control such
functions as sweat production in the
skin. A common problem with auto-
nomic nerve impairment is dryness and
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‘shinyness’ of skin areas controlled by
that nerve.

Like nerves, blood vessels may be
compressed. This results in a reduced
blood flow in the affected area, which
means reduced supply of oxygen and
nutrients to such tissues as muscles, ten-
dons and ligaments. Vascular compres-
sion hence produces ischemia which par-
ticularly limits the possible duration of
muscular actions and the recovery of
muscles after such activities. Such neu-
rovascular compression is often found in
the neck, shoulder and upper arm
region. Thoracic outlet (or hyperabduc-
tion) syndrome, cervicobrachial disor-
der, brachial plexus neuritis, and costo-
clavicular syndrome, describe the exact
location of the condition.

Vibrations of body members, partic-
ularly the finger-hand system, may result
in reduction of the diameter of arteries,
even in their complete closure. Of
course, this impedes blood flow to the
body areas supplied by the vessels, which
becomes visible by blanching of the area,
known particularly as white finger (or
Raynaud’s) phenomenon. Exposure to
cold may aggravate the problem because
it can trigger vasospasms in the fingers.
Associated symptoms include intermit-
tent or continued numbness and tingling
in the fingers, with the skin turning pale
and cold, and eventually loss of sensation
and control in the fingers. The condition
is often caused by vibration transmitted
from tools like pneumatic hammers,
chainsaw, power grinders and power pol-
ishers. Frequent operation of keys on
keyboards may also constitute a source of
vibration strain to the hand-wrist area.

Stages of disorders
The clinical features of CTD are various,
variable, and often confusing. Common
symptoms are pain, tenderness, weak-
ness, swelling and numbness. The onset
of these symptoms can be gradual or
sudden. Three stages have been defined:

Stage 1 shows aches and ‘tiredness’ dur-
ing the working hours, but which
usually settle overnight and over days
off work. There is usually no reduc-
tion in work performance. This con-
dition may persist for weeks or
months, and is reversible.

Stage 2 has symptoms that start early in

the workshift, and which do not set-
tle overnight. Sleep may be disturbed
and the capacity to perform the
repetitive work reduced. This condi-
tion usually persists over months.

Stage 3 is characterised by symptoms
that persist at rest, pain that occurs
with non-repetitive movements, and
disturbed sleep. The person is unable
to perform even light duties, and
experiences difficulties in other tasks.
This condition may last for months
or years, (Chatterjee, 1987).

Treatment in the first stage is, of course,
preferred. Often, the condition causing
the symptom can be alleviated by
ergonomics means. In the more advanced
stage, medical attention is necessary.

Specific repetitive strain disorders
Specific clinical manifestations of CTD
have been described by Armstrong
(1983), Feldman et al (1983), Chat-
terjee (1987), and by Putz-Anderson
(1988) as follows:

Hand and wrist problems

1. “Tendonitis” (also called tendinitis)
is a tendon inflammation associated
with a tendon which is repeatedly
tensed, moved, bent, in contact with
a hard surface, vibrated, or with
fibres frayed or torn apart. The ten-
don becomes thickened, bumpy and
irregular. In tendons without
sheaths, such as within the shoulder,
the injured area may calcify.

2. “Tendosynovitis” occurs to tendons
inside synovial sheaths. The sheath
produces excessive synovial fluid
which accumulates, and the sheath
becomes swollen and painful.
Movement of the tendon within the
sheath is impeded and painful.
(Other names for tendosynovitis are
tenosynovitis, tendovaginitis and
peritendinitis.)

If the tendon surfaces become irritat-
ed, rough and bumpy, and the
inflamed sheaths press progressively
on the tendon, and condition is
called stenosing tenosynovitis. A spe-
cial case thereof is ‘DeQuervain’s
syndrome’ (or DeQuervain’s disease)
which occurs in the abductor and
extensor tendons of the thumb
where they share a common sheath.
This condition often results from

combined forceful gripping and hand
twisting, as in wringing cloths.

