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Abstract

Musculoskeletal disorders represent one of the most frequent occupational health problems in labor-
intensive industries, particularly in fish processing, where repetitive tasks and prolonged postures
are common. The objective was to determine the level of ergonomic risk by applying the Rapid Entire
Body Assessment (REBA) method and based on the results, to formulate recommendations aimed at
preventing musculoskeletal disorders and improving preventive management within the
organization. The assessment included 30 workers distributed across three operational workstations,
where the overall average REBA score was 8.60 + 1.65 (range: 6—12), indicating a predominantly high
level of ergonomic risk. In categorical terms, 60.0% of the workers were classified as high risk, 13.3%
as very high risk, and 26.7% as medium risk, while none reached negligible or low risk levels.
Significant differences were observed between workstations (Kruskal-Wallis H = 16.72, p < 0.001, €2
= 0.545), with the nobbing stage exhibiting the highest biomechanical load (mean REBA = 10.38 +
1.06). It is concluded that ergonomic risk is structurally integrated into the operational design of the
evaluated production system; therefore, ergonomic interventions focused on redesigning
workstations, adjusting height, and configuring tasks are recommended to reduce biomechanical
exposure and strengthen the organization’s preventive occupational safety framework.

Keywords: musculoskeletal disorders; occupational health; repetitive movements; workplace safety;
industrial ergonomics

1. Introduction

The fishing industry is a strategic sector that demands complex operations, but despite this,
experimental studies are limited, unlike other sectors such as mining and construction, which
conduct studies more frequently. These studies, specifically focused on fishing, propose innovative
solutions such as the use of Mo-Cap technology to optimize work activities and improve working
conditions [1-4]. Load handling in various industries (mining, construction, agribusiness, etc.), as
well as the physical activities of mining vehicle drivers, require prolonged standing, constant trunk
flexion, and repetitive upper limb movements. This increases exposure to ergonomic risk factors.
Studies conducted in India found that 83.6% of tea farmers showed muscle injuries, and data on

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202603.1983.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 March 2026 d0i:10.20944/preprints202603.1983.v1

2 of 18

injuries in mining vehicle drivers showed an accuracy of 0.975 using neural networks [5-7]. In
academic research, various studies report a significant prevalence of musculoskeletal disorders
associated with deficiencies in workplace design across different industries, as well as among people
with disabilities, where complex agricultural activities generate musculoskeletal risks [7-9].

Ergonomic risk assessments have revealed high exposure to awkward postures and repetitive
movements, as evidenced in Asia and Europe [10,11], reporting a high prevalence of musculoskeletal
disorders in the lumbar region, neck, and upper extremities, associated with repetitive manual tasks,
with levels 1, 2, 3, and 4. This establishes a significant relationship with work experience, since,
according to the International Labour Organization (2019), musculoskeletal disorders account for
59% of occupational diseases [12,13]. Several of these studies have applied the Rapid Entire Body
Assessment (REBA) method as a tool to classify the level of postural risk, frequently identifying
medium and high risk categories that require immediate intervention, specifically in pineapple
basket loading, where musculoskeletal risks in the lumbar region reach 64.8% [14-16].

Similarly, specialized studies on repetitive work and occupational health have highlighted the
need to develop ergonomic monitoring tools to optimize the workforce, proposing holistic personnel
scheduling models. These studies have achieved a 44% reduction in the assignment of high-risk tasks,
as well as a reduction in inadequate postures among workers in the electronics industry, where
83.62% of jobs involve repetitive activities [17,18]. These results confirm the importance of developing
systematic assessments to technically support the implementation of preventive measures aimed at
reducing biomechanical strain and protecting workers’ health, where work at different heights
demands greater muscle activity and a higher degree of flexion [19].

Likewise, repetitive activities in industry have shown that adopting structured assessment
methods using Al allows for the identification of differentiated levels of postural risk and the
establishment of intervention priorities, considering specific industry cases where between 40% and
90% of physiotherapists present with musculoskeletal disorders (MSDs), demonstrating that
ergonomic risks are present in various operational activities [20,21]. The lack of specific ergonomic
analysis in operational positions limits the implementation of effective corrective measures, as
continuous exposure to awkward postures and repetitive movements is directly related to the
development of lower back pain, neck pain, and shoulder and wrist problems [22,23]. These studies
support the need to apply validated tools that allow for the quantification of actual postural load in
specific production contexts, since ergonomic analysis is an essential component of occupational
health surveillance programs, especially in activities where intensive manual labor and process
standardization predominate [24,25].

Ergonomics is a scientific discipline that studies the interaction between humans and the
elements that make up their work environment, with the purpose of adapting working conditions to
the physical, cognitive, and organizational characteristics of the worker. It is based on principles of
anatomy, physiology, biomechanics, and psychology, integrating knowledge aimed at optimizing
safety, comfort, and efficiency in production processes [26]. Likewise, ergonomics seeks to prevent
musculoskeletal injuries and disorders resulting from inadequate postures, repetitive movements,
and overexertion, promoting appropriate workplace design. Three main areas are distinguished:
physical ergonomics, focused on bodily demands; cognitive ergonomics, related to mental processes
and decision-making; and organizational ergonomics, linked to the structure and dynamics of work,
as it focuses on the direct observation of the process [27].

Among the most widely used assessment tools is the REBA method, designed to
comprehensively evaluate the posture adopted during work tasks. This method allows for the
analysis of body segments, grip type, load handled, and muscle activity, assigning scores that
determine the level of risk and the urgency of intervention [28]. Its application in diverse, dynamic
industrial environments makes it a relevant tool for the fishing sector, where activities combine
repetitiveness and physical exertion, leading to prolonged absenteeism and musculoskeletal
disorders. Therefore, this method facilitates technical decision-making aimed at redesigning
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workstations and implementing preventive measures based on objective evidence, thus
strengthening occupational safety and health management [29].

