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Abstract

Manual work tasks involving awkward postures, repetitive motion, and physical exertion contribute
significantly to musculoskeletal disorders (MSDs) in industrial settings. Marker-based (Mbased)
motion capture systems (MoCaps) offer precise, quantitative insights into human movement,
enabling more accurate ergonomic risk assessments. This review aims to evaluate the applications,
effectiveness, opportunities, and limitations of optical Mbased MoCaps in the ergonomic analysis of
industrial and physically intensive workplace activities. A systematic literature search was conducted
for peer-reviewed studies published between 2015 and 2025 from four different databases. Articles
were included if they applied optical Mbased MoCaps to assess ergonomic risks in industrial or
manual task contexts and reported relevant kinematic or biomechanical metrics. Only twelve studies
satisfied the inclusion criteria. Mbased MoCaps were used in several human tasks, including manual
material handling, overhead work, surgery, and assembly line activities and promising results were
achieved. Despite their accuracy and analytical value, Mbased systems faced limitations. However,
Mbased MoCaps remain highly effective for ergonomic assessment in controlled industrial settings.
This review contributes by combining existing evidence, identifying underexplored challenges, and
providing a valuable foundation for researchers and practitioners seeking to optimise ergonomic
assessments and workplace interventions using advanced motion capture tools.

Keywords: marker-based; ergonomic; kinematics; motion; kinetic; motion captured; industry
workers; injury risk

1. Introduction

Occupational injuries remain a significant concern across various hazardous sectors such as
manufacturing, construction, warehousing, mining, transportation, and emergency services, where
workers are frequently exposed to high physical demands and biomechanical risks [1,2]. Among
these risks, work-related musculoskeletal disorders (WMSDs) have emerged as the leading cause of
long-term disability and productivity loss, primarily due to repetitive movements, awkward
postures, and heavy lifting [3,4]. [5], emphasized the urgent need to monitor the physical and mental
health of workers in high-risk professions to ensure both individual well-being and organizational
performance.

In recent years, technological advancements have enabled more precise and objective methods
for assessing ergonomic risk. Among them, motion capture (MoCap) technologies used to digitize
and analyse human movement have gained prominence in occupational ergonomics and sport
research [6]. MoCap systems allow for detailed kinematic analysis and biomechanical modeling,
making them powerful tools in identifying hazardous motions and evaluating postural loads in real
time.
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There are two main types of optical MoCap systems: marker-based and markerless. While
markerless systems have gained popularity due to their convenience, marker-based (M-based)
systems remain the gold standard for high-accuracy applications due to their superior spatial
resolution and robustness in controlled environments [7-9]. Marker-based MoCap systems use
reflective or printed markers placed on anatomical landmarks to track body segment movement
through high-speed cameras. These systems are frequently integrated with ergonomic assessment
tools such as RULA, REBA, or LUBA to evaluate physical demands on workers [10].

Several recent studies illustrate the growing application of M-based MoCap systems in
industrial ergonomic analysis. For instance, [11] proposed a wearable eye-tracking system using
ArUco markers to maintain operator attention during robot hand-guiding tasks, demonstrating real-
time region-of-interest (ROI) detection under dynamic conditions. Similarly, [10] assessed ergonomic
risks in high-shelf and low-shelf warehouse binning tasks using marker-based MoCap, revealing
distinct velocity patterns and a 33% prevalence of lower back pain among participants.

2. Related Work

Despite the widespread deployment of MoCap systems, prior reviews in this domain have either
focused broadly on ergonomic tools [12], explored general motion tracking technologies [13,14], or
prioritised markerless systems [15]. Another review focused on various MoCap systems, including
marker-based, markerless, and inertial measurement units (IMUs) used in clinical, rehabilitation, and
ergonomic contexts [16]. The outcomes of the review show that Mbased systems have offered a
significant accuracy compared to others, but the main focus is on three categories of MoCaps. A
comparison based on accuracy, validity, and reliability between markerless and marker-based 3D
MoCap systems in gait analysis [17]. It found that while markerless systems are improving, marker-
based systems still offer superior accuracy, particularly in complex movements. A scoping review
focused on the use of optical marker-based MoCaps in analysing spinal biomechanics only [18]. The
main focus of this review is to highlight the need for standardised procedures and marker placements
to improve the reliability of ergonomic assessments involving spinal movements. A focused and
systematic synthesis of literature on marker-based motion capture specifically for ergonomic risk
assessment in industrial contexts is still lacking. Moreover, the methodological variation, cost
barriers, and limited field deployment of these systems highlight a fragmented evidence base that
requires consolidation.