If the tendon sheath of a finger is so
swollen that the tendon becomes
locked, movement of the tendon is
not smooth but in a snapping and
jerking manner. This condition is
called stenosing tenosynovitis crepi-
taris, or “trigger finger”. The condi-
tion is usually found with finger flex-
ors, often associated with using hand
tools that have sharp hard edges or
whose handles are too far apart for
the user’s hand so that the end seg-
ments of the fingers are flexed and
the middle segments are straight.

3. A ‘ganglion’ is a swelling of a tendon
sheath that is filled with synovial
fluid, or a cystic tumour at the ten-
don sheath or a joint membrane. The
affected area swells up and causes a
bump under the skin, often on the
dorsal or radial side of the wrist.

4. ‘Carpal tunnel syndrome’ is the
result of compression of the median
nerve in the carpal tunnel of the
wrist. This tunnel is an opening
under the carpal ligament on the pal-
mar side of the carpal bones, through
which pass the median nerve, finger
tendons, and blood vessels (see Fig.
1). Swelling of the tendon sheath
reduces the opening of the tunnel
and pinches the median nerve (and
blood vessels). The opening is also
reduced if the wrist is flexed or
extended, or sideways (ulnarly or
radially) deviated. (Writer’s cramp,

Figure 1: Sketch of the carpal tunnel and of the
Guyon Canal (modified from Tanzer, 1959;
Robbins, 1963, and Putz-Anderson, 1988)
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occupational neuritis, partial thenar
atrophy and median neuritis are
other terms which describe this dis-
order.)

Symptoms of the carpal tunnel syn-
drome include pain, numbness and
tingling of those areas of the hand
that are innervated by the median
nerve. These areas are, on the palmar
side, thumb, index finger, middle fin-
ger and the ring finger (with the
exclusion of its ulnar side, that is the
side towards the little finger), and
most of the palm. On the dorsal side,
the ulnar side of the thumb, and the
upper distal two-thirds of index, mid-
dle, and ring fingers are affected
(again with the exclusion of the ulnar
side of the ring finger). Thus, the
specific location of the sensations in
these areas indicates the existence of
a carpal tunnel syndrome.

5. ‘Guyon tunnel syndrome’ results
from entrapment of the ulnar nerve
as it passes through the Guyon tun-
nel in the wrist. It can occur from
prolonged flexion and extension of
the wrist and repeated pressure on
the base of the palm (hypothenar
eminence). (This condition is similar
to but more superficial and less com-
mon than the carpal tunnel syn-
drome.)

6. “White finger” (also called ‘dead fin-
ger’ or Raynauld’s syndrome) stems
from insufficient blood supply, seen
as blanching. Fingers turn cold,
numb, and tingle, and sensation in
and control of fingers may be lost.
The condition is due to closure of the
digits’ arteries caused by vasospasms
triggered by vibrations, particularly
in the cold. A common cause is con-
tinued forceful gripping of vibrating
tools such as jack hammers, chain
saws or power grinders.

Arm and elbow problems

7. In the elbow (and shoulder) joint,
unsheathed tendons are prevalent.
The extensor muscles, which attach
at the elbow (to be exact: at the epi-
condyle, a protrusion at the distal
end of the humerus bone) control
movements of the wrist and hand.
When strained or over-used, the ten-
dons become irritated and radiate
pain from the elbow down the fore-
arm. Activities that are likely to trig-
ger this condition are impacting or

jerky throwing motions, repeated
supination and pronation of the fore-
arm, and forceful wrist extension
movements. Playing tennis, pitching,
extensive hammering or bowling are
activities that may lead to this condi-
tion, hence the term ‘tennis (pitch-
er’s, carpenter’s, bowler’s) elbow’.
The symptoms are common on the
outer side of the elbow (lateral epi-
condylitis). An irritation of the ten-
don attachments or the finger flexor
muscles on the inside of the elbow is
called medial epicondylitis, also
known as ‘golfer’s elbow’.

8. ‘Pronator teres syndrome’ is the
result of compressing the median
nerve where it passes through the
two heads of the pronator teres in the
forearm. It often occurs in occupa-
tions where rapid and forceful prona-
tion of the forearm with wrist flexion
are frequent.

9. ‘Radial tunnel syndrome’ is the result
of compressing the median nerve
which may be due to the pathologi-
cal thickening of the supinator mus-
cle. It is often caused by repeated
rotatory movements of the forearm,
repetitive wrist flexion with prona-
tion, or wrist extension with supina-
tion.

