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Influence of Weekly Working Hours on Musculoskeletal Disorder Risk
Associated with Biomechanical Factors

Francesco S. Violante* (), Francesca Graziosi* (), Yohama Caraballo-Arias (), Francesco Decataldo
and Roberta Bonfiglioli*

Department of Medical and Surgical Science, AlIma Mater Studiorum - University of Bologna, Bologna, Italy

OCCUPATIONAL APPLICATIONS ARTICLE HISTORY
Assessing individual risk for musculoskeletal disorders (MSDs) associated with biomechanical Received 16 January 2024
factors requires a comprehensive evaluation of various occupational parameters, including Accepted 2 July 2025
weekly working time. Our results provide compelling evidence suggesting a positive linear KEYWORDS

correlation between weekly working hours and the risk of MSDs, a finding observed across Biomechanical risk factors;
various job categories and anatomical regions. This correlation suggests that reducing work ergonomics; occupational
hours, including implementing reduced work schedules or part-time employment, may offer injuries; musculoskeletal
potential benefits for MSDs prevention. However, to more comprehensively understand the disorders; part-time; full-time
complex relationship between weekly working hours and MSDs development, rigorous

longitudinal studies are essential. These studies would provide valuable insight into the

temporal dynamics of MSDs risk and allow for a more nuanced assessment of the long-term

health effects of different work schedules. Such evidence will better equip occupational

health professionals and policymakers to develop effective, evidence-based strategies for

MSDs prevention and promote healthier work environments.

TECHNICAL ABSTRACT

Background: Epidemiological studies suggest that high levels of exposure to biomechanical
factors may increase the risk of MSDs, especially when combined. Several methods have been
proposed for hazard exposure and risk assessment, yet a general gold standard does not
exist. Prior studies on work-related MSDs were conducted primarily in standardized industrial
environments in which workers were involved in repetitive tasks. However, with the rise of
automation and new employment practices, there has been a shift toward more flexible
working models.

Purpose: We wanted to investigate and analyze the biomechanical risk modifications
introduced by variability in the content and duration of tasks.

Methods: To determine the potential impact of work duration, specifically how part-time jobs
could impact the risk of MSDs because of biomechanical factors, we performed a preliminary
literature search from already published data on biomechanical risk/pathologies/injuries when
involving part-time activities, compared to the full-time ones.

Results: By pooling the few studies reporting part-time vs full-time biomechanical risk
assessment/evaluation, we noticed an increasing trend of the risk of developing MSDs when
working more hours, highlighting the lower risk of part-time jobs compared to full-time jobs.
Conclusion: Because existing data are limited and heterogeneous, further research is required
to robustly assess and quantify potential benefits of part-time jobs.

Acronyms: MSDs: Musculoskeletal Disorders; CTS: Carpal Tunnel Syndrome; LBP: Low Back
Pain; LBI: Low Back Injury; MSS: Musculoskeletal Symptoms

1. Introduction countries and have often been related to biomechanical
Musculoskeletal disorders (MSDs) are a relevant public risk factors (Musculoskeletal Health, 2022; Publications
health issue that have multifactorial causes (Bonfiglioli Office of the European Union, 2017). Epidemiological

et al., 2022) and are frequently reported by workers in studies suggest that jobs involving exposure to manual
most industrialized, middle-income and low-income  material handling, or manual work which requires fast,
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forceful and continuous exertions, especially if associ-
ated with non-neutral postures and vibrations, may
increase the risk of MSDs, especially when combined
(Bernard et al,, 1997; Jan de Kok et al., 2019).

Many scientific studies on work-related MSDs have
been performed in highly standardized industrial envi-
ronments, in which workers usually have a full-time
job, repeating the same tasks day after day, five to six
days per week, usually with a weekly working time
approximately 40hours. Currently, in many occupational
settings there is a higher task variability within a single
workday, both in terms of job content and duration.
New forms of employment have recently paved their
way, replacing permanent jobs with temporary, casual,
part-time, and contract jobs, especially in services jobs
(Hurley & Litardi, 2024; Park et al., 2019).

