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ABSTRACT

9T Work-related musculoskeletal disorders are one of dentists’ most common occupational
health problems. Human error is considered one of the critical factors of medical error. Musculoskeletal
abnormality due to inappropriate work postures and mental workload are two important causes of
human error in dental operations. Hence, this study investigates dentists’ mental workload and the
incidence of skeletal-muscular disorders.

A cross-sectional descriptive study was conducted in Shahid Shukri Dental Hospital
in 2021. The sampling was done via the targeted sampling method and 42 individuals were included in
the study. The NASA task load index and the Nordic questionnaire were used to collect the data. Data
analysis was done using the SPSS software, version 26, at the significance level of 0.05.

[{EENTE The average percentage of disorders were as follows: Neck area=30.1%, left shoulder=11.76%,
right shoulder=13.74%, right elbow=9.23%, left elbow=6.56%, right wrist=28%, left-hand wrist=25.06%,
upper back area=20.1%, waist=13.8%, hip and thigh=17.1%, knee=26% and ankle=23.46%. Age and work
experience had a significant relationship with the prevalence of musculoskeletal disorders (P<0.05). The
effort component with a Mean+SD of 74.95+22.16 received the highest score and discouragement with
a MeanzSD of 49.92+26 got the lowest score compared to other components. The central sterilization
department, with a mean of 67.41+24.86, exhibited a higher mental workload than other departments.
In contrast, the admission department, with a mean of 50.72126.59, reported a lower mental workload
than other cases.

[@TEERT Musculoskeletal disorders are related to workload and work capacity. Creating suitable
working conditions, providing more training programs to employees, and strengthening their mental

Accepted: 18 Oct 2023 © workload capacity can help prevent occupational injuries in the workplace.
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Introduction

ental workload is one of the concepts

of cognitive ergonomics [1]. Although

there is no general definition of mental

workload, the set of factors affecting the

mental processing of information, deci-
sion-making, and the individual’s reaction in the work
environment about a specific task is considered mental
workload [2]. Excessive workload is one of the most
important factors in dentists’ burnout [3, 4]. Also, the
evaluation of this index is essential for the prevention
and control of human errors in medical departments [5,
6]. To date, concerted efforts have been made to design
surgical devices [7] with consideration for the volume
of work of dental surgeons and dental assistants. Oc-
cupational activity in healthcare-healing systems has
been classified as a high-risk profession for generating
musculoskeletal-related deformities with a hierarchical
classification [8]. Studies have shown that work-related
musculoskeletal disorders can be the result of complex
interactions between physical, psychological, social,
biological, and individual characteristics. However, the
evidence for a specific relationship has not yet been con-
clusively confirmed [9]. Work-related musculoskeletal
disorders are one of the most serious health-medical
problems that the working population faces and result
in individuals suffering significant negative economic
effects and consequences [10, 11]. In the field of human
factors engineering and ergonomics, most studies have
been focused on the physical needs and the work that
dentists have to do and the relationship or interaction
between these demands and musculoskeletal disorders
[12]. Today, the examination of musculoskeletal dis-
orders is much more complicated than before because
the risks of these disorders are affected by the combina-
tion of a diverse set of psychosocial risks, in addition to
known work-related risk factors [13].

Today, complex and modern systems require activities
with a high mental workload [14]. Mental workload can
be described as when tasks require alertness and con-
centration on an activity or group of activities over some
time [15]. The workload in any activity includes physi-
cal workload and mental workload. Accordingly, the hu-
man capacity to interact with complex systems, along
with considering equipment, training, organization, en-
vironmental restrictions, and so on plays a significant
role in the correct performance of employees [16].