The evaluation of ergonomic risk factors is a fundamental aspect of preventing musculoskeletal
disorders and improving occupational safety and health conditions [2]. In the fishing sector, nobbing,
handling, and filleting activities often involve awkward postures, repetitive movements, and
prolonged exposure to postural loads that can affect workers’ physical well-being and reduce their
job performance. Therefore, the systematic identification and assessment of these risks is relevant for
strengthening preventive management strategies and promoting safer work environments, especially
in certain jobs. These jobs represent a temporary constraint that may not reflect seasonal variations
or changes in workload [3,30]. In this sense, the objective of this study was to determine the level of
ergonomic risk by applying the REBA method and, based on the results obtained, to formulate
recommendations aimed at preventing musculoskeletal disorders and strengthening preventive
management within the organization.

2. Materials and Methods

2.1. Study Design and Population Dynamics

This research is integrated within an occupational health monitoring framework, as stipulated
in Peruvian Ministerial Resolution R.M. No. 375-2008-TR. This national standard is technically
aligned with the international guidelines of ISO 11228-3:2007 for assessing repetitive tasks. Instead of
seeking statistical representativeness through probabilistic sampling, the design prioritized
biomechanical coverage critical to the activity; therefore, an intentional census was conducted of all
workers assigned to the three highest-demand production stations at a fish processing plant on the
evaluation date (November 22, 2025). This sampling logic is called maximum variability purposive
sampling [31].

The sample (Table 1) comprised n = 30 workers (women: 23, 76.7%; men: 7, 23.3%), distributed
among Filleting (n = 18, 60%), nobbing (n = 8, 26.7%), and rolling (n = 4, 13.3%). The distribution by
sex reflects the gender composition of the workforce characteristic of anchovy processing facilities in
the Peruvian artisanal or semi-industrial fishing industry.

Table 1. Sociodemographic and occupational characteristics by workstation (n = 30).

Characteristic Filleting (n=18) Nobbing (n=8) Rolling (n=4) Total (n=30)
Women, n (%) 15 (83.3) 4 (50.0) 4 (100.0) 23 (76.7)
Age, years [mean+ SD] 36.5+10.6 32.1+£9.8 455 +6.7 36.5+10.5
Stature, cm [mean * SD] 1642+3.5 163.3 4.2 164.5+1.3 164.0+3.2
Body mass, kg [mean+ SD] 65.9+1.8 65.8+2.2 67.0+14 66.0+1.7
Tenure, days [mean+ SD] 640 + 544 770 + 242 540 + 373 660 + 501
Shift duration [h] 10 8 8 8-10

SD = standard deviation. Tenure expressed in days; reflects cumulative occupational exposure at the

evaluated workstation at the time of assessment.

Inclusion criteria included active participation in production in one of the three evaluated jobs
at the time of the evaluation and voluntary participation with written informed consent. Exclusion
criteria included administrative or supervisory roles; absence due to sick leave or temporary job
reassignment; and inability to give consent. No worker who met the inclusion criteria was excluded.
The gender imbalance between nobbing (50% women) and Filleting/Rolling (83-100% women) was
not corrected by stratification, as sex differences in REBA score were not an objective of the present
study; this constitutes an important boundary condition for future disaggregated analyses.

The study was conducted under the ethical framework approved by the Institutional Ethics
Committee of Universidad Nacional del Santa (CEI-UNS; Certificate N°: CEI-UNS-FI-0001-2026;
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Project identification code: PIC. FF. II. 012-2025), which classified it as minimal-risk observational
research in accordance with the Declaration of Helsinki (Fortaleza revision, 2013).

2.2. Task Characterization and Workstation Ergometrics

A prerequisite for the valid quantification of postural risk is a precise biomechanical taxonomy
of the human-machine interface for each workstation. The three tasks evaluated differ not only in
their motor patterns but also in their geometric constraints, which are fundamental to the spatial
relationship between the worker’s body and the functional work surface. These constraints
mechanically determine the angular configuration of the load-bearing segments.

The postural assessment procedure (Figure 1) applied during the study using the Rapid Entire
Body Assessment (REBA) method was used to quantify the biomechanical load on workers in a fish
processing plant. The images correspond to three representative workstations: filleting, nobbing, and
rolling. Photographic records were captured during the normal execution of tasks and subsequently
analyzed to identify anatomical reference points in the main body segments. Vectors and angles were
projected onto these reference points to estimate the inclination of the neck, trunk, and limbs,
obtaining angular values in degrees. This procedure allowed for the objective documentation of the
postural configuration adopted by the workers during routine activities and ensured the visual
traceability of the measurement process used to calculate the REBA scores.

Filleting Stage Nobbing Stage Rolling Stage

| Nex Neck 37j> g

| Neck75-3°

—

Score B
| =

Figure 1. Critical postural configurations at the three evaluated workstations. (A) Filleting: mixed sitting-
standing at fixed bench, trunk 20-40° cervical flexion >60°, wrist deviation >15° during small-object
manipulation. (B) Nobbing: sustained bilateral trunk inclination 40-70° with partial knee flexion during cutting
operations. (C) Rolling: lateral trunk displacement with bilateral arm extension up to 60 cm from body midline.

