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introduction 

This guide is concerned with carpal tunnel syn­
drome - what it is, what causes it, and what can 
be done about it. Carpal tunnel syndrome is a 
disorder of ~he hand caused by injury of the 
median nerve inside the wrist.<1-14

> The median 
nerve is one of three major nerves of the upper 
extremity that contains motor, sensory, and 
autonomic fibers. Injury of the median nerve 
results in impaired or lost nervous function in the 
first three a{!d one-half digits and the thenar 
eminance at the base of the thumb which are 
shown in Figure 1. Motor nerve impairment 
results in reduced muscle control and ultimately 
muscle atrophy; "th.enar atrophy" is a common 
symptom in advanced.cases of carpal tunnel syn­
drome. Sensory nerve impairment results in sen­
sations of numbness, tingling, and pain, and in 
loss of sensory feedback from the hand, an 
important factor of the ability to grasp, hold and 
manipulate objects. Persons suffering from car­
pal tunnel syndrome often complain that they 
cannot tell hot from cold, that they do not feel 
they have much strength, and that they have 
trouble performing simple manipulations, such 
tasks as tying their shoes. The term "nocturnal 
numbness" is used to describe symptoms that 
often awaken people during bed rest. Autonomic 
nerve impairment often results in loss of sweat 
function; the areas of the hand innervated by the 
median nerve often are reported to be dry and 
shiny in persons suffering from carpal tunnel 
syndrome. The moistness of the hand is an 
important factor of friction and affects the abil­
ity to grasp and manipulate objects. It is com­
mon to moisten a fingertip when turning the page 
of a book. Clumbsiness is a common symptom of 
carpal tunnel syndrome. In summary, carpal 
tunnel syndrome is manifested as a specific pat­
tern of neurological deficits that result in discom­
fort and impaired use of the hand. 

Carpal tunnel syndrome is one of a family of 
"occupational illnesses" of the up.per extremity • 
that includes disorders such as tendinitis, bursi­
tis, synovitis, tenosynovitis, De Quervain 's dis­
ease, trigger finger and tennis elbow that are 
referred to as "repetitive trauma disorders".<15

•
16

'. 

Although carpal tunnel syndrome and certain 
tendon disorders both may occur in workers per­
forming repetitive hand work, the term "carpal 
tunnel syndrome" should not be confused with 
other repetitive trauma illnesses.'16

-
19

> The over­
all incidence rate and prevalence of carpal tunnel 
syndrome in the work force is not yet known. 
Although the available data vary considerably 
from site to site and job to job, they show that 
carpal tunnel syndrome and related illnesses are 
a major problem in some settings. 

In a retrospective study of carpal tunnel syn­
drome occurring in an automobile unholstery 
plant, Wehrle reported a plant-wide incidence 
rate of 2.0 cases per 200,000 work hours.<20

> The 
incidence rate on some jobs was as high as 25.6 . 
In a retrospective study of personal and occupa­
tional factors of carpal tunnel syndrome, _Cannon, 
Bernacki, and Walter reported 30 cases from 
June, 1977 to July, 1978 in a population of 
20,000 hourly workers.<21

> Sixteen of these cases 
were identified from records of persons receiving 
workers compensation. The rest of the cases were 
not compensated, and were identified from other 
medical department records. In another study in 
an athletic products plant, the plant-wide inci­
dence of all compensable cumulative trauma 
disorders from 1976 arid 1977 was found to be 
35.8 cases per200,000 hours; the plant-wide inci­
dence of carpal tunnel syndrome was 1.1.<22

> On 
some jobs, the incidence rate of all cumulative 
trauma disorders was as high as 44.1; the inci­
dence rate of carpal tunnel syndrome was 3 .4 In 
general, carpal tunnel syndrome probably is 
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under reported because workers rriay not asso­
ciate their symptoms with their job, especially 
when the symptoms occur at night after work. 
They may not report symptoms for fear los~ng 
their job or being placed in anothi::r area if they 
complain. Also, a worker may elect to see a 
personal physician rather than a plant physician. 
In either situation, the case is not recorded as an 
occupational disease. 

