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ABSTRACT
Nowadays, musculoskeletal disorders resulting from working with improper hand tools have been known as one of
the major concerns in various industries. In the current study, an ergonomic nail removal device was proposed to
evaluate the intervention for nail removal activity in the woodworking and carpentry industry. Eleven male workers,
who were actively involved in nail removing activity, were asked to perform nailing activity by removing nails driven
into the bottom and top of the door as the base points for painting the doors using both the nail removal device and
the traditional plier. The Rapid Entire Body Assessment (REBA) and Strain Index (SI) techniques were used to
characterize the level of risk. Moreover, nailing task duration and task repetition were measured as important criteria
in manual works. According to the SI and REBA risk indices, the final scores for the designed device were estimated
at 2 (low-risk level) and 1.5 (safe), respectively, while these values for the traditional pliers were 12 (high-risk level)
and 15 (dangerous). Moreover, using the designed electric nail removal device led to a reduction in the repetition and
duration of the task. Overall, the application of the proposed device in the nail removal tasks has shown risk indices
below the critical thresholds in terms of correcting work posture and reducing strains imposed on workers' upper
limbs.
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INTRODUCTION
Hand tools are frequently used by workers in a vast
number of industrial occupations [1-3]. Working with
hand tools has been linked with several
musculoskeletal risks [3, 4], especially upper
extremity cumulative trauma disorders (CTDs) in
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upper limbs [5-7]. CTDs, caused by repetitive
exposure to a type of physical risk factor [8], have been
considerably grown over the past few decades [5, 6, 9].
These injuries develop over time due to a variety of
micro-traumas [8] and were associated with work
activities in a wide range of tasks [7].
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According to the literature, about half of the top 10
industries reporting musculoskeletal disorders
including
assemblers,
construction
workers,
supervisors in sales, carpenters, and cashiers, are at
risk of developing work-related musculoskeletal
disorders (WMSDs) in the upper extremity through
hand-stressing work or the use of improper hand tools
[10]. The US Department of Labor, Bureau of Labor
Statistics, (2013) showed that the incidence rate of
occupational injuries related to upper extremities
(shoulder, arm, wrist, and hand) was 32.5%.
Furthermore, 4.6% of all injuries and illnesses have
been attributed to hand tools [11].
Previous studies have identified awkward postures
(i.e. flexion and extension, radial, and ulnar
deviations), excessive muscular force, high rates of
manual repetition, and vibration as the main risk
factors for hand tool-related disorders [7, 12, 13]. For
instance, a systematic review by UK Industrial Injuries
Advisory Council reported that sustained flexion and
extension and also repetitive hand movements
accompanied by forceful grip increase, approximately
2 times the risk of carpal tunnel syndrome [14, 15].
Working with hand tools involves one or more of the
aforementioned factors. Therefore, it can increase
fatigue and discomfort, particularly if the task requires
sustained weight supporting of the tool [16]. This may
be due to the high stresses imposed on the hand
structures [17]. Hence, many ergonomic interventions
have been proposed to reduce the adverse
consequences so far. In this sense, hand tool design
and redesign have been introduced as a crucial factor
in the reduction of hand and wrist discomfort and
injuries [7].
In the past, hand tools were designed based on their
functions, mostly as mechanical non-powered tools.
However, recently, particular attention has been paid
to comfortable and preferably powered hand tools. The
use of hand tools may lead to feelings of discomfort
over bouts of work [18], which consequently can
reduce efficiency and workers' job satisfaction [16].
The work efficiency and productivity can be improved
by enhancing the quality and
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usability of hand tools and considering ergonomic
principles in the product design [19-22]. Hand tools
ergonomic design can also decrease biomechanical
strain and the rate of injuries and the risk factors for
CTDs [21-23]. Moreover, comfort has attracted
considerable attention from hand tools manufacturers
as a key factor in selling products [21].
Due to the nature of carpenters’ jobs in Iran, they have
to frequently remove nails. Removing nails is amongst
the most stressful and physically demanding activities.
Using the traditional tools for removing nails (such as
pliers), imposes a high level of strain to the user,
especially when done repeatedly [24]. Therefore, the
main purposes of the present paper were: (1) to
develop an electric nail removal device to reduce the
risks of manual procedures over the nail removal
activity and (2) to evaluate the designed device from
an ergonomics point of view.