Red annotations indicate task-imposed postural constraints structurally independent of worker behaviour.
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The assessment corresponding to Group A of the REBA method, which considers the posture of
the neck, trunk, and legs, is presented at the top. For each segment, the flexion or tilt angle was
estimated using visual reference and digital measurement, obtaining representative values during
task execution (e.g., approximate cervical flexion between 37° and 53° and trunk flexion between 12°
and 33°). These angles were subsequently classified according to the ranges defined by the REBA
method to assign the corresponding partial scores. Leg posture was also evaluated, considering
support stability, knee flexion, and body weight distribution—factors that directly influence the final
score of Group A within the ergonomic assessment system.

The lower section corresponds to Group B, where the postures of the upper extremities upper
arm, forearm, and wrist were evaluated using the same procedure. This was performed using the
same methodology for identifying joint points and calculating angles, where the ranges of motion
adopted during product handling were estimated. The results show postural configurations with
upper arm elevations between approximately 21° and 40°, forearm flexions close to 30°-40°, and wrist
deviations reaching up to 46°. These measurements were subsequently transformed into REBA scores
using the method’s classification tables and integrated with the results of Group A to calculate the
overall postural risk index. This procedure allowed for the standardization of the biomechanical
evaluation of the tasks observed within the analyzed production system.

At the Filleting station, workers performed bilateral filleting and packaging of salt-cured
anchovies (Engraulis ringens) in 595g tin and glass containers on tables of fixed height (without a
height adjustment mechanism). The visual focus on the fish product was constantly at or below the
wrist crease for workers who remained standing, imposing a geometrically determined trunk
inclination of 20 to 40° and cervical flexion exceeding 60° throughout the 10-hour workday. Handling
individual fillets (3 to 8 cm long and weighing less than 20g) structurally required wrist deviation,
performed at a frequency exceeding 6 repetitions per minute during continuous 90-minute work
blocks without a formal break.

The nobbing stage required sustained bilateral manual cutting (tail removal and surface cleaning
of cured fish) on a centralized worktable at waist height. The cutting path required arm spans of 30
to 45 cm in the sagittal plane, performed from a standing position with the torso leaning forward
between 40 and 70°, the configuration with the greatest trunk load observed at all stations. The load
on the legs was exacerbated by the absence of anti-fatigue mats and the need for a bilateral posture
with partial knee flexion during cutting, resulting in Leg scores ranging from 2 to 4 (observed values:
50.0% scored 2, 25.0% scored 3, and 25.0% scored 4).

At the rolling stage, workers placed and rolled anchovy fillets onto sheets of fabric on a flat work
surface. The rolling operation required a lateral displacement of the trunk combined with a sustained
bilateral extension of the arms, reaching up to 60 cm from the body’s midline; a posture that
simultaneously increases the shoulder abduction angle and generates ulnar deviation of the wrist
under a low-magnitude, but high-frequency load. All four rolling workers scored a Wrist Score of 3,
indicating a wrist deviation > 15° in all observed cycles. The geometry of the workstation prevented
workers from adopting a neutral trunk posture, as the surface height was fixed at approximately 85
cm, imposing a trunk flexion of 30—45° for the observed height range (163-166 cm). These geometric
characterizations operationally validate the selection of REBA as an assessment instrument: unlike
the specific tools for the upper limbs (RULA, OCRA), REBA’s whole-body scoring architecture
captures the trunk-neck-lower limb coupling that is the defining biomechanical characteristic of
anchovy processing tasks, and its sensitivity to load, coupling, and activity type matches the
operational demands described above [24].

2.3. Data Acquisition and Kinematic Measurement Protocol

Biomechanical data were captured using a structured photographic goniometry protocol, which
served as the primary kinematic measurement tool. For each of the 30 workers, a trained evaluator
identified the posture of maximum demand, operationally defined as the configuration with the
highest biomechanical load maintained continuously for > 4 seconds in a representative task cycle,
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after a minimum observation period of 5 minutes. This posture was recorded simultaneously from
two standardized camera positions: lateral (90° relative to the sagittal plane) and anterior (frontal
plane), using a digital camera calibrated to a fixed focal distance of 3.5 m to minimize perspective
distortion. Angular estimation was performed from the photographic record by superimposing joint
reference points on the screen, in accordance with the validated photographic goniometry
methodology for trunk and upper limb angles (ICC = 0.87-0.93) [32].

To quantify inter-rater reliability and avoid systematic observer bias in the scoring of REBA
items, a randomly selected subsample of 10 postural records (33.3% of the total) was independently
scored by a second certified ergonomist, who was unaware of the primary rater’s scores. Inter-rater
agreement was assessed by calculating the percentage of exact agreement per item and the mean
absolute difference in final REBA scores between raters. Exact agreement rates ranged from 80%
(Legs) to 100% (Neck, Forearm), with a mean absolute difference in final REBA score of 0.40 + 0.52
points, within the conventionally accepted tolerance of + 1 point for ergonomic observation
instruments [33]. No systematic directional bias was detected (rater 1 mean: REBA = 8.6 vs. rater 2
mean: 8.4; t(9) =0.71; p = 0.49).

A data integrity audit was performed before any inferential analysis. The scores for the 30 x 6
items were checked against the published normative limits of the REBA worksheet [33]. The algebraic
identity REBA = C-Score + Activity Score was confirmed for all 30 observations without exception.
No out-of-range values were detected. Two items, Neck and Forearm, showed zero variance across
the entire sample (all observations scored 3 and 1, respectively), a finding of substantive, rather than
merely technical, importance.

2.4. Ergonomic Risk Assessment Engine: The REBA Framework

The REBA method was not applied as a checklist, but rather as a segmented biomechanical
loading model, understood as a hierarchical scoring system that disaggregates total body postural
stress into two anatomically and functionally distinct groups before recombining them into an overall
risk index [33].

