
Hand Tool Design for Ergonomic

1



CUMULATIVE TRAUMA DISORDERS

� Cumulative trauma disorders (sometimes called repetitive 
motion injuries, or work-related musculoskeletal disorders).

� Cumulative trauma disorders are injuries to the 
musculoskeletal system that develop gradually as a result 
of repeated microtrauma due to poor design and the 
excessive use of hand tools and other equipment.

� Four major work-related factors seem to lead to the 
development of CTD: 
� (1) excessive force

� (2) awkward or extreme joint motions

� (3) high repetition, and 

� (4) duration of work.
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Anthropometry of hand
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Anatomical terminology
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� Standard anatomical terms that are used to describe the 
position and movements of the forearm, wrist and hand.

� The movement of flexion, extension and radial and ulnar 
deviation occur at the wrist joint complex.

� The other movements which we use in everyday life often 
actions of pronation and supination in combination with 
movement occurring at the wrist.



Positions of 

the hand and 

arm
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TOOLS USE A POWER GRIP FOR TASKS REQUIRING FORCE 

AND PINCH GRIPS FOR TASKS REQUIRING PRECISION

� Prehension of the hand can basically be defined as 
variations of grip between two extremes: 

� A power grip and 

� A pinch grip. 

� In a power grip, the cylindrical handle of the tool, 
whose axis is more or less perpendicular to the 
forearm, is held in a clamp formed by the partly 
flexed fingers and the palm. 

� Opposing pressure is applied by the thumb, which slightly 
overlaps the middle finger (see Figure 5.26).
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TOOLS USE A POWER GRIP FOR TASKS REQUIRING FORCE 

AND PINCH GRIPS FOR TASKS REQUIRING PRECISION

� The line of action of the force can vary with 
� (1) the force parallel to the forearm as in sawing; 

� (2) the force at an angle to the forearm, as in hammering; and 

� (3) the force acting on a moment arm, creating torque about the 
forearm, as in using a screwdriver.

� As the name implies, the power grip is used for power or 
for holding heavy objects. 

� However, the more the fingers or the thumb deviate from 
the cylindrical grip, the less force is produced and the 
greater the precision that can be provided. 

� For example, in holding a light hammer as in tacking, the 
thumb may deviate from opposing the fingers to aligning 
with the handle.

8



TOOLS USE A POWER GRIP FOR TASKS REQUIRING FORCE 

AND PINCH GRIPS FOR TASKS REQUIRING PRECISION

� If the index finger also deviates to the tool axis, as in 
holding a knife for a precise cut, then a pinch grip is 
approached, with the blade being pinched between the 
thumb and index finger. 

� This grip is sometimes called an internal precision grip 
(Konz and Johnson, 2000). 

� A hook grip, used for holding a box or a handle, is an 
incomplete power grip in which the thumb counterforce 
is not applied, thereby considerably reducing the available 
grip force.
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Types

of grip
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TOOLS USE A POWER GRIP FOR TASKS REQUIRING FORCE 

AND PINCH GRIPS FOR TASKS REQUIRING PRECISION

� The pinch grip is used for control or precision. In a pinch grip, the 
item is held between the distal ends of one or more fingers and the 
opposing thumb (the thumb is sometimes omitted). 

� The relative position of the thumb and fingers determines how 
much force can be applied and provides a sensory surface for 
receiving the feedback necessary to give the precision needed. 

� There are four basic types of pinch grips, with many variations (see 
Figure 5.26): 
� (1) lateral pinch, thumb opposes the side of the index finger; 
� (2) two- and three-point tip (or pulp) pinches, in which the tip (or 

palmar pad) of the thumb opposes to the tips (or palmar pads) of one or 
more fingers (for a relatively small cylindrical object, the three digits act 
as a chuck, resulting in a chuck grip); 

� (3) palm pinch, the fingers oppose the palm of the hand without the 
thumb participating, as in glass windshield handling; and 

� (4) finger press, the thumbs and fingers press against a surface, as in 
garment workers pushing cloth into a sewing machine.
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PERFORM TWISTING MOTIONS WITH THE 

ELBOWS BENT

� When the elbow is extended, tendons and muscles in the arm stretch out 
and provide low force capability. 

� When the elbow is bent 90° or less, the muscle has a good mechanical 
advantage and can contribute to forearm rotation
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Design tool for maintain a straight wrist
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� As the wrist is moved from its neutral position, a loss of 
grip strength occurs. 

� Starting from a neutral wrist position, 

� pronation decreases grip strength by 12 percent,

� flexion/extension by 25 percent, 

� and radial/ulnar deviation by 15 percent

� Furthermore, awkward hand positions may result in 
soreness of the wrist, loss of grip, and, if sustained for 
extended periods, the occurrence of carpal tunnel 
syndrome. 



Design tool for maintain a straight wrist
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� To reduce this problem, the tools should be redesigned to 
allow for a straight wrist; for example, 

� The tool handle should reflect the axis of grasp, which is about 
78° from horizontal, and should be oriented such that the 
eventual tool axis is in line with the index finger; examples are 
bent plier handles and a pistol-grip knife (see Figure 5.28). 

