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PHYSICAL WORK ACTIVITIES
AND CONDITIONS

ERGONOMIC RISK
FACTORS THAT MAY

BE PRESENT

MANUAL HANDLING
(Lifting/lowering, pushing/pulling, and carrying)

(14) Objects or people moved
are heavy

(i) Force
(ii) Repetition
(iii) Awkward postures
(iv) Static postures
(v) Contact stress

(15) Horizontal reach is long
(Distance of hands from body
to grasp object to be handled)

(i) Force
(ii) Repetition
(iii) Awkward postures
(iv) Static postures
(v) Contact stress

(16) Vertical reach is below
knees or above the shoulders
(Distance of hands above the
ground when object is
grasped or released)

(i) Force
(ii) Repetition
(iii) Awkward postures
(iv) Static postures
(v) Contact stress

(17) Objects or people are
moved significant distance

(i) Force
(ii) Repetition
(iii) Awkward postures
(iv) Static postures
(v) Contact stress

(18) Bending or twisting during
manual handling

(i) Force
(ii) Repetition
(iii) Awkward postures
(iv) Static postures

(19) Object is slippery or has no
handles

(i) Force
(ii) Repetition
(iii) Awkward postures
(iv) Static postures

(20) Floor surfaces are uneven,
slippery or sloped

(i) Force
(ii) Repetition
(iii) Awkward postures
(iv) Static postures

* * * * *

1. Paragraph (c)
Paragraph (c) of proposed § 1910.918 requires employers

to do the following:

• Observe the employee performing the job,

• Identify whether any of the physical work activities or
conditions listed in the section are present, and

• Identify whether any of the relevant ergonomic risk factors
listed in the section are involved in the particular work activity or
condition.

a. ‘‘Observe’’ employees performing the job. The proposed
rule requires employers to watch employees perform the
physical work activities of the job and look at the conditions
under which the job is performed. Job observation allows the
employer to see how the employee does the job and provides
information about the workstation layout, tools, equipment
and general environmental conditions in the workplace.

There are several ways employers may comply with the
observation requirement of the proposed standard.
Employers may simply watch employees perform the job

tasks. Often, all it takes to identify the problem and how to
solve it is to watch the employee do the job. For example,
watching a data processor reaching to use the mouse because
the keyboard tray is not long enough to accommodate it may
be all it takes to identify the likely cause of the employee’s
shoulder pain.

Videotaping the job is a common practice for ‘‘observing’’
jobs. A number of employers, especially in situations where
the work activities are complex or the causes of the problem
may not be easily identifiable, say that they videotape or
photograph the job. These employers find it helpful to be
able to refer to a record of the job while evaluating the
ergonomic risk factors or identifying and assessing possible
control measures (Ex. 26–1370).

‘‘Job task analysis’’ is another job hazard analysis process
that is widely used. This process involves breaking the job
down into its various discrete elements or actions and then
identifying and evaluating or measuring the extent to which
the risk factors that are present in the physical work
activities and conditions are reasonably likely to be
contributing to the MSD hazard (Exs. 26–2, 26–1247). To do
a job task breakdown, a number of employers look at the
job as a series of individual, distinct tasks or steps (Exs. 26–
2, 26–5, 26–1247, 26–1370). Focusing on each task allows
for easier identification of the physical activities required to
complete the job. While observing the job employers record
a description of each task for use in later risk factor analysis
as well as other information that is helpful in completing
the analysis:

• Tools or equipment used to perform task,

• Materials used in task,

• Amount of time spent doing each task,

• Workstation dimensions and layout,

• Weight of items handled,

• Environmental conditions (cold, glare, blowing air),

• Vibration and its source,

• Personal protective equipment worn (Ex. 26–2).

Many employers use hazard identification and analysis
checklists to help focus the job observation process. OSHA
agrees that well designed checklists, when used in the
context for which they are intended, do provide a range of
employers, especially small business owners, with effective
alternatives to hiring a consultant. There are many ways in
which checklists may be useful: identifying physical work
activities and conditions, identifying ergonomic risk factors,
evaluating jobs, prioritizing jobs for further analysis, and
providing a systematic review of risk factors.

b. Identify physical work activities, workplace conditions
and ergonomic risk factors. Paragraph (c) would require that,
as part of the job observation, employers identify the
physical work activities, workplace conditions, and
ergonomic risk factors present in the problem job that may
be causing or contributing to the MSD hazard. Identifying
the presence of physical work activities and conditions is
the starting point for pinpointing the hazards the job may
involve. Once the applicable activities and conditions are
identified, employers would have to determine whether any
of the ergonomic risk factors that OSHA has listed as being
potentially relevant to those activities and conditions are
present.

c. Ergonomic risk factors. Ergonomic risk factors are the
aspects of a job or task that impose a biomechanical stress
on the worker. Ergonomic risk factors are the synergistic
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1 Neutral posture is the position of a body joint has requires the least
amount of muscle activity to maintain. For example, the wrist is neutral in
a handshake position, the shoulder is neutral when the elbow is near the
waist, the back is neutral when standing up straight.

elements of MSD hazards. In the Health Effects section of
this preamble (section V), OSHA discusses the large body
of evidence supporting the finding that exposure to
ergonomic risk factors in the workplace can cause or
contribute to the risk of developing an MSD. This evidence,
which includes thousands of epidemiologic studies,
laboratory studies, and extensive reviews of the existing
scientific evidence by NIOSH and the National Academy of
Science, shows that the following ergonomic risk factors are
most likely to cause or contribute to an MSD:

• Force

• Repetition

• Awkward postures

• Static postures

• Vibration

• Contact stress

• Cold temperatures

These risk factors are described briefly below (a more
detailed discussion of ergonomic risk factors is included in
the Health Effects section):

Force. Force refers to the amount of physical effort that
is required to accomplish a task or motion. Tasks or motions
that require application of higher force place higher
mechanical loads on muscles, tendons, ligaments, and joints
(Ex. 26–2). Tasks involving high forces may cause muscles
to fatigue more quickly. High forces also may lead to
irritation, inflammation, strains and tears of muscles,
tendons and other tissues.

The force required to complete a movement increases
when other risk factors are also involved. For example, more
physical effort may be needed to perform tasks when the
speed or acceleration of motions increases, when vibration
is present, or when the task also requires awkward postures.

Force can be internal, such as when tension develops
within the muscles, ligaments and tendons during
movement. Force can also be external, as when a force is
applied to the body, either voluntarily or involuntarily.
Forceful exertion is most often associated with the
movement of heavy loads, such as lifting heavy objects on
and off a conveyor, delivering heavy packages, pushing a
heavy cart, or moving a pallet. Hand tools that involve pinch
grips require more forceful exertions than those that allow
other grips, such as power grips.

