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Abstract

Keywords

Background and aims: Ergonomics and human factors have increasingly
attracted attention as essential domains for improving workplace safety, Ergonomics
productivity, and health. With the rapid growth of artificial intelligence (AI),
researchers have begun to explore its potential to predict and assess ergonomic
risks. This review aims to systematically evaluate existing studies addressing AI Artificial Intelligence
applications in ergonomic risk prediction and assessment. Machine Learning

Predict

Methods: Following the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines, a structured search was conducted
in Web of Science, Scopus, ScienceDirect, and PubMed for the years 2000-
2024 using relevant keywords. Inclusion criteria comprised original research
articles—experimental or laboratory-based—published in English or Persian
that investigated Al in ergonomic risk prediction or assessment. Exclusion
criteria included review articles, books, editorials, letters, or irrelevant topics.

Results: A total of 32 studies were included. Research activity significantly

increased after 2021, peaking in 2024. Machine learning, computer vision, Received: 2025/09/16
expert systems, and natural language processing were the most frequently

applied approaches. Machine learning accounted for the majority of methods, Accepted : 2026/05/27
demonstrating superior accuracy and predictive capabilities. Geographically,

Europe contributed the highest share of studies (44%), while Africa had the

lowest (3%).

Conclusion: The evidence indicates that Al, particularly machine learning
algorithms and computer vision, can substantially improve the accuracy,
efficiency, and real-time capacity of ergonomic risk assessments compared
to traditional methods. This highlights AI's transformative potential in
occupational health and ergonomics.
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EXTENDED ABSTRACT

INTRODUCTION

Ergonomics, also known as human factors
engineering, is the scientific discipline concerned
with understanding the interactions between humans
and the elements of a system, with the ultimate aim
of optimizing human well-being and overall system
performance. It plays a crucial role in preventing
musculoskeletal ~ disorders  (MSDs),  reducing
workplace injuries, and enhancing both productivity
and comfort. Traditional ergonomic assessment
methods, including observational checklists, self-
reported surveys, and direct measurements, have
been valuable but are limited by several challenges.
These methods are time-intensive, subject to evaluator
bias, and often lack the capacity to provide real-time
or large-scale assessments in dynamic industrial
environments.

Over the past two decades, technological advances
have introduced new opportunities for transforming
ergonomics into a more data-driven and automated
field. Among these innovations, artificial intelligence
(AI) has emerged as a powerful tool capable of
addressing the inherent shortcomings of conventional
ergonomic practices. Al refers to the development
of computational systems capable of performing
tasks that normally require human intelligence,
such as learning, reasoning, and decision-making.
Its subfields—including machine learning (ML),
computer vision (CV), natural language processing
(NLP), and expert systems—offer diverse solutions
that are increasingly being applied in occupational
health and safety.

Recent studies suggest that machine learning
algorithms can classify safe and unsafe postures
with accuracies exceeding 90%, while vision-based
systems can continuously track workers’ movements
and provide immediate feedback to prevent injuries.
For example, computer vision tools integrated with
motion capture technologies are now capable of
estimating joint angles and evaluating posture risk
scores in real time, thereby minimizing reliance
on manual observation. Similarly, NLP approaches
have been applied to analyze textual data such as
occupational safety reports, identifying hidden
ergonomic risk factors and offering recommendations
for intervention. These advancements represent a
significant departure from the manual, observation-
based methods traditionally used in ergonomics.

The growing prevalence of Al in ergonomics is
also reflected in global research trends. A surge in
publications has been observed since 2021, with 2024
witnessing the highest number of studies in this area.
This trend underscores both the relevance and urgency
of integrating Al into ergonomics, particularly as
workplaces become more complex, data-rich, and

reliant on automation. Furthermore, the geographical
distribution of research reveals disparities, with
Europe leading in Al-ergonomics integration while
regions such as Africa remain underrepresented.
Such disparities highlight the need for more inclusive
research efforts to ensure equitable adoption of Al-
based ergonomic solutions worldwide.

The novelty of the present work lies in its systematic
review of the applications of AI in predicting and
assessing ergonomic risks over the period 2000-
2024. Unlike earlier reviews, which tended to focus
on isolated technologies or narrow applications, this
study provides a comprehensive analysis of multiple
Al subfields applied to diverse workplace contexts. By
synthesizing evidence from 32 selected studies, the
review not only demonstrates the current capabilities
of Al in ergonomics but also identifies existing gaps,
limitations, and opportunities for future research.

