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Abstract

Aim This study aimed to assess the prevalence, anatomical distribution, and contributing biological and psychosocial factors
of work-related musculoskeletal disorders (WMSDs) among dental students.

Subject and methods We used the Nordic Musculoskeletal Questionnaire (NMQ) to determine the prevalence and anatomi-
cal distribution of WMSDs, integrating biological and psychosocial variables, including stress, anxiety, and quality of life
levels measured by the Perceived Stress Scale (PSS), Generalized Anxiety Disorder Assessment (GAD-7), and World Health
Organization Quality of Life-Brief Form (WHOQOL-Bref), respectively. We used chi-square tests to analyze differences
between the prevalences of independent groups, and binary logistic regression models to identify potential predictors among
sociodemographic and psychosocial characteristics.

Results A total of 239 students were contacted to participate and 123 answered the questionnaire, setting the response rate
at 51.5%. We excluded 18 for being over 30 years old and 25 for having diagnosed and ongoing musculoskeletal injuries,
leaving 80 participants. They were 77.5% women and 22.5% men with 22.69 + 1.63 years, 1.67 +0.08 m, 60.44 +10.94 kg
and a body mass index (BMI) of 21.46 +2.61 kg/m?. A total of 91.3% of the participants reported symptoms in at least one
body region in the past year. The neck and lower back (63.8%) were the most frequently affected areas, followed by 40%
in the shoulders and 31% in the wrists/hands. Over the period of a week, 23.8% experienced symptoms in the lower back,
21.3% in the cervical region, and 15% in both shoulders and wrists/hands. Additionally, male students are 90% more likely
to develop WMSDs in the shoulders, and students with anxiety are 49% more prone to refer WMSDs in lower back region.
Conclusion High WMSDs rates were observed in dental students in neck, low back, and shoulders. Male students and those
with increased levels of anxiety were more likely to develop WMSDs. Further investigation focused on the motor-behavior
adaptations and psychosocial determinants underpinning these findings is fundamental to fully understand them, allowing
the development and implementation of strategies to prevent and manage WMSDs in dental students.
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Introduction

Work-related musculoskeletal disorders (WMSDs) have sur-
faced as a prominent health concern amongst healthcare pro-
fessionals, notably dentists, with an alarming 95.8% reportedly
encountering these issues in their lifetime (Hayes et al. 2009).
Early manifestations are observed in dental students, with
reported prevalence ranging from 44 to 93% (Aboalshamat
2020; Kapitan et al. 2019; Ohlendorf et al. 2020). These disor-
ders, characterized by discomfort or persistent pain in muscles,
ligaments, tendons, and other components of the locomotor sys-
tem, are often exacerbated by the professional environment and
working conditions (Hayes et al. 2009; Suganthirababu et al.
2022).

Dental professionals are particularly susceptible due to the
nature of their work, which often involves static, asymmetri-
cal postures and repetitive movements (Aboalshamat 2020;
Almeida et al. 2023; Kapitan et al. 2019; Ohlendorf et al. 2020).
The prevalence and impact of WMSDs are not only rooted in
physical strains but are also intricately linked to psychosocial
factors, a dimension often overlooked in traditional epidemio-
logical studies (Almeida et al. 2023; Hayes et al. 2009; Santucci
et al. 2021). A comprehensive analysis through a recent sys-
tematic review with a meta-analysis underscored this concern,
highlighting a pervasive occurrence of WMSDs, especially in
the cervicothoracic, lumbar, and shoulder regions (Almeida
et al. 2023). However, the lack of data linking these disorders
to specific biological, behavioral, and psychosocial factors
impeded the establishment of clear correlations, signaling a
need for in-depth, multifaceted research. The pain adaptation
model (PAM) suggests that the intersection of multidimensional
aspects of pain and individual sensory-motor systems underpins
the complexity of WMSDs (Murray and Peck 2007; Peck et al.
2008). Each unique pain experience, marked by distinct char-
acteristics, induces specific motor responses, underscoring the
necessity for individualized approaches to intervention (Murray
and Peck 2007; Peck et al. 2008). This research is anchored in a
holistic perspective, aspiring to yield insights that could inform
personalized, effective interventions to mitigate the impacts of
WMSDs and enhance the occupational well-being of future
dental professionals.

Therefore, our study aimed to assess the prevalence, anatomi-
cal distribution, and associated biological and psychosocial ele-
ments of WMSDs in dental students enrolled in clinical practice.