Repetition. Repetition refers to performing a task or series
of motions over and over again with little variation. When
motions are repeated frequently (e.g., every few seconds) for
prolonged periods (e.g., several hours, a work shift), fatigue
and strain of the muscle and tendons can occur because
there may be inadequate time for recovery. Repetition often
involves the use of only a few muscles and body parts,
which can become extremely fatigued while the rest of the
body is little used.

Awkward postures. Awkward postures refer to positions
of the body (e.g., limbs, joints, back) that deviate
significantly from the neutral position 1 while job tasks are
being performed. For example, when a person’s arm is
hanging straight down (i.e., perpendicular to the ground)
with the elbow close to the body, the shoulder is said to
be in a neutral position. However, when employees are

performing overhead work (e.g., installing or repairing
equipment, grasping objects from a high shelf) their
shoulders are far from the neutral position. Other examples
include wrists bent while typing, bending over to grasp or
lift an object, twisting the back and torso while moving
heavy objects, and squatting. Awkward postures often are
significant contributors to MSDs because they increase the
work and the muscle force that is required.

Static postures. Static postures (or ‘‘static loading’’) refer
to physical exertion in which the same posture or position
is held throughout the exertion. These types of exertions put
increased loads or forces on the muscles and tendons, which
contributes to fatigue. This occurs because not moving
impedes the flow of blood that is needed to bring nutrients
to the muscles and to carry away the waste products of
muscle metabolism. Examples of static postures include
gripping tools that cannot be put down, holding the arms
out or up to perform tasks, or standing in one place for
prolonged periods.

Vibration. Vibration is the oscillatory motion of a physical
body. Localized vibration, such as vibration of the hand and
arm, occurs when a specific part of the body comes into
contact with vibrating objects such as powered hand tools
(e.g., chain saw, electric drill, chipping hammer) or
equipment (e.g., wood planer, punch press, packaging
machine). Whole-body vibration occurs when standing or
sitting in vibrating environments (e.g., driving a truck over
bumpy roads) or when using heavy vibrating equipment that
requires whole-body involvement (e.g., jackhammers).

Contact stress. Contact stress results from occasional,
repeated or continuous contact between sensitive body
tissue and a hard or sharp object. Contact stress commonly
affects the soft tissue on the fingers, palms, forearms, thighs,
shins and feet. This contact may create pressure over a small
area of the body (e.g., wrist, forearm) that can inhibit blood
flow, tendon and muscle movement and nerve function.
Examples of contact stress include resting wrists on the
sharp edge of a desk or workstation while performing tasks,
pressing of tool handles into the palms, especially when
they cannot be put down, tasks that require hand
hammering, and sitting without adequate space for the
knees.

Cold temperatures. Cold temperatures refer to exposure to
excessive cold while performing work tasks. Cold
temperatures can reduce the dexterity and sensitivity of the
hand. Cold temperatures, for example, cause the worker to
apply more grip force to hold hand tools and objects. Also,
prolonged contact with cold surfaces (e.g., handling cold
meat) can impair dexterity and induce numbness. Cold is
a problem when it is present with other risk factors and is
especially problematic when it is present with vibration
exposure.

Of these risk factors, evidence in the Health Effects
chapter shows that force (i.e., forceful exertions), repetition,
and awkward postures, especially when occurring at high
levels or in combination, are most often associated with the
occurrence of MSDs. Exposure to one ergonomic risk factor
may be enough to cause or contribute to a covered MSD. For
example, a job task may require exertion of so much
physical force that, even though the task does not involve
additional risk factors such as awkward postures or
repetition, an MSD is likely to occur. For example, using the
hand or knee as a hammer (e.g., operating a punch press or
using the knee to stretch carpet during installation) alone
may expose the employee to such a degree of physical stress
that the employee has a significant risk of being harmed.
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However, most often ergonomic risk factors act in
combination to create a hazard. The evidence in the Health
Effects section shows that jobs that have multiple risk factors
have a greater likelihood of causing an MSD, depending on
the duration, frequency and/or magnitude of exposure to
each. Thus, it is important that ergonomic risk factors be
considered in light of their combined effect in causing or
contributing to an MSD. This can only be achieved if the
job hazard analysis and control process includes
identification of all the ergonomic risk factors that may be
present in a job. If they are not identified, employers will
not have all the information that is needed to determine the
cause of the covered MSD or understand what risk factors
need to be reduced to eliminate or materially reduce the
MSD hazards.

Although certain of the risk factors described above are
easy to identify and it is not difficult to understand why they
may be likely to create hazardous exposures, others are not
as apparent or observable. Employers who already have
ergonomics programs and persons who manage ergonomics
programs should not have difficulty identifying risk factors
in the workplace. Because these persons have training and
experience, ergonomic risk factors are likely to be familiar
concepts for them. Through the process of developing and
implementing their ergonomics programs these persons have
gained a good working knowledge of the ergonomic risk
factors that are most likely to be present in their workplaces.

For those employers who are just beginning their
programs and have little or no training and experience
dealing with ergonomic risk factors, OSHA has tried to make
the process of identifying them as workable as possible.
Therefore, in the proposed rule OSHA has taken the
ergonomic risk factors and the combination of risk factors
most associated with the occurrence of MSDs and tried to
present them in ways that those with more limited
knowledge about ergonomics can readily identify. In this
way, the ergonomic risk factors the proposed rule covers are
presented in terms of specific and physically observable
work activities and conditions. If any of these activities or

conditions are present, the table in § 1910.918(c) tells
employers which risk factors are likely to be relevant.

OSHA is proposing that employers use this list of physical
work activities or conditions as a starting point for hazard
evaluation, for several reasons. First, the list of activities and
conditions is easy for employers to understand because they
will be able to translate them to their own workplaces more
readily than would be the case for ergonomic to risk factors.
For example, ‘‘hand used as a hammer’’ is more easily
understood than the term ‘‘contact stress,’’ and ‘‘long
reaches’’ graphically explains an ‘‘awkward posture’’ that
may be a problem.

Second, the list helps employers quickly focus on the
aspects of a job that are most likely to be associated with
covered MSDs. At the same time, the list also identifies the
risk factors that are most likely to be associated with the
activities and/or conditions, which should help employers
further focus their analysis. In this way the list serves as a
bridge to the combinations of risk factors that studies have
shown to be associated with an increased risk of developing
work-related MSDs.

