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Ergonomics

The Ergonomic Use of Hand Tools:
Guidelines for the Practitioner

Reported by Awwad Dababneh and
Thomas Waters

This paper is the first step of a project
currently in process at the National Insti-
tute for Occupational Safety and Health
(NIOSH). The objective of this project is
to establish guidelines for the selection
and use of hand tools. We hope that read-
ers of this paper will comment on its form
and content which will help us plan the
next step for a guideline that is compre-
hensive and easy to use. Comments and
questions may be mailed to Dr. Awwad
Dababneh, DBBS, 4676 Columbia Park-
way, C24, Cincinnati, OH 45226-1998,
or by e-mailtoabd7@cdc.gov. This work
was performed while Dr. Dababneh held
a National Research Council-NIOSH
Research Associateship.

Introduction

Hand tools are associated with acute
(instantaneous) hazards such as tripping,
falling, and injuries like cuts, strains,
sprains, burns, and lacerations. Hand
tools are also associated with disor-
ders that happen over a period of time.
These have many names and are often
referred to collectively as “cumula-
tive trauma disorders (CTDs),” “repeti-
tive motion injuries (RMIs),” “repetitive
strain injuries (RSIs),” “overuse syn-
drome,” or, simply, musculoskeletal dis-
orders (MSD).":3> This type of disorder
can affect the hands, arms, shoulders,
back, or any part of the body. The pri-
mary conditions that may contribute to
the development of such disorders are
called risk factors. The most common

risk factors are:(7-417-40)

- Exerting high muscle force
when performing a task;
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- High level of repetition of a
task;

- Awkward posture,
working with the hands held too
high or too low or bent wrists;

« Working in cold, hot, and/or
high noise places;

« Vibration; and

+ Unbalanced work-rest cycle or
inadequate recovery from fa-
tigue before the next work
period.

such as

The basic principles for the ergonomic
use of hand tools call for minimizing
the risk of injuries by controlling the
above mentioned risk factors.® If pos-
sible, workers’ exposure to risk factors
should be prevented, or otherwise re-
duced to an acceptable level.

Worker-Tool-Target System

Work with hand tools may be mod-
eled as a three-part system—the worker,
the tool, and the work piece or the target.
The hand tool represents the center of the
model or the linkage between the worker
and the work piece. All hand tools con-
sist of two basic parts, the handle and
the end effect. The design of the han-
dle is crucial because it is the point of
interaction between the worker and the
rest of the system. Though a good de-
sign of a tool handle is important, it is
not enough to guarantee the comfort and
productivity of the worker. An ergonom-
ically sound worker-tool-target system
requires a good fit among all three el-
ements. Important characteristics of a
target may include type of work surface
(horizontal, inclined, or vertical), eleva-
tion of work surface, and type of fittings
(type of screw, nuts, etc.). The objec-
tive of an ergonomic design is to fit the

work to the worker, which implies that
the tool and/or the target should be de-
signed to accommodate the individual’s
capabilities.

Task Requirements and Grip Type

There are three basic task require-
ments when using hand tools: force
needed, number of cycles, and precision.
Tasks that involve fine fittings, such as
clockwork, require high precision and
low force. In contrast, using a framing
hammer requires less precision and arel-
atively higher force. Task requirements
not only influence the choice of tool,
but also the type of hand grip the op-
erator uses. There are two major types
of hand grips: a power grip for exerting
high forces, and a pinch-like grip for pre-
cision. The power grip is a closed fist
grip and is formed with the entire hand
(four fingers forming one jaw, thumb
the other). The precision grip is formed
between the tips of the thumb and fin-
gers. The tips of the thumb and fingers
have more nerve-end concentration than
the palm of the hand. The operator uses
tactile sensation from the tips of the fin-
gers as a feedback signal for the control
of force and movement. Precision work
may also require high visual demands
which may require the operator to look
closely at the work piece. This may put
the worker in an awkward posture, which
may lead to discomfort and rapid fatigu-
ing. In general, visual acuity should be
checked and corrected if necessary on a
periodical basis.