Group A operationalizes axial segment loading: trunk flexion/extension/rotation (score 1-5),
cervical flexion/extension (1-3), and lower limb loading, including posture, knee flexion, and weight
distribution (1-4). The composite Group A score (range 1-12) is modulated by a load/force
adjustment factor (+0: load <5 kg; +1: load 5-10 kg; +2: load > 10 kg or sudden force). In the evaluated
sample, all load adjustments were 0 (no manipulation of objects exceeding 5 kg), isolating postural
load as the main determinant of Score A. Group B operationalizes distal upper limb load: arm
elevation/abduction/support (1-6), forearm flexion arc (1-3), and wrist flexion/deviation (1-3). Score
B (range 1-12) is adjusted using a coupling quality factor (0: good grip; +1: fair grip; +2: poor grip; +3:
unacceptable coupling). All coupling adjustments in this sample were 0 (acceptable grip on fish and
cutting tools). Scores A and B are cross-referenced in REBA Table C (a 12x12 matrix), resulting in
Score C (1-12), to which an Activity Score is added (+1 for > 1 body part in static posture > 1 min; +1
for repetitive movements > 4/min; +1 for rapid and wide postural changes or unstable base) to
produce the final REBA score (1-15). The five risk strata and their required action levels are presented

in Table 2.
Table 2. REBA final score, risk stratification, and intervention urgency.
REBA Score Risk Level Action Level Intervention Urgency
1 Negligible 0 No action required
2-3 Low 1 Action may be required
4-7 Medium 2 Intervention necessary
8-10 High 3 Intervention necessary soon
11-15 Very High 4 Immediate intervention required

2.5. Analytical Pipeline and Computational Validation

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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All analyses were executed in R (v4.5.1) within a fully reproducible pipeline (seed = 2025). Five
stages were executed in strict sequence, with no retrospective modification of analytical choices after
data inspection a preregistration-equivalent constraint (Figure 2).

Census Sampling Kinematic Capture Inter-Rater Realiability
n=30, 3 Workstations Photographic Goniometry Intraclass Correlation Coefficient

Stage 1: Data Integrity Audit
Total REBA Score
Detection of Zero-Variance Predictors

4 i
Stage 2: Descriptive Statistics Stage 3: Bootstrapped Confidence Intervals
Median, SD, IQR, CV Percentile Method (B=1000, seed=2025)

+

Anomalies
Detected?

+
Stage 4b: Fisher’s Exact Test
Monte Carlo Simulations (B=2000)

i
Stage 4a: Non-Parametric Hypothesis Testing
Kruskal-Wallis H-Test, Dunn-Bonferroni
Post-Hoc for k=3 Comparisons

¥

Stage 5: Principal Component Analysis (PCA) on Latent Postural Risk Structure
Inclusion Criteria: Components with Variance > 0 (Trunk, Legs, Upper Arm, Wrist).
Exclusion Criteria: Sero-Variance Items (Neck, Lower Arm)
Extraction Logic: Kaiser Criterion (Eigenvalue > 1), Factor Loadings, Cos2 Values, Contributions

I

Output A: Output B: Inter-Station Output C:
Risk Stratification Comparative Analysis Postural Synergies

Figure 2. Five-stage analytical pipeline for REBA postural risk assessment. Stage 0: data collection from three
sources (census sampling, photographic kinematic capture, inter-rater reliability subsample). Stage 1: data
integrity audit with a no-imputation exit for detected anomalies. Stages 2-3: descriptive characterization and
resampling-based median inference. Stage 4: between-station non-parametric inference (Kruskal-Wallis + Dunn-
Bonferroni; Fisher exact test replacing inadmissible chi-square). Stage 5: PCA dimensional decomposition of

segmental risk items. All stages executed in R v4.5.1, seed = 2025, with no retrospective modifications.

Stage 1. Data Integrity audit: item-level range verification against REBA normative bounds,
confirmation of the identity REBA = Score C + Activity Score across all 30 records, and zero-variance
detection with mechanistic interpretation.

Stage 2. Descriptive characterization: medians, means, SDs, IQRs, and CVs per workstation;
medians and IQR designated a priori as primary estimators given the discrete, bounded, and
ordinally restricted nature of REBA scores.

Stage 3. Resampling-based median inference: 95% Cls estimated via percentile bootstrapping (B
=1,000 resamples with replacement), selected over Wilcoxon signed-rank intervals because tied ranks
in the discrete REBA distribution inflate asymptotic variance estimates.

Stage 4. Between-Station Inference: tie-corrected Kruskal-Wallis test with effect size quantified
by epsilon-squared (&2) and post-hoc Dunn-Bonferroni pairwise comparisons (k = 3); categorical risk
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associations assessed by Fisher’s exact test with Monte Carlo simulation (B = 2,000), replacing
Pearson’s chi-square rendered inadmissible by 7 of 9 contingency cells with expected frequency < 5.

Stage 5. Multivariate dimensional decomposition: PCA applied to the four REBA items with
non-zero variance (trunk, legs, upper arm, wrist) after z-score standardization, with component
retention by Kaiser’s criterion (eigenvalue > 1); zero-variance items (neck, lower arm) excluded from
factorization but retained as substantive ergonomic findings.

