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Background: This study aimed to evaluate the ergonomics of the office workplace and
determine the cut-off point of the workstation layout checklist (WSLC) and the work
posture checklist (WPC) of computer users.

Methods: The descriptive-analytical was performed among 200 office staff willing to
cooperate at the university. To collect data and evaluate workstations and the posture
of employees, the WSLC and WPC were used, respectively. The ROC curve was used to
determine the cut point of the final score of the checklists.

Results: The optimal cut-off point value for the WSLC was 14.5 (sensitivity = 91.2,
specificity = 77.8, and area under the curve = 0.89). Similarly, the best cut-off point
value for the WPC was identified as 8.5, with a sensitivity of 93.9, specificity of 71.8,
and area under the curve of 0.88. The evaluation results showed that 25 % of the
workstations and 32 % of the working postures of the employees were at an undesirable
level.

Conclusion: Determining the cut-off point for valid WSLC and WPC plays a crucial role
in evaluating the cost, facilitation, speed, and repetition associated with office
workplaces, thereby categorizing them as either desirable or undesirable. A quarter of
the workstations and a third of the working postures of the employees were evaluated
as undesirable,

1. Introduction

disorders among office staff due to the increasing use of
computers [7]. In the last few decades, the prevalence of

Musculoskeletal disorders are ranked as the second most
prevalent work-related disorders [1]. Work-related
Musculoskeletal Disorders (WMSDs) can lead to disability,
serious injury, and occupational disability [2]. Among
computer users, the most critical factors causing
musculoskeletal disorders are awkward posture, repetitive
movements, and static work [3]. Today, computers are a
central and integral part of human life [4]. They are used for
work in companies, institutions, and homes [5, 6]. Various
studies have reported a high prevalence of musculoskeletal

musculoskeletal disorders, affecting areas, including the
neck, shoulder, back, and arm, has exceeded 60 % among
office staff [ 1]. The causes of these disorders can be attributed
to the shape, angle, and position of the chair, mouse,
keyboard, or monitor, repetitive movements of hands,
fingers, and wrists, contact stress in the wrist region, and
awkward forearm and wrist postures [8, 9]. In addition,
sitting for a long time in an inappropriate position, not
adjusting the monitor's height, placing the mouse far from
the body, and non-adjustable chairs contribute to these
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disorders [1, 10-12]. One of the goals of ergonomics is the
proper design and maintenance of a workstation to increase
the health and productivity of individuals [13]. Workstation
design is related to the shape, dimensions, and layout (i.e.,
location and orientation) of various material elements
around people. These elements are chairs, work surfaces,
desks, equipment, tools, controls, and displays used during
work [14, 15]. When working with a computer, the chair and
the desk are two main parts that affect the user's posture.
Therefore, in addition to ensuring comfort, these elements
must be standard and conform to the dimensions of the
user's body. Otherwise, they can negatively affect the health
and productivity of users, especially those who work with
computers for long hours every day [16]. Due to the high
prevalence of occupational risk factors among computer
users, the optimal fit is necessary to maintain people's health
[17]. Since awkward posture is one of the most common
occupational risk factors of musculoskeletal disorders in
office staff, it has been considered the basis of evaluation in
many methods for assessing musculoskeletal disorders [18].
Various instruments such as Quick Exposure Check (QEC)
[19], Rapid Entire Body Assessment (REBA) [20], Rapid Upper
Limb Assessment (RULA) [21], Ovako Working Posture
Analysis System (OWAS) [22], Loading on the Upper Body
Assessment (LUBA) [23], and Rapid Office Strain Assessment
(ROSA) [9] are for have been developed for evaluating
posture during work. Using simple checklists and self-
reports to comprehensive assessments with sophisticated
equipment is the most effective approach to performing a
computer workstation ergonomic assessment and on-site
assessment by a trained professional [24]. Computer
operators may be unable to identify necessary changes to
their workstations, such as equipment relocation or new
equipment purchases [25, 26]. However, ergonomic experts
often use a checklist to ensure that all possible problems
have been resolved [24]. This technique is widely used due
to its cost-effectiveness, user-friendliness, applicability,
reproducibility in different work conditions, and non-
interference with computer work [27]. Navidi et al. (2022)
developed checklists for ergonomics assessing workstation
layout and posture among computer users [17]. In their
study, they did not set a cut-off point to determine whether
the final score of the checklists was desirable or undesirable.
The good or poor workstation and posture levels can quickly
identify the amount of intervention needed to eliminate risk
factors in the workplace [9]. Knowing the boundary between
the desirable or undesirable posture and the workstation
layout can help in making decisions to improve people's
posture or purchase new equipment. Therefore, the present
study aimed to investigate the ergonomics of the office work
environment and determine the cut-off point of the WSLC
and WPC checklists.