10.Extensor tenosynovitis, more com-
mon than flexor tenosynovitis, is usu-
ally caused by repeated rotatory
movements of the forearm.

Shoulder and neck disorders

11. ‘Rotator cuff tendinitis’ is a common
shoulder disorder. (It is also called
supraspinatus tendinitis, subdeltoid
bursitis, subscromial bursitis, or par-
tial tear of the rotator cuff.) The rota-
tor cuff consists of four tendons that
fuse over the shoulder joint. They are
linked to muscles which pronate and
supinate the arm and help to abduct
it. The rotator cuff tendons pass
through a small bony passage between
the humerus and the acromion, with a
bursa as cushion.

Rotator cuff disorders are often
found with work in which the elbow
must be kept in an elevated position,
or with other activities that strain the
shoulder tendons and bursa. Such
work commonly involves reaching or
lifting, and continued use of an arm
in abduction or flexion.

12.A variety of often poorly defined dis-
orders occur in the neck. Two are
fairly common: one is the ‘thoracic
outlet syndrome’, a general term for
disorders resulting from compression
of the nerves and blood vessels
between neck and shoulder. The
brachial plexus is a collection of
nerve fibres. Also at this spot are
arteries and veins that channel blood
for the arm. If this neurovascular
bundle is compressed by the pec-
toralis minor muscle, an ischemic
condition is created which makes the
arm numb and limits muscular activ-
ities and slows recovery from fatigue.
Such condition can result from carry-
ing objects, such as a suitcase, or a
rucksack, or repeatedly reaching
above shoulder level. (Other names
for this condition are neurovascular
compression syndrome, brachial
plexus neuritis, costoclavicular syn-
drome.)

13.The other often found disorder is the
‘tension neck syndrome’, usually due
to repeated strain (including sus-
tained static tension) of the levator
scapulae and trapezius muscle groups
of the neck. It commonly occurs after
repeated or sustained overhead work,
when the neck is kept in a forward-
bent posture, or when heavy objects
are carried.

Leg and foot problems
14.Nerve entrapments occur to the sci-

atic nerve in the ischial region, to the
peroneal nerve at the fibular head,
and to interdigital nerves in the foot.
(These conditions are fairly infre-
quent.)

Occupational activities and 
related disorders
Specific activities have been found to be
often associated with certain CTD. A list
of such associations is presented in Table
1 which has been derived from informa-
tion provided by Armstrong (1983),
Chatterjee (1987), Ferguson (1981),
Peres (1961), Silverstein (1985), and
from personal experiences. Of course,
this list is neither complete nor exclusive,
although the literature was thoroughly
searched. New occupational activities
occur, and several activities may be part
of the same job.



5

Table 1: Associations between CTD and occupational activities. (Adapted from Putz-Anderson, 1988)

Carpal tunnel syndrome Repeated wrist flexion or extension, rapid
wrist rotation, radial or ulnar deviation,
pressure with the palm, pinching 

Buffing, grinding, polishing, sanding, assembly
work, typing, keying, cashiering, playing musical
instruments, surgery, packing, housekeeping,
cooking, carpentering, brick laying, butchering,
hand washing or scrubbing, hammering 

Epicondylitis, tennis elbow Radial wrist pronation with extension,
forceful wrist extension, repeated supina-
tion and pronation, jerky throwing or
impacting motions, forceful wrist extension
with forearm pronation 

Turning screws, small parts assembly, hammer-
ing, meat cutting, playing musical instruments,
playing tennis, bowling 

Neck tension syndrome Prolonged static posture of neck/shoul-
der/arm, prolonged carrying of load on
shoulder or in the hand 

Belt conveyer assembly, typing, keying, small
parts assembly, packing, load carrying in hand
or on shoulder 

Pronator teres syndrome Rapid pronation of the forearm, forceful
pronation, pronation with wrist flexion 

Soldering, buffing, grinding, polishing, sanding 

Radial tunnel syndrome Repetitive wrist flexion with pronation or
supination of the forearm 

Use of hand tools 

Shoulder tendonitis, rotator
cuff syndrome 

Shoulder abduction and flexion, arm
extended, abducted, or flexed in the elbow
more than 60 degrees, continuous elbow
elevation, work with hand above shoulder,
load carrying on shoulder, throwing object 