This systematic literature review aims to fill this critical gap by synthesizing recent advances,
real-world applications, and methodological trends in marker-based MoCap for ergonomic analysis.
Specifically, the literature aims to (1) identify the types of marker-based systems and procedures used
across industrial studies, (2) evaluate their effectiveness and accuracy in ergonomic assessments, and
(3) highlight limitations and areas for future research. The outcome of this review will support
researchers, occupational health practitioners, and technology developers in optimising motion
capture deployment for improved workplace safety and ergonomics. Moreover, five research
questions were developed to aid the review process as follows.

RQ1. How are marker-based motion capture systems applied to assess ergonomic risks in industrial
workplace settings?
RQ2. What types of marker-based motion capture technologies and configurations are commonly

used in industrial ergonomic assessments?

RQ3. What ergonomic risk factors are measured using marker-based MoCaps in industrial
environments, and what metrics are commonly reported?

RQ4. What are the methodological approaches used for data analysis and interpretation in marker-
based ergonomic studies?

RQ5. What are the limitations, challenges, and opportunities identified in using marker-based motion
capture for ergonomic analysis in industrial settings?

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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3. Materials and Methods

In the area of “Marker-based optical motion capture for ergonomic analysis,” an extensive study
was conducted, investigating key research questions and systematically searching and organising the
relevant literature. Our research methodology adopted the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) protocol [19] to outline the data sources, search strategies,
and criteria for literature inclusion or exclusion.

3.1. Research Strategy and Data Sources

This review utilized automatic and manual search methods to ensure optimal outcomes. Four
databases (Scopus, Web of Science, and PubMed) were employed to locate relevant articles or
research within the Mbased Mocap for ergonomic analysis domain and its applications. Specific
search queries, comprising various keywords and their combinations, were employed to identify
relevant publications from 2015 to 2025. These queries included terms such as “MoCaps” OR , motion

s

capture technology”,”upper-limb AND ,lower-limb”, “marker-based motion capture” OR”optical
motion capture”, “ergonomics OR ergonomic”’, “gait analysis”,”movement” OR, “motion”,
“kinematics”.”industry” OR workplace” OR” manufacturing” OR” construction” AND FROM “2015

TO “2025” .To ensure total coverage, identical queries were executed across all four databases.

3.2. Exclusion /Inclusion Criteria

Given the objective of conducting a comprehensive review tailored to the study’s requirements,
slight variations in search strategies were adopted, considering the unique search capabilities of each
selected database. Initially, title and abstract searches were conducted in PubMed and Scopus,
whereas full-text searches were performed in Web of Science. Retrieved articles go through scrutiny
based on their abstracts and titles to determine inclusion or exclusion eligibility. Articles with
insufficient or irrelevant information were excluded.

Subsequently, the full text of screened papers was meticulously examined to ascertain their
relevance for inclusion or exclusion. Additionally, references cited within selected articles were
identified and utilized to retrieve additional relevant papers for the study. To ensure the generation
of clean and standardised documents, devoid of noise and duplicates, supplementary selection and
rejection criteria were applied. These criteria stipulated that articles must be written in English and
published in English peer-reviewed journals or conferences between the years 2015 and 2025.
Furthermore, the articles are required to utilize optical Mbased MoCaps, focusing on ergonomic risk
assessment or biomechanical evaluation related to occupational or simulated work tasks, and
conducted in industrial or industrial-simulated settings.