Methods
Study design

We implemented a cross-sectional, questionnaire-based
study approved by the Egas Moniz School of Health &
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Science Ethics Committee, under the number CEEM-
1121, in September 2022. Anonymity and confidentiality
of the data were strictly maintained, aligning with ethical
guidelines, and ensuring participants’ privacy and data
protection. All methodologies applied within the study
rigorously adhered to the ethical principles rooted in the
1975 Declaration of Helsinki, as revised in 2008.

Participants

Dental students in their fourth or fifth year enrolled in
the master’s degree in dentistry at Egas Moniz School of
Health & Science — Portugal volunteered to participate
in the study. The inclusion criteria focused on students
actively engaged in clinical practice, while students over
the age of 30 years or with ongoing musculoskeletal dis-
orders were excluded.

Data collection

We employed an online questionnaire ensuring an effi-
cient, participant-friendly experience, while collecting
comprehensive data on WMSDs, stress, anxiety, and
quality of life. The online form included the Nordic
Musculoskeletal Questionnaire (NMQ) (Mesquita et al.
2010), the Perceived Stress Scale (PSS) (Amaral et al.
1991; Trigo et al. 2010), the Generalized Anxiety Dis-
order Assessment (GAD-7) (Sousa et al. 2015), and the
World Health Organization Quality of Life-Brief Form
(WHOQOL-Bref) (Vaz Serra et al. 2006). The question-
naires were administered at the beginning of the sec-
ond semester, from January to March. Participants were
required to read and provide their consent digitally,
before answering the questionnaire.

Statistical analysis

We used the Statistical Package for Social Sciences
(SPSS®) 27 software (IBM Corp., Armonk, New
York, USA) for the statistical analysis of this study. We
employed chi-square tests to analyze differences between
independent groups for categorical variables. Categori-
cal variables were reported as frequencies and percent-
ages, while continuous variables were presented as mean
and standard deviation (SD). To assess the influence of
demographic factors and health-related attributes on
WMSDs, binary logistic regression models were utilized
to identify potential predictors, including sociodemo-
graphic and psychosocial characteristics. This regression
model was applied to the body regions with a prevalence
over 25%.
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Results

The study garnered responses from 123 out of 239 contacted
students, representing a 51.5% response rate. After applying
the exclusion criteria, which removed 18 participants aged
over 30 years and 25 with ongoing musculoskeletal injuries,
80 participants were included in the final analysis. The par-
ticipants comprised 77.5% women (n =62) and 22.5% men
(n = 18) with an average age of 22.69 +1.63 years and an
average body mass index (BMI) of 21.46+2.61 kg/m*: 35
were from the 4th year and 45 from the 5th year. Compre-
hensive sociodemographic information on the participants
can be found in Table 1.

Analysis of the NMQ data indicated the distribution of
work-related musculoskeletal symptoms among the par-
ticipants. In the last 12 months, 91.3% of students enrolled
in clinical practice reported symptoms in at least one body
region. The cervical region and low back both shared the
highest prevalence of reported WMSDs at 63.8%, followed
by the shoulders at 40.0%. Pain affecting work or activity
was mostly reported in the low back (13.8%), followed by
the cervical region (10.0%) and ankles/feet (7.5%). The
symptoms experienced in the previous 7 days, depicted the
low back as the most affected area at 23.8%, with the cervi-
cal region close behind at 21.3%. Both shoulders and wrists/
hands had a prevalence rate of 15%. Prevalence rates for
each of the nine body regions as per the NMQ are provided
in Fig. 1 and detailed in Appendix 1 (Almeida 2023).

When differentiating prevalence by curricular year, the
analysis revealed that 5th-year students exhibited higher
occurrence rates in the neck (73.3%) and shoulders (46.7%),
while 4th-year students reported a 71.4% rate in the lower
back over a 12-month period. In contrast, over a 7-day span,

prevalence rates remained consistent across both years, with
the notable exception of a 37.1% rate in the lower back for
4th-year students. Figure 2 illustrates the distribution of
WMSDs among participants by curricular year.

When prrevalence was analyzed by student’s sex, female
students exhibited higher rates in the neck (67.7%) and
hands/wrists (33.9%), whereas male students reported
greater prevalence in the shoulders (50%) and upper back
(33.3%) over a 12-month period. With regard to WMSDs
that hindered work or regular activities, females predomi-
nantly experienced symptoms in the hands/wrists (4.8%),
while males had elevated rates in the neck (22.2%), shoul-
ders (11.1%), and upper back (16.7%). In a 7-day review,
female students showed higher prevalence rates in the neck
(24.2%) and lower back (25.8%). Figure 3 represents the dis-
tribution of WMSDs among participants, categorized by sex.