2. Materials and Methods
2.1 Participants and checklists

The descriptive-analytical study was conducted among
office staff at the university. The workstation layout and
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posture of 200 employees willing to cooperate who worked
with computers were investigated in this study. The tools
and methods included a checklist, observation, and user
interviews. Researchers completed checklists by observing
the work posture of staff and workstations and conducting
interviews with staff if necessary. Data was collected using
the WPC and the WSLC of the computer users, which were
developed by Navidi et al (2022) [17]. The researcher
evaluated items such as proper angles and normal posture of
limbs in the WPC, as well as items like reach and correct
layout of equipment in the WSLC through direct observation.
Items such as performing sports movements and changing
posture during work in the WPC and the ability to adjust the
chair and monitor in the WSLC were assessed through
interviews with individuals. The WSLC and WPC include 23
items and 16 items, respectively. Questions are replayed by
yes (desirable) and no (undesired). In the present study, a
scoring system was employed where a score of 1 was
assigned for a positive response (yes) and a score of 0 was
assigned for a negative response (no).

2.2 The method of determining the cutting point

Data analysis was performed using SPSS version 24
statistical software. The ROC curve (Receiver Operating
Characteristic) was used to determine the cut-off point of the
final score. To obtain the ROC curve associated with the
WSLC and WPC, consultation was taken with two ergonomic
specialists. Considering the crucial role of seat height and the
support provided to the low back by the chair backrest in
designing an appropriate workstation, item number 17 from
the WSLC checklist (minimum seat height) and item number
6 from the WPC checklist (supporting the low back by the
chair backrest) were chosen as the reference items,
respectively. Then, the base items were considered zero
(non-compliance) and 1 (compliance) as a state variable in
SPSS software, and the sum of other questions except base
items as the test variables. Finally, regarding the sensitivity
and specificity of the ROC curve, the optimal cut-off point for
the WSLC and WPC of computer users was obtained.

3. Results and Discussion

3.1 Completing checklists

This study included 137 females (68.5 %) and 63 males (31.5
%). The mean age of the participants was 31.7 £ 6.1 years. The
results of the WSLC evaluation are presented in Table 1.
Based on this, the highest score related to the items, the
suitability of the monitor size for a better view of the content,
and the use of a chair with the suitable material, with 100 %
compliance. Also, the lowest score with 0 % compliance
belonged to the item of placing the copy holder (document
holder) directly in front of the person (without angling the
neck or trunk) (Table 1). The results of the examination of the
workstations indicated the lack of a copyholder (document
holder) in the employees' workplace. Kumar et al. (2017)
stated that the presence of a copyholder can be effective in
computer work activities [4]. The lack of a copyholder is
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associated with the angulation of the neck and torso of the
users. So, the employee has to constantly change the angles
of his neck between the document and the monitor to write
[28]. An increase in the neck angle can lead to the severity of
neck pain and an increase in musculoskeletal disorders. In
the study by Tabanfar et al (2022), an increase in neck pain
intensity was reported due to an increment in the head and
neck angle [29].

Table 1. Compliance rate (percentage) of appropriate principles of computer
users' workstation layout (n = 200)

Number Questions Compliance
percentage
1 Placing the top edge of the screen slightly 69.5
below the eye level (the viewing angle of 15-
20° relative to the center of the screen)
2 Adjustable the screen slope (the slope should 76.5
not exceed 10-20°)
3 Observing the 20-40-inch distance (100-50 82,5
cm) between the user and the screen
4 Choosing a suitable screen size for better 100
viewing (38-50 cm)
5 Placing the mouse and the keyboard at the 61.5
same level
6 Properly reaching the mouse without 81.5
stretching
7 Using ergonomic pads 70
8 Using the proper mouse (in terms of shape and 92
size)
9 Placing the screen directly in front of the 66
person (without the neck or the lower back
angled)
10 Placing the copy holder directly in front of the 0
person (without the neck or lower back
angled)
11 Availability of items of frequent use within the 69
reach range of 0-30 cm
12 Providing sufficient space underneath the 86
work surface to move legs
13 Availability of items of occasional use within 78
the reach range of 30-50 cm
14 Choosing a desk of suitable height (the 71.5
working desk height being as high as one's
elbows)
15 Not using a glass plate on the table surface 42
16 Using the proper seat to rotate 360° around 70
one's axis
17 Using a seat with a minimum height of 16 68.5
inches (40 cm)
18 Not blocking seat handles for reaching the 68.5
workstation
19 Using a chair made of soft material (softcover) 100
20 The keyboard is placed at elbow height 66
21 Observing the 5-10 cm distance between the 64
edge of the desk and the keyboard slot
22 Providing suitable workplace lighting for the 77.5
computer (about 540-215 lux)
23 Properly position the screen relative to the 70

window (natural light sources located at 90°
relative to the screen)