Third, having employers start the MSD identification and
evaluation process with this list ensures that the analysis
will be comprehensive. This is because the list includes the
major components of work that have been associated with
MSDs.

c. Physical work activities and conditions. The physical
work activities and conditions OSHA has included in the
proposed rule cover the basic physical aspects of jobs and
workstations. These aspects include:

• Physical demands of work;

• Workplace and workstation conditions and layout;

• Characteristics of object(s) that are handled or used; and

• Environmental conditions.

The following table shows the physical work activities
and workplace conditions that are associated with those
physical aspects:

PHYSICAL ASPECTS OF
JOBS AND

WORKSTATIONS

EXAMPLES OF PHYSICAL WORK ACTIVITIES AND CONDITIONS ASSOCIATED WITH
THE PHYSICAL ASPECT

Physical demands of work • Exerting considerable physical effort to complete a motion
• Doing the same motion over and over again
• Performing motions constantly without short pauses or breaks in between
• Maintaining same position or posture while performing tasks
• Sitting for a long time
• Using hand as a hammer
• Using hands or body as a clamp to hold object while performing tasks
• Objects or people are moved significant distances

Layout and condition of the
workplace or workstation

• Performing tasks that involve long reaches
• Working surfaces too high or too low
• Vibrating working surfaces, machinery or vehicles
• Workstation edges or objects press hard into muscles or tendons
• Horizontal reach is long
• Vertical reach is below knees or above the shoulders
• Floor surfaces are uneven, slippery or sloped

Characteristics of the ob-
ject(s) handled

• Using hand and power tools
• Gloves bulky, too large or too small
• Objects or people moved are heavy
• Object is slippery or has no handles
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PHYSICAL ASPECTS OF
JOBS AND

WORKSTATIONS

EXAMPLES OF PHYSICAL WORK ACTIVITIES AND CONDITIONS ASSOCIATED WITH
THE PHYSICAL ASPECT

Environmental Conditions • Cold temperatures

Employers who examine the job in which a covered MSD
occurred to identify the physical work activities and
workplace conditions in paragraph (c) and then evaluate the
risk factors that OSHA has identified as potentially relevant,
will be considered to be in compliance with the hazard
analysis requirements of the proposed rule.

Exerting considerable force to complete a motion (i.e.,
forceful exertions). It is not difficult to understand why jobs
that require employees to apply a lot of physical effort may
involve significant exposure to ergonomic risk factors and
pose an increased risk of injury. For example, it is easy to
see how much biomechanical stress employees are under
when you see them grimace while trying to loosen lug nuts
on an old tire, shift body weight and stance to wrench open
stuck valves, or stiffen the body in order to lift a heavy or
bulky object from the floor of a truck. Simply put, forceful
exertions like these take more out of a person than tasks that
do not require much physical effort. An easy way to confirm
whether a task involves forceful exertions is to ask workers
who are doing the task, or to try to do it yourself.

Performing forceful exertions requires an application of
considerable contraction forces by the muscles, which
causes them to fatigue rapidly. The more force that must be
applied in the exertion, the more quickly the muscles will
fatigue or become strained. Excessive or prolonged exposure
to forceful exertions also leads to overuse of muscles and
may result in muscle strain, soreness and damage.
Performing forceful exertions can also irritate tendons, joints
and discs, which leads to inflammation, fluid build up, and
constriction of blood vessels and nerves in the area.
Increased compression of nerves from the pressure imposed
by inflamed tendons or muscle contractions may cause
disorders of the nervous system (e.g., carpal tunnel
syndrome and other nerve entrapment disorders).

Injuries related to forceful exertions can occur in any
tissue or joint. As mentioned above, back injuries from
overexertion are a leading cause of workplace injuries and
workers’ compensation cases. A number of studies also
show that repeated forceful exertions of the hands and arms
are associated with work-related MSDs (e.g., using tools,
pinching or pushing with the fingers).

Lifting and carrying heavy objects are usually the tasks
that come to mind as examples of forceful lifting tasks, but
high forces are also involved in other types of jobs. These
include jobs that require employees to apply pinch forces
with their fingers (e.g., picking up or placing small items on
an assembly line with the fingers), static forces (e.g.,
applying a lot of physical effort to put the last turn on a
screw, pulling hard on a 30-inch wrench to loosen a bolt),
and dynamic forces (e.g., tossing objects into containers).
(Forceful lifting/lowering, pushing/pulling and carrying are
discussed under ‘‘Manual Handling’’ activities and
conditions below.)

Force. Performing forceful exertions may place excessive
mechanical loads on the tissues (e.g., muscles, tendons,
other tissues) that are used to exert or transfer force from
the skeletal system to the work. Heavy loading of tissues
causes the body to fatigue more quickly, and increases the
amount of time tissues need to recover from the effects of
such exertions. Tasks involving prolonged forceful exertions

or excessive force alone can result in harm, including
muscle strain or tears. However, where other risk factors are
present, especially frequent repetition of exertions, awkward
postures, or static postures they add to the force required
to accomplish the exertion. In such cases, even tasks
involving moderate levels of force may lead to injury and
tissue damage because there may not be adequate recovery
time. Forceful exertions can also cause or contribute to nerve
disorders. Application of high levels of muscle and tendon
tension and the contraction necessary to perform forceful
exertions may increase pressure on entrapped/confined
nerves and other tissues. For example, many employees who
perform cutting and trimming tasks on poultry production
lines have developed carpal tunnel syndrome (e.g., a nerve
entrapment disorder) from repeated forceful exertions of the
hands and wrists to cut through the skin, meat, or bone. The
continuous application of muscle-tendon movements in the
hand and wrist inflames the tendons and puts pressure on
the median nerve running through the carpal tunnel in the
wrist to the hand. In addition, if the tendons and other soft
tissue in the wrist or hand do not have adequate recovery
time from the forceful exertions, they can become inflamed
enough to put pressure on the median nerve.

Examples:
Pulling meat off a bone on a meat cutting assembly line,
Pulling hard to tighten bolts or screws in assembly line work,
Squeezing hard on a pair of pliers, or
Pulling hard on a long wrench to tighten or loosen a bolt

Awkward postures. Working in awkward postures
increases the amount of force needed to accomplish an
exertion. Awkward postures create conditions where the
transfer of power from the muscles to the skeletal system
is inefficient. To demonstrate this, hold a dry marker in your
hand with your wrist straight and then let someone try to
pull it out of your hand. Now hold the marker with your
wrist bent toward the inside of your forearm as far as you
can and hold the marker while someone tries to pull it out
of your hand. To overcome muscle inefficiency, employees
must apply more force both to initiate and complete the
motion or exertion. In general, the more extreme the
postures (i.e., the greater the postures deviate from neutral
positions), the more inefficiently the muscles operate and,
in turn, the more force is needed to complete the task. Thus,
awkward postures make forceful exertions even more
forceful, from the standpoint of the muscle, and increase the
amount of recovery time that is needed.