It might be assumed that reducing working hours
would inherently lead to a proportional reduction in
occupational risk exposures. Indeed, Alamgir et al. (2008)
conducted a study on 8,640 registered nurses in acute
care and 2,967 care aides in long-term care, finding that
full-time workers were at higher risk of injury than
part-time workers. Their investigation revealed that mus-
culoskeletal injuries constituted most injuries, represent-
ing over 80% of the total. Among nurses, the overall
injury rates were 7.4 per 100 person-years for full-time
employees and 5.3 per 100 person-years for part-time
employees. Care aides experienced overall injury rates of
25.8 per 100 person-years for full-time employees and
22.9 per 100 person-years for part-time employees. In
multivariate models, even after adjustment for some con-
founding factors, such as age and gender, full-time nurses
continued to show a significantly higher risk of injury
than part-time workers (Alamgir et al., 2008).

The increasing phenomenon of involuntary
part-time employment should also be considered,
especially among female workers, and its possible
effect on psychosocial factors and consequently to the
burden of musculoskeletal pain (Idigo Isusi et al,
2020). Recently, a systematic review showed that
reducing weekly working hours (without reducing
salary) could be effective in improving worker
well-being, especially regarding stress and sleep, while
there was only limited evidence on the potential ben-
efit it may have on MSDs reduction (Voglino et al,
2022). A working paper by the European Foundation
for the Improvement of Living and Working Conditions
reports a study showing that four-day workweeks with
no pay reduction are an effective organizational inter-
vention for enhancing workers’ self-reported well-being
outcomes (Schor et al., 2025).

Conversely, overtime is a recognized organizational
risk, potentially causing various musculoskeletal

problems (Alencar et al, 2025; Hu et al, 2024).
Observational methods to assess the exposure to bio-
mechanical factors have been developed to identify
risk conditions that deserve intervention (Takala et al,,
2010). These methods were applied in industry where
workers were repeating the same tasks for the entire
daily working time. Validation studies are available
for some of these methods for specific health out-
comes: the Strain Index (Moore & Garg, 1995) and
the TLV for Hand activity (TLVs and BEIs, 2000).

Furthermore, some methodologies have been
revised to accommodate diverse operational models,
such as multitasking, and to incorporate mathematical
metrics for minimizing daily exposure durations (Garg
et al.,, 2017; Occhipinti, 1998; TLVs and BEIs, 2018).
However, there is a lack of studies assessing the pro-
posed metrics regarding their predictivity in terms of
risk reduction for MSDs. Other methodologies, such
as Exposure Variation Analysis (EVA), were developed
to quantify the variation of exposure variables and to
distinguish recurring patterns over time. Practical
application of the EVA approach was largely confined
to recordings of posture and myoelectrical activity
(EMG), subsequent to the determination of exposure
thresholds correlated with elevated MSDs risk
(Mathiassen & Winkel, 1991).

The objective of our investigation was to determine
the preventative potential of decreased weekly working
hours, specifically part-time work, regarding MSDs.
We collected studies reporting part-time vs full-time
biomechanical risk assessment to quantitatively eval-
uate the preliminary correlation between the risk of
developing MSDs with the weekly working hours.

2. Methods

To summarize the existing research about musculo-
skeletal disorders (also described in the literature as
diseases or injuries) in part-time workers, we con-
ducted a PubMed search using different strings, com-
bining the word “(part-time)” (AND) different
health-related outcomes “low back pain’, “neck pain’,
“carpal tunnel syndrome”, “shoulder tendinitis”, “shoul-
der supraspinatus tendinitis”, “shoulder rotator cuff”,
and “elbow tendinitis” No restrictions were applied
regarding the publication date or the study design.
We included articles (i) conducted in the occupational
field, (ii) written in English, and in which (iii) a mea-
sure of prevalence or incidence of a musculoskeletal
disorder was present comparing full-time and
part-time workers.

A literature search on low back pain (LBP) returned
62 articles, each of which underwent independent
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author review of the title and abstract. The references
of each relevant article were searched, yielding two
more papers fitting our three inclusion criteria.
Subsequently, nine full-text articles were assessed for
eligibility, with three subsequently excluded. After
full-text review, six articles fit our inclusion criteria.
Regarding carpal tunnel syndrome (CTS), we included
two relevant articles out of seven. There were no
relevant articles found about shoulder or elbow dis-
orders, but we retrieved two articles about neck pain
as an outcome with low back pain (included in the
above selection). In the end, our study included and
analyzed eight English-language scientific articles that
quantitatively reported the prevalence or incidence of
MSDs in full-time and part-time workers. Figure 1
provides a PRISMA diagram summarizing the article
selection process.