Each task or job requires a certain level of attention and
concentration in terms of instructions and inferences, level
of accuracy of response, and organizational aspects, espe-
cially those that refer to the organization of working time
[17]. In this context, mental workload is defined as the
amount of mental effort that must be developed to achieve
a specific result and is related to the needs of informa-
tion processing and decision-making for task execution.
In contrast, physical workload is defined as a set of physi-
cal requirements by an individual to perform tasks. Many
researchers state that the type of work and a person’s
age have a significant effect on the physical capacity of
employees [18]. Current working conditions have led to
high levels of mental workload, mental fatigue, and stress,
which reduce performance and concentration. At the same
time, another effect is the number of errors, forgetfulness,
and confusion, increasing the probability of accidents
while performing tasks [19]. To ensure the safety of pa-
tients and the quality of service delivery, it is important to
consider the factors that may affect the mental workload
and physical workload of dentists [20].

Dentistry is a profession with a high prevalence of
work-related musculoskeletal disorders for doctors. These
symptoms often begin in the early stages of their careers
[12, 21]. Extensive research has been conducted on den-
tists’ workload and the prevalence of work-related muscu-
loskeletal disorders in Iran, revealing an increasing trend
of these deformities among Iranian dentists [22, 23]. In
the study of Eyvazlou et al., musculoskeletal discomfort
was higher in dentists compared to other office workers,
and most of the complaints were reported in the neck area
[24]. The study by Koochak Dezfouli et al., which was
conducted among dentists in Sari City, Iran, emphasized
improving the conditions of the working environment in
reducing musculoskeletal abnormalities [25]. With the in-
creasing difficulty of working conditions and long work-
ing hours in hospitals, dentists’ productivity and perfor-
mance are negatively affected. Therefore, it is necessary
to conduct reliable and comprehensive ergonomic studies
in this field to identify the causes of this problem with
greater awareness and take appropriate measures. Ac-
cordingly, this study investigates the relationship between
cognitive workload and the development of work-related
musculoskeletal disorders in dentists.

Materials and Methods

A cross-sectional descriptive study was conducted at
Shahid Shokri Dental Hospital in Tehran City, Iran in
2022. The sampling was done by the targeted sampling
method and the sample size was calculated using the
Cochran formula and resulted in 42 people. The crite-
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ria for entering the study were as follows: 1) Having at
least one year of work experience in a dental hospital,
2) Ability to allocate time voluntarily to complete the
required questionnaire, 3) Desire to participate in the
study, and 4) Having expertise in dentistry. Also, the
exclusion criteria comprised the following items: 1) No
history of skeletal-muscular problems in different parts
of the body, 2) No history of mental-psychological prob-
lems, and 3) No history of problems in the respiratory
system and cardiovascular diseases. The collection of
data related to these methods was done by direct obser-
vation and taking pictures from different angles to ana-
lyze the most repeated position of the body (posture).
To collect demographic information about the partici-
pants, a questionnaire was designed that inquired about
participant’s age, gender, weight, height, body mass
index, work experience, level of education, and marital
status. This study was conducted in two stages. At first,
the Nordic self-report questionnaire was employed and
then the NASA task load index (NASA-TLX) tool was
used to collect the data. The Nordic questionnaire was
presented by the Professional Health Association of the
Scandinavian countries in 2010 and was used to deter-
mine the prevalence rate of musculoskeletal disorders
in 3 different sections A, B, and C [26]. This question-
naire divides the human body into 9 anatomical regions
(neck, shoulder, elbow, hand/wrist, upper back, waist,
thigh/hip, knee, foot/ankle). These anatomical regions
were selected according to the following two criteria: a)
the organs in which the symptoms are concentrated, and
b) the organs that can be distinguished from each other
by both the respondent and the researcher. In part A, the
question is framed as “Have you had pain, discomfort,
burning, or numbness in any of the specified areas in
the last 12 months?”. In part B, the question is formed
as follows: “In the past 7 days in which of the specified
areas have you had pain, discomfort, burning, or numb-
ness?” Finally, in part C, the question is presented as fol-
lows: “In the last 12 months in which of the specified
areas due to pain or discomfort have you had to rest or
reduce work activity, leave the workplace, or be unable
to perform activities at work or home?”