According to the results of this study, it was found that the
monitor size used for office work was suitable. How to
arrange the monitor, such as placing the upper edge of the
monitor slightly below the eye level of the users, adjustable
monitor tilt, keeping a suitable distance between the user
and the monitor, and placing the monitor directly in front of
the person without angling the neck or trunk of the user,
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approximately 20 % to 30 % were reported as undesirable.
Based on previous studies, the monitor viewing angle and
the user distance from the monitor are among the main
parameters for designing computer workstations [4, 30].
Therefore, to be vision better, the monitor should be placed
in a way that prevents eye fatigue and neck pain caused by
stretching movements [14]. In the examination of the chairs,
it was found that the chair materials used by the employees
were suitable. However, in almost 30 % of the workstations,
the chair items rotate 360° around their axis, and appropriate
height and not obstructing the seat handle for easy reach to
the workstation was undesirable. In past studies, it has been
suggested that there should be a suitable space for the feet to
move under the computer desk to avoid stillness and leg
fatigue [4]. In the present study, 86 % of the workstations had
a suitable space under the work surface for moving the legs.
According to the results of Table 2, in the WPC, the highest
percentage of employees' compliance was related to item
number 2 (placing the arm and elbows close to the body)
while doing work. Also, the lowest percentage of employee
compliance was related to item number 11; therefore, more
than 80 % of employees did not regularly exercise during
working hours.

Table 2. Compliance rate (percentage) of the working posture of computer
users (n =200)

Number Questions Compliance
percentage
1 Placing forearms horizontally at an angle of 61.5
90° relative to the arms
2 Placing arms and elbows close to the body 80
3 Horizontally placing the hips at an angle of 72.5
90-110° relative to the lower back
4 Feeling comfortable in the shoulders and 64
arms while doing work (the correct
position)
5 Holding one's head straight when looking 66.5
at the screen without bending forward,
back, and to the sides
6 Supporting the lower back by the seat 57.5
backrest
7 Placing wrists without angles when using a 71.5
keyboard or a mouse
8 Not placing wrists and hands on sharp or 37.5
hard edges when resting or working
9 Placing foot soles on the ground or the 57
footrest
10 Not working continuously with the 61
computer during the day (10-15 minutes
for a working hour)
11 Taking regular muscle exercise (at least 15 19.5
minutes at the end of the work)
12 Frequently changing proper postures 61.5
during work shifts
13 Looking at a point over 6 m every 20 61
minutes
14 Not rotating the lower back when sitting on 70
a chair
15 Not rotating the neck when working with 70
the screen
16 Positioning the head comfortably when 79

using the phone

Examining the working posture of the users in the present
study showed that in 38.5 % of the employees, the forearms
were not horizontal at an angle of 90° to the arm.
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Accordingly, in item number 4 (comfortableness of shoulders
and arms while doing work), the shoulders and arms 36 % of
the employees were not in a comfortable position. It can be
said that not placing the forearms at an angle of 90° to the
arm can be one of the reasons for maintaining an awkward
posture in the shoulders and arms, which can lead to
musculoskeletal disorders for a long time, especially in the
neck region [31]. Moreover, 42.5 % of the employees did not
use the chair back support while working. Curran et al.
(2015) reported that the chair back support can strengthen
the spine by maintaining proper posture [32]. Not leaning on
the back of the chair leads to the muscles receiving static
loads repeatedly. Therefore, musculoskeletal complaints in
muscles, joints, tendons, intervertebral discs, peripheral
nerves, and vasculature systems can develop acutely to
chronically [33]. Almost two-thirds of employees put their
hands and wrists on hard or sharp edges while working.
Gerding et al. (2021) reported that the work surface of nearly
half of the participants had hard or sharp edges. They stated
that the sharp edge of the work surface has a significant
relationship with the increase of disorders in the upper back
and shoulders, which is the reason for the change in the
position of the arm in response to the contact pressure on the
forearms [34]. Also, placing the hand and wrist on the hard
edge can increase the probability of other musculoskeletal
disorders and cumulative trauma disorders (CTDs) in
computer users. More than 80 % of the participants replied
negatively to the item of doing muscle exercises regularly.
Previous studies have shown regular exercise can
significantly reduce the risk of musculoskeletal disorders
[35-37]. In 30 % of the employees, back and neck rotations
were observed while working with the monitor. Various
studies have shown that back and neck rotations during
work can worsen the working posture, increase pressure on
the musculoskeletal system, and increase the risk of
musculoskeletal disorders such as neck pain [28, 29]. In
incorrect positions of the bending and twisting of the head,
neck, or body muscles adopted for more than 3 or 4 seconds,
the muscle pump begins to limit itself so that the muscles
cannot supply optimally oxygenated blood. In this case, the
muscles responsible for these movements become tighter
and shorter and apply asymmetric forces, while the opposite
muscles become loose and weaker. As a result, the blood flow
decreases, and lactic acid accumulates in the muscles and
causes muscle pain and fatigue [38].

