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Abstract

Background: Mechanization in olive harvesting has improved productivity but introduced
new ergonomic challenges, particularly related to vibration exposure and sustained over-
head work. This study investigates the acute and short-term physiological effects of using
an electric olive harvester through objective instrumental assessment. Methods: Ten healthy
male volunteers performed a standardized 15-min simulated harvesting task using an elec-
tric olive harvester. Muscle tone, stiffness, and elasticity of bilateral deltoid, biceps, and
triceps were assessed by myotonometry at baseline (T0), immediately post-task (T1), and
after 2 h recovery (T2). Infrared thermography evaluated cervical, dorsal, and lumbar skin
temperature at the same timepoints. Results: Significant, side-dependent alterations in
myotonometric parameters were observed, with marked increases in tone and stiffness
of dominant upper-limb muscles and asymmetric adaptations between limbs (p < 0.001,
large effect sizes). Infrared thermography revealed significant post-task reductions in skin
temperature across spinal regions, with a partial return toward baseline within the 2 h
observation window (p < 0.01). These findings describe short-term, task-related thermoreg-
ulatory responses following sustained work. Conclusions: Even short-term use of electric
olive harvesters induces measurable biomechanical and thermophysiological stress. The
integrated use of myotonometry and infrared thermography provides a sensitive, field-
adaptable framework for early ergonomic risk detection and prevention of work-related
musculoskeletal disorders in agriculture.
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1. Introduction
Agricultural practices have undergone profound transformations in recent years. The

use of increasingly engineered equipment has enhanced work safety and productivity [1–3].
Specifically, in olive harvesting, the mechanization of processes has seen significant advance-
ments, driven by the critical needs for increased efficiency, labor optimization, and reduced
operational costs [4]. Traditional olive harvesting, encompassing manual techniques such as
brucatura (hand-picking), bacchiatura (pole beating), pettinatura (raking), and scrollatura
(shaking), was characterized by considerable physical exertion and prolonged operational
times. These practices frequently exposed workers to sustained repetitive motions, awk-
ward and static postures (e.g., prolonged bending or kneeling), and manual handling of
loads, contributing to a high incidence of musculoskeletal strain and cumulative trauma
disorders [5,6]. Studies have specifically highlighted risks such as tendinitis and significant
discomfort in the lower back and upper limbs among olive farmers engaged in these tradi-
tional tasks [7]. However, the introduction of mechanized tools has also altered the nature
of physical demands, shifting workloads from predominantly dynamic manual actions to
sustained static postures and vibration exposure.

To mitigate these issues, electric olive harvesters (known in Italy as abbacchiatori)
have become increasingly common. These tools, employing vibrational force to detach
olives, significantly reduce gross manual effort and harvesting duration. However, this
mechanization has not entirely eliminated ergonomic risks; instead, it has shifted the
nature of the physical burden. Workers are now exposed to sustained overhead work,
increased static loading on the shoulder and cervical regions, and prolonged exposure
to hand–arm vibration (HAV) [8,9]. Research indicates that electric beaters can transmit
high vibration levels, with daily exposures potentially exceeding recommended limits,
and that the characteristic operator posture (arms held above shoulder level) can lead to
upper-limb disorders distinct from, yet often compounded by, HAV-related pathologies [7].
Consequently, operators may develop work-related musculoskeletal disorders (WMSDs)
affecting a wide range of hand, shoulder girdle, and neck muscles—including the deltoid,
biceps, triceps, and paraspinal musculature—areas demanding more focused investigation
within agricultural ergonomics [10,11].

Conventional observational tools such as RULA, REBA, or OCRA are widely utilized
for ergonomic risk classification in field settings. While valuable for providing a general risk
score, their application in diverse and dynamic agricultural environments can be challeng-
ing. These methods often provide limited physiological insight into actual muscle fatigue,
vasomotor responses, or tissue recovery processes. While useful for global risk stratification,
these methods provide limited insight into underlying physiological responses and may be
difficult to apply consistently in dynamic agricultural environments [12].

Recent advances in instrumented ergonomic assessment, particularly myotonometry
and infrared thermography (IRT), offer a paradigm shift by enabling the objective quan-
tification of biomechanical and circulatory responses in a non-invasive, real-time, and
field-adaptable manner [13–15].