� Handles should be designed with large contact surfaces, to 
distribute the force over a larger area (see Figure 5.29)
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DESIGN TOOLS SO THAT THEY CAN BE USED BY

EITHER HAND AND BY MOST INDIVIDUALS
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� Alternating hands allows the reduction of local muscle fatigue. 
� However, in many situations, this is not possible, as the tool 

use is one-handed. 
� Furthermore, if the tool is designated for the user’s preferred 

hand, which for 90 percent of the population is the right hand, 
then 10 percent are left out. 

� Typically, right-handed males show a 12 percent strength 
decrement in the left hand, while right-handed females show a 
7 percent strength decrement.

� Female grip strength typically ranges from 50 to 67 percent of 
male strength.
� For example, the average male can be expected to exert 

approximately 110 lb (50 kg), while the average female can be 
expected to exert approximately 60 lb (27.3 kg).



FINGER ACTION
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� Trigger forces should be kept low, preferably below 2 lb
(0.9 kg) (Eastman Kodak, 1983), to reduce the load on the 
index finger.

� Two or three finger- operated controls are preferable 
(see Figure 5.30); 

� Finger strip controls or 

� A power grip bar is even better, because they require the use 
of more and stronger fingers. 

� Absolute finger flexion strengths and their relative 
contributions to grip are shown in Table 5.7.
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USE THE STRONGEST WORKING FINGERS:

THE MIDDLE FINGER AND THE THUMB
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� Although the index finger is usually the finger that is capable of moving the 
fastest, it is not the strongest finger (see Table 5.7). 

� Where a relatively heavy load is involved, it is usually more efficient to use 
the middle finger, or a combination of the middle finger and the index 
finger.



DESIGN 1.5-IN HANDLE DIAMETERS FOR POWER 

GRIPS
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� Power grips around a cylindrical object should entirely 
surround the circumference of the cylinder, with the 
fingers and thumb barely touching. 

� For most individuals, this would entail a handle diameter 
of approximately 1.5 in (3.8 cm), resulting in minimum 
EMG activity, minimum grip endurance deterioration, and 
maximum thrust forces.

� The handle diameter for precision grips should be 
approximately 0.5 in (1.3 cm) (Freivalds, 1996).



DESIGN HANDLE LENGTHS TO BE A MINIMUM OF 

4 IN
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� For both handles and cutouts, there should be enough 
space to allow for all four fingers. 

� Hand breadth across the metacarpals ranges from 2.8 in 
(7.1 cm) for a 5th percentile female to 3.8 in (9.7 cm) for 
a 95th percentile male (Garrett, 1971).

� Thus, 4 in (10 cm) may be a reasonable minimum, but 5 in 
(12.5 cm) may be more comfortable.



DESIGN A 3-IN GRIP SPAN FOR TWO-HANDLED 

TOOLS
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� Grip strength and the resulting stress on finger flexor tendons 
vary with the size of the object being grasped. 

� On a dynamometer with handles angled inward, a maximum 
grip strength is achieved at about 3 to 3.2 in (7.68.1 cm) 
(Chaffin and Andersson, 1991).

� Because of the large variation in individual strength capacities, 
and the need to accommodate most of the working 
population (i.e., the 5th percentile female), maximal grip 
requirements should be limited to less than 20 lb. 

� However, the overall pinch force is at a much more reduced 
force level (approximately 20 percent of power grip).
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DESIGN APPROPRIATELY SHAPED HANDLES
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� For a power grip, design for maximum surface contact to 
minimize unit pressure of the hand. 

� Typically, a tool with a circular cross section is thought to 
give the largest torque. However, the shape may be 
dependent on the type of task and the motions involved 
(Cochran and Riley, 1986). 

� For screwdriver-type tools, the handle end should be rounded 
to prevent undue pressure at the palm.

� For hammer-type tools, the handle may have some flattening 
curving, to indicate the end of the handle.



DESIGN GRIP SURFACE TO BE COMPRESSIBLE

AND NONCONDUCTIVE
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� For centuries, wood was the material of choice for tool handles. 

� Wood is readily available and easily worked. 
� It has good resistance to shock and thermal and electrical conductivity, 

and it has good frictional qualities, even when wet. 
� Since wooden handles can break and stain with grease and oil, there has 

recently been a shift to plastic and even metal. 

� However, metal should be covered with rubber or leather to reduce 
shock and electrical conductivity and increase friction (Fraser, 1980). 

� Such compressible materials also dampen vibration and allow a 
better distribution of pressure, reducing fatigue and hand tenderness 
(Fellows and Freivalds, 1991). 

� However, the grip material should not be too soft; otherwise sharp 
objects, such as metal chips, will get embedded in the grip and make 
it difficult to use. 

� The grip surface area should be maximized to ensure pressure 
distribution over as large an area as possible. 



KEEP THE WEIGHT OF THE TOOL BELOW 5 LB
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� The weight of the hand tool will determine how long it 
can be held or used and how precisely it can be 
manipulated. 

� For tools held in one hand with the elbow at 90° for 
extended periods, Greenberg and Chaffin (1976) 
recommend loads of no more than 5 lb (2.3 kg). 

� For precision operations, tool weights greater than 1 lb
are not recommended, unless a counterbalanced system 
is used.