Examples:
• Throwing 20-pound bundles of printed material to overhead

conveyors.
• Bolting or screwing a new part into an auto that is on a lift.

Contact stress. Mechanical friction (i.e., pressure of a hard
object on soft tissues and tendons) causes contact stress,
which is increased when tasks require forceful exertion. The
addition of force adds to the friction created by the repeated
or continuous contact between the soft tissues and a hard
object. It also adds to the irritation of tissues and/or to the
pressures on parts of the body, which can further inhibit
blood flow and nerve conduction.
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Examples:
• Using the hand as a hammer is an example of force plus contact

stress.
• Operating a carpet kicker with the knees

Doing the same motions over and over again (i.e.,
repetitive motions). Many jobs that involve repetition of the
same job again and again are apparent even upon cursory
observation: assembly line jobs where motions are repeated
every few seconds, data processing jobs, directory assistant
operators, court reporting, letter and package sorting.
Repetitive motion jobs include performance of identical
motions again and again, but also include repeating multiple
tasks where the motions of each task are very similar and
involve the same muscles and tissues.

Evidence in the Health Effects section shows a strong
association between the occurrence of MSDs and jobs
involving exposure to repetitive motions. The joints are most
susceptible to repetitive motion injuries, especially the
wrists, fingers, shoulders, and elbows. Repetitive work that
is done with the foot (e.g., operating foot activated controls)
or knees (e.g., climbing ladders or using a carpet kicker) may
also result in an MSD.

Repetition. Motions that are repeated again and again with
little variation may cause fatigue and overuse of the muscles,
tendons, and joints that are involved in the exertion (Ex. 26–
2). Overuse leads to muscle strain, inflammation of joints
and tendons, and increased pressure on nerves. As exposure
continues or intensifies (e.g., pace increases) tears in muscle
fibers occur. The more frequently repetitive motions are
performed (i.e., fast pace), the longer they are performed
(i.e., long sessions without a break or more than 8 hours a
day), and/or the more risk factors that are involved, the
greater the risk of injury due to overuse and lack of adequate
recovery time.

Exposure to repetition alone can cause MSDs. This is
especially true where the same motions or tasks are
performed for an extended period and/or where the task
cycle is short (e.g., the task cycle lasts only a few seconds).
The risk of injury is significantly increased when other risk
factors are also present.

Examples:
• Packing bags of potato chips into shipping boxes.
• Intensive keying of information into computer.

Force. The effects of repetitive motions on the body are
increased when high forces are involved. Repetition of
forceful exertions requires employees to exert more muscle
tension and contraction, which leads to muscle fatigue.
When repetitive motions involve high forces, even more
recovery time is required for muscles than repetitive
motions that do not contain high forces.

Prolonged repetition of forceful exertions also may result
in inflammation in tendons and joints. In addition, the
added muscle tension from forceful repetitive motions also
puts more pressure on surrounding nerves and other
confined tissues. This may cause damage to entrapped
nerves and tissues.

Examples:
• Filleting fish in a processing plant, or
• Constantly using screwdriver to drive screws into wood.

Awkward postures. Performing repetitive motions in
awkward postures (e.g., bent wrists, extended arms) adds
significantly to the muscular effort required to perform each
motion. The added force hastens the onset of fatigue and
increases the likelihood of injury from overuse.

In some cases, awkward postures may be so extreme that
they can turn a low risk repetitive motion job into a high
risk job. For example, an assembly job involving tightening
bolts may not pose any problem where objects being
assembled are at mid-torso level. However, the same job at
the same pace may be hazardous if tightening the bolts
involves overhead work.

Examples:
• Sorting parts or letters into bins of different heights and

locations (e.g., behind the employee), or
• Working with bent wrists to assemble small circuit breakers.

Cold temperatures. Cold temperature adds to the amount
of force necessary to perform repetitive motions and
increases the perception of stiffness of the joints and tissues
in the body. Exposure to cold temperatures triggers the body
to redirect blood flow from the extremities (hands, feet, and
ears) in order to conserve body heat. When the blood supply
to the hands is diminished, the manual dexterity and tactile
sensitivity of the fingers are reduced. Employees compensate
by applying more force to the muscles in the hands and
fingers in order to complete the motions.

Exposure to cold temperatures also reduces the ability of
tissues to recover from repetitive exertions. The reduction
in blood flow reduces the delivery of oxygen and energy to
tissues, and the removal of heat and waste products. This
reduction in blood flow can also lead to pain and injury.

Example:
• Trimming chicken or turkey breasts in a processing plant, or
• Working in an operating room of a hospital.

Performing motions constantly without short pauses or
breaks in between (i.e., inadequate recovery time). Jobs that
do not provide short pauses or breaks between motions or
task cycles are often a problem because there may not be
adequate time for muscles to recover from the effects of the
exertion before the motion must be repeated. If there are no
pauses between motions or the pauses are too short, the
muscles cannot recover to the rested condition. Thus, the
effects of the forces on the muscles accumulates and the
muscles become fatigued and strained. The lack of adequate
recovery time often occurs in jobs involving highly
repetitive tasks. This happens when task cycle lengths are
very short, which also means that the job involves a high
number of cycle repetitions per minute. For example, some
research shows that tendons and muscles in the wrists may
not be able to recover where repeated task cycles are less
than 5 seconds in length, that is, they are repeated more than
12 times per minute (Ex. 26–2).

Jobs involving constant muscle activity (static
contractions) also may not provide adequate recovery time.
These types of jobs may involve continuously holding hand
tools (e.g., knife, paint brush, staple gun), which means that
employees have constant exposure to static postures and low
contraction forces.

The longer motions or job tasks are performed, the less
likely that there will be adequate recovery time. The
accumulation of exposure leads to muscle fatigue or overuse.
In addition, where the intensity of exposure is greater, for
example, in repetitive motion jobs that involve exposure to
additional risk factors (e.g., force, awkward postures, or
static postures), the increased forces required for the
exertion also increase the amount of recovery time that is
needed. Any part of the musculoskeletal system involved in
moving the body is subject to injury where there is
inadequate recovery time, and the recovery times needed
vary by body part. For example, although employees may
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not be at high risk for forearm injury if task cycles are 25
seconds long or not repeated more than 3 times per minute,
they may be at high risk of shoulder injury under this
regimen.