Myotonometry provides objective data on muscle mechanical properties such as tone,
stiffness, and elasticity [16]. Although it does not directly measure muscle fatigue, changes
in these mechanical parameters following a fatiguing task are considered indirect indicators
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of fatigue-related alterations in muscle mechanical behavior, reflecting modifications in
muscle tone and viscoelastic properties associated with the fatigued state [17].

Simultaneously, IRT records infrared radiation emitted from the body and reconstructs
spatial distributions of superficial skin temperature [18]. While it does not directly assess
inflammatory processes, these thermal patterns are influenced by factors such as cutaneous
blood flow, vasomotor activity, and thermoregulation. Accordingly, localized temperature
variations observed with IRT may reflect indirect physiological responses related to muscu-
lar exertion or strain, rather than serving as specific markers of inflammation [19]. These
tools are increasingly recognized for their complementary value in occupational health
surveillance, particularly in sectors such as agriculture, where traditional laboratory-based
assessments are impractical. Their integrated application allows for the early identification
of biomechanical overload—often before symptoms become chronic—and supports er-
gonomic task and tool redesign, thereby contributing to more effective preventive strategies
for long-term health outcomes in the agricultural workforce [20,21].

Despite the growing adoption of mechanized tools, a gap persists in understanding
the nuanced physiological responses of operators to specific devices such as electric olive
harvesters, particularly when assessed using combined, objective techniques under real-
world or simulated field conditions. Although myotonometry and infrared thermography
have been individually applied in occupational and sports settings, their combined use
to characterize acute workload and short-term recovery responses during mechanized
agricultural tasks remains largely unexplored, particularly in relation to specific tools such
as electric olive harvesters.

Therefore, the present pilot study aims to investigate the acute and subacute effects
of using an electric olive harvester on selected upper-limb muscle groups and spinal soft
tissue perfusion. By applying myotonometry and IRT imaging, we aim to quantify postural
and vibrational stress responses and assess their resolution over time.

Based on the identified gap, this pilot study was designed to test the following hypotheses:

(I). The use of an electric olive harvester would induce side-dependent changes in upper-
limb muscle mechanical properties, with increased tone and stiffness predominantly
in the dominant arm;

(II). Spinal skin temperature would show measurable post-task changes consistent with
task-related thermoregulatory responses following sustained work;

(III). These biomechanical and thermophysiological responses would show only partial
recovery within a 2 h observation window. Overall, this pilot study provides prelimi-
nary evidence supporting the use of integrated myotonometric and thermographic
assessments to characterize biomechanical and thermophysiological responses to
mechanized olive harvesting tasks.

2. Materials and Methods
2.1. Participants

This observational study was conducted in March 2024 on ten healthy adult male
volunteers with no musculoskeletal disorders or recent upper limb injuries. The investi-
gation was designed as a pilot observational study aimed at exploring the feasibility and
sensitivity of combined myotonometric and thermographic assessments during a realistic
agricultural task. Only male participants were included to reduce physiological variability
related to well-documented sex-specific differences in muscle mechanical properties and
skin temperature regulation, which could confound the interpretation of the results [22].
Participants provided informed consent and were briefed on the procedures. Before par-
ticipation, demographic characteristics, anthropometric parameters (including body mass
index), and lifestyle habits (smoking status, alcohol consumption, and physical activity)
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were collected for all participants by a physician specialized in Occupational Medicine. At
baseline (T0, before the intervention) and at T1 post-intervention (within 10 min), systolic
(SBP) and diastolic (DBP) blood pressure and heart rate were assessed in all participants.

Inclusion criteria were right-handedness and the absence of a history of neurological
or vascular disorders. Exclusion criteria included the use of medications, recent muscu-
loskeletal injuries, acute or chronic inflammatory conditions, and engagement in strenuous
physical activity, alcohol consumption, or caffeine intake within 24 h prior to testing.

The study protocol adhered to the ethical principles of the Declaration of Helsinki and
institutional guidelines. Data collection was approved by the Research Center in Motor
Activities (CRAM), University of Catania (protocol no. CRAM-016-2020, 16 March 2020).