3.2 Determining the cutting point

In the ROC curve, the closer the line is to the left corner of
Figure 1, the more accurate it is. This is because the actual
positive rate (sensitivity) is "one", and the false positive rate
(1-specificity) is "zero". In the diagnostic test of the ROC
curve, the best value of the cut-off point to detect the
desirable and undesirable layout of the workstation of
computer users 14.5 was selected with a sensitivity of 91.2
and a specificity of 77.8, and the area under the curve of 0.89,
(Figure 1). In the diagnostic test of the ROC curve, the best
value of the cut-off point for the desirable or undesirable
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employees' working posture was 8.5, selected with a
sensitivity of 93.9 and a specificity of 71.8, and the area under
the curve of 0.88 (Figure 2). According to the drawn ROC
curve, the area under the curve for WSLC and WPC users was
calculated as 89 % and 88 %, respectively. These values
confirm the high diagnostic amount of these checklists in the
desirable or undesirable levels.
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Figure 1. ROC curve (blue line) of workstation layout checklist
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Figure 2. ROC curve (blue line) of work posture checklist

Based on the current study, the areas under the ROC curve
for the WSLC and WPC of computer users are 89 % and 88 %,
respectively, which indicates the high diagnostic value of
these checklists between desirable and undesirable levels.
Therefore, these checklists can be widely used in the
workplaces of computer users due to their ease of use with
short training for experts and even for computer users. In the
present study, the mean total score obtained from a survey
of the workstation layout checklists and the work postures
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of the employees were evaluated at a desirable level. Given
the results, the mean and standard deviation of the WSLC
and WPC of employees were 16.3 + 2.3 and 9.9 * 2.3,
respectively. Also, based on the cut-off point of the
checklists, 75.5 % had a desirable workstation layout, and 68
% of the employees had a desirable working posture (Table

Sobhani S, et al.

checklists was evaluated at a desirable level. 25 % of
workstations and 32 % of employees’ working postures were
undesirable. Because the mean score of the workstation
layout and undesirable posture was close to the cut-off point,
it is possible to increase the favorability percentage with few
changes in the arrangement of workstations and the

3). Finally, even though the mean total score of both employee's posture.
Table 3. The mean and standard deviation of the scores of the WSLC and WPC (n = 200)
Variable Category Number Percentage Minimum Maximum Mean + SD
Workstation layout <14.5 49 24.5 10 14 13+£0.9
checklist (WSLC) >14.5 151 75.5 15 21 173+15
Total 200 100 10 21 16.3+23
Work posture <85 64 32 4 8 7.7+09
checklist (WPC) >8.5 136 68 9 15 112+14
Total 200 100 4 15 9.9+23
4. Conclusion Acknowledgements

This study showed that the area under the ROC curve (blue
line) for the workstation layout and work posture checklists
was 89 % and 88 %, respectively. These areas indicate the high
diagnostic value of these checklists in the desired and
undesired levels. About 25 % of the assessed workstations'
layouts and 32 % of the employees’ working postures were
found to be unsuitable. Considering that the mean score for
the total workstation layout and the employees' posture was
calculated close to the cut-off point, with few changes such
as providing a copyholder, proper height of the monitor,
observing the suitable distance to the monitor, placing the
monitor directly in front of the user, the ability to rotate and
adjustable of the chair, training of proper workstation layout
and posture during work, and regular exercise program can
significantly enhance the ergonomic conditions of the
workplace. Therefore, it is suggested that supervisors and
managers of the centers try to improve the ergonomics of the
workplace by making changes and modifications in the
layout of the workstation and the working posture of the
employees. It is also suggested that future studies investigate
the relationship between the workstation layout and the
computer users' posture with musculoskeletal disorders
through the present checklists.
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