METHODS AND MATERIALS
Study population and task description:
Eleven male workers were selected for ergonomic
investigations of the target nailing task. Participants’
mean ± SD age, weight, and stature were 29 ± 2.9
years, 73.6 ± 10.3 kg, and 177 ± 4.5 cm, respectively.
All participants had no known musculoskeletal
injuries or disorders that may affect their ability to
perform the nailing task. Informed consent forms were
collected before the experiment.
In the current study, the nail removal task in the
woodworking and carpentry industry was selected. In
this industry, several 12 cm nails were driven into the
bottom and top of the door as the base points for
painting the doors. In the packing section, the nails
were removed after drying the paintings, using pliers
(see Figure 1). This repetitive manual task requires
forceful exertions and simultaneously awkward
posture, and using the conventional plier had
meaningful risks. Figure 2 represents the activity of
nail removal via pliers.
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Figure 1. The plier used in this study.

a

b
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Figure 2. Worker hand posture during manual nail removing using pliers: a) start of nailing activity, b) middle phase, c) last
phase.

Design of electric nail removal device:
In the first step, the literature was reviewed for the
existing electric nail removal devices. Although
several attempts have been done to redesign the
available traditional pliers [25, 26], no electric tools
were found. In the present study, the electric nail
removal device was designed to be used in the door
manufacturing industry. The principal concept for this
design was to reduce awkward postures and exertion
force in nail removal activities and also to generate
significant modifications in the work procedures. The
primary design of the electric nail removal device was
done using SolidWorks 2013 x64 Edition. The
schematic of the electric nail removal device was
presented in Figure 3. Following the primary design,
the first prototype was made in the welding section of
the study factory. The constructed electric nail
removal device consisted of 7 parts (Figure 3-c): hook
(for gripping the nail) (No. 1), bearings (for keeping
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the hook stable) (No. 2), screw (force transmission to
the hook) (No. 3), nut (changing the rotational force to
tensile force with screw help) (No. 4), chuck
(transmission of rotational force to the screw) (No. 5),
the body (placed on the piece that the nail removed
from) (No. 6), and the shield (to prevent hitting the
worker's hand with the spinning screw) (No. 7).
In this system, the rotational force of the drill transmits
to the screw by connecting to the chuck. As an
exploratory work, this rotational force then was
converted to tensile force in the nut and bearings. The
tensile force then was transferred to the nail by means
of the hook. On the other hand, the reaction force
exerted to the nail was applied to the device by the
system body, which facilitates the nail removal. Figure
4 represents workers while removing nails with the
ergonomically designed device.
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Figure 3. The primary design of electric nail removal device, using SolidWorks 2013 x64 Edition, a) top view, b and c) oblique
view, d) side view c: 1) hook, 2) bearings, 3) screw, 4) nut, 5) chuck, 6) the body, and 7) the shield.

Study procedure and data collection tools:
In the present research, first, a detailed analysis of the
involved tasks and subtasks was done. Subsequently,
the high-risk working postures involved in nail
removal tasks were identified in the woodworking and
carpentry industry. The total cycle time for nail
removal work was estimated at approximately 2
minutes, of which 45 seconds were belonged to nail
removal activity. The “number of repetitive motions
done by the worker to remove the nail” and “mean

duration of one nailing activity (sec)” were measured
as the main criteria for assessment of the manual task.
These two variables were compared while using both
pliers and ergonomics nail removal devices.
Moreover, Strain Index (SI) and Rapid Entire Body
Assessment (REBA) techniques were used in order to
the effectiveness of the designed device. In this sense,
photography/videotaping of the target tasks were done
from the sagittal plane for further investigation and for
extracting the required data.

Figure 4. The ergonomically designed nail removal device.
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Strain Index (SI):
Strain Index was developed by Moore and Garg (1995)
to identify jobs prone to distal upper extremities
disorders [27]. Strain Index uses six factors that
multiply the weighted scores of these variables gives a
single score of Strain Index [28-30]:
1. Intensity of Exertion (IEM) is a qualitative measure
of the percent maximum voluntary contraction that
a task requires and relies on workers' facial
expression changes and other biomechanical
indicators of exertion intensity.
2. Duration of Effort (DEM) is the duration of the
exertion and reflects the physiological and
biomechanical stress related to how long an
exertion is maintained.
3. Efforts per Minute (EMM) is the frequency of
exertions per minute.
4. Hand/wrist posture (HPM) shows the anatomical
posture of the hand.
5. Speed of Work (SWM) estimates the perceived pace
of the task and accounts for the additional stresses
associated with dynamic work.
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6. Duration of Task (DDM) is a measure of how much
of the workday is allocated to performing that task.
The risk classification of the Strain Index is a threelevel scale as <3 (safe), 3-6.9 (caution), ≥7 (hazardous)
[31]. Work activities were observed and videotaped to
determine the required information. In this sense, the
duration of the work cycle and exertional times were
measured with a stopwatch.