nonoccupational .causes of carpal 
tunnel syndrome 

Frequently reported nonoccupationalfactors of 
carpal tunnel syndrome include: 1) systemic dis­
eases, 2) congenital defects, 3) wrist size, 4) acute 
trauma, 5) pregnancy, 6) oral contraceptives, 
and 7) gynocological surgery. Systemic diseases 

(a) 

( b) 

such as rheumatoid arthritis, acromegaly, gout, 
diabetes, myxoedema, ganglion formation, and 
certain forms of cancer all can contribute to car­
pal tunnel syndrome.<6

•
10

·
23

-
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> Congenitai defects 
include bony protrusions into the carpal tunnel, 
anomalous muscles extending into or originating 
in the carpal tunnel, and the shape of the median 
nerve. Recent studies of carpal tunnel patients 
made with the use of computerized·CA Tscanhers 
suggest that there is an association between a 
very small carpal tunnel and idiopathic carpal 
tunnel syndrome.<27

•
28

> In a study of personal fac­
tors, Armstrong and Chaffin were unable to find 
any association between hand and wrist size and 
occupational carpal tunnel syndrome.<28

) Median 
nerve injury inside the carpal tunnel can be pro­
duced by a blow to the wrist, laceration, burn or 
other acute wrist trauma.<30

-
38

> Such injuries 

Median Nerve 

F lexor Carpi 
Radialis 

Flexar Digitorum 
Profundus 

Flexor Palllcis 
Lonc;ius (c) 

Figure 1 - The median nerve is one of three major nerves that inner.vate the upper extremity and 
provide motor, sensory and autonomic function, a. The median nerve generally provides sensqry 
function in the first three and one half digits and over the base of the thumb, b. The median nerve 
passes through the carpal tunnel with the finger flexor tendons. c. 
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could produce symptoms of carpal tunnel syn­
drome. The use of oral contraceptives, meno-

. pause, pregnancy, and gynecological surgery are 
all reported as factors of carpal tunnel syndrome. 
S i'nce all are uniquely female problems, they 
may, in some cases, contribute to a dispropor­
tionately high incidence rate of the syndrome in 
females .<34

•
35

> Nonoccupational factors may sug­
gest the need for medical screening, but so far 
there. are no rel_iable preemployment indicators 
of worker predisposition to carpal tunnel syn­
drome. As a practical matter, employers prob­
ably will find it easier to exercise control over the 
design of jobs than over the selection of workers . 
This guide is concerned primarily with preven­
tion of carpal tunnel syndrome through control 
of occupational factors. 

occupational factors of carpal 
tunnel syndrome 

Occupational factors include physical exertions 
with certain hand postures or against certain 
objects, and exposures to vibration or cold 
temperatures. Explanation of these factors 
requires consideration of the unique anatomy of 
the wrist. The carpal tunnel is a structure inside 
the wrist formed on three sides by irregularly 
shaped bones and on the fourth by a tough liga­
ment called the tlexor retinaculum (see Figure 1 ). 
The carpal tunnel is the pathway between the 
forearm and hand for the median nerve and the 
finger flexor tendons (see Figure 2). The flexor 
tendons transmit forces from the finger flexor 
muscles in the medial side of the forearm to the 
fingers and are the major source of strength 
during forceful ·exertions of the hand. Synovial 
membranes lubricate movements of the ten­
dons back and forth through the carpal tunnel. 
Finger movements with a flexed or extended 
wrist cause the tendons to be displaced past and 
against the adjacent walls of the carpal tunnel 
much like a belt sliding over a pulley (see Figure 
2). Contact forces between the tendons and 
adjacent surfaces cause irritation of the syno­
vial membranes or "synovitis".°3

•
36

> Synovitis 
results in thickening of the _synovial membrane 
which in turn causes compression of the median 
nerve inside the stiff boney-ligamentous walls of 
the carpal tunneJ.<6

•
7
> In addition, flexing the 

wrist causes acute median nerve compression 
between the tlexor tendons and the flexor reti­
naculum (see Figure I). It is widely recognized 

that flexing the wrist often precipitates acute 
. l l d . <7s.12> -symptoms m carpa tunne syn rome patients. · 