2.2. Study Design

Participants operated an electric olive harvester (CILLI B-140; weight: 8.12 kg; ad-
justable length: 1.9–2.80 m; operating speed: 1000 rpm) under supervised and standardized
conditions during a defined harvesting task consisting of a 15 min continuous active phase
(Figure 1). All tasks were supervised by a researcher to ensure standardized execution. Par-
ticipants were instructed to maintain a consistent working rhythm, avoiding pauses during
the task, and to perform cyclic sweeping movements within the canopy at a self-selected
but steady cadence representative of real field practice.

 

 
(a) (b) 

Figure 1. Olive harvester (model: CILLI B-140) (a); operator using the electric olive harvester (b).

The harvesting simulation was conducted on olive branches positioned at a height
of 1.8–2.4 m from the ground, corresponding to the typical productive zone of adult Olea
europaea trees and consistent with agronomic guidelines for Sicilian cultivars, including
Nocellara dell’Etna [23–25].

The task was designed to replicate real agricultural activity and involved prolonged
arm elevation above shoulder level, sustained grip force, and repetitive movements. The
working posture was characterized by sustained shoulder flexion and abduction angles
of approximately 90–120◦, elbow flexion of 60–90◦, and continuous isometric contraction
of the forearm flexor muscles. Cyclic sweeping movements of the tool within the canopy
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produced a vertical working excursion of approximately 1.5 m, with repeated transitions
between overhead and semi-overhead postures.

Environmental conditions were controlled and monitored throughout the experimental
session; ambient temperature was maintained between 22 and 24 ◦C, with relative humidity
at approximately 50%.

2.3. Myotonometry

Myotonometric evaluation was performed using a handheld MyotonPRO® device
(Myoton AS, Tallinn, Estonia) to assess biomechanical parameters of the bilateral deltoid,
biceps brachii, and triceps brachii muscles, which were selected because they play a pri-
mary role in shoulder stabilization, arm elevation, and elbow control during prolonged
overhead and repetitive upper-limb tasks, such as the operation of electric olive harvesters.
All measurements were conducted in accordance with the manufacturer’s guidelines. Mea-
surement sites were defined using standardized anatomical landmarks for each muscle: the
deltoid was assessed at the midpoint between the acromion and the deltoid tuberosity, the
biceps brachii at the midpoint of the muscle belly between the acromion and the antecubital
fossa, and the triceps brachii at the midpoint between the acromion and the olecranon.
Measurements were performed bilaterally. To ensure anatomical reproducibility across
timepoints (T0, T1, and T2), all measurement locations were marked on the skin using a
dermographic marker and maintained throughout the experimental session. Assessments
were performed with participants seated, shoulders in a neutral position, elbows flexed
at approximately 90◦, forearms supported, and the tested limb fully relaxed. All measure-
ments were collected by the same trained evaluator to minimize inter-operator variability.
For each muscle, three consecutive measurements were obtained, and the mean value was
retained for analysis. This standardized protocol, including fixed anatomical landmarks,
consistent participant positioning, repeated measurements, and operator consistency, was
adopted to reduce measurement error and enhance the reliability of the collected data
(Figure 2a).

(a) (b) 

Figure 2. MyotonPRO® device (a); FLIR E6-XT® thermographic camera (b).

2.4. Infrared Thermography (IRT)

Thermal imaging of the cervical, dorsal, and lumbar spine regions was conducted us-
ing a FLIR E54 camera (Wilsonville, OR, USA), with a detector resolution of 320 × 240 pixels
and thermal sensitivity < 0.04◦ C, was used for the IR images (Figure 2). The IR acquisitions
were carried out according to the TISEM checklist to ensure the quality of thermal images
and reduce bias [26]. The emissivity level was set at 0.98 in a room with a temperature
of 20 ± 2 ◦C and humidity of 50%. Thermograms were acquired at each timepoint (T0,
T1, T2), ensuring a 15-min acclimatization period for participants, no direct exposure to
sunlight or air conditioning during assessments, and a consistent camera distance (1.2 m)
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and angle for all shots. Each thermogram was analyzed using FLIR Thermal Studio PRO
software. Regions of interest were defined bilaterally over the cervical, dorsal, and lumbar
areas. Image processing and region selection were performed in strict accordance with the
practical guidelines proposed by Ammer and Ring to minimize potential sources of bias
and enhance methodological consistency [25].