Repetition. As task cycles in repetitive motion jobs get
shorter (and the number of repetitions per minute increases)
employees are at greater risk of injury. Where task cycles are
short, the same muscles are in constant use and the muscles
get no rest from the force required to perform the task cycle.

In addition, where task cycles are short, there is little
variation in the physical demands of the tasks, which would
allow some muscles to rest while others are in use. Thus,
muscle fatigue continues to accumulate and may lead to
muscle-tendon strain.

The following table shows the frequency of repetition and
length of tasks cycles that are associated with increased risk
of injury in repetitive motion jobs:

BODY AREA FREQUENCY REPETI-
TION PER MINUTE LEVEL OF RISK VERY HIGH RISK IF MODIFIED

BY EITHER:

Shoulder More than 2.5 High High external force, speed, high static load,
extreme posture,

Upper arm/elbow More than 10 High Lack of training, high output demands, lack
of control,

Forearm/wrist More than 10 High Long duration of repetitive work

Finger More than 200 High

(Kilbom, 1994)

Examples:
• Deboning operation in a poultry plant where the cycle time is

short and the birds are conveyed at a fast rate,
• Inserting coils to build an inner-spring mattress at a rate of one

per second, or
• Letter sorting.

Force. Motions involving high forces, like highly repetitive
motions, put a lot of mechanical stress on the body because
muscles must apply considerably more contraction forces to
accomplish the task. Thus, these tasks require significantly
more muscle recovery time as compared to tasks that do not
involve high force. If recovery time is not adequate, these
employees are at greater risk of injury due to fatigue and
overexertion.

Examples:
• The chuck boner job in a beef processing plant, or
• Shaking crab meat from Alaskan king crab legs.

Awkward postures, static postures, contact stress,
vibration. The presence of any or all of these risk factors in
a job, particularly jobs involving repetitive motion or
forceful exertion, increases the force already required to
perform job tasks and, therefore, increases the amount of
time muscles need to recover from the exertions the task
requires. If the recovery time is not adequate, the presence
of these risk factors hastens the onset of fatigue and the
effects associated with overuse of muscles, joints and
tendons.

Examples:
• Attaching doors on the bathroom vanity assembly line, or
• Capping and cupping cookies on an assembly line.

Performing tasks that involve long reaches. Many job
tasks involve long reaches: working overhead, putting items
on a high shelf, reaching across a conveyor to put in a part
or grasp an object, or bending over to reach a part in the
bottom of a big supply box. These tasks expose employees
to extreme awkward postures. Where long reaches are
momentary and/or infrequent and the forces are low, these
tasks are not a problem because there is likely to be adequate
time for the body to recover between reaches. However,
when long reaches are done frequently, force is involved

and/or a long reach lasts more than a few seconds, the risk
of harm increases.

Long reaches usually have the greatest impact on the
shoulders and lower back. The shoulder is unique in its
wide range of motion when compared with other joints in
the body. The bony restraints are minimal, but soft tissue
constrains the motion. Thus, injuries usually occur when the
soft tissue is used to maintain an awkward posture and/or
forceful exertion.

The back is flexed forward or extended back to extend
reaches beyond the limit of the arm length. In addition,
workers in repetitive jobs will often bend their back so that
they can reduce the awkward shoulder posture. Bending the
back forward adds the weight of the upper body to the force
exerted by the back muscles and supported by the spine.
Bending to the side, backwards or twisting puts the spine
and back muscles in awkward postures.

Awkward postures. When employees are performing tasks
that involve long reaches they are exposed to extreme
awkward postures; that is, the positions of their shoulders,
elbows and/or back deviate significantly from more neutral
positions. Repeatedly performing tasks in such positions
poses increased stress on the joints and/or spinal discs. As
mentioned before, muscles do not work as efficiently in
awkward postures, and the muscles must exert more
physical effort to accomplish the task. This increased force
contributes to muscle-tendon fatigue and strain. For
example, the shoulder may deviate at least 90° from its
neutral position when reaching across a conveyor to grasp
an object. If the employee continues doing such reaches, the
stress on the muscles and tendons in the shoulder can cause
irritation and inflammation of the tendons and shoulder
joint. This, in turn, may place increased pressure on nerves
and blood vessels, reducing the supply of blood to the
affected muscles and tendons.

Examples:
• Reaching above the head to activate a press or other machine,
• Reaching frequently for small parts in a bin that is at or close

to the limit of the arm’s reach,
• Reaching down and behind the back to pick up parts to feed

to a press or place on a conveyor,
• Reaching across a conveyor to pick up items.
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• Reaching to pick up items on the other side of the scanner on
a grocery checkout conveyor.

Static postures. The effects on the body from doing tasks
that require long reaches are exacerbated where the reaches
must be maintained for more than a very few seconds.
Holding extreme postures places very high static loads on
the body, resulting in rapid fatigue. Not only do the static
postures add to the muscular effort required to do the task,
but the lack of motion impedes the blood flow that is
necessary for tissue recovery.

The constricted blood flow reduces the supply of nutrients
to the muscles and the removal of acids and other waste
products away from the tissues. Reduced blood flow also
slows down delivery of oxygen to the muscles.

The longer or more frequently static loading occurs, the
greater the risk of injury due to overuse of muscles, joints
and other tissues.

Examples:
• Doing extensive repair work when the automobile is overhead

on a vehicle lift.
• Holding out the arm to use a mouse that is on a surface more

than 15 inches from the body because the keyboard tray is not
big enough to hold the mouse.

Force. Because of exposure to extreme postures, tasks that
involve long reaches require considerably more force to
accomplish than tasks that can be performed close to the
body. For example, it requires much more physical effort to
hold and operate a 10-pound rivet gun 2 feet in front or
above the body than close to the body. First, the employee
must apply more muscle force to simply hold a 10-pound
gun when the arms are extended and the back is bent. The
longer the gun must be held in that position, the more effort
the muscles must exert. Second, the employee must apply
more force in order to operate the gun in such an extreme
position. Thus, long reaches can turn a low or moderate
force task into a high force task that places employees at
greater risk of harm. The addition of static postures to the
extreme awkward postures further increases the force
necessary to perform the task. Muscle-tendon fatigue and
strain may occur very rapidly where these tasks are
performed frequently because of lack of time to recover from
such forceful exertions.

Long reaches can also increase the dynamic forces of the
exertion. For example, long reaches to get a bag of flour from
a shopping cart and bring it to the scanner can result in high
acceleration forces of the back and wrist.