3. Results

3.1. Biomechanical Profile: Central Tendency and Resampling Robustness

The descriptive statistics (Table 3) are presented for each station and in aggregate for the REBA
scores, where the overall distribution was truncated to the left at REBA = 6, meaning that no worker
at any workstation reached a negligible or low risk, establishing biomechanical risk at all stations as
the reference condition for this production system. The overall mean was 8.60 + 1.65 (median: 8.0;
range: 6-12), with the distribution concentrated in the high-risk stratum. The nobbing stage showed
the greatest central tendency (median = 10.0, IQR = 1.0; mean = 10.38 + 1.06, CV = 10.2%), followed by
Rolling (median = 10.0, IQR = 1.0; mean = 9.50 + 1.00, CV = 10.5%) and Filleting (median = 8.0, IQR =
1.0; mean=7.61+1.14, CV =15.0%). The high CV in Filleting reflects the postural heterogeneity within
the station attributable to the mixed architecture of the task (sitting standing).

Table 3. Descriptive statistics and bootstrapped 95% CI for REBA scores by workstation (n = 30).

Workstation n  Median Mean SD IQR Min Max CV (%) Bootstrap 95% CI
Filleting stage 18 8.0 761 114 10 6 10 15.0 [7.0-8.0]
Nobbing stage 8 10.0 10.38 1.06 1.0 9 12 10.2 [10.0-11.0]
Rolling stage 4 10.0 950 100 10 8 10 10.5 [8.0-10.0] *

Note: * Rolling n = 4: bootstrap CI collapses onto empirical values; descriptive positioning only.
Percentile bootstrap, B = 1000 resamples, seed = 2025. CV = coefficient of variation; SD = standard

deviation; IQR = interquartile range.

Figure 3 illustrates the station-specific distributional structure, confirming the left-truncation at
REBA = 6 and the concentration of nobbing and rolling scores within the High-risk stratum.

14

12 | Very High d
o
8 10 0 . — ——
O
» _ o
g 8 High 0 0
w
o o [9g
-g ® | Medium ¢
|_

4

2

0

Filleting Stage Nobbing Stage Rolling Stage

Workstations

Figure 3. Distribution of REBA scores by workstation (n = 30). Boxes represent IQR; Centerline = median;
whiskers = 1.5xIQR; individual observations overlaid (jitter). Shaded bands: yellow = Medium risk (4-7); orange
=High (8-10); red = Very High (11-15). No observation falls below the medium threshold across any workstation.
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The results of the percentile bootstrap resampling (Figure 4) provide a stress test of these central
tendencies against sampling uncertainty, where the Cut interval [10.0-11.0] lies entirely above the
Fillet interval [7.0-8.0] without any overlap, a sufficient condition to infer a separation of the
distribution without the need for formal hypothesis testing. The Rolling interval [8.0-10.0] partially
overlaps with the other two stations, a pattern mechanically driven by the small subgroup size (n =
4), which collapses the bootstrap distribution at the four empirical values, restricting the informative
content of the interval to a descriptive position. It is crucial to highlight that, even in the most
conservative bootstrap scenario (lower limit of Rolling = 8.0), each simulated median in the 1000
resamples and in the three stations falls within the High or Very High risk category, confirming that
the severity of the exposure is not a sampling artifact, but a stable property of the biomechanical
environment.

14

. §
N W

Mdf=10 Mdn=10
[10.0£12.0] [8.0-10.0]

—_
—

Total REBA Score (Median)
o

Filleting Stage Nobbing Stage Rolling Stage
Workstations

Figure 4. Bootstrapped 95% confidence intervals for REBA score medians by workstation. Percentile bootstrap,
B = 1,000 resamples, seed = 2025. Error bars = 95% CI. Dashed line = global median (8.0). All lower bounds > 7,

confirming High-range exposure under maximum uncertainty scenarios. T Rolling CI is descriptive only (n = 4).

3.2. Categorical Risk Thresholds and Inferential Disparities

The decomposition of the aggregate REBA distribution (Table 4) into ordinal risk strata reveals
a risk topology that is severe in magnitude and structured in its station-specific pattern. At the
aggregate level: 8 workers (26.7%) at medium risk, 20 (66.7%) at high risk, and 2 (6.7%) at very high
risk. The absence of the Insignificant and Low categories among the 30 workers is not a distributional
artifact, but a structural property of a production system in which no workstation configuration
provides a biomechanically safe postural load.

Table 4. REBA risk category distribution by workstation with segment-level profile (n = 30).

Workstation n Medium n (%)  High n (%) Very High n (%) Total n (%)
Filleting stage 18 8 (44.4) 8 (44.4) 2 (11.1) 18 (100)
Nobbing stage 8 0 (0.0) 6 (75.0) 2(25.0) 8 (100)
Rolling stage 4 0 (0.0) 4 (100.0) 0 (0.0) 4 (100)
Total n (%) 30 8 (26.7) 18 (60.0) 4 (13.3) 30 (100)
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Note: * Fisher’s exact test (Monte Carlo, B = 2000, seed = 2025): p = 0.020. x? inadmissible: 7/9 cells E <
5 (range 0.27—4.80). No worker achieved Negligible or Low risk.

The station-specific profiles encode a mechanically interpretable gradient, where filleting is the
only station with workers at medium risk (44.4%, REBA 6-7), a pattern attributable to the postural
relief partially provided by the seated packaging configuration, the only task among the three stations
that allows a seated posture with partial trunk unloading. The remaining workers in the Filleting
(55.5%) fall into the High (44.4%) or Very High (11.1%) risk categories, due to the standing filleting
subtask. The nobbing stage has 100% of its workers in the High-Very High risk range (75.0% High;
25.0% Very High, REBA =12), with the two Very High risk cases corresponding to workers exhibiting
a trunk inclination > 60° and bilateral semi-flexion of the knees during sustained cuts, the most
unfavorable postural combination recorded in the dataset. The Rolling stage shows a uniformly High
risk (100%, REBA 8-10, RIC = 1.0), reflecting the structural homogeneity of the lamination task.