4. Results

The literature search identified 311 articles on Mbased Mocap for ergonomics. After removing
151 duplicates, 160 unique articles remained. Screening the titles and abstracts reduced this number
to 65. Following a full-text review, 53 additional articles were excluded, leaving 12 relevant studies
for inclusion in the review. Figure 1 shows the stages of the search from the input query, the inclusion
and exclusion criteria, to the final inclusion stage. Out of the total number of included articles, two
studies (n = 2) were published in 2025, and three studies (n = 3) were published in 2022. Only one
study was published (n=1) in 2024, 2021, 2020, 2019, 2018, 2017 and 2015, respectively. Figure 2 shows
the rise of research interest in the field of marker-based motion capture systems in ergonomics
evaluation, especially in industrial settings, by the year of publication of the research. Figure 3 shows
the frequency of publishing research in the field of marker-based motion capture systems in
ergonomics evaluation in the industrial environment by the country of the first author. Out of the
twelve included articles, the distribution shows that eight countries used the M-based MoCaps for
ergonomic analysis in industrial environments. Italy published the highest number of articles (n=3).
Germany and Canada published two articles each (n=2). While Indonesia, Japan, Poland and the
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United States of America (USA) published one article (n =1). A critical evaluation was conducted on
all 12 contributions that met the inclusion benchmarks.

Records identified from:

PubMed (n=113) Total records identified from
all Databases (n = 311)

Web of Science (n = 109)

Identification
\ 4

Scopus (n = 89)

v

Records removed before | Records excluded
screening: g (n =151 )
Duplicate records removed (n

=151)

Records screened (n = 160 eeep>
)

Records assessed for
eligibility (n =65)

Records removed after full
reading (n = 95)

Screening

\ 4

Reports excluded: (n = 53)

\4

Studies included in review
(n=12)

Include

Figure 1. Inclusion and exclusion criteria.

RQ1. How are marker-based motion capture systems applied to assess ergonomic risks in industrial workplace
settings?

Marker-based motion capture systems are renowned for their high recording precision, which
is attributed to the unrestricted placement of markers on the human body. These systems also support
the simultaneous tracking of multiple individuals. Furthermore, advancements in camera technology
have reduced dependency on optimal lighting conditions, thereby enhancing the system’s flexibility
and suitability for diverse environments [20]. Marker-based MoCap systems are applied in industrial
ergonomic assessments to quantify body kinematics during work tasks, enabling objective evaluation
of movement patterns, postural loads, and task demands. In this review, Mbased MoCaps are applied
to assess risk. For example, Manual material handling, such as binning, lifting, and shelving [10,21],
where OptiTrack MoCap is used to assess the ergonomics risk during binning and lifting. In another
research [22], BTS SMART-DX6000 MoCap is used to track the joint torques and muscle loads during
an industrial overhead task. Marker and eye tracking are applied to assess operator attention zones
in collaborative human robotic environment [11]. MoCaps are used to simulate and optimise
ergonomic workstation layouts during workstation evaluation and redesign [23,24]. Across all
applications, the systems enabled fine-grained capture of posture, task phases, and movement
transitions, supporting both static and dynamic ergonomic assessments. Table 1 shows M-based
MoCaps systems and their description. The table consists of seven different columns. Column one is

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202508.1996.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 August 2025

d0i:10.20944/preprints202508.1996.v1

5 of 14

showing the studies and their year in which it was published, column two is indicating the objective
each study, column three domain of the research, column four is indicating the Mbased-system,
column five is showing the method of ergonomic assessment, column six is describing the key
findings while the last column revealing the identified limitations in the study

Table 1. Marker-based motion capture systems and their descriptions.