The reliability and validity of this questionnaire have
been confirmed in different versions, including the Per-
sian version [27]. The Nordic questionnaire is designed
to answer the general question of whether skeletal-mus-
cular problems occur for a certain population and if so,
in which of the body’s organs are these disorders more
concentrated. Anatomical areas were selected according
to the following two criteria: a) The organs where the
symptoms are concentrated and b) The organs that can be
distinguished from each other by the respondent and the
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researcher. NASA-TLX is a versatile tool and provides a
multifaceted process available with different ratings de-
signed to assess the perceptual aspects of mental work-
load. The mental workload tool, as the most powerful
tool, provides a model to estimate the mental workload
by using 6 scales mental demand, physical demand, tem-
poral demand, effort, performance, and frustration. This
questionnaire was first developed by Hart and Steveland
in 1988 at the National Aeronautics and Space Adminis-
tration (AMES NASA Research Center) to assess mental
workload [16]. The reliability and validity of this ques-
tionnaire in Iran has been confirmed by Mohammadi et
al. and the Cronbach o coefficient was calculated at 0.847
[28]. The process of evaluating the mental workload us-
ing the NASA-TLX model includes three steps that will
be carried out as follows. The first step is to determine the
load weight of each of the six scales (weight), the purpose
of which is to specify the priority of the six scales of TLX.
At this stage, all the scales are evaluated and selected by
the employees in pairs and 15 different modes, and then
each of the workload dimensions is determined between 0
and 1. The second step is to determine the rating (level) of
each of the six scales (measures), to assess the influence of
each of the six factors on cognitive workload. The weight-
ed average score of each scale is calculated based on the
number of times the cognitive workload-related factor is
selected in the paired selection of each participant. Then,
the total weighted scores (which is 15) are divided. The
data were analyzed using the SPSS software, version 26,
in addition to descriptive statistics and statistical tests of
the t-test, the Fisher exact test, and logistic regression at a
significance level of 0.05.

Results

The percentage of the overall prevalence with at least one
report of discomfort in each of the nine areas of the body
during the last 12 months for men and women was equal
to 78.34% and 99.84%, respectively. Also, the percentage
of overall prevalence of musculoskeletal disorders in the
entire community with minimal discomfort in one member
was calculated at 92.93%. Other details of the prevalence
of musculoskeletal disorders based on the Nordic ques-
tionnaire in nine body regions are reported in Table 1.

As shown in Figure 1, the average percentage of
neck, left shoulder, right shoulder, right elbow, left el-
bow, right wrist, left wrist, upper back, waist, hip and
thigh, knee and ankle disorders are as follows: 30.1%,
11.76%, 13.74%, 9.23%, 6.56%, 28%, 25.6%, 20.1/1,
13.8%, 17.1%, 26%, 23.46%. According to the Nordic
questionnaire, there are more neck disorders than other
areas of the body.
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Table 1. The prevalence of musculoskeletal disorders (%)
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%

Section
ae Knee BV Bad PRI (ML et Ebow how Shodder shouder Neck
A Qn“;f:m' 382 43 28 23.12 40 4238 484 75 123 19.3 15 58.4
B: Q:;::o”' 279 20 14 103 153 208 256 99 10 14.13 9.8 20
C Q:;::’on- 43 15 9/3 8 5 12 10 23 54 7.8 105 12

The relationship between the disorders of the examined
organs in the Nordic questionnaire with age and work
experience was investigated; accordingly, there is a sig-
nificant relationship between the disorders of different
parts and the influencing factors (P=0.001). Question-
naires were analyzed based on two age groups <35 years
and >35 years. The most musculoskeletal disorders were
for the age group over 35 years old, where 34.37% of
people had musculoskeletal disorders in different parts
of their bodies. Among the people in the age group <35
years old, 28.9% of people had musculoskeletal disor-
ders. Also, for the work experience, the questionnaires
were examined based on two groups of with experience
of <10 years and >10 years. The most musculoskeletal
disorders were for the group with >10 years of work
experience, where 37.43% of people had musculoskel-
etal disorders in different parts of their body. Among the
people in the group with <10 years of work experience,
31.06% had musculoskeletal disorders.