In sum, the integration of AI into ergonomics
represents a paradigm shift. It offers the potential to
move beyond reactive assessments toward proactive,
predictive, and real-time risk management strategies.
This introduction therefore sets the stage for a
deeper examination of the methods, findings, and
implications of Al-driven ergonomic risk assessment,
contributing to both theoretical knowledge and
practical advancements in occupational health.

METHODOLOGY

This study adopted a systematic review design
to examine how artificial intelligence (AI) has been
applied in predicting and assessing ergonomic risks.
The methodological framework was developed in
accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
guidelines, which provide a structured and transparent
approach to conducting systematic reviews. This
framework ensures that the study is replicable,
minimizes bias, and allows for comprehensive
coverage of existing literature.

Research Question and Framework

The central research question guiding this review
was: “How has artificial intelligence been applied in
predicting and assessing ergonomic risks, and what are
the main methods, outcomes, and limitations reported
in the literature?” This question was considered highly
relevant because ergonomic risks remain a major
contributor to workplace injuries worldwide, and Al
presents an emerging set of tools that could enhance
both the accuracy and efficiency of risk assessments.
By framing the review around this question, the
study aimed to generate evidence applicable to both
theoretical advancements in ergonomics and practical
implementation in industrial and healthcare contexts.
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Search Strategy

A systematic search was performed in four
electronic databases—PubMed, Scopus, ScienceDirect,
and Web of Science—covering the publication period
from 2000 to 2024. These databases were chosen due
to their broad coverage of scientific literature in health
sciences, engineering, and applied technologies. The
search strategy combined keywords and Boolean
operators such as:

“ergonomics” OR “human factors”

“artificial  intelligence” OR  “machine
learning” OR “computer vision” OR “expert system”
OR “natural language processing”

“risk assessment” OR “prediction” OR
“evaluation”

The combined query ensured comprehensive
retrieval of studies at the intersection of ergonomics
and AL

Inclusion and Exclusion Criteria

The inclusion criteria were as follows:

1.  Original experimental or laboratory-based
research articles.

2. Studies that explicitly investigated Al
applications in ergonomic risk prediction or
assessment.

3. Articles published in English or Persian.

The exclusion criteria were:

Review articles, books, theses, conference
abstracts without full text, and non-research papers
such as editorials or commentaries.

Studies that addressed general occupational
health without a direct focus on ergonomics.

Articles where AI was used for purposes
unrelated to ergonomic risk evaluation.

Screening and Data Extraction

The initial search identified 1,106 articles. After
removing 155 duplicates, the remaining records were
screened by two independent reviewers based on titles
and abstracts. A further 145 articles were excluded
for failing to meet eligibility requirements. From the
remaining pool, 740 articles were excluded due to
irrelevance, leaving 66 studies for full-text review.
Ultimately, 32 articles met all inclusion criteria and
were retained for analysis.

Data extraction was performed using a
standardized form that captured the following details:
author(s), year of publication, country, study context,
AT technique used, ergonomic task or risk evaluated,
and key findings. Discrepancies between reviewers
were resolved through discussion with a third
researcher to ensure methodological rigor.

Rationale for Methodological Approach
The choice of a systematic review was justified by
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the novelty and diversity of the research area. Since
Al in ergonomics is an emerging topic, the systematic
approach allowed for a broad yet rigorous synthesis
of available knowledge. Moreover, applying PRISMA
guidelines enhanced the credibility and transparency
of the findings, ensuring that they can inform both
academic scholarship and practical ergonomic
interventions.

RESULTS

A total of 32 studies met the eligibility criteria and
were included in the final analysis. The overall trend
indicates that research interest in the use of AI for
ergonomic risk prediction and assessment has grown
significantly during the last decade, with a sharp rise
in publications after 2021. No relevant studies were
found before 2014, which underscores the novelty of
the topic. The temporal distribution of the included
studies revealed three distinct phases. Between
2000 and 2014, no relevant research was identified,
which suggests that the integration of ergonomics
and artificial intelligence had not yet emerged as a
research focus during the early 2000s. From 2015 to
2020, only a limited number of studies (n = 6) were
published, most of which concentrated on proof-
of-concept applications such as the use of wearable
sensors for posture monitoring and the development
of simple machine learning classification models. A
substantial increase was observed in the period 2021
to 2024, during which 26 studies—representing 81%
of the total—were published, with 2024 marking the
peak. This sharp rise reflects both rapid technological
advancements and a growing awareness of the
potential role of Al in enhancing occupational safety
and ergonomic risk assessment.