Thus, repeated exertions with a flexed wrist con­
tributes to occupational carpal tunnel syndrome. 
It follows from the pulley-belt analogy, that 
extension of the wrist will cause the median nerve 
to be stretched around the outside radius of the 
pulley; thus, repeated exertions with a fully 
extended wrist also contributes to occupational 

(137) carpal tunnel syndrome. · 

Deviations of the wrist from side to side will 
displace the tendons against the inside of the 
carpal tunnel; however, it is doubtful that there is 
sufficient range of motion to produce signifi­
cantly more stress than when the wrist is straight. 
It has been shown that deviation of the wrist may 
be stressful to tendons outside of the carpal tun­
nel and may be a factor of disorders such as De 
Quervain 's disease.°9

•
36

> As a general rule, tools 
and tasks should be designed so that they can be 
used and performed without causing wrist devia­
tions from side to side or causing the wrist to be 

Figure 2 - Bending the wrist causes the finger flexor 
tendons to rub on adjacent surfaces of the carpal tunnel. 
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figure 3 - Wrist posture is determined by the elevation and orienta­
tion of the work surface with respect to the workers and the shape of 
the tool. 

flexed or highly extended. The wrist should be 
maintained in the same position as though the 
arm were hanging relaxed at the worker's side. 
Some examples of good and bad work station 
designs for inline and pistol shaped screw drivers 
are shown in Figure 3. 

Regardless of the wrist position, stresses on 
the finger flexor tendons will be related to the 
mangitude of the exertion and the posture of the 
handY3

•
37> It is well known that the hand is four 

to five times stronger in a grip posture than in a 
pinch posture.css,39> This means that roughly four 
to five times as much muscle strength and tendon 
force is required to pinch something than to grip 
it. <13> This stress on the tendons ca~ be minimized 
by designing handles that maximize the strength 
of the hand. Some examples of good and bad 
handles designs are shown in Figure 4. 

BAD - -BAD -- -

Median nerve compression also can be caused 
by tasks that require a sustained or repeated 
stress over the base of the palm.c4>Tapping on the 
base of the palm is commonly used to precipitate 
acute symptoms of carpal tunnel syndrome as a 
diagnostic test.c10

,
23> Examples of tasks that often 

produce pressure on the base of the palm include 
the use of screwdrivers, scrapers, paint brushes, 
and buffers. Such tasks should be designed so 
that the grip stresses are distributed over the 
musculareminances at the base of the thumb and 
little finger and not in the center of the palm. 
Some examples of good and bad handle design 
are shown in Figure 5. 

Vibration is a recognized factor of peripheral 
neuropathies including carpal tunnel syndrome, 
although the mechanism is not yet under­
stood.c21·40·41> Vibration exposure may result 

~ 
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Figure 4- The strength requirements of a task are affected by the size 
and shape of the handles. 
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Figure 5 - Objects should be designed to distribute forces over the 
large fleshy areas at the base of the thumb and little· finger to avoid 
stress concentrations over·the base of the palm. 

from air or motor powered drills, drivers, saws, 
grinders, sanders or buffers. It may result from 
gripping the wheel of a motor vehicle or holding 
a part against a buffing wheel. Isolation of the 
hand from vibration is desirable but a discussion 
of how this can be achieved is beyond the scope 
of this · guide and the reader is referred to the 
works of Harris and Crede<42

l and Miwa.<43
> 

The force exerted to hold and manipulate 
things is related to sensory feedback from the 
finger tips.<44

l Therefore, steps should be taken to 
maximize and preserve sensory feedback. Use of 
textured surfaces will maximize sensory feed­
back. Sustained gripping and hard surfaces 
should be avoided to minimize sensory fatigue. 
The hand should be insulated to prevent cooling 
and sensory inhibition. This can be achieved by 
thorough control of room air temperature, care­
ful location of exhaust parts on air powered 
tools, and the use of handle materials with a low 
thermal conductivity. Gloves may also be used, 
but with care. It has been shown that gloves may 
themselves inhibit sensory feedback.(45

> Also, 
gloves will attenuate worker strength, thus increas­
ing the strength requirements of a task.<4G> The 
problem may be further aggravated if gloves fit 
poorly. Unfortunately, the limited range of glove 
sizes poorly accommodates the broad anthro­
pometric variations in workers' hands. Employ­
ers would do well to maintain some inventory of 
sizes and styles so that workers can select the 
ones that best fit their hands and needs. 