A binary logistic regression used to determine the rela-
tion of sociodemographic and psychosocial factors with the
development of WMSDs showed that male students are 90%
more likely to develop shoulders WMSDs and students with
anxiety are 49% more prone to refer WMSDs in lower back
region as detailed in Table 2.

Discussion

Work-related musculoskeletal disorders associated to
work physical burden and environmental factors have
been an area of significant concern, especially in pro-
fessional dentists. With WMSDs reported rates as high
as 95.8% during their working careers, concerns arise
about their affected areas, causes, risk factors, economic
burden, and prevention, since high rates have been

Table 1 Sociodemographic and

health-related characteristics of Mean (& SD) Range Frequency (n)

the participants Age (years) 22.69 (+1.63) 20-30
Sex (male | female) 22.5% (18) 77.5% (62)
Height (m) 1.67 (+0.08) 1.53-1.96
Weight (kg) 60.44 (+10.94) 41-96
BMI (kg/mz) 21.46 (£2.61) 16.22-29.30
Curricular year (4th | 5th) 43.7% (35) 56.3% (45)
Dominance (left | right) 3.7% (3) 96.3% (77)
Smoker (yes | no) 13.7% (11) 86.3% (69)
Alcohol consumption (yes | no) 76.3% (61) 23.7% (19)
Chronic medication (yes | no) 3.7% (3) 96.3% (77)
Physical activity (yes | no) 53.7% (43) 46.3% (37)
Stress (0-40) 20.69 (+3.59) 11-30
Anxiety (0-21) 7.12 (£5.58) 0-21
Quality of life (0-100) 78.95 (+8.49) 58.72-92.62

BMI body mass index, SD standard deviation
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Fig. 1 Musculoskeletal symptoms prevalence by body region
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Fig.2 Musculoskeletal symptoms prevalence by curricular year

reported since their student years (Aboalshamat 2020;
Hayes et al. 2009; Kapitan et al. 2019; Koni et al. 2018;
Ohlendorf et al. 2020; Suganthirababu et al. 2022). The
higher prevalence of WMSDs in dental students can be
attributed to the rigorousness of their educational jour-
ney, encompassing intensive theoretical and practical
training, examinations, and their relative inexperience
compared to established dental professionals (Aboalsha-
mat 2020; Almeida et al. 2023; Faust et al. 2021; Kapitan
et al. 2019; Ohlendorf et al. 2020). The insufficiency of
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data associating these disorders to distinct biological,
behavioral, and psychosocial elements hinders the forma-
tion of definitive relations, highlighting the necessity for
comprehensive and multidimensional research to fill this
knowledge gap (Almeida et al. 2023). With this study, we
aimed to assess the prevalence, anatomical distribution,
and associated biological and psychosocial elements of
WMSDs in dental students enrolled in clinical practice,
comparing with the occurrence rates reported for their
peers and professional dentists.
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Fig.3 Musculoskeletal symptoms prevalence by sex
Table 2, Binary logiStic Neck Shoulders Hands/Wrists ~ Upper back Lower back
regression of physical and
psychosocial determinants for p OR p OR p OR p OR p OR
WMSDs development
Sex 0.221  0.140 0.042* 0.099 0.745 1439 0.126 0.134 0.246 0.232
Age 0.116  1.880 0.112 0.503 0.091 1.600 0.070 0.305 0.255 0.716
Body Mass Index  0.125  0.709 0.214  0.820 0.363 0.850 0.299 0.814 0924 1.016
Dominance 0.998  0.000 0.999  0.000 0.694 2.050 0.999 0.000 0.999 -
Smoker 0.654 2.014 0.723 1.643 0.999 0.000 0.999 0.000 0.054 0.001
Alcohol consumer 0.074 11.429 0.836 1212 0.673 1542 0.260 4.755 0.293 0.233
Family history of ~ 0.998 - 0.320 2.671 0.836 0.803 0.318 3.700 0.370  3.329
MSK disorders
Regular exercise 0229 4.006 0.075 0.179 0.866 1.163 0.258 4.237 0.993 1.010
Stress 0.107 1473 0547 1.092 0.606 0.918 0.125 1431 0.635 0.908
Anxiety 0.891 0978 0.267 0.864 0.386 0.903 0.141 0.707 0.040* 1.489
Quality of life 0999 1.000 0.137 0.908 0.108 0.911 0.558 0.958 0.590 0.963