Punch press operations, overhead assembly,
overhead welding, overhead painting, overhead
auto repair, belt conveyor assembly work, pack-
ing, storing, construction work, postal ‘letter
carrying’, reaching, lifting 

Tendonitis in the wrist Forceful wrist extension and flexion, force-
ful ulnar deviation 

Punch press operation, assembly work, wiring,
packing, core making, use of pliers 

Tendosynovitis, DeQuervain’s
syndrome ganglion

Wrist motions, forceful wrist extension and
ulnar deviation while pushing or with
supination, wrist flexion and extension with
pressure at the palmar base, rapid rota-
tions of the wrist 

Buffing, grinding, polishing, sanding, punch
press operation, sawing, cutting, surgery,
butchering, use of pliers, ‘turning’ control such
as on a motorcycle, inserting screws in holes,
forceful hand wringing 

Trigger finger Repetitive finger flexion, sustained bending
of the distal finger phalanx while more
proximal phalanges are straight 

Operating finger trigger, using hand tools where
the handle opening is too large for the hand

Ulnar nerve entrapment, Guyon
tunnel syndrome 

Prolonged flexion and extension of the
wrist, pressure on the hypothenar emi-
nence, sustained elbow flexion with 
pressure on the ulnar groove 

Playing musical instruments, carpentering, brick
laying, use of pliers, soldering, hammering

White (or dead) finger syn-
drome, Raynaud’s syndrome 

Gripping of vibrating tool, using hand tool
that hinders blood circulation 

Chain sawing, jack hammering, use of vibrating
tool, sanding, paint scraping, using tool too
small for the hand, often in a cold environment 

Disorder Body activities Typical job activities 



Ergonomics measures to avoid CTD
Avoidance of cumulative trauma injuries,
whether by redesign of an existing work-
station or by appropriate planning of a
new workstation, follows one simple
rule: let the operator perform ‘natural
activities’ – i.e., those for which the
human body is suited; avoid highly
repetitive activities and those in which
straining force or posture must be main-
tained over prolonged time.

The overall principle is to fit the job
to the person, and not to attempt to fit
persons to the job. Thus the general
process of work, the particular hand
tools to be used, or the parts on which
work needs to be performed, should be
altered as needed to fit human capabili-
ties. The opposite way – i.e., selecting

persons who seem to be especially able to
perform work that most people cannot
do, or to let several people work at the
same workstation alternately so that
nobody has to work long periods of time
on the same job – are basically inappro-
priate measures which should be applied
only if no other solution can be found.

There are seven conditions that
specifically need to be avoided:

1. Job activities with many repetitions.
(Silverstein (1985) proposed to
describe repetitive activity as work in
which each cycle lasts less than 30 s,
or as work in which one basic activity
element is present during more than
50% of the total cycle time. More
specific and better applicable defini-
tions are desired.)

2. Work that requires prolonged or
repetitive exertion of more than 30%
of the operator’s muscle strength
available for that activity (Silverstein,
1985).

3. Putting body segments in an extreme
position, such as severely bending at
the wrist.

4. Work that makes a person maintain
the same body posture for long peri-
ods of time.

5. Work in which a tool vibrates the
body or part of the body.

6. Exposure of working body segments
to cold, including air flow from
pneumatic tools.

7. Combinations of the conditions just
described.

6

Table 2: Ergonomics measures to avoid common cumulative trauma disorders

CTD Avoid in general Avoid in particular Do Design 

Carpal tunnel
syndrome 

Wrist deviation,
finger pinch 

Dorsal and palmar flex-
ion, pinch grip 

Epicondilitis ‘Bad backhand’ Dorsiflexion, pronation 

Pronator teres
syndrome

Forearm pronation Rapid and forceful
pronation  

Use large muscles but
infrequently and for
short durations

—

Let wrists be in line
with the forearm

—

Let shoulder and
upper arm be relaxed

—

Let forearms not be
elevated more than
horizontal

The work object 
properly

—

The job task properly

—

Hand tools properly
(‘bend tool, not the
wrist’)