Study Objective Research Mbased System  Method of Key Findings Limitation
Domain ergonomic
assessment
[23] Develop Mbased system  Aerospace Optical Marker Digital Real-time Focused on aerospace
for ergonomic analysis assembly -based system human ergonomic industry
and assembly simulation modeling analysis in virtual
and physical
assembly tasks
[25] Measure joint angles in Ergonomic Optical marker-  Custom MoCap enabled Simulator-based;
leg swing simulator simulator based system ergonomic precise analysis of  limited real-world
using MoCap (swing | Lower-limb metrics repetitive leg validation
movement) joint angles motion
[26] Compare postures of Surgical Optical marker-  Postural Experienced Not generalizable to
surgeons during environment based system analysis surgeons had all industries
laparoscopic tasks (task-specific better ergonomic
ergonomics postures; MoCap
highlighted risks
[27] Introduce an online Manufacturin ~ Optical marker-  Ergonomic Provided real-time  Needs further
multi-index approach to g environment based system index assessment of validation in various
human ergonomics analysis physical load, industrial settings
assessment in the aiding in the
workplace prevention of
musculoskeletal
disorders
[10] Assess ergonomic risk in ~ Warehouse Optical marker-  Cornell 33% of workers Small sample, short
warehouse high/low based system MSD had back pain; task duration
shelf binning tasks Questionnai  high shelf tasks
re showed more
risky movement
patterns
[22] Analyze upper-body /laboratory Optical marker-  Biomechanic =~ Mapped upper- Lab-based only; not
biomechanics during setup(overhea  based system al modeling  body motion and field-validated under
overhead industrial d work (SMART DX and muscle load real industrial
tasks using marker- simulation) 6000, 22 ergonomic during overhead environments
based MoCap and EMG markers) load tasks; informed
estimation design of

ergonomic aids or

task modifications
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[11]

[28]

[29]

[24]

[21]

[30]

Enhance HRC safety
with gaze-tracked ROI

detection

Reduce weight of
markers in MoCap

systems

Validate a 3D
visualization-based
ergonomic risk
assessment and work
modification framework

for lifting tasks

Develop a motion-
capture-based
ergonomic assessment
that accounts for
individual worker

capabilities

Compare the
effectiveness of
augmented feedback
versus didactic training
in reducing sagittal
spine motion during
occupational lifting
tasks.

Compare the accuracy of
a VR-based motion
tracking system (HTC
Vive with Final IK) to a
marker-based optical
motion capture system
(Qualisys) for ergonomic

risk assessment.

HRC

simulation

Robotics lab

Construction
manufacturing

(lifting task)

Industrial/Ma

nufacturing

Laboratory-
based study
simulating
occupational

lifting tasks

Controlled
laboratory
environment
simulating
workplace

tasks

Eye-tracking
glasses + ArUco

markers

Lightweight flat

marker system

Optical marker-
based motion

capture

Optical marker-
based motion

capture

Optical marker-
based

Yes; utilized the
Qualisys optical
motion capture
system as the

gold standard.

ROI-based
attention

monitoring

Marker
performance

metrics

REBA,
RULA

comparison

Comparison
to
individual
capability
profiles and
ergonomic

risk models

didactic
(DID) and
augmented
feedback
(AUG)

Analysis of
joint angle
deviations
between the
two systems
to assess the
suitability of
VR-based

d0i:10.20944/preprints202508.1996.v1

System reliably
detected operator
attention in real-
time

Reduced weight to
<lg with better

tracking

Framework
showed strong
agreement with
traditional
ergonomic tools;
proposed method
effectively
detected and
reduced high-risk
postures

Enabled
individualized
ergonomic
assessments based
on MoCap data;
identified
mismatches
between task
demands and
worker capacity
Both training
methods reduced
spine motion, but
augmented
feedback led to
significantly
greater reductions
in certain tasks.
he VR system
showed joint angle
deviations ranging
from +6° to +42°
compared to the
marker-based
system, indicating

significant

6 of 14

Tested in simulated

setting only

Not tested in

industrial context

Limited to controlled

lifting task scenario

Requires further
validation across
broader populations
and diverse industrial

settings

Short-term study;
long-term retention of
training effects not

assessed.

High deviations in
joint angle
measurements suggest
that VR-based systems
may not be reliable for
precise ergonomic risk
assessments without

further calibration

r(s). Distributed under a Creative Commons CC BY license.
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tracking for inaccuracies in
ergonomic certain body

evaluations.  regions.

RQ2. What types of marker-based motion capture technologies and configurations are commonly used in
industrial ergonomic assessments?