3. Results

As summarized in Table 1, the results are heteroge-
neous in terms of population, study design, shift dura-
tion (hours/week), and main health-related outcome.
Figure 2(a) presents a comparative analysis of mus-
culoskeletal health risks for part-time workers, relative

to full-time workers as a reference group (normalized
to 1), encompassing data from all the studies included
in our analysis. It is noteworthy, as elaborated below,
that although several investigations demonstrated a
decreased risk for part-time employees, this finding
was not universal across all studies.

The two studies conducted in supermarkets/hyper-
markets (Bonfiglioli et al., 2007; Minghelli et al., 2019)
showed different results. Bonfiglioli et al. (2007), in
a quasi-experimental design study, showed a higher
prevalence of CTS symptoms among full-time cashiers
(31.0%) compared to part-time cashiers (19.3%) and
controls (16.3%). Part-time cashiers and controls
(office workers) showed a similar prevalence of CTS
symptoms and cases, in line with the general female
population. Univariate analysis revealed full-time
cashiers had 2.3 times higher risk for current CTS
symptoms than controls. Multivariate logistic regres-
sion confirmed increased risk for current CTS symp-
toms in full-time cashiers, even after adjusting for
potential confounders. A similar, but not significant,
trend occurred for CTS cases (OR 1.23; 95% CI 0.42-
3.56; p=0.702). These findings suggest that longer
working hours with inadequate recovery time may
contribute to higher CTS risk, despite similar levels

Figure 1. PRISMA diagram schematically summarizing the article selection process.
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Figure 2. ( a) Comparative Analysis of Musculoskeletal Health Risks in Part-Time Versus Full-Time Workers (Full-Time Normalized to
1 represented by the black solid line). The reported studies comply with the order in Table 1 and are labeled as follows: [1]
Bonfiglioli et al., 2007; [2] Minghelli et al., 2019; [3] Manninen et al., 1995; [4] Krause et al., 2004; [5] Alelyani et al., 2023; [6]
Muaidi and Shanb, 2016; [7] Benavides et al., 2000; [8] Krause et al., 1998. (b) Percentage of the risk for part-time workers nor-
malized on the full-timers (reference 100%) for the studies reporting the weekly working hours for part- and full-timers. For studies
reporting a weekly hour range, the middle value of the range was used. Graphs and data analysis were performed using

OriginPro 8.5.

of force and repetitiveness between full-time and
part-time cashiers. The importance of considering
work duration and recovery time is highlighted in
occupational risk assessments for upper limb muscu-
loskeletal disorders.

Minghelli et al. (1995), in contrast, observed a
higher risk of musculoskeletal injury among part-time
workers in a study of 176 hypermarket checkout
employees. Analyzing self-reported injuries, including
carpal tunnel syndrome (CTS), these authors found
that part-time cashiers experienced a 2.25 times
greater risk of injury compared to their full-time
counterparts (95% CI: 1.17-4.32; p=0.015). The pri-
mary anatomical regions affected were the shoulder,
cervical and lumbar spine, and wrist. However, the
authors acknowledged the potential influence of
non-work activities (e.g., hobbies, sports) on these
results, highlighting the importance of considering
such factors when investigating the relationship
between occupational workload and health outcomes
(Voglino et al., 2022). It is important to note that the
cross-sectional study design limited the establishment
of causal inferences.

The other studies retrieved showed part-time work-
ers having a lower risk of developing musculoskeletal
disorders or injuries than full-time workers, except
for the study of Alelyani et al. (2023), in which the
likelihood of developing self-reported musculoskeletal
symptoms in radiologists who worked part-time was

higher than in full-timers. Indeed, part-timers may
work in night shifts, and this has been shown to have
a significant effect on the musculoskeletal system
(Yizengaw et al., 2021). This finding is also consistent
with a study by Lee et al. (2018), who reported that
employment status significantly affected musculoskel-
etal symptoms. Among the studies included, only the
longitudinal study of Krause et al. (2004) found a
statistically significant dose-response relationship
between weekly driving hours, including overtime
driving, and the hazard of LBI: the risk increased
1.2% for every hour of weekly driving (HR= 1.12;
95% CI = 1.00-1.25; p=0.047).