—

Round corners, pad

—

Place work object
properly

Shoulder tendonitis,
rotator cuff syndrome 

Arm elevation Arm abduction, elbow
elevation

Tendonitis Often repeated move-
ments, particularly with
force exertion, hard 
surface in contact with
skin, vibrations 

Frequent motions of
digits, wrists, forearm,
shoulder

Tendosynovitis,
DeQuervain’s 
syndrome, ganglion

Finger flexion, wrist
deviation

Ulnar deviation, dorsal
and palmar flexion, radi-
al deviation with firm
grip

Thoracic outlet
syndrome

Arm elevation, carrying Shoulder flexion arm
hyperextension

Trigger finger Finger flexion Flexion of distal
phalanx alone

Ulnar nerve
entrapment

Wrist flexion and exten-
sion, pressure on
hypothenar eminence

Wrist flexion and exten-
sion

White finger, vibration
syndrome

Vibrations, tight grip,
cold

Vibrations between
40 and 125 Hz

Neck tension
syndrome

Static head posture Prolonged static
head/neck posture

Alternate head/neck
postures



These seven conditions are associated
with ‘tell tales’, most of which are easily
observable: rapid and often repeated
actions; exertion of finger or arm forces;
contorted body joints; blurred outlines
of the body owing to vibration; and the
feeling of cold and the hissing sound of
fast flowing air.

Table 2 lists ergonomics measures to
avoid most common CTDs. Proper
design of the work task and use of suit-
able work tools can be facilitated by care-
ful design and positioning of the work
object. Training in physiologically cor-
rect activities, and provision of alternat-
ing work (which allows ‘breaks’ in other-
wise repetitive or maintained activities)
are essential.

References
Armstrong, T.J. 1983, ‘An ergonomics

guide to carpal tunnel syndrome’.
American Industrial Hygiene
Association, Akron, OH.

Armstrong, T.J., Foulke, J.A.,
Bradley, S.J., and Goldstein, S.A.
1982, Amer Indust Hygiene Assn. J,
43, 103-116. Investigation of cumu-
lative trauma disorders in a poultry
processing plant.

Chatterjee, D.S. 1987, J Soc of
Occupational Med, 37, 100-105.
Repetition strain injury – a recent
review.

Feldman, R.G., Goldman, R., and
Keyserling, W.M. 1983, Amer J
Indust Med, 4, 661-681. Peripheral
nerve entrapment syndromes and
ergonomics factors.

Ferguson, D. 1971, Med J of Australia,
2, 408. Repetition strain injuries in
process workers.

ILO, International Labour Office.
1960, Int Labour Rev, 81, 350.
Effects of mechanisation and automa-
tion in offices.

Jacubec, N., Jarvis, S., Johnson, T.E.,
and Westaby, J.R. 1984, Cumulative
trauma disorders. Virginia Depart-
ment of Occupational Health,
Richmond, VA.

Peres, N.J.C. 1961, Australian Factory,
1 July, 1-12. Process work without
strain.

Putz-Anderson, V. (Ed). 1988, ‘Cum-
ulative trauma disorders: A manual
for musculoskeletal diseases of the
upper limbs’. Taylor & Francis,
London and New York.

Robbins, H. 1963, J Bone & Joint
Surgery, 45-A(5), 953-966. Anato-
mical study of the median nerve in
the carpal tunnel and etiologies of the
carpal-tunnel syndrome.

Silverstein, B.A. 1985, The prevalence
of upper extremity cumulative trauma
disorders in industry. Dissertation,
Univ of Michigan.

Tanzer, R.C. 1959, Amer J Indust Med,
11, 343-358. The carpal-tunnel syn-
drome – A clinical and anatomical
study.

Tichauer, E.R. 1973, Ergonomics
aspects of biomechanics. Ch 32 in
“The industrial environment – Its eval-
uation and control’ (Ed: NIOSH). US
Government Printing Office,
Washington, DC.

TR-2001-7

Reprinted with permission from Applied Ergonomics, Volume 20, Number 4. 274-280. K.H.E. Kroemer. “Cumulative trauma disor-
ders: Their recognition and ergonomics measures to avoid them.” 1989. Elsevier Science. 

Applied Ergonomics -   http://www.elsevier.com/locate/apergo

http://www.elsevier.com/locate/apergo