Although it has not been formally studied, 
repetitiveness is believed to be an important fac­
tor of carpal tunnel syndrome. In some cases 
repetitivene~s can be controlled through work 
content or rotation. Work content can be increased 

so that a worker does more tasks fewer times, but 
care must be exercised to make sure that the 
additional tasks are compatible with the to9ls 
and work station used for the first. Depending on 
the availability of other jobs and on labor agree­
ments, worker rotations sometimes can be used 
to reduce worker exposure to stressful tasks that 
cannot be controlled through tool and work sta­
tion design. 

evaluation and control of occupational 
carpal tunnel syndrome 

Evaluation of carpal tunnel syndrome and related 
cumulative trauma illnesses includes analysis of 
health data to identify jobs in which there is an 
elevated incidence of carpal tunnel syndrome 
and analysis of work methods to identify the risk 
factors described above. Sources of health data 
include first aid logs,. medical visit logs, medical 
reports, worker compensation reports, and OSHA 
logs. It is suggested that these records be reviewed 
for carpal tunnel syndrome and all other related 
illnesses such as tendonitis and strains. Expe­
rience has shown that these other illnesses some­
times give way to carpal tunnel syndrome and 
they are often a result of the same kinds of 
stresses as is carpal tunnel syndrome. Incidence 
rates should be computed for each job classifica­
tion or department to identify those areas where 
the risk of developing repetitive trauma dis­
orders is considered unacceptable. W~ile only 
one case may be considered unacceptable, it is 
doubtful that all cases can be prevented. The 
incidence rates in job groups without hand inten­
sive work, such as supervisors and managers, can 
be used as a reasonable goal for hand int.en­
siv~ jobs. 



TABLE I 
Work Elements Proposed by Gilbreth for Analysis of 

Manual Work A~tivities'·'"·';' 

Element Description 

Search Looking for something with the eyes or hand. 

Select Locate one object that is mixed with others. 

Grasp Touching or gripping an object with the hand. 

Reach Movement of the hand to some object or location. 

Move Movement of some object from one location 
to anoiher. 

Hold To exert force to hold an object on a 
fixed location. 

Position Movement of an object in a desired orientation. 

Inspect Examine an object by sight. sound, touch, smell 
or taste. 

Assemble The jointing together of two or more objects. 

Disassemble The separation of two or more objects. 

Use Manipulation of a tool or device with the hand. 

Unavoidable 
delay 

Avoidable 
delay 

Plan· 

Rest.to 
overcome 
fatigue 

An interruption in work activity due to some 
factor beyond the worker 's control. 

An interruption in work activity due to some 
factor under the worker's control. 

A-mental process that pr~ceeds movement. 

An interruption in work activity required to 
overcome the effects of repeated exertions 
or movements. 

Once the problem areas have been identified, 
the jobs should be systematically analyzed for 
occupational factors of carpal tunnel syndrome. 
Traditional time and mption study procedures in 
which a job is divided into a sequence of acts or 
"elements" for the right and left hand can be used 
to describe what the worker does.<47

,
45

> A list of 
fundamental elements or "Therbligs" is shown in 
Table I. 

After the job has been described, each element 
should be reviewed for the factors, described 
above, that can contribute to carpal tunnel syn­
drome. These included posture, strength, stress 
concentrations over the base of the palm, vibra­
tion, cold temperature, and gloves. The posture 
of the hand and wrist must be recorded for each 
element. This may be done by direct observation 
or.from films that are replayed in slow motion.<45

,
50> 

Strength can, in some cases be estimated from 
weight of the object or knowledge of the task, 
such as how well two objects fit together. 