Limitations of Human Capabilities
The human body has limited physi-

cal capabilities. For example, there are

limitations on how high one can exert



a force whether in pushing, pulling, or
lifting. The human body is also limited
in its range of motion, that is, how far or
high one can reach. The force one can ex-
ert depends on the posture of the body.
The human body is strongest when the
body joints are in a neutral position. In
general, for the use of hand tools, the
strongest posture a worker could assume
is standing, feet apart, torso and neck
upright, elbows at around 90 degrees,
straight wrists, and using a power grip
(closed fist grip like a pistol grip). In gen-
eral, to minimize the worker’s exertion
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level when working with hand tools, the
worker should work from the strongest
posture. Figure 1, shows two operators
working from the strongest posture. Note
that a pistol grip is used to work on the
vertical surface, and an in-line tool is
used to work on the horizontal surface
to allow the work to be done from the
strongest posture.

It may be infeasible to do all of the
job from a strong posture at all times.
It is best to design the job to allow the
worker to assume the strongest posture
when the demand of force is highest. For
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repetitive tasks, it is important to design
the task to allow the worker to work from
a strong posture most of the cycle time.

The human body is not suitable for
repetitive actions. The frequency of a
task determines the number of muscle
exertions needed to perform the task.®
Repeated muscle exertions without ad-
equate recovery can lead to fatigue and
may cause muscle disorders. To assess
risk of repeated muscle loading, the fre-
quency of a task may be classified as
high, medium, or low. Fifteen or less
cycles per minute is considered to be

FIGURE 1

Tool-target configurations should be designed to enable the operator of a hand tool to work from the strongest posture.
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low, and 50 or above is considered to be
high.®" Moderate or high-task frequen-
cies, if coupled with demands of high
forces, may put the worker at risk of mus-
culoskeletal disorders.

Conflicting Goals

A hand tool functions as a force mag-
nifier; itmagnifies and concentrates mus-
cle forces in a way that will allow the
operator to cut steel or secure a nut us-
ing only small forces over a number of
movements. For example, when using a
hand saw, the worker pushes on the saw
in a reciprocating movement for a num-
ber of strokes. Hand saws could be de-
signed to reduce the operating force or to
minimize the number of strokes needed
to cut a piece of wood. An aggressive
tooth design will reduce the number of
strokes needed, but at the same time it
will require a larger push force than a
less aggressive saw. On the other hand,
the less aggressive tooth design will re-
quire more strokes. It is not possible to
design manual hand tools in a way that
would minimize both the operating force
and the number of repetitions needed to
finish the task. This creates conflicting
goals for the designers of hand tools. For
many tasks, using power tools may be
the solution; unfortunately, there are still
many tasks that can only be done with
manual hand tools.

Use Proper Tools

Proper fit between the tool end effect
and the target is amajor consideration for
the ergonomic use of hand tools. Tools
should be selected to do the work for
which they are designed. For example,
the proper use of a screw driver is to
drive screws in or out, but not for use as a
chisel. Also, the size of the toolend effect
should fit the target. Working with unfit
tool sizes may cause safety problems in
two ways. First, tools may slip off the
target, putting the worker at risk of injury.
Second, it may require the worker to
exert more effort on balancing the tool,
keeping it coupled with the target, and
doing the work,1%3? which will cause
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faster fatigue and may lead to a higher
risk of musculoskeletal disorders.

General Guidelines for Selection
of Tools

Evaluation of the use of hand tools
should consider the worker, the work
piece or the target, and the tool it-
self.(14:19.20.23.32) There are certain de-
sign features that would make one tool
better to use than another. For example,
in using a plier or plier-like tool, us-
ing a light spring to re-open the plier
is a recommended feature. The human
hand is stronger when closing the plier
than when opening it. A light spring will
not put considerable pressure against
the hand when closing the plier, and
saves the worker from continuously re-
openingthe plier. Table I is a list of guide-
lines that can be used to select a good
tool. This table lists general features of
hand tools and evaluation criteria, what
to look for and what to avoid in a tool.

Power Tools

Using power hand tools enables
workers to do the task with less force
and greater speed. However, power tools
may cause harm to workers because of
certain risk factors that are unique to

them.(30,33,35)

- Power tools have a higher po-
tential for serious instantaneous
injuries because they involve
more power;

+ They may involve vibration;

- Exhaust air from pneumatic
tools, which is usually cold,
could cause vascular constric-
tion in the hand and may lead
to discomfort and/or injuries to
the muscles (white finger syn-
drome);

« They have higher noise level;
and

+ They have high torque reactions
on the hands of the worker.