From the twelve studies used in the review work, the difference Mbased MoCaps were used as
shown in the table. Vicon is one of the most frequently used devices. It is a 3D MoCap solution that
utilises multiple high-definition cameras. This system offers high precision, capturing up to 370
frames per second at full resolution, with a maximum capture speed reaching 2,000 frames per second
[31]. Vicon has offered three different camera series for motion capture and analysis. The Vicon MX
series includes models such as the MX3, MX13, and MX20, each named according to their megapixel
ratings. for example, the MX3+ corresponds to a 0.325-megapixel camera [32]. The T series features
models like the T-20 and T-40, with the T-40 representing a 4-megapixel camera [33]. In the V series,
versions like V1.7 and V2.8.1 belong to the Vantage line, designed for high-speed motion capture. V-
series is widely considered as gold standard motion capture, known for its accuracy and reliability
[34]. A vicon mocap is used [25] and demonstrates the capabilities of Mbased- MoCaps in capturing
the movement of an object with a marker placed on the body. The authors used motion capture to
measure the joint kinematics in leg swing simulator.

The most commonly used technologies in the reviewed studies were OptiTrack optical marker-
based systems with passive or active reflective markers. It is the most commonly used Mbased
MoCaps in the reviewed documents. It is a high-performance optical MoCaps that utilises infrared
cameras and reflective markers to track movement with high precision. OptiTrack is widely used
in fields such as biomechanics, sports science, animation, virtual reality, and robotics. The system
relies on multiple synchronised cameras placed around a capture volume to detect the 3D positions
of retroreflective markers attached to a subject or object. In their study on upper body kinematics
during suturing tasks, [26] employed a commercially available optical motion capture system, the
OptiTrack Flex3 (Natural Point, Inc., Corvallis, OR, USA), to record participant movements. The
system utilised six infrared cameras in conjunction with 14 mm spherical retroreflective markers to
capture motion data. Marker trajectories were recorded as XYZ coordinates, corresponding to the
longitudinal (X), vertical (Y), and lateral (Z) axes. The motion data were sampled at a frequency of
100 Hz, ensuring adequate temporal resolution for detailed movement analysis. To guarantee high
accuracy and reliable measurement, an OptiTrack motion capture system is built with 12 primex 13W
cameras. The camera's working frequency was set to 240 Hz for the best tracking results [28].

The Qualisys™ is another popular Mbased MoCaps used in [30] The ergonomic design is
evaluated by analysing the motion behaviour while performing the work process. The Qualisys
MoCap provides gap filling and calibration. It is considered a gold standard, and the outcome of the
combined models (HTC Vive Tracker and Inverse Kinematics) will be compared with the ground-
truth system. The outcomes of commercial low-budget tracking systems can potentially map the joint
angles. The Qualisys MoCap is also been utilised [35].It utilised up to fourteen cameras, each
operating at a sampling frequency of 100 Hz, to record the movement of sixty-two reflective markers
positioned on the participant’s body, as well as three additional markers mounted on the object being
transported. The Eagle Digital Motion Analysis system is used in [29].It is an eight camera MoCaps,
sampling at 120 HZ to collect 3D coordinates of the reflective markers and to ensure that no marker
disappears from camera view at any time. An Mbased MoCaps (worksheet) was employed to monitor
participants' movements and assess the associated risk level of their actions [10]. The SMART DX
6000, BTS Bioengineering is another Mbased MoCap with the sampling frequency of 340 Hz, at a
maximum resolution of 2048 x 1088 pixels, is utilised [22] in their experiment to track the subject’s
kinematics. An eye-tracking glasses + ArUco markers model is introduced [11] to detected operator
attention during his operation in real-time. Table 1 summarises the types of Mbased MoCaps
technologies and their configurations that are commonly used in industrial ergonomic assessments.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Table 2. Types of Marker-based motion capture systems and their configurations.
S/n Study Mbased MoCap software Configurations
Technology
1 [23] OptiTrack with Jack 8.0 DHM Portable CAVE setup
multiple
infraredcameras
2 [25] (infrared, multi- MATLAB Multi-camera setup
camera setup with
reflective markers)
3 [29] OptiTrack, FleX3 OptiTrack’s 6 IR cameras; 2100 Hz;
Motive 14 mm markers
4 [26] OptiTrack Flex3 Motive-Body 6 infrared cameras and

retroreflective markers

of 14 mm

XYZ data at 100Hz
and 6 Hz

5 [27] Simscape odel5s solver 1 core i7, CPU 2.50
Multibody GHz processor, 16.0
GB 1600 MHz RAM