In other cases: the force of exertion may be 
estimated from measurements of the electrical. 
potentials produced by contracting muscles, elec.: 
tromyography, or EMG, The EMG prod:uced on 

b 

the medial surface of the forearm are related to 
the amount of force produced by the finger 
flexor muscles. By simultaneously recording 
force and EMG for given hand postures, the 
EM G can be used to estimate the force exerted to 
perform a manual task. Care should be exercised 
to calibrate the EMG-fo_rce relationship for each 
subject before_ and after each test. 

Stress concentrations can be identified from 
the shape of the objects the worker must hold 
and from direct observations. Vibration is _sug­
gested by the use of powered equipment such as 
penumatic powered drills and sanders, and buff­
ing wheels. Quantification of vibration requires 
the use of accelerometers and spectral analyzers. M2

> 

Cold temperatures may be associated with the 
ambient air or with the materials that are being 
handled '. The use of gloves can be determined 
from observation and interviews of workers 
and supervisors. 

As an exa_mple consider the job shown in Fig­
ure 6 in which a . worker takes parts out of a 
container and places them on a moving con­
veyor. Although hypothetical, this example is 
typical of many industrial jobs in which small 
parts are assembled on a production line. This 
job requires only one hand so the non-dominant 
hand is at rest throughout the work cycle. The 
elements from Table I required to perform this 
job, reach, grasp, move, position, assemble and 
release, are listed along with corresponding hand 
postures in Table II. · 

It can be seen that reaching into the parts box 
to grasp the part requires wrist flexion in combi-

Joe ANALYSIS 

2, GRASP PART 

-4. POSITION PART t 
5, ASSEMBLE PART""·--·--- 3. MOVE PART 

6, RELEASE PART 

Figure 6 -Assembling parts on a moving conveyor can 
be described by a series of six elements. 



Element 

1. Reach for part 

2. Grasp part 

3. Move part 

4. Position part 

5. Assemble part 

6. Release part 

TABLE II 
Job AnalysisA 

Posture8 

Wrist 

Flexed 

Flexed 

Extended 

Extended 

Extended 

Extended 

Hand 

Relaxed 

Pinch 

Pinch 

Pinch 

Forceful 
pinching 

Relaxed 

Comments 

Sharp edge of carton 
rubs on wrist. 

Sharp edge of 
conveyor. 

Sharp edge of 
conveyor. 

Sharp edge of 
conveyor. 

A Each work element should be reviewed for potential risk factors 
of carpal tunnel syndrome: strength, postures, stress concentra­
tions, vibration, cold temperatures. and gloves. 

"Posture at end of element. 

nation with pinching.-Assembling the part in the 
jib requires forceful pinching. It also can be seen 
that reaching ancj grasping the parts causes the 
wrist to rub on the sharp edge of the box. The 
worker has some tendency to rub his or her fa.re­
arm on the edge of the work bench while posi­
tioning the part. While this probably will not 
contribute to carpal tunnel syndrome, it could 
cause a nerve injury in the forearm and it is 
uncomfortable. There is,not a problem with cold 
exposure, gloves, or vibration in this situation. 

After the job analysis has been completed, 
alternative work stations, tool, and methods can 

be considered to reduce stress on the hand and 
wrist. For example, the container should be 
designed and positioned so that the worker does 
not have to flex his or her wrist and it should not 
have a sharp edge. Some examples of good and 
bad container design are shown in Figure 7. The 
job should be positioned on the work surface so 
that it can be reached without resting the arm on 
the sharp edge of the work bench. Some exam­
ples of good and bag jig design are shown in 
Figure 8. 

summary 

Carpal tunnel syndrome is a disabling condition 
of the hand that ·can be caused, precipitated or 
aggravated by certain work activities. Activities 
include exertions with a flexed or hyperextended 
wrist - especially in combination with forceful 
exertions, use of tools that produce stress on the 
base of the palm, exposure to fibration and cold, 
and the use of some gloves. Stressful work activi­
ties can be identified through analysis of health 
records, work methods, and po.stures. Examples 
of how jobs can be redesigned for control of 
stressful exertions are given. 
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