MSK musculoskeletal, OR odds ratio, p =p-value; * =p-value <0.05

Our study found that 91.3% of students enrolled in clini-
cal practice reported WMSD symptoms in at least one body
region over the past 12 months, which came notably close to
the reported rates for professional dentists (92%) (Hayes et al.
2009; Lietz et al. 2018; Zakerjafari and YektaKooshali 2018)
and consistent with the higher range of previously reported
for this population, between 44% and 93% (Aboalshamat
2020; Felemban et al. 2021; Kapitan et al. 2019; Lestari and
Palupi 2020; Ohlendorf et al. 2020; Sulimany 2021; Zafar
and Almosa 2019). The cervical region and low back both
exhibited the highest prevalence of WMSDs at 63.8%. These
findings mark an increase from rates found in dental students

reported in a recent systematic review with meta-analysis,
which showed occurrence rates of 51% for the neck, 45.3%
for the shoulders, and 42% for the lower back (Almeida et al.
2023). Notably, the annual prevalence for shoulder disorders
with 40% was slightly lower than these reference figures. Our
findings highlight a concerning trend of elevated WMSDs
rates in our study's population compared to those previously
documented in similar demographic groups (Almeida et al.
2023). Our study confirmed that a high 12-month prevalence
rate could be seen since the first years of dentistry clinical
practice, with special incidence in the body regions expected
to sustain a higher demand during their training.

@ Springer
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Nonetheless, while our research elucidates high rates
of WMSDs in dental students, it is noteworthy that the
rates of incapacity to work due to WMSDs were slightly
lower than those recently reported (Almeida et al. 2023).
Similarly, 13.8% of students reported that lower back symp-
toms affected their work, compared to the reported 15.2%
(Almeida et al. 2023) and only 10% were incapacitated to
work due to neck symptoms, compared to the 13.9% previ-
ously reported (Almeida et al. 2023). Similar discrepancies
were observed for other regions like the shoulders, upper
back, and hands/wrists. The data regarding prevalence
affecting work or activity in this population should be inter-
preted carefully, since the clinical practice is part of their
evaluation process, which could prompt students to keep
their clinical practice despite their symptoms.

The 7-day prevalence report in our study mirrors the recent
findings in this area, suggesting a consistent trend in short-
term symptom prevalence in the dental student population,
with main affected body regions being low back, neck, and
shoulders, with rates slightly lower in our study when compar-
ing to previous studies (Almeida et al. 2023). The lower rates
of WMSDs reported over a 7-day period as compared to the
annual figures may be influenced by the timing of the survey,
which was conducted post-holiday, suggesting that tempo-
rary breaks in clinical practice could alleviate symptoms in
the short term. However, the overall higher annual rates point
to the persistent nature of these disorders, and highlight the
cumulative impact of the physical and psychosocial demands
and ergonomic challenges faced in dental practice, especially if
we consider the unique requirements throughout the academic
year. This emphasizes the critical need for further investigation
on this issue to guide ergonomic improvements and proactive
preventive strategies in dental education aiming to reduce the
long-term risk of WMSDs among future dental professionals.

When analyzing the reporting differences between cur-
ricular years we observed that Sth-year students have a
higher incidence of WMSDs in the neck (p=0.043) and
shoulders (p =0.168), which could be attributable to the
increased physical burden of clinical practice they undergo,
especially given that their clinical hours are double those of
the 4th-year students. Conversely, higher rates of lower back
(p=0.208) WMSDs observed in 4th-year students com-
pared to their Sth-year peers could stem from their relative
inexperience, which might translate to poor techniques, as
already reported in other studies (Botta et al. 2018; Lestari
and Palupi 2020; Rendzova et al. 2021; Sulimany 2021).
This inexperience subsequently places a greater strain on
their lower backs, further evidenced by a higher 7-day preva-
lence rate for the same group, which could indicate a short-
term issue that evolves to a long-term problem since it is a
body region with one of the highest annual reported rates.
Although we found these tendencies between curricular
years, only the difference in neck WMSDs was significant,
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which could suggest specific factors at play in the 4th and
5th years, such as the mentioned total of clinical training
hours. To understand these results better, it would be ben-
eficial to explore the specific conditions and behaviors of
students in these years, as well as the motor behavior adapta-
tions underlying these prevalence rates. Additionally, a lon-
gitudinal study design could be useful to track the evolution
of these prevalence rates and motor control changes associ-
ated with the increasing clinical practice hours.