Finally, employees may be exposed to forceful exertions,
even if long reaches do not involve lifting heavy objects.
When employees bend over to perform long reaches, the
muscles in the back must exert a lot of force to lift and lower
the weight of the upper body. This causes the back muscles
to fatigue more rapidly and puts pressure on the discs in
the lower back. Where employees have to maintain long
reaches for more than a few seconds, a large amount of static
force is applied by the back muscles to the discs.

Examples:
• Throwing items into an overhead container,
• Reaching over the bagging area to place bags of groceries into

shopping carts.

Working surfaces are too high or too low. Working
surfaces that are too high or too low are another way in
which employees are exposed to awkward postures. Where
employees must work on such surfaces for a long period,
the risk of tissue damage and other MSD problems increases.

Working surfaces can be too high or too low for many
employees because most working surfaces are not adjustable.
For example, 30 inches is a typical height for desks, tables
and other working surfaces operated from a sitting position,
and 36 to 40 inches is a typical height range for working
surfaces operated from a standing position. Although
employees of average height may be able to work
comfortably at these working surfaces, the typical heights
may not work for shorter or taller employees. An assembly-
line employee who is 6′5′′ may have to bend over
significantly to assemble the parts on a conveyor that is 36
inches high, while a 5-foot employee working on a 42-inch
conveyor may have to work with her elbows away from the
body.

The height of working surfaces can also be too high or too
low when employees must use work surfaces or
workstations that were not designed for the tasks being
performed. For example, typical desks (i.e., 30 inches high)
are not designed for computer use. Even persons of average
height may have to raise their elbows and shoulders to use
the keyboard on their desks. This is especially true where
desk chairs cannot be raised high enough to correct the
problem. Even when the employee can be raised to a good
height, the feet are often left dangling above the floor.

Awkward postures. Awkward posture is the primary
ergonomic risk factor to which employees are exposed when
the height of working surfaces is not correct. Working at
surfaces that are too high can affect several parts of the body.
Employees may have to lift and/or bend their shoulders,
elbows and arms (including hands and wrists) into
uncomfortable positions to perform the job tasks on higher
surfaces. For example, employees may have to raise their
shoulders or move their elbows out from the side of their
body to do a task on a high working surface. Also, they may
have to bend their heads and necks to see the work they
are doing.

Working surfaces that are too high usually affect the
shoulders. The muscles must apply considerably more
contraction force to raise and hold the shoulders and elbows
out to the side, particularly if that position also must be
maintained for more than a couple of seconds. The shoulder
muscles fatigue quickly in this position.

On the other hand, when surfaces are too low, employees
may have to bend their backs and necks to perform their
tasks while hunched over the working surface. They may
also have to reach down with their arms and shoulders to
do the tasks. Where working surfaces are very low,
employees may have to kneel or squat, which places very
high forces on the knees to maintain the position and the
weight of the body. Working surfaces that are too low
usually affect the lower back and occasionally the neck.

As mentioned above, since muscles operate less efficiently
in awkward positions, more force must be expended to do
the task. Where employees work on high or low surfaces
only occasionally (e.g., once a week, only a short time each
day), it does not pose a problem. However, where
employees’ primary working surface is too high or low, there
is greater risk of injury due to exposure to awkward
postures.

Examples:
• Threading extruded fiber onto a spool that is 15 inches above

the floor, or
• Activating palm switches that are 60 inches above the floor.

Static postures. When awkward working positions must be
maintained (i.e., without support), it also increases the static
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loading of muscles and tendons. This causes the body to
fatigue even more quickly.

Examples:
• Working on a vertical drafting table, or
• Sitting at grinding bench where the grinding wheel is 24 inches

above the floor.

Contact stress. There are two ways in which contact stress
can occur when working surfaces are too high or low. The
incorrect height can create contact points that would not
exist if the surface was at the correct height. In addition,
contact stress can occur when employees, whose arms and
shoulders are fatigued from prolonged awkward and static
postures, end up resting their forearms, wrists or hands on
hard or sharp edges in order to rest their arms and shoulders.

Examples:
• Working at a computer placed on a folding table, or
• Holding an injection molded part at eye level by resting the

elbows on the work surface.

Maintaining same work positions or posture for a long
period. The chief complaint people usually make when they
have worked for a long time in the same position is that they
feel ‘‘stiff, sore and tired.’’ These are some of the effects that
result when tasks involve static postures (e.g., driving for
several hours without a break).

Static postures increase the amount of force required to
do a task because, in addition to the force required to
perform the task, contraction forces must be applied to hold
the body in position throughout the work shift. Maintaining
the same position or posture includes a variety of things. It
includes holding the arms and shoulders in a non-neutral
posture without moving.

The effects of maintaining the same work positions can
occur in almost any joint of the body and vary depending
on body location. For example, the effect on the knees and
back from squatting or kneeling for 2 hours is likely to be
greater than the effect on the neck and shoulders from
looking up at a monitor for the same period.

Static postures. Tasks requiring employees to maintain the
same position for an extended period increase the static
loads/forces on muscles and other tissues. The longer
postures must be maintained, the greater the loading of
muscles and other tissues. This increased force contributes
to fatigue and muscle-tendon strain.

Exposure to contact stress may be a by-product of
prolonged static loading. When muscles become fatigued,
employees look for ways to rest the affected areas.
Sometimes employees may rest their arms or wrists on the
hard surface and edges of the workstation. For example,
computer operators may relieve static loading on their
forearms and wrists by resting their wrists on the edge of
the computer table. However, the blood flow and movement
of their wrists may continue to be reduced because of the
contact stress.

Examples:
• Watching a computer monitor that is above eye level, or
• Holding a mouse that is located in front of the keyboard.

Awkward postures. The effects of static loading on the
body are made worse where it is an awkward posture that
must be maintained. Awkward postures add to the strain
that muscles and tendons are already feeling because of
static postures.

In addition, the fatigue that results from static loads may
cause employees to assume awkward positions in order to

rest fatigued areas. For example, employees assembling
microchips and computer circuits may rest their elbows on
the work surface in order to relieve static loading on arms,
wrists and hands. However, leaning on the elbows to
continue working may result in static loading of the back,
shoulders, neck and contact stress on the cubital tunnel.

Examples:
• Cradling a phone on the shoulder, or
• Holding the arms on the top half of a steering wheel.

Cold temperatures. Exposure to cold temperatures
exacerbates the effects of static postures because it too
reduces blood flow to muscles and other tissues. This may
interfere with the ability of muscles and other tissues to
recover from the effects of static loading. Exposure to cold
temperatures also causes reduction in manual dexterity and
feeling.

Examples:
• A butcher working in the plant’s cooler for several hours, or
• Standing to direct traffic on a busy road in the winter.