Figure 2(b) shows the trend in health-related out-
come risk for the four studies (Benavides et al., 2000;
Bonfiglioli et al., 2007; Krause et al., 1998; 2004) that
precisely reported the weekly shift length of part-timers
and full-timers. Fitting the trend allowed us to com-
pute slopes (i.e. the risk scaling factors from part-time
to full-time), which assesses the increase/decrease in
the risk percentage upon additional working hours.
For example, the Bonfiglioli et al. (2007) study high-
lights a 3.05% increase in the risk of developing CTS
for each additional hour of weekly activity. While
Figure 2(b) illustrates a range of risk levels across the
various studies, it’s important to acknowledge that all
studies consistently show a decreased risk of adverse
health outcomes for part-time workers, even though
the specific health issues varied (for example, some
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Figure 3. Best fit (red line) and confidence interval (green dotted lines) of the risk percentage of part-time workers normalized on
the full-timers (reference 100%) for the 4 studies included in Figure 2(b). Data analysis and graphical representations were per-

formed with OriginPro 8.5 software.

studies focused on lower back injuries, while others
examined carpal tunnel syndrome symptoms affecting
the hands and wrists).

The overall risk trend of MSDs regarding working
hours per week is presented in Figure 3, fitting the
results of the studies reported in Figure 2(b) and
computing the confidence interval. The red line in
Figure 3 is represented by the following equation,
correlating the risk (percentage) in function of the
working hours per week (h ):

Risk(%)=(2.6+0.8)-h —(6+30)%

The r?=0.64, indicating that almost two thirds of
the variance in the measure of risk is determined by
the duration of working time.

4. Discussion

Biomechanical risk assessment methods recommend
workplace conditions under which nearly all workers
may be repeatedly exposed, day after day, without
developing work-related disorders. Over the years,
methods have been developed to assess job exposure
comprising multiple tasks, such as the HAL-ACGIH
(TLVs and BEIs, 2018) and the Revised Strain Index
(Garg et al., 2017). Some methods (e.g., the
HAL-ACGIH) make it explicit that the assessment
results apply when the work is performed from 4-8h
per day. Other methods allow risk assessment when
the exposure to risk factors has a limited duration
related to the daily work shift, such as the NIOSH
method (NIOSH, 1994). Alternatively, the frequency
of exposure might not be daily, but the work tasks

could be allocated over fewer days per week.
This issue was well addressed by Bonfiglioli et al.
(2007) showing that, for the same daily exposure to
manual work as measured by the HAL-ACGIH
method, the risk of developing symptoms (and becom-
ing cases) of CTS in part-time cashiers working six
hours/day, three days/week was the same as the con-
trol cases (office workers), while it increased signifi-
cantly in full-timers (six hours/day, six days/week).

Indeed, in a retrospective examination, Lavender
et al. (2012) found that low back injuries were reduced
when the recovery time between consecutive lifts was
longer. This finding is related to exposure hours and
indirectly related to daily working hours. Despite the
absence of a universally accepted definition of
part-time employment, and the varying thresholds of
working hours that define part-time status across
countries, our report underscores the necessity of lon-
gitudinal studies to further our understanding of this
subject (International Labor Organization, 2016).
Moreover, since many potential causes of MSDs
include not only physical and biomechanical risk fac-
tors but also psychosocial risk factors (e.g., high work
demands and low autonomy), these factors deserve
to be considered as confounders in longitudinal stud-
ies (OSHA, 2021).

Our preliminary mathematical analysis highlights a
linear correlation of the biomechanical risk with weekly
working hours: within the range 20-40h/week, we esti-
mated a 3% risk increase for each working hour. This
finding envisions a positive outcome provided by reduc-
ing the weekly working hours while highlighting the
need for longitudinal studies with targeted case defini-
tion, exposure assessment, duration, and distribution of
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weekly hours of work, controlling possible confounders,
mandatory for developing a reliable predictive model.
Our study can help to better understand how different
work schedules can impact the workload in manual tasks
and to evaluate the benefit of reducing the weekly work-
ing hours as an effective organizational intervention to
improve occupational health and safety.
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