In examining the sex-specific data, we observed that female
students reported a higher incidence of WMSDs in the cervical
region (p=0.168) and hands/wrists (p =0.348), a trend that
is in line with previous findings among female dental profes-
sionals and students (Felemban et al. 2021; Kursun et al. 2014;
Lestari and Palupi 2020; Sulimany 2021; Zafar and Almosa
2019). While the prevalence of cervical discomfort aligns with
well-documented patterns, where females are generally more
susceptible to neck pain (Fejer et al. 2006), a phenomenon
usually attributed to distinct physiological pain perception
mechanisms across sexes, our findings are opposed to existing
literature that suggests higher hand/wrist symptomatology in
male students (Aboalshamat 2020). Our study reveals a pro-
nounced sex-related disparity, with female students experienc-
ing a higher annual rate of cervical WMSDs (67.7%) compared
to their male counterparts (50%), which is in accordance with
the majority of previous studies in this area (Felemban et al.
2021; Kursun et al. 2014; Lestari and Palupi 2020; Sulimany
2021; Zafar and Almosa 2019). Given that dental tasks often
require sustained head flexion, leading to cervical muscle
strain and joint stress, the interaction between occupational
demands and inherent sex-related differences in pain sensitiv-
ity could explain the elevated incidence of neck issues among
female students. Conversely, our results indicated that male
students were more affected by shoulder (p=0.325) and upper
back (p=0.438) WMSDs. Such a pattern suggests that male
and female students may adopt distinct ergonomic strategies
during dental procedures. Although the unbalanced sex ratio
in our participant group and the sex differences found being
non-significant could affect the robustness of these findings,
the tendency of differences observed between male and female
students could highlight the necessity for further investigation
on this topic and for sex-specific ergonomic and preventive
measures in dental education to address the unique vulner-
abilities of each group.

In our exploration of risk factors associated with this
WMSDs reporting, the binary logistic regression analy-
sis highlighted two possible associations. Male students
were found to be 90% more prone to develop WMSDs in
shoulders despite the prevalence between sexes were non-
significant as referred. Additionally, we found that students
with higher anxiety levels are 49% more prone to refer
WMSDs in lower back region, which is consistent with
the existing literature (Hu et al. 2022; Oliveira et al. 2019).
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The observed patterns of WMSDs total prevalence and
group-specific occurrence in this population and their asso-
ciations with physical and psychological factors underscore
the importance of further research into the underlying motor
behavior changes. Understanding the biomechanical and
motor control adaptations that dental students develop in
response to the demands of clinical practice could be cru-
cial for creating more effective ergonomic interventions and
develop adjusted preventive measures. Investigating these
adaptations can provide valuable insights into the develop-
ment of targeted preventive measures that can be integrated
into dental studies curriculum. Moreover, the role of psycho-
logical factors in mediating the experience and reporting of
WMSDs cannot be overstated. The interconnection between
mental health, quality of life, and the physical manifestation
of musculoskeletal symptoms necessitates a multidiscipli-
nary approach to research, combining ergonomic, psycho-
logical, and physical dimensions. By delving into the differ-
ent aspects that may predispose or protect against WMSDs
and their real impact on their occurrence, stakeholders can
develop more holistic and effective strategies to enhance the
welfare of dental students, ultimately fostering a healthier and
more productive future workforce in the dental profession.

Our study sought to address previously noted shortcom-
ings such as incomplete participant data, a limited scope
of associated factors, and the omission of the psychosocial
dimension. However, we encountered certain limitations. The
reliance on self-reported questionnaires, while cost-effective
and widely accessible, carries an inherent risk of recall bias,
particularly for the 12-month reporting period. While our
response rate was commendable, capturing over half of the
student body, a larger sample would lend more robustness to
our findings. Additionally, the focus on senior dental students
from a single academic institution may not reflect the wider
student experience, given that educational and environmental
conditions vary across different universities, both public and
private, and across regions. The asymmetry between male
and female students is representative of this student popu-
lation, but may influence the interpretation and generaliza-
tion of the results. These factors should be considered when
extrapolating our results to a broader context.

Conclusion

Our study underscores the persistent high rates of
WMSDs among dental students, especially in neck, low
back, and shoulders, following the tendencies reported
in previous studies with this population. Physical fac-
tors such as a student’s sex, along with anxiety, were
associated to WMSDs reported rates, and could play an
important role in future understanding and managing

of WMSDs. Hence, a comprehensive and multifaceted
study of motor behavior alterations and psychological
determinants underlying these findings is essential. This
approach will not only deepen our understanding of their
causes but also aid in developing theoretical support for
future coping strategies and interventions. Addressing
these issues holistically can lead to better health out-
comes for dental students, ensuring a more sustainable
future in dental practice.
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