6 [30] Qualisys Qualisys, software Eight Oqus 7/5
infrared
cameras,recorded at
100 Hz, employing a

48-marker anatomical

model
7 [21] Qualisys Oqus Qualisys Track 16 retroreflective
Manager v2.15 markers with 8 camera

at 60 Hz sampling rate

8 [10] Osprey cameras Cortex 4.0 25 markers attached
at 60 Hz with sensor

sizes of 640 x480 pixels

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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9 [22] BTS SMART DX BTS SMART Cameras with 340
600 Analyzer Hz, at 2048 x 1088
pixel.
10 [24] Simple Cameras MVN Analyze
11 [11] ArUco Open-source Front cameras and
Libraries rear cameras, 30Hz
and 200Hz
12 [28] flat-stick markers ~ OptiTrack Motive 12 OptiTrack
API Prime 13 W IR

cameras; ~7.9 mm flat

markers.

RQ3. What ergonomic risk factors are measured using marker-based MoCap in industrial environments, and
what metrics are commonly reported?

The most prevalent ergonomic risk factors associated with industrial and workplace employees
are repetitive movement, forceful exertion, awkward posture, prolonged exposure to vibration or
radiation, and others. In this review article, some ergonomic risk factors and the commonly reported
metrics are presented that answer the third review question. For example, [36] identified the high
shelf and low shelf binning processes carried out by warehouse workers as the ergonomic risk factors
and utilised the Rapid entire body assessment (REBA) to assess the ergonomic risk factors in the
research. Deviation of joint angles caused by awkward movement by workers is identified as an
ergonomic risk factor. Rapid Entire Body Assessment and Rapid Entire Limb Assessment (REBA and
RULA) are recognised as the best metrics for assessing the ergonomic risk factors [30. In another
research [29], the awkward body postures and handled load as a potential ergonomic risk factor in
the construction manufacturing workplace, and both REBA and RULA are used as metrics. Awkward
joint angles, high joint torques and excessive muscle activations are identified as the ergonomic risk
factors, and RULA is selected as the evaluation tool [22].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202508.1996.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 August 2025 d0i:10.20944/preprints202508.1996.v1

10 of 14

Count of study by country

35

3
25

2 _—
15

1
: 1

0 L

Canada Germany Indonesia Italy Japan Malaysia Poland USA
Country of Study
Figure 2. Distribution of articles by the Author’s Nationality.
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Figure 3. Distribution of the articles by publication year.

RQ4. What are the methodological approaches used for data analysis and interpretation in marker-
based ergonomic studies?

The methodological approaches used for data analysis interpretation in marker-based
ergonomic studies differ in many studies. The reviewed studies adopted numerous methodological
approaches to analyse and interpret data collected from the Mbased MoCaps systems. These methods
reflect the various objectives of ergonomic assessments, ranging from quantifying joint movement to
predicting musculoskeletal risks. Some of these approaches are

L Biomechanical and kinematic analysis

Most studies begin with basic kinematic analysis, which involves calculating joint angles,
segment velocities, and movement trajectories. Some go further by applying biomechanical models
to estimate joint torques or forces using inverse kinematics or inverse dynamics [22]. These analyses
help in understanding: Range of motion, Frequency of awkward or constrained postures and
Temporal patterns of movement [30]. Common software includes Visual3D, OpenSim, MATLAB,
and proprietary software provided with the motion capture systems.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202508.1996.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 August 2025

d0i:10.20944/preprints202508.1996.v1

11 of 14

II.  Ergonomic Risk Assessment Tools

Many studies on ergonomic analysis integrate motion capture data with standardized
ergonomic assessment methods such as RULA (Rapid Upper Limb Assessment), REBA (Rapid Entire
Body Assessment), OWAS (Ovako Working Posture Analysis System) and NIOSH Lifting Equation
[37]. Motion data, such as joint angles and body segment positions, is mapped to these scoring
systems, often with automated or semi-automated calculations. These methods provide quick and
interpretable indicators of posture-related risks in industrial settings [38]. Other methodological
approaches used for data analysis and interpretation in Mbase ergonomics studies are summarised

in Table 3
Table 3. Summary of methodological approaches in marker-based ergonomic studies.