Rapid Entire Body Assessment (REBA):
The study used the Rapid Entire Body Assessment
technique, developed by Hignett and McAtamney
(2000) [32], as a rapid and simple observational
postural analysis instrument for the assessment of
whole-body activities, providing a musculoskeletal
risk action level [33]. The REBA technique evaluates
factors, including body posture, forceful exertions,
type of action, repetition, and coupling [34]. The
REBA action level has been indicated in Table 1.
According to working images, the most physically
stressful body postures were selected for REBA
assessment.

Table 1. The REBA action level.

Action
level

REBA
score

Risk level

Action

0

1

Negligible

Corrective action including further assessment is not necessary

1

2-3

Low

Corrective action including further assessment may be necessary

2

4-7

Medium

Corrective action including further assessment is necessary

3

8-10

High

Corrective action including further assessment is necessary soon

4

11-15

Very high

Corrective action including further assessment is necessary now
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RESULTS
Final scores of REBA and SI were calculated while
using traditional pliers as well as the designed electric
nail removal device (Table 2). As it is depicted in
Table 2, the final REBA and SI scores, number of
repetitive motions done by workers to remove the nail,
and mean duration of one nailing activity were
significantly improved while using the designed
device. The mean time to complete one nail removal
activity was also dropped by 10 seconds. Furthermore,
the repetitive motions required for one nail removal
activity were reduced from 15 times per nailing
activity while using the plier to zero (i.e. requiring no
repetitive motion) while using the electric device
(Table 2). Overall, the final scores for nail removal
activity using the ergonomically designed nailing
device were presumed "safe" (SI<3) while it was rated
as "hazardous" for the traditional method (SI≥7) .

Non-parametric paired Wilcoxon signed-rank test was
used to assess differences in SI sub-items while using
the traditional plier and the designed electric nail
removal device. According to the results, all risk
factors assessed by Strain Index have obtained a better
score after using the electric nail removal device
(P<0.05) (Table 3).
Further, the final SI score was reduced by
approximately 90 percent. Table 4 represents findings
related to the posture assessment. In this sense, the
value of all variables was significantly reduced so that
the final score of 12, (i.e. corrective action including
further assessment is necessary now) was reduced to 2
(i.e. corrective action including further assessment
may be necessary) (p-value<0.0001).

Table 2. Comparing the results of the posture assessment and ergonomics criteria before and after using the designed nail
removal device.

Result of
assessment
(using plier)

Variables

Consideration

Corrective action
including further
assessment is
necessary now

Result of
assessment
(using electric
nail removal
design)

Consideration

2

Corrective action
including further
assessment may be
necessary

1.5

safe

REBA score

12

SI score

15

hazardous

14 sec

The mean time is
about 14 seconds
for traditional
nailing.

4 sec

The mean time is
about 4 seconds for
the designed nailing
device.

15 times

For every nail, on
average, 15
repetitive cyclic
motions were done.

0 times

There is no repetitive
motion.

Nailing
duration

Number
repetitive
motion

task

of
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Table 3. Comparison of results of strain index assessments using traditional pliers and the designed electric nail removal device
(Wilcoxon Signed-Rank Test).

Final score

P-value

Risk factor
Before intervention

After intervention

9
(substantial effort;
Changes expression)

3
(noticeable or definite effort)

<0.001*

1.5
(35% cycle)

1
(10-29% cycle)

0.028*

Efforts Per Minute

0.5
(4 efforts per minute)

1
(2 efforts per minute)

0.012*

Hand/Wrist Posture

2
(bad: marked deviation)

1
(good: near neutral)

0.002*

Speed of Work

1.5
(fast: rushed, but able to
keep up)

1
(fair: normal speed of motion)

0.015*

Duration of Task Per Day
(hours)

0.75
(2 < 4)

0.5
(1 < 2)

0.022*

Total score

15.18

1.5

<0.001*

Intensity of Exertion

Duration of Exertion (%
of Cycle)
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Table 4. Comparison of REBA posture assessment outputs using traditional pliers and the designed
electric nail removal device (Wilcoxon Signed-Rank Test).