Fisher’s exact test (Monte Carlo simulation, B = 2000, seed = 2025) confirmed a significant
association between workstation and risk category distribution (p = 0.020). The inadmissibility of
Pearson’s chi-squared test in this context warrants an explicit statement: 7 of the 9 cells in the 3x3
contingency matrix had expected frequencies less than 5 (range: 0.27—4.8), which violates the Cochran
threshold and renders any p-value derived from the chi-squared test anticonservative.

Figure 5 quantifies the distribution of REBA risk categories by workstation, showing distinct
proportional patterns across tasks. In the filleting stage (n = 18), 44.4% of workers were classified at
medium risk (REBA 4-7), while 55.6% were at high risk (REBA 8-10), with no cases in the very high
category. In the nobbing stage (n = 8), 75.0% of workers were categorized as high risk and 25.0% as
very high risk (REBA > 11), with no medium-risk observations. The rolling stage (n = 4) exhibited a
fully homogeneous distribution, with 100% of workers classified in the high-risk category.

100
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® 50
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L 25

Filleting Stage Nobbing Stage Rolling Stage
Workstations
REBA Risk Severity Tier Medium [ High [ Very High

Figure 5. Percentage distribution of REBA risk categories by workstation. Yellow = Medium (4-7); orange = High
(8-10); red = Very High (11-15). Fisher’s exact test (Monte Carlo, B =2,000): p = 0.020. Filleting is the only station

presenting medium risk workers, rolling shows uniform High risk.
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Across all workstations, no workers were classified in negligible or low-risk levels (REBA < 3),
confirming a minimum exposure threshold at moderate risk. The proportion of very high risk was
exclusively observed in the nobbing stage (25.0%), while medium risk was restricted to filleting
(44.4%). The dominance of high-risk classifications across the three stations (= 55% in all cases)
indicates a consistent concentration of workers within the upper REBA strata, with variability in
distribution patterns depending on the workstation.

3.3. Postural Variability Across Operational Units: Non-parametric Inference

The Kruskal-Wallis test (with tie correction) detected highly significant differences between
workstations in the REBA score distributions [H (2, n = 30) = 16.72, p < 0.001, €2 = 0.545]. The (large)
effect size indicates that workstation membership explains 54.5% of the rank-order variance in
postural risk scores, a finding of direct operational relevance: the task assigned to a worker is a
stronger predictor of biomechanical risk than any individual characteristic measured (age, height,
seniority).

The post-hoc paired structure (Table 5) accurately delineates the biomechanical stratification,
where the Filleting-Nobbing contrast produced the greatest separation (mean rank difference =13.92,
Z =3.86, padj = 0.001), consistent with the 2.39 point difference in the means (10.38 vs. 7.61) and the
non-overlapping bootstrap CIs. The Filleting—Rolling contrast reached trend-level significance after
Bonferroni correction (Z = 2.23, padj = 0.077), with a mean rank difference of 10.49, a magnitude that
is substantially relevant from a clinical point of view (Mdn difference = 2.0 REBA points), equivalent
to a risk stratum transition from the lower REBA limit 8-10 to its upper limit) but with little power
given the denominator Rolling n = 4. The Nobbing—Rolling comparison was null (Z = -0.66, padj =
1.000): this is not a failure of discrimination, but a detection of a genuine biomechanical equivalence:
two structurally distinct standing operations that impose an indistinguishable added postural load
on the REBA scale.

Table 5. Kruskal-Wallis test results and post-hoc Dunn-Bonferroni pairwise comparisons (n = 30).

Comparison Mean Rank p-raw p-adj Decision
Difference (Bonferroni)

Filleting vs Nobbing 13.92 3.86  <0.001 0.001**  Nobbing > Filleting

Filleting vs Rolling 10.49 2.23 0.026 0.077 (trend) Rolling > Filleting

Nobbing vs Rolling -3.43 -0.66 0.509 1.000 Equivalent

Note: Kruskal-Wallis: H (2) = 16.72 (tie-corrected), p < 0.001, €2 = 0.545 (large). Mean rank difference =

R, — R, (positive: second station higher). ** p <0.001 after Bonferroni correction (k = 3 comparisons).

3.4. Latent Structure of Ergonomic Risk: A PCA Approach

Postural risk assessment was performed using the Rapid Entire Body Assessment (REBA), which
identified biomechanical exposure in body segments during fish processing tasks. These segments
were explored through principal component analysis (PCA) of the REBA scores after standardization
using z-scores. Only elements with non-zero variance trunk, legs, arm, and wrist were included in
the analysis (Table 6). This allowed for the examination of the dimensional structure of the variables
to determine the dominant ergonomic factors underlying postural load during routine operational

activities.
Table 6. PCA: component structure, item loadings, cos?.
Item PC1 cos?> Contribution PC2 cos? Contribution Primary
Loading PC1 PC1 (%) Loading PC2 PC2 (%) Dimension
Trunk -0.65 0.43 32.5 0.37 0.14 12.8 PC1
Legs -0.68 0.46 35.4 -0.14 0.02 1.9 PC1
Upper arm -0.07  0.00 0.3 -0.88 0.77 72.5 PC2
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Wrist 0.32 0.11 8.0 0.27 0.07 6.7 --

Note: Variables with zero variance were excluded: Neck (all scored 3; max. cervical flexion) and

Lower arm (all scored 1). Factors were extracted based on the Kaiser criterion (eigenvalue > 1). Items
were z-score standardized prior to PCA. Inter-item correlations: (Trunk, Legs) = 0.27; all other.
Loadings with absolute value > 0.60 are considered dominant contributors to the respective
component. Sign of loadings reflects directional coding relative to the standardized mean and does

not imply an inverse relationship.