2.5. Statistical Analysis

Statistical analyses were performed using R software (version 4.3.3) and conducted
separately for thermographic and myotonometric datasets. Data normality was assessed
using the Shapiro–Wilk test. Temporal changes were quantified using difference scores
defined as ∆01 = T0 − T1 and ∆12 = T1 − T2, with positive values indicating a decrease
and negative values an increase over time. For normally distributed data, paired t-tests
were used to compare consecutive timepoints, while one-sample t-tests assessed whether
∆ values differed from zero (H0: mean(∆) = 0). When normality assumptions were violated,
Wilcoxon signed-rank tests were applied. Given the small sample size (n = 10) and multiple
comparisons across variables and time intervals, p-values were adjusted for multiplicity
using the Holm method; Benjamini–Hochberg false discovery rate (FDR) correction was
additionally computed as a sensitivity analysis. Effect sizes were calculated as Cohen’s d for
dependent samples for paired comparisons and as mean ∆ divided by its standard deviation
for one-sample tests. Effect sizes for paired comparisons were calculated using Cohen’s
d for dependent samples, defined as the mean of the paired differences divided by the
standard deviation of those differences. For one-sample tests on ∆ variables, effect size was
computed as the mean ∆ divided by its standard deviation. Effect sizes were interpreted
according to conventional thresholds (0.1 = small, 0.4 = medium, 0.8 = large) [27]. Results
are reported as mean ± SD with 95% confidence intervals, and statistical significance was
set at p < 0.05 after adjustment.

3. Results
The sample had a mean age of 32.4 ± 2.1 years and a mean Body Mass Index (BMI)

of 23.8 ± 0.8 kg/m2. They occasionally engaged in sports activities. None of the par-
ticipants were smokers, while nine out of ten reported occasional alcohol consumption.
Cardiovascular parameters were within the normal range at baseline. At T0, mean SBP
was 112 ± 3.2 mmHg, mean DBP 72 ± 4.8 mmHg, and heart rate 71 ± 8.1 bpm. After the
task (T1), SBP, DBP, and heart rate increased significantly (SBP: 122 ± 4.4 mmHg; DBP:
79 ± 5.0 mmHg; heart rate: 83 ± 6.5 bpm; p < 0.01 for all comparisons), while remaining
within the reference range.

Myotonometric evaluation revealed clear side- and muscle-dependent variations
in tone, stiffness, and elasticity following the mechanical harvesting task (see Table 1
and Figure 3). In the biceps, the dominant side showed a marked rise in both tone
(∆0–1 = +0.70 ± 0.46 Hz, p < 0.001, d = 1.14) and stiffness (∆0–1 = +15.60 ± 8.10 N/m,
p < 0.001, d = 1.07), followed by mild, non-significant decreases at follow-up. Elasticity
decreased slightly (∆0–1 = −0.09 ± 0.05, p < 0.001), suggesting transient muscle stiff-
ening. Conversely, the non-dominant biceps showed the opposite pattern, with tone
(∆0–1 = −1.53 ± 0.83 Hz, p < 0.001, d = −1.16) and stiffness (∆0–1 = −24.96 ± 17.59 N/m,
p < 0.001) both decreasing, while elasticity significantly increased (∆0–1 = +0.23 ± 0.13,
p < 0.001, d = 1.51). These results highlight asymmetric responses between dominant and
non-dominant arms.
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Table 1. Myotonometric changes according to the specific muscles, sides and delta differences.