Sitting for a long time. Sitting for long periods without
the opportunity to stand up and move around is another way
in which employees are exposed to static loading of tissues,
primarily in the lumbar area of the back. It can also affect
the upper back, neck and legs. The problem is exacerbated
where awkward postures are also present.

Static postures. Employees may be exposed to static
postures when they must sit for a prolonged period on
chairs, stools or benches that do not provide adequate
lumbar support, that is, either the back rest of the seat does
not provide good lumbar support or there is no back rest
at all. When there is no lumbar support and the back is bent
forward, the muscles of the back are trying to force the
lumbar region out of it natural curve (i.e., proper alignment
of the vertebrae), which places pressure on the discs and
reduces blood supply to the spinal tissue. The constant
exertion of the contraction forces leads to muscle fatigue.

When the back muscles become sore, people tend to
slouch. In this posture more force is being placed on the
back and the discs. As the static loading continues, pressure
continues to be applied to the membranes of the discs and
they may become stressed. Stressed discs, in turn, may put
pressure on blood vessels and may pinch a nerve (e.g.,
sciatic nerve), which results in pain.

Even where the chair has a back rest with lumbar support
to help maintain the back in a neutral position, employees
still may continue to be exposed to static loading because
they cannot take advantage of the back rest. This may occur
when the seat pan is too big or the seat is too high for the
employee. Many employees respond by sitting forward,
instead of against the back rest, so that their feet can be on
the ground, thus pressing the spine out of the natural curve
and placing pressure on the discs.

Awkward postures. Employees are also exposed to
awkward back postures when they are working in a seated
position and the back is not in a neutral position. The
awkward postures may be caused by the physical work
activities employees perform while sitting, the level of
fatigue, the characteristics of the seat, and/or the height of
the working surface (and objects on the working surface).

The back is in an awkward position if the employee is
leaning forward, slouching or slumping in their seats to
work. Employees may lean forward because they are
fatigued, because they must reach or lift an object, because
the work surface is too low or not tilted, or because they
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must move closer to see what they are working on. The
awkward postures add to the static forces being applied to
the discs and the muscles in the back. In addition,
employees may be exposed to awkward neck postures when
they look to see the work.

Examples:
• Working at a computer workstation where the operator must

lean forward to see the screen,
• Working in a chair on an uneven floor.

Contact stress. Although contact stress that occurs from
prolonged sitting is not directly related to the occurrence of
MSDs, contact stress can increase discomfort and awkward
postures. For example, where the seat pan is not padded at
the edge, is too big or too high, it can create contact stress
on the back of the thighs, which may result in constriction
of blood flow to the legs. If employees sit forward to relieve
this stress, the back is not supported and the employee may
have a hard time maintaining the back in a neutral position.

Examples:
• Working in a chair where the seat pan is too long, or
• Working in chair with arm rests that are too close to the body.

Using hand and power tools. ‘‘Using hand and power
tools’’ to perform physical work activities does not in itself
mean that employees are exposed to ergonomic risk factors
that put them at risk of injury. Rather, it is a shorthand way
of alerting employers that there are aspects of tool design
and use that need to be checked out to see whether
ergonomic risk factors may be present. These include:

• Weight and size of tool,

• Tool handles and/or grips,

• Tool activation (repetitively, one finger),

• Tool kickback, vibration and maintenance.

Force. There are many ways in which operating hand and
power tools can expose employees to high forces. First,
when hand or power tools are heavy (e.g., more than 10
pounds), employees may be exposed to high levels of force
just to hold and control the tool. This is over and above the
muscle force that must be applied to operate the tool and
may cause the muscles to fatigue quickly.

Second, power tools that do not have good weight
distribution can increase the force needed to operate the
tools. This occurs when employees cannot hold tools at the
‘‘center of gravity,’’ and the tool rotates or spins around
when it is in use. Employees must exert considerable muscle
force and maintain the contraction forces to prevent such
rotation.

Third, when tool handles or grips are too small or too big,
employees must exert greater force to operate the tools
because such handles/grips reduce grip capacity. Where
handles are too narrow, employees may have to exert high
muscle contraction forces to hold and operate the tool. For
example, operating certain dental tools may require the
exertion of considerable force and result in high pressure on
the fingers and hand because they have very small handles
(i.e., narrower than a pen or pencil). And if the handles are
too wide, there is less ability to generate the force (i.e.,
muscle contraction) necessary to operate the tools, and
employees are more likely to be exposed to awkward
postures when they must bend or flex their wrists to
maintain a grip on the tool handle.

Fourth, the way in which tools are activated can add
considerably to the amount of force needed to operate the

tool. Tools that have squeeze triggers may require employees
to apply a lot of muscle contraction in the hands and fingers.
Some triggers are so small that there is only room for them
to be activated with one finger, that is, all the force to
squeeze the trigger must be generated by one finger, which
places excessive forces on the muscles and tendons of the
finger. Because the fingers may not have enough strength to
operate the squeeze trigger, the muscles may fatigue quickly.
In addition, tendons may become so inflamed that fluid
builds up in the area and it may be difficult to continue
bending the fingers to squeeze the trigger. This is especially
true for the use of manual hand tools, where exertion of a
lot of force may be necessary to overcome the trigger’s
activation resistance.

Finally, application of high forces may be necessary to
stop kickbacks and to resist the weight and power of some
tools. For example, a logger or arborist may have to apply
a lot force when cutting felled trees in order to prevent the
kickback that could occur if the saw hits a very hard spot
(e.g., a knot in the tree). Employees using powered floor-
buffers have to apply a lot of physical exertion to keep the
buffers on a flat and centered plane and to keep them from
spinning out.

Examples:
• Using powered driver to run and tighten nuts on bolts and

opposing force when the driver reaches the end of the
tightening process, or

• Constantly pressing the trigger to activate a drill with the index
finger.

Awkward postures. There are several reasons why
employees may be exposed to awkward postures when they
are using hand and power tools. Awkward postures may be
the result of bad tool design or workstation layout. Others
may be poorly designed for the task so that the posture
(awkward posture) requires more force and leads to
overexertion of the fingers, hand, wrist, elbow, or shoulder
(such as the use of a 90° screwdriver when an in-line
screwdriver is more appropriate). A pistol grip electric drill
may be fine on a vertical surface but on a horizontal surface
the operator must turn the drill 90° to use it. Any force that
must be maintained on the tool requires much more
contraction of the muscles, which leads, in turn, to more
rapid fatigue.

Examples:
• Reaching over a barrier to operate a rivet gun, or
• Squatting to tighten 20 bolts on a pipe flange.