The first principal component (PC1) represents the dominant biomechanical axis associated with
axial and lower body posture, where the trunk (load =-0.65; cos? = 0.43) and legs (load = -0.68; cos? =
0.46) had the highest loads and contributions to this component, accounting for 32.5% and 35.4% of
the explained variance, respectively. These values indicate that PC1 primarily captures postural
configurations involving trunk tilt and lower limb positioning during task execution.

The second component is associated with upper limb activity, where the upper arm variable
showed a dominant load (-0.88) and a high cos? value (0.77), contributing 72.5% to the variance of
this component. This indicates that CP2 is primarily driven by the elevation and movement of the
upper arm during task performance; the wrist exhibited moderate loads in both components,
suggesting a distributed influence rather than a primary role.

The correlation matrix between items (Table 7) revealed a modest but mechanically consistent
positive correlation between trunk and legs (r = 0.27), consistent with their coactivation during the
forward-leaning standing postures that characterize the Cutting operations: a postural synergy in
which the forward trunk lean mechanically requires a compensatory load on the lower extremities to
maintain postural balance. These values take into account that all other correlations between items
were insignificant (Irl < 0.10), indicating that the retained items encompass biomechanically
independent dimensions.

Table 7. Eigenvalues and variance distribution for REBA postural components (n = 30).

Component Eigenvalue Variance (%) Cumulative (%) Retained
PC1 1.31 32.8 32.8 Yes
PC2 1.07 26.7 59.5 Yes
PC3 0.95 23.9 83.4 No
PC4 0.67 16.7 100.0 No

Note: Principal components (PCs) were retained based on Kaiser’s criterion (eigenvalue). The
cumulative explained variance (59.5%) reflects the proportion of total ergonomic risk variability
captured by the primary postural dimensions (PCI1: axial-lower limb synergy; PC2: upper limb
loading).

Two components were retained according to Kaiser’s criterion (eigenvalue > 1). PC1 (eigenvalue
=1.31, 32.8% of the variance) was dominated by Trunk (load = -0.65, cos? = 0.43, contribution = 32.5%)
and Legs (load = -0.68, cos? = 0.46, contribution = 35.4%), confirming that the trunk-lower limb
postural complex is the main architectural determinant of the overall risk of REBA in this
occupational context. PC2 (eigenvalue = 1.07, 26.7% of the variance) was dominated by Arm (load =
-0.88, cos?=0.77, contribution = 72.5%), which represents an orthogonal load dimension of the upper
extremity. PC1+PC2 cumulatively explain 59.5% of the total variance. The sign of the loads (negative)
reflects the directional coding of the standardized scores with respect to the mean, not an inverse
relationship.

The Principal Component Analysis (PCA) biplot projects the workers’ scores and postural
variables from the Rapid Entire Body Assessment method onto the space defined by the first two
components (Figure 6). Principal Component 1 (PC1) explains 32.8% of the total variance, while
Principal Component 2 (PC2) explains 26.7%, together accounting for 59.5% of the observed
ergonomic variability. The factorial plane represents three groups corresponding to the workstations:
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filleting, nobbing, and fabric rolling, each delimited by ellipses that indicate approximate confidence
regions. The vectors of the body variables (trunk, legs, upper arm, and wrist) show the direction and
magnitude of their contribution to the dimensional structure of postural risk.
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Figure 6. PCA biplot of REBA segmental items by workstation (n = 30). Arrows = item loadings on PC1-PC2
space. Ellipses = 90% confidence regions (t-distribution) per workstation. PC1 (32.8%): trunk-legs postural
synergy; PC2 (26.7%): distal upper-extremity loading. Nobbing workers cluster in the high-PC1 region; rolling
in the high-PC2 region; filleting spans both dimensions, reflecting mixed sitting-standing task architecture. Items

excluded from PCA: Neck (variance = 0, all scored 3) and Lower arm (variance = 0, all scored 1).

The distribution of points reveals distinct biomechanical patterns between stations. Nobbing
workers are primarily concentrated in positive PC1 values, aligned with the trunk and leg vectors,
indicating that trunk inclination and lower limb posture are the main determinants of risk at this
stage. Filleting workers show a wider dispersion around the origin, reflecting greater postural
variability associated with alternating between sitting and standing work. Meanwhile, the rolling
stage occupies intermediate positions, relatively close to the upper arm vector, suggesting a greater
influence of repetitive upper limb activity on the ergonomic risk profile.

The exclusion of the Neck (all 30 participants scored 3, maximum cervical flexion > 60°) and
Forearm (all 30 participants scored 1) from the principal component analysis (PCA) justifies its
interpretation as the most relevant ergonomic finding in the manuscript. The universality of the
maximum cervical load in all workers across the three stations constitutes evidence of a task-imposed
biomechanical constraint as a postural stress factor structurally determined by the geometry of the
visual target in anchovy processing, where all operations require the direct and sustained inspection
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of small objects (3- to 8-cm fillet segments) located at or below chest height. This configuration forces
cervical flexion > 60° regardless of the worker’s height, experience, or postural awareness, making
training-based intervention structurally insufficient, as the only biomechanically adequate
preventive response is adjusting the height of the workstation to position the visual target within the
neutral gaze range (10-15° below the horizontal).