Final score (Median)
Parameters

P-value
Before intervention

After intervention

Trunk

4

2

0.001*

Neck

2

1

0.014*

Leg

2

1

0.005*

Upper arm

3

1

0.000*

Lower arm

2

1

0.002*

Wrist

3

1

<0.001*

Load/Force

2

0

0.001*

Coupling

2

0

0.001*

Activity score

2

1

0.020*

Total score

12

2

0.000*

Body parts

DISCUSSION
The present study was conducted to develop an electric
nail removal device for nail removal activities and also
to evaluate the designed device by comparing it with
the traditional method (pliers). The rise of workrelated musculoskeletal disorders of the upper limbs in
industries that widely use hand tools was spurred great
interest amongst users, manufacturers, and researchers
[35]. The main idea was to eliminate stressful body
postures and muscle exertions. In this regard, it should
be noted that pliers were not originally designed for
nail removal activities, showing the mismatch of the
tool and the
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task, which was the main risk factor for
musculoskeletal disorders [24, 26]. Thus, the workers
had to match themselves while working with this tool,
resulting in awkward and harmful postures and may
adversely affect the task performance [36-38]. Nail
removal activities using pliers may cause a condition
known as "hammer elbow", a condition involving
inflammation and pain of the elbow [39], showing the
necessity for the development of an alternative device.
Based on the results of SI and REBA
ergonomic risk measures in this study, it was observed
that working posture reached an acceptable level after
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using the designed device. In this sense, the posture of
different body regions including the trunk, neck, leg,
upper and lower arm, and wrist were significantly
improved and the frequency (efforts per minute) was
decreased, remarkably. On the other hand, by
shortening the time required for nailing activity, the
risk of musculoskeletal disorders would be reduced in
addition to the increase in work efficiency. This can be
explained by the shorter time required for each
operation.
Overall, replacing the electric nail removal device, and
changing the manually demanding high-risk nailing
activities to the mechanically effective ones had main
positive effects, including (1) improvement of
workers’ health and prevention of musculoskeletal
disorders and (2) increase of productivity and
efficiency and a considerable reduction in costs. The
latter would be obtained by an increase in work speed,
lack of damage to the nails and the possibility to reuse
it (due to direct pulling of the nail without bending it),
and also lack of damage to the piece of the nails pulled
from it. The new nail removal ergonomic designed
device was found to be applicable and acceptable for
the target workers. For the sake of comparison, no
similar study was found. However, replacing the
traditional hand tools with corresponding electrical
devices as well as the redesign of available traditional
hand tools have shown promising results in previous
studies. For instance, a comparison of pneumatic and
electrical pistol grip hand tools by Potvin et al. (2004)
showed the reduction of the demands on the forearms
during horizontal drilling while using the electrical
pistol grip tool [40]. Bent-handled needle-nose pliers
were designed considering the ergonomics principles
by Haque and Khan (2010) and the results confirmed
the reduction of discomfort [25].
The designed device had some new features which can
be investigated for modifications in future studies,
consisting of vibration and safety issues. Furthermore,
in this study, no attempt was made to measure the
effects of the new nail removal device on the workers'
performance. Further field trials were recommended to
test the efficiency under real production conditions.
Since the electric nail removal device was heavier as
compared to the traditional plier, the effect of this
factor on postural load was also recommended to be
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investigated for a more comprehensive evaluation of
the device.

CONCLUSION
A new electric device for nail removal activities was
proposed in the present research and its impact on
postural load imposed to upper extremities was
objectively assessed. The main aim was to reduce the
stress imposed on the hand and wrist while performing
nail removal tasks via the traditional tool. Overall, the
newly designed device provided smooth movements,
instead of high muscular effort. Moreover, the new
device omitted unnecessary forceful exertions, which
were analyzed by Strain Index. A significant reduction
was observed in the overall score of the Strain Index
since the highest score belonged to the intensity of
exertion in this assessment tool. Repetitive unnatural
postures of the wrist and supination/pronation of the
forearm as required while using pliers were also
decreased.
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