Static postures. In many jobs the work situation requires
that the worker constantly hold the tool and does not allow
the worker to put the tool down. As a result, the grasp
muscles and other support muscles are constantly active or
statically loaded. Tools that require the worker to maintain
some level of exertion to achieve a steady flow or activity
such as a glue gun or a frosting bag require the muscles to
be constantly in tension/contraction and applying some
level of force. When workers have to hold a tool without
putting it down, they must maintain the muscles in
contraction. Mouse users who grip a mouse constantly
because their work requires so much click and drag also
experience these low but constant forces. Over time, fatigue
of muscles and inflammation of tendons occurs.

Examples:
• Constantly holding knife used to trim chicken breasts in poultry

plant,
• Holding a wire wrap gun.
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Contact stress. Poor tool design is often the cause of
contact stress in the use of operating tools. For example,
gripping handles that are small may press the handle or
handle edge into the skin, resulting in contact stress. Knurls
(indentations in handles) may result in contact stress if they
push into the fingers because they do not fit the operator’s
hand.

Examples:
• Using a screwdriver with edges on the handle to tighten bolts

on an assembly line,
• Using a small wire clippers (handles press into the palm) to

remove component lead after wave solder.

Vibration. Although using powered hand tools (e.g.,
electric, hydraulic, pneumatic) may help to reduce risk
factors such as force and repetition, they can expose
employees to vibration. Vibrating hand tools transmit
vibrations to the operator and, depending on the level of the
vibration and duration, may contribute to the occurrence of
Raynaud’s phenomenon (i.e. vibration-induced white-finger
MSDs) (Ex. 26–2). Vibration inhibits the blood supply to the
hand and fingers, which leads to numbness and tingling in
the fingers. These vibration-induced MSDs show a
progression of symptoms beginning with occasional or
intermittent numbness or loss of color (i.e., blanching) in the
tips of a few fingers. Continued exposure leads to more
persistent attacks, affecting greater parts of most fingers and
reducing feeling (i.e., tactile discrimination) and manual
dexterity (Ex. 26–2) (see the Health Effects section for a
more-detailed discussion of specific MSDs).

The level of vibration can be the result of bad design, poor
maintenance, and age of the powered hand tool. For
example, even new powered hand tools can expose
employees to excessive vibration if it they do not include
any devices to dampen the vibration or in other ways shield
the operator from it. Using vibrating hand tools can also
contribute to muscle-tendon stress and fatigue. Operators
may have to use increased grip force to steady such hand
tools.

Examples:
• Cutting trees with chain saw, or
• Using grinding tools to form dentures.

Cold temperatures. The effects of any or all of the risk
factors discussed can be exacerbated if the employee is
exposed to cold while operating the tool. The cold
temperatures can be due to the workplace environment (e.g.,
deboning meat when temperatures must be maintained
below certain levels, using a chain saw in the winter) or due
to air blowing from the power tool across the operator’s
hand. When cold air blows across the hands, the fingers get
cold and they are less dextrous. The reduction in dexterity
occurs because blood flow is reduced in the cold fingers,
blood flow becomes constricted, and the tissue becomes
stiff.

Examples:
• Using a knife to process catfish fillets,
• Using a socket wrench to change out equipment on the roof in

the winter.

Vibrating working surfaces, machinery or vehicles. Most
jobs that involve contact with vibrating surfaces, machines
and vehicles are easy to see, hear or feel. Since many
products and processes are disturbed by vibration,
employers often isolate and dampen vibration to levels
below the threshold of effect on workers. However, there are
some processes for which vibrating surfaces are
unavoidable. An employee who comes into contact with

such a surface may absorb enough vibration energy to create
a health concern. Exposure to vibration energy usually
results in one of two types of exposure—whole body
vibration and hand/arm vibration. The exposures can result
in an increase in forceful exertions, fatigue, numbness,
tingling, and a loss of dexterity. These results are
exacerbated by the presence of a cold environment.

Work conditions that involve sitting, standing or lying on
a vibrating surface produce whole-body vibration. Excessive
levels of whole-body vibration or exposure to it for
prolonged periods can make it difficult to perform job tasks
due to numbness and tingling and a loss of dexterity.
Vibration energy can disrupt blood flow and affect the
nervous system. Body parts that absorb the vibration (like
the back and knees) are particularly vulnerable. Workers
who stand on vibrating surfaces absorb most of the vibration
energy in their legs, particularly the knees. Whole body
vibration forces on the spinal discs can cause microfractures
in the disc structure, which may lead to herniated or
ruptured discs. Vibration can also disrupt the blood supply
to the tissue around the spine, resulting in fatigue and
inflammation. When the feet or buttocks are in contact with
a vibrating surface, injury is usually to the spine.

Examples:
• Working near a 100-ton press,
• Working near a vibratory bowl, or
• Operating a fork truck over rough dock plates or gravel.

When the hands are in contact with a vibrating surface,
the energy is primarily absorbed in the hands and arms and
may lead to hand-arm vibration illnesses. The most common
sources of hand-arm vibration syndrome are vibrating hand
tools (e.g., chainsaws, rivet guns, back pack leaf blowers).
Some more subtle sources are holding pressurized hoses
with nozzles, using a striking device such as a hammer,
resting the hand on a vibrating machine, and holding a
handle such as a steering wheel attached to a larger piece
of equipment. In addition to the damage that is caused by
the vibration energy, the muscles can become fatigued and
strained due to the additional forces needed to compensate
for the lack of tactile feedback and dexterity caused by the
vibration. These losses are a result of the disruption of the
peripheral sensory nerves caused by vibration. When the
hands are in contact with a vibrating surface, injury is
usually to the hands and arms.

Examples:
• Leaning against a grinding machine while it is operating,
• Holding a wheel while operating a sewing machine, or
• Manually aligning sections of a newspaper using a vibrating

table.

Cold temperatures. Vibration reduces blood flow to the
affected tissues. Vibration has a synergistic effect on the loss
of blood flow in the presence of cold temperatures. The
effect is present in the extremities because the body reacts
to cold temperatures by shunting blood away from the
extremities to preserve body heat.

Examples:
• Driving a fork truck over rough surfaces in a frozen food

warehouse, or
• Using vibrating etching tools in a clean room

Workstation edges or objects press hard into tissues or
joints. In some workplaces there are sharp edges or corners
that press into the workers’ skin during the course of their
job. Workers who, because of the job and workstation
design, must rest their arms or lean against a table with a

VerDate 29-OCT-99 17:38 Nov 21, 1999 Jkt 190000 PO 00000 Frm 00050 Fmt 4780 Sfmt 4780 E:\FR\FM\A23NO2.001 pfrm01 PsN: 23NOP2