4. Discussion

4.1. Systemic Ergonomic Risk in Fish Processing Tasks

The results demonstrate that postural ergonomic exposure is a structural characteristic of the
evaluated fish processing system, as the overall mean REBA score reached 8.60 + 1.65, with scores
ranging from 6 to 12 and no worker classified in the negligible or low risk categories. This distribution
indicates that biomechanical stress is inherent in the operational design of the production process.
Similar findings have been reported in labor-intensive industries where repetitive tasks and
prolonged trunk flexion significantly increase the prevalence of musculoskeletal disorders among
workers [5,9,15,16]. Furthermore, studies conducted in fish processing environments have
documented high frequencies of work-related musculoskeletal symptoms associated with repetitive
manual operations and sustained postures, including upper quadrant dysfunction that improves
with structured exercise interventions and prevalent musculoskeletal complaints among female
workers performing repetitive and prolonged tasks, with statistically significant differences (p <
0.0001) in the different neck, arm, hand, and shoulder disabilities [2,3,30,33]. The stability of these
patterns under Bootstrap resampling confirms that the observed exposure represents a robust
occupational condition rather than a sampling artifact.

4.2. Workstation-Specific Biomechanical Demands

Comparative analysis between workstations reveals substantial biomechanical disparities
associated with task characteristics. Workers in the nobbing stage exhibited the highest ergonomic
load, with a mean REBA score of 10.38 + 1.06 and a median of 10, while filleting operations showed
lower central tendency (mean = 7.61). The categorical risk distribution reinforces this pattern, as all
nobbing workers were classified within high or very high-risk levels. Statistical inference confirmed
that workstation assignment significantly influences ergonomic exposure, as demonstrated by
Fisher’s exact test (p = 0.020) and the Kruskal-Wallis analysis (H = 16.72, p < 0.001; €2 = 0.545). These
results confirm the data that have been reported on biomechanical patterns dependent on similar
tasks in manual production systems where the configuration of the workstation and repetitive
operations determine the distribution of musculoskeletal stress [14,18,33,34].

4.3. Multidimensional Structure of Postural Ergonomic Risk

Principal component analysis revealed that ergonomic exposure in fish processing activities is
multidimensional, with the first principal component (PC1) dominated by trunk and leg variables,
explaining 32.8% of the variance and representing the axial postural configuration associated with
sustained forward flexion during manual operations. The second component (PC2), largely defined
by upper arm activity, accounted for 26.7% of the variance and reflects the repetitive upper limb
movements characteristic of product handling tasks. The PCA biplot illustrates this structural
separation, with nobbing workers clustered in the high PC1 region and rolling workers associated
with upper limb loading, providing results that fit previous research, which has highlighted that
musculoskeletal risk results from complex biomechanical interactions involving posture, repetition,
and physical workload in multiple body segments [22,23,33].

4.4. Ergonomic Implications, Limitations, and Future Research
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From an applied perspective, the findings highlight the urgent need for ergonomic interventions
targeting both axial posture and upper limb loading. The universal cervical flexion detected during
the REBA assessment indicates that the current workstation geometry forces workers to maintain
continuous visual inspection of small objects below eye level, a configuration that structurally
imposes strain on the neck at all workstations. This is supported by documented results on similar
ergonomic challenges in manufacturing environments where workstation height and task design
strongly influence biomechanical exposure [26,27]. Evidence from ergonomic redesign studies
demonstrates that interventions based on REBA-guided assessment can significantly improve
workplace safety and reduce musculoskeletal risk [24,28,33]. In this regard, future research should
integrate advanced motion capture systems and ergonomic monitoring systems based on machine
vision to improve real-time assessment in fish processing environments, as has been used in different
industries [1,4,20,33].

5. Conclusions

This study determined the level of ergonomic risk in fish processing tasks using the REBA
method, revealing widespread exposure to high biomechanical load throughout the evaluated
production system. The overall REBA mean reached 8.60 + 1.65 (range: 6-12), placing the workforce
predominantly in the high-risk category. Specifically, 60.0% of workers were classified as high risk,
13.3% as very high risk, and 26.7% as medium risk, while no worker reached negligible or low risk
levels. These findings indicate that ergonomic stress factors are integrated into the operational
configuration of the workstations, rather than being sporadic events. The robustness of this pattern,
confirmed by bootstrap confidence intervals, demonstrates that the identified exposure represents a
stable occupational condition requiring systematic preventive intervention.

Comparative evaluation between workstations quantified clear task-dependent disparities in
biomechanical demand. The nobbing stage presented the highest ergonomic load, with a mean REBA
score of 10.38 + 1.06 and 100% of workers classified in high or very high-risk categories, including
25% at very high risk. In contrast, the filleting stage presented a lower mean score (7.61 + 1.14),
although still concentrated at medium to high exposure levels. Inferential analyses confirmed the
significance of these differences, with Fisher’s exact test indicating a statistically significant
association between workstation and risk category (p = 0.020) and the Kruskal-Wallis test revealing
strong differences in the REBA distributions (H = 16.72, p < 0.001, &> = 0.545), quantitatively
demonstrating that workstation assignment accounts for a substantial proportion of the ergonomic
risk variability within the production system.

Based on these findings, the study formulates evidence-based recommendations aimed at
reducing the risk of musculoskeletal disorders and strengthening preventive management within the
organization. Multivariate analysis identified two main biomechanical determinants that explain
59.5% of the total ergonomic variability: axial postural load involving the trunk and lower extremities
(32.8%) and upper extremity activity associated with repetitive arm movements (26.7%).
Furthermore, the universal cervical flexion observed in all workers indicates a structural limitation
in the workstation geometry that requires redesign interventions rather than behavioral corrections.
Preventive strategies should prioritize adjustments to workstation height, task layout, and tool
ergonomics to reduce trunk bending and upper extremity strain.
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