The studies were geographically diverse, though
unevenly distributed. Europe accounted for the highest
share, contributing 44% of the reviewed literature.
America followed with 34%, while Asia contributed
19%, with notable studies from South Korea, China,
and Iran. Africa had the lowest contribution with 3%,
highlighting a regional research gap.

Analysisoftheincluded studies revealed thatseveral
subfields of artificial intelligence have been employed
to predict and assess ergonomic risks. The majority
of research, accounting for 53%, relied on machine
learning techniques, particularly algorithms such as
support vector machines, logistic regression, random
forests, and neural networks, which were applied to
tasks like posture classification and musculoskeletal
disorder prediction. Computer vision represented the
second most common approach, used in about 25% of
the studies, mainly for video-based posture analysis,
motion capture, and three-dimensional imaging that
enabled real-time ergonomic evaluations. Natural
language processing appeared in roughly 10% of the
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Fig. 1. Geographic distribution of included studies (2000-2024)

.Table 1. Distribution of AI subfields applied in ergonomic risk assessment

Al Subfield Number of Studies (n =32) Percentage Key Application
Machine Learning 17 53% Posture classification, MSD prediction
Computer Vision 8 25% Real-time motion analysis, joint angle estimation
Natural Language Processing 3 10% Analysis of safety reports, ergonomic task descriptions
Expert Systems 2 7% Mapping to ergonomic scoring systems
ANN & Robotics 2 5% Dynamic posture prediction, collaborative support

studies, where it was applied to the analysis of safety
reports and job descriptions in order to identify hidden
ergonomic risk factors. Expert systems, although
less frequently used (7%), served an important
role in mapping observed postures to standardized
ergonomic assessment tools such as REBA and RULA.
Finally, artificial neural networks and robotics were
applied in approximately 5% of the reviewed studies,
particularly for dynamic posture prediction and in the
development of collaborative robotic systems designed
to reduce the physical workload of human operators.

Summary of Key Findings

The reviewed studies highlighted several
important findings regarding the application of
artificial intelligence in ergonomics. Machine
learning models consistently demonstrated strong
predictive  performance, achieving accuracies
between 82% and 96% when classifying ergonomic
risks such as subacromial pain syndrome and
unsafe lifting techniques. Computer vision systems
enabled real-time assessment of body postures, with
some studies reporting joint angle measurement
errors of less than five degrees, underscoring their
precision in motion analysis. Wearable sensor-
based approaches, particularly when combined with
machine learning, facilitated continuous monitoring
of biomechanical stress and provided early warnings
of hazardous postures. In addition, natural language
processing techniques were shown to be effective in
identifying latent ergonomic risks from occupational

Iran Occupational Health. 2026 (01 Jul);23: 14.

task  descriptions and  generating practical
recommendations for intervention. Finally, robotics-
integrated systems not only reduced ergonomic
strain by up to 13% but also improved productivity
by approximately 33% in certain case studies,
highlighting their dual benefit for both worker health
and operational efficiency.

DISCUSSION

The cumulative evidence suggests that Al
techniques have beenn increasingly effective in
automating ergonomic risk prediction and assessment.
The predominance of machine learning highlights
its versatility across multiple ergonomic domains.
Computer vision and wearable technologies provided
the strongest evidence for real-time application in
industrial settings. While fewer in number, NLP
and robotics studies demonstrated promising
complementary roles. The present systematic review
documents the increasing role of artificial intelligence
(AI) in predicting and assessing ergonomic risks over
the past two decades. The findings demonstrate that
the integration of Al into ergonomic assessment has
addressed manylong-standing challenges of traditional
approaches, such as being time-consuming, resource-
intensive, prone to human error, and lacking real-time
feedback. These results align with previous research
that has identified AI as a transformative force in
occupational health sciences (Priyanka & Subashini,
2024; Petrat, 2021). In particular, studies employing
machine learning, computer vision, and wearable

f



https://ioh.iums.ac.ir/article-1-3795-fa.html

[ Downloaded from ioh.iums.ac.ir on 2026-08-25 ]