In general, power hand tools are heavier
than manual hand tools, and may involve
long electrical wires, air or hydraulic
hoses, or heavy batteries. Heavier hand

tools require more effort to handle, which
may cause the worker to fatigue faster.
If the effective weight of the tool (that
is, the weight of the power hand tool and
accessories) is heavier than 5 Ibs, the tool
should be suspended on a balancer.

Trigger Design

All power tools have some kind of a
trigger for operational control. Triggers
can be operated with the index finger,
middle and index fingers, or the thumb.
There is no one ideal trigger design, but
there are certain features that a good de-
sign should have. It is better to have the
trigger designed with the option of be-
ing used with one or two fingers or with
the thumb.®* This implies that the trig-
ger should be long enough to allow the
use of two fingers, but should not exceed
2 inches. A good trigger would be placed
within the grip, so the worker could use
the middle part of the finger(s) and not
the tip of the finger(s). Triggers should
not have grooves for the fingers, but, in
pistol-like tools, a small extension at the
top of the trigger would prevent the rub-
bing of the top side of the index finger
against the body of the tool. Triggers
should be easy to operate and hold, and
the required operating force should not
exceed 2.2 1b.?Y The travel distance of
the trigger when pressed should not ex-
ceed 3/4" and is best if kept to 1/4".
When fully pressed the trigger should not
protrude more than 1/4” and is best if re-
cessed so that it is flush with the handle.

Personal Protective Equipment (PPE)

The most popular PPE when using
hand tools are gloves. Although good
gloves may enhance tool gripping and
protect worker’s hands, using gloves is
associated with over-gripping.* Poorly
designed gloves may affect the dexterity
of the hands and make the worker exert
more force than needed to grip the tool,
which may lead to rapid fatigue. Gloves
with a special lining may be used for
protection from vibration. Special care
should be taken when selecting gloves;
there is no “one size fits all.”
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The most important PPE a worker
should have when using hand tools is
safety glasses. The eyes are critical
body organs, very sensitive and easily
injured. Unlike gloves, wearing safety
glasses does not directly interfere with
using hand tools, but they should fit the
worker’s face and be comfortable.

Other important PPE include work
shoes, hard hat, knee pads, ear plugs,
and respirator. A properrespirator should
be used when operating hand tools
like sanders, or whenever dust is a
by-product. Workers are often reluc-
tant to use respirators because they can
be uncomfortable, especially in a hot
environment.

Rest Breaks

One may think thattaking a rest break
is intuitive, in other words, a worker
would take a break when he or she feels
tired, but this may not be the safest pol-
icy. For a healthy and productive work-
place, rest breaks should be taken to
prevent fatigue, rather than to recuper-
ate from it. Usually, in self-paced work,
workers tend not to take a break un-
til they feel tired. Also, they tend to
end their break and restart work be-
fore they are fully recovered from fa-
tigue. It is best to design the work to
allow the workers to take short, frequent
breaks. The optimum rest break sched-
ule may depend on the type of work.
For light/medium repetitive work, which
may be the case when using hand tools,
it may be best to have 6-10 minutes
of rest every 50-60 minutes of work.
In the case of highly demanding tasks,
longer and more frequent breaks would
be needed. Frequent breaks should be
used in addition to the usual lunch, mid-
day, and mid-afternoon breaks. During
break time, workers should be encour-
aged to relax and not to think about
work.>#)) Rest breaks should be used for
resting and not for catching up on work.

Conclusion
All tools should be safe to use, and
ergonomics is only one issue of safety.

A. DABABNEH AND T. WATERS

Forcefulness, repetition, awkward pos-
tures, hot and cold environment, noise,
vibration, and an unbalanced work-rest
cycle are factors that may contribute
to the unsafe use of hand tools. Er-
gonomic use of hand tools requires a
good match among the worker, the tool,
and the target or the task. The tool-
target combination should be modified
to fit the individual worker, allowing
him or her to work from the strongest
posture. Although one should look be-
yond the tool and consider all fac-
tors that affect the ergonomic use of
hand tools, there are general design fea-
tures of hand tools that are considered
ergonomic features. One should keep
in mind that there is no single tool
that can be used properly in all work
situations.

Readers are encouraged to express
their opinions and thoughts on this pa-
per by writing to the authors. Feedback
from workers, foremen, and supervisors
is very important for the future planning
and further development of comprehen-
sive and easy to understand guidelines
for the use and selection of proper hand
tools.
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