Figure 1. Total mean Body area used in the Nordic Questionnaire (%)
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Mental workload

According to the results of the evaluation of mental
workload, in this study, the effort level component with
the Mean+SD of 74.95+22.16 has the highest score, and
feeling discouraged with the Mean=SD of 49.92+26 has
the lowest score compared to other components. Other
results are reported in Table 2.

The examination of the mental demand by different
departments showed that the sterilization department
with the Mean+SD of 67.41+£24.86 had a higher men-
tal demand than other departments and the reception
department with the Mean+SD of 50.72426.59 had a
lower mental workload than other subjects (Table 3).

Table 4 shows the relationship between mental work-
load and its components with demographic and con-
textual factors. The physical demand component had a
significant relationship with age group, service history,
type of shift, number of shifts, and type of employment
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Table 2. Mean+SD of mental workload components

Components  Frustration  Performance Effort el el Mental Demand  Total Score
Demand mand
MeantSD  49.92+26.00 63.85+24.48  74.95+22.16 65.62+25.51 65.34426.23 64.66+24.37 64.05+£24.79
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Table 3. Mean+SD of mental workload dimensions in the studied departments

MeanzSD
Departments N
Frustration performance Effort Temporal Physical Mental Total Task Load
Demand Demand Demand Index
Landry 52.48+26.4 55.0+22.4 78.9+23.98 72.66+23.8 59.44+23.8 58.3+20.7 62.61+23.51
Sterilization 46.88+28.43 62.23+26.13 74.43+18.62  69.88+23.6 71.74+22.5 80.34+18.34  67.41+24.86
Reception 42.22+30.24 76.87+18.9 55.34+254  43.60%+29.79 44.9+28.48 44.44+26.74  50.72+26.59
Pediatric 46.1+28.8 58.71+22.4 72.44+21.2 69.2+22.32 74.1+21.77 64.24+22.6 63.63+23.18
Repair 48.4+27.32 50.68+30.43 70.0+26.44  63.134+26.24 55.2+29.85 61.98+22.18 58.23+27.07
Diagnostic 49.9+28.34 64.4+28.6 67.6%26.3 57.88+22.54  60.34+24.48  61.59+18.33 59.95+24.76
Archives of
Rehabilitation
(P=0.03). The Temporal demand component showed a independent t-tests and the one-way analysis of variance
statistically significant relationship with body mass in- did not show a significant relationship between the total
dex, service history, and type of employment (P=0.001). mental workload and the variables of age, gender, mari-
Also, a significant relationship was found between the tal status, education level, service history, employment

effort component and body mass index (P=0.01). The status, number of shifts, and shift work (P>0/05).

Table 4. Correlation test between mental workload and its demographic factors

Variables Frustration  Performance Effort Temporal Demand  Physical Demand Mental Demand Total
Age groups® 0.959 0.668 0.32 0.073 0.03" 0.243 0.13
Sex® 0.68 0.68 0.67 0.4 0.5 0.98 0.7
Body mass index® 0.579 0.88 0.07 0.03" 0.162 0.664 0.6
Work experience® 0.573 0.566 0.625 0.002° 0.02" 0.332 0.14
Shift type® 0.876 0.14 0.554 0.413 0.038" 0.843 0.44
Number of shifts® 0.77 0.24 0.18 0.978 0.06" 0.89 0.7
Employment type? 0.36 0.83 0.168 0.03" 0.01" 0.44 0.08
Marital status® 0.3 0.4 0.64 0.89 0.41 0.77 0.3
Medication® 0.1 0.2 0.1 0.3 0.2 0.2 0.2
Smoking® 0.2 0.4 0.9 0.64 0.5 0.69 04
Education level® 0.6 0.04 0.8 0.9 0.18 0.14 0.2
Archives of
*One-way analysis of variance, *Independent t-test, "P<0.05. Rehabilitation
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Discussion