sensor data analysis have reported remarkable
improvements in the accuracy of identifying high-risk
postures, predicting work-related musculoskeletal
disorders (WMSDs), and providing corrective
recommendations (Kim, 2024; Prisco, 2024; Nath
et al, 2018). Compared with earlier studies that
primarily focused on proof-of-concept evaluations,
this review shows that Al has now been successfully
implemented not only in laboratory environments
but also in real-world industrial contexts, including
mining, maritime operations, and construction
(Chambi Quiroz, 2024; Panaite et al., 2024). One of the
most notable innovations identified in the reviewed
literature is the use of vision-language models such as
GPT for ergonomic risk evaluation. By simultaneously
processing visual and textual information, these
models demonstrated higher accuracy and faster
performance compared to conventional tools. This
capability highlights the potential emergence of a
new generation of interactive ergonomic systems
that leverage multimodal AI to better capture the
complexity of workplace environments. Another
important development is the personalization of
ergonomic interventions. Several studies showed that
machine learning algorithms, by analyzing individual-
level data, were able to provide tailored ergonomic
recommendations, thereby improving equity in
occupational health and offering targeted solutions
for vulnerable groups such as aging workers or those
with specific physical conditions (Prisco, 2024; Aiello
et al., 2021). Nevertheless, the present review also
identified several limitations. Despite the promising
accuracy of Al-based systems, most still rely on high-
quality, pre-processed datasets that may be costly or
difficult to obtain in real-world workplace settings
(Di Valentin et al., 2016; Estrada-Lugo et al., 2022).
Furthermore, the wide diversity of algorithms, tools,
and evaluation metrics used across studies complicates
direct comparisons and underscores the need for
standardized frameworks for Al-driven ergonomic
assessments. Additional challenges include privacy
concerns related to continuous worker monitoring,
compliance with occupational safety regulations, and
the need for worker training to effectively operate AlI-
based systems (Donisi et al., 2023). Addressing these
issues will be essential for achieving broader industrial
adoption.

The practical implications of these findings are
substantial. Occupational safety organizations can use
real-time Al-based assessment tools to monitor worker
postures, issue immediate warnings, and prevent
the onset of WMSDs, thereby enhancing workflow
efficiency and safety (Kunz et al., 2022). Moreover,
data generated from Al systems can serve as reliable
evidence for redesigning workstations, scheduling
tasks, and developing rehabilitation programs. At
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the scientific level, this study provides a foundation
for future research that explores the integration of
AT with other advanced technologies such as the
Industrial Internet of Things (IIoT), digital twins, and
augmented reality in ergonomics (Hamilton et al.,
2023). In summary, while AT has already demonstrated
considerable potential to transform ergonomic risk
assessment, further efforts are required to standardize
methodologies, address ethical considerations, and
validate systems at scale in real industrial settings.

CONCLUSIONS

This systematic review highlights the increasing
role of artificial intelligence (AI) in predicting and
assessing ergonomic risks and demonstrates its
potential to overcome the limitations of traditional
ergonomic assessment methods. The evidence
collected from 32 studies published between 2000
and 2024 confirms that Al-based approaches—
particularly machine learning and computer vision—
can significantly enhance accuracy, efficiency, and
real-time monitoring in occupational health. These
technologies have proven capable of identifying high-
risk postures, predicting work-related musculoskeletal
disorders (WMSDs), and delivering timely corrective
feedback that can prevent injuries and improve
worker well-being. The findings also show that Al-
driven systems are not limited to experimental
laboratory contexts but have been successfully applied
in real-world industrial environments, including
mining, shipping, and construction. Such applications
illustrate the dual benefit of Al in reducing ergonomic
strain while simultaneously improving productivity.
Moreover, emerging innovations such as vision-
language models and personalized Al interventions
mark a new era of ergonomic solutions tailored to
individual workers and complex workplace settings.
Nevertheless, several challenges remain. The effective
deployment of Al systems requires access to high-
quality datasets, standardized evaluation metrics, and
ethical safeguardsrelated to privacy and surveillance. In
addition, ensuring worker training and organizational
readiness is essential for sustainable adoption. In
conclusion, AI represents a transformative tool for
ergonomics, offering a shift from reactive assessments
toward proactive, predictive, and personalized
risk ~management strategies. Future research
should prioritize the development of standardized
frameworks, integration with complementary
technologies such as the Industrial Internet of Things
and digital twins, and large-scale validation in diverse
industrial contexts to fully realize the potential of Al
in occupational health and safety.
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2 Rapid Entire Body Assessment

1 Subacromial Pain Syndrome
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