Methodological Common

Description Purpose/Outcome
Approach Tools/Techniques

Uses statistical methods

Identifies patterns, tests intervention
to compare groups or t-tests, ANOVA,
Statistical Analysis effects, and supports generalisation

Machine Learning
and Pattern

Recognition

Simulation and
Digital Human
Modeling (DHM)

Visual and
Qualitative

Interpretations

identify significant regression models

effects.

Applies algorithms to
detect patterns or classify SVM, Decision Trees,

postures using motion ~ K-Means

data.

Compares real-world
data to digital models or Jack, AnyBody,

simulates new work RAMSIS

scenarios.

Uses visual playback and
3D visualization tools,
expert reviews, often
4 by vid observational
supporte video or
PP Y checklists
worker feedback.

of findings.

Automates posture risk detection
and enables predictive modeling,.

Used in recent/advanced studies.

Supports workstation redesign,
validates simulation models, and
evaluates ergonomics without

physical trials.

Provides contextual understanding
and supports participatory
ergonomics. Helpful for training or

exploratory analysis.

RQ5. What are the limitations, challenges, and opportunities
motion capture for ergonomic analysis in industrial settings?

Challenges

identified in using marker-based

Like any other easement process, MoCaps technologies faces many challenges, which sometimes

affect their performance.

Marker occlusion is one of the prevailing challenges weakening the

accuracy of object capture, especially in real industry settings. Another challenge facing the adoption
of Mbased MoCaps is the complexity of the system setup and calibration time. Due to the number of
cameras in the Mbased system, setting up the environment is quite complex, especially where experts
are lacking. Each camera has to calibrate with the others to ensure accurate capturing and follow the
ground truth standard. Other challenges include the high cost of the hardware and the maintenance
of the setup.

Limitation
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Mbased systems are surrounded by limitations that hider some researcher and management of
many industries from experimenting the status of their employees. Limited mobility is one of the
limitations of using Mbased MoCaps since the system is often limited to lab settings or needs
controlled environments. Table 1 shows the limitations of each article in the review.

Opportunities

With several challenges and limitations, Mbased MoCaps are known for their great
achievements compared to other MoCaps systems. Some of the opportunities of Mbased systems
include. The high sampling rate for fast capturing. Most Mbased systems use a higher sampling rate
to capture the accurate position of the marker attached to the subject. Another opportunity of Mbased
system is a higher degree of freedom. A higher degree of freedom yields the highest rational
acceleration. Large capture volume is another opportunity for Mbased MoCaps system since it is
capable of capturing more than 100m3 compared to other MoCaps. Mbased MoCaps are used as
validators.

5. Conclusions

Mbased MoCaps continue to play a vital role in the quantitative evaluation of ergonomic risks
in industrial settings. The 12 reviewed studies demonstrate that these systems offer incomparable
accuracy in capturing joint-level movement and posture data, which are critical for identifying
biomechanical loads and detecting high-risk tasks. Their fusion with digital modeling tools,
ergonomic scoring frameworks, and even physiological data such as EMG further reinforces their
value in applied ergonomics. However, despite their technical strengths, the use of Mbased systems
is often limited by practical constraints, including high cost, setup complexity, and limited scalability
to field-based assessments. These factors, along with the growing accessibility of other MoCaps such
as markerless and IMU-based alternatives, have triggered the development of new research areas.
This review not only combines the strengths of Mbased MoCaps in ergonomic analysis but also
highlights the need for more comparative research and real-world application studies. It provides a
strong foundation for future work, including planned systematic reviews on IMU and markerless
MoCaps, in the field of ergonomic assessment to better understand the trade-offs and suitability of
each technology across varied work environments.
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