The results showed that the average percentage
of disorders are as follows: Neck area=30.1%, left
shoulder=11.76%, right shoulder=13.74%, right el-
bow=9.23%, left elbow=6.56%, right wrist=28%,
left-hand wrist=25.06%, upper back area=20.1%,
waist=13.8%, hip and thigh=1.17%, knee=26%, and
ankle=23.46%. Age and work experience had a signifi-
cant relationship with the prevalence of musculoskel-
etal disorders. Meanwhile, the effort component with a
Mean+SD of 74.95+22.16 had the highest score, and dis-
couragement with a Mean+SD of 49.92+26 received the
lowest score compared to other components. The ster-
ilization department with a Mean=SD of 67.41+£24.86
showed a higher mental workload than other depart-
ments and the reception department with a Mean+SD
of 50.72426.59 had less mental workload than other
cases. The chances of suffering from musculoskeletal
disorders in the neck, wrist/hand, and back areas in em-
ployees with more than 10 years of work experience are
about 6.5, 5.5, and 10 times, respectively, compared to
employees with less than 10 years of work experience.
In the same way, the chances of having musculoskeletal
disorders in the neck and back areas in employees who
work more than 10 h a day are about 5.5 and 5.8 times,
respectively, compared to employees who work less than
10 h. According to the results of the Nordic question-
naire, musculoskeletal disorders among the employees
of this hospital had a very high prevalence. Accordingly,
the organs of the neck (30.1%), back (28%), and right
shoulder (26%) had the highest prevalence of disorders.
In this regard, Besharti et al. obtained results similar to
the results of the present study. The results of their study
showed a high prevalence of musculoskeletal disorders
during the past 12 months, which was reported to be the
most prevalent in the neck (60.16%), back (57.10%) and
shoulder (54.03%) organs [29]. In the study of Ghola-
mi et al., who investigated musculoskeletal disorders
among the employees of a medical university, the lower
back (60.7%) and neck (50.9%) were the most common
[30]. Also, in Pirmoradi et al.’s study, the neck (51.94%)
and back (41.5%) [31], and in Heidarimoghadam et al.’s
study neck (56.7%) and shoulder (40%) have the high-
est prevalence of musculoskeletal disorders [14]. In the
cohort study of Collins et al., who investigated the men-
tioned disorders in two educational institutions, simi-
lar to the findings of this study, neck (58%), shoulder
(57%), and back (51%) organs were at the highest risk
of infection [32]. The results showed that the prevalence
of symptoms of musculoskeletal disorders among the
employees of this hospital is high. Overall, 70% of the
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employees have reported the symptoms of these disor-
ders in at least one area of the musculoskeletal system,
and since most of the employees are in the age range of
30-40 years, the problems related to the musculoskeletal
system in this job are significant and employees are at
high risk of suffering from these disorders. However,
these conditions can be caused by the lack of adjustment
of the equipment or the use of non-adjustable equipment.
According to the present study, since the most prevalent
musculoskeletal disorders were in the neck area, it is
suggested to use height-adjustable monitor holders, for
example, in office work. It is also recommended to train
employees not to keep the phone between their neck and
shoulder. It is necessary to use chairs with proper sup-
port for the back, with the ability to adjust the height and
height of the forearm support to reduce the risk of fac-
tors involved in musculoskeletal disorders related to the
back and shoulders. Designing and modifying worksta-
tions based on ergonomic principles, such as arranging
the necessary equipment at the workplace in such a way
that the person is forced to leave the sitting position. In-
stalling software that reminds you to perform stretching
and stretching exercises on staff computers, and setting
appropriate work schedules in terms of the amount of
rest and work are among the factors that reduce the risk
of musculoskeletal disorders in the different areas inves-
tigated in this research. In the present study, the effort
level component with a Mean+SD of 74.954+22.16 had
the highest score, and the feeling of discouragement with
a Mean£SD 0f 49.92426 had the lowest score compared
to other components. Also, in Jonker’s study conducted
in 2009, the results showed that the position of the head
and upper limbs among dentists is inappropriate [33]. In
2013, Habibi et al. investigated the relationship between
mental workload and musculoskeletal disorders among
nurses at Al-Zahra Hospital using the NASA-TLX and
the Cornell questionnaire. The results showed a signifi-
cant relationship between the amount of musculoskel-
etal discomfort of nurses with the dimensions of frustra-
tion burden, total burden, time requirement, effort, and
physical requirement, respectively (0.211, 0.216, 0.277,
0.277, 0.304); however, there was no direct relationship
between the dimensions of performance workload and
mental demand with the prevalence of musculoskeletal
disorders among nurses (r=0.05, P<0.304) [34]. The ob-
tained results of the mental workload in the entire stud-
ied sample are in line with the research of Sarsangi et al.,
which was conducted in 2013 on the nurses of hospitals
in Kashan City, Iran, In this study, among the workload
components, age, type of shift, number of shifts and
The type of employment had a significant relationship
(P<0.05), which is similar to the study by Sarsangi et al.

Maleki Roveshti M, et al. Mental Workload and Musculoskeletal Abnormalities of Dentists. RJ. 2024; 25(2):232-247.
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[5]. In this study, no significant relationship was found
between workload and all demographic variables and
background factors (P>0.05); however, in the study of
figures between age, work experience and shift work, a
significant relationship was found (P<0.05) [35]. In this
study, the highest score was related to the effort level
factor, which is in line with Mazur et al.’s studies, which
can be attributed to the low number of workforce and
high volume of work [36]. The average total workload
was higher than the average and compared to Zakerian
et al.’s study which was conducted on the nurses of two
big hospitals in Tehran City, Iran, it is consistent [37].
Also, the highest score in both studies was related to the
level of effort. The score of temporal demand was high
in all the departments under study, while Fottler et al.
found in their study that medical workers do not have
enough time to provide adequate services [38]. In the
study of workload in Urmia City, Iran, nurses conduct-
ed by Malekpour et al., the discouragement score was
much higher compared to the present study [39]. The
reason for this difference can be found in the organiza-
tional climate. It is also necessary to investigate other
harmful ergonomic and physical factors of the work en-
vironment (such as noise, lighting, heat stress, etc.) of
the administrative staff of other organizations [40].

Conclusion

The findings of the present study showed that the
current situation and conditions in Shahid Shokri Den-
tal Hospital are not in a proper position and require
changes and improvement of conditions and worksta-
tions. Increasing the awareness of employees regarding
ergonomic risk factors can improve the conditions. On
the other hand, considering the tremendous impact of
training on the improvement of workstations, during a
suitable training program, this matter should be given
special attention and the necessary knowledge should
be given to the employees in this field. Because even
though more than 40% of the employees in the present
study were familiar with ergonomics and its role in their
health, this did not have much effect on maintaining
their musculoskeletal health. Also, high work history
and the number of working hours per day were effective
factors in the occurrence of symptoms in the neck and
wrist/hand areas. It is suggested that in future studies,
the solutions presented in this study should be used to
improve the ergonomic status of employees to conduct
intervention studies, and after the implementation of the
aforementioned interventions, a study can be conduct-
ed to determine the effectiveness of the reforms made
among employees.

Summer 2024. Vol 25. Num 2

Study limitations

Due to the inherent limitations of cross-sectional stud-
ies and the data collection method, which was self-re-
ported, caution should be observed in the interpretation
of the findings of the present study. In collecting data
by self-report method, there is a problem of remember-
ing the symptoms of musculoskeletal disorders. The
employees participating in the present study were all
active and engaged in the workforce; therefore, em-
ployees who temporarily or permanently quit their jobs
due to musculoskeletal disorders were not included in
the study. Accordingly, there is a possibility of a healthy
work effect. As a result, the results of the present study
may have underestimated the prevalence of symptoms
of musculoskeletal disorders than what exists. The un-
willingness of several employees in the study company,
the non-cooperation of several participants in answering
some questions, as well as the possibility of a non-rou-
tine physical state during the assessment of the physical
state by the researcher, are other limitations.
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