Muscle/Side Measure ∆ Period Mean ∆ SD CI p-Value + Cohen’s d ++

Biceps right Elasticity ∆0–1 −0.094 0.055 [−0.12; −0.07] 0.000 1.07
Biceps right Elasticity ∆1–2 −0.034 0.09 [−0.08; 0.01] 0.030 −0.44
Biceps right Stiffness ∆0–1 15.6 8.1 [11.91; 19.29] 0.000 1.07
Biceps right Stiffness ∆1–2 −3.31 14.49 [−9.91; 3.28] 0.436 −0.36
Biceps right Tone ∆0–1 0.7 0.46 [0.49; 0.91] 0.001 1.14
Biceps right Tone ∆1–2 −0.14 0.54 [−0.39; 0.11] 0.361 −0.44
Biceps left Elasticity ∆0–1 0.231 0.128 [0.17; 0.29] 0.000 1.51
Biceps left Elasticity ∆1–2 −0.051 0.107 [−0.10; 0.00] 0.037 −0.69
Biceps left Stiffness ∆0–1 −24.96 17.59 [−32.97; −16.95] 0.000 −1
Biceps left Stiffness ∆1–2 −21.54 21.45 [−31.31; −11.78] 0.003 −0.72
Biceps left Tone ∆0–1 −1.53 0.83 [−1.91; −1.15] 0.000 −1.16
Biceps left Tone ∆1–2 0.18 0.71 [−0.14; 0.50] 0.014 0.3

Deltoid right Elasticity ∆0–1 0.009 0.067 [−0.02; 0.04] 0.053 0.1
Deltoid right Elasticity ∆1–2 −0.061 0.061 [−0.09; −0.03] 0.002 −0.71
Deltoid right Stiffness ∆0–1 88.27 75.03 [54.11; 122.42] 0.000 1.02
Deltoid right Stiffness ∆1–2 −80.39 91 [−121.82; −38.97] 0.002 −0.7
Deltoid right Tone ∆0–1 0.41 0.88 [0.01; 0.81] 0.009 0.62
Deltoid right Tone ∆1–2 −0.52 0.8 [−0.89; −0.16] 0.012 −0.64
Deltoid left Elasticity ∆0–1 −0.103 0.081 [−0.14; −0.07] 0.000 −0.7
Deltoid left Elasticity ∆1–2 −0.073 0.125 [−0.13; −0.02] 0.011 −0.47
Deltoid left Stiffness ∆0–1 −3.5 13.87 [−9.81; 2.82] 0.539 −0.11
Deltoid left Stiffness ∆1–2 −10.07 31.4 [−24.37; 4.22] 0.143 −0.2
Deltoid left Tone ∆0–1 −0.58 0.6 [−0.85; −0.30] 0.001 −1
Deltoid left Tone ∆1–2 −0.63 0.9 [−1.04; −0.22] 0.011 −0.7

Triceps right Elasticity ∆0–1 −0.192 0.086 [−0.23; −0.15] 0.000 −2.18
Triceps right Elasticity ∆1–2 0.147 0.079 [0.11; 0.18] 0.000 1.8
Triceps right Stiffness ∆0–1 −24.03 34.03 [−39.53; −8.54] 0.015 −0.47
Triceps right Stiffness ∆1–2 10.17 62.7 [−18.37; 38.71] 0.768 0.1
Triceps right Tone ∆0–1 −0.22 1.04 [−0.69; 0.26] 0.201 −0.2
Triceps right Tone ∆1–2 0.59 0.92 [0.17; 1.01] 0.012 0.63
Triceps left Elasticity ∆0–1 0.17 0.213 [0.07; 0.27] 0.003 0.65
Triceps left Elasticity ∆1–2 0.206 0.199 [0.12; 0.30] 0.002 0.8
Triceps left Stiffness ∆0–1 29.72 42.31 [10.46; 48.98] 0.002 0.5
Triceps left Stiffness ∆1–2 70.87 74.62 [36.91; 104.84] 0.002 0.8
Triceps left Tone ∆0–1 −0.7 2.4 [−1.79; 0.39] 0.436 −0.2
Triceps left Tone ∆1–2 2.48 2.71 [1.25; 3.72] 0.002 0.63

+ according to t-test vs. 0, adjusted p-value according to FDR correction; ++ according to Cohen’s d z,c
∆0–1 = T0 − T1; ∆1–2 = T1 − T2. Positive ∆ values indicate a decrease, negative values an increase.

In the deltoid, the right side showed moderate tone elevation (∆0–1 = +0.41 ± 0.88 Hz,
p = 0.047) and a strong rise in stiffness (∆0–1 = +88.27 ± 75.03 N/m, p < 0.001, d = 1.02),
both of which decreased significantly at follow-up (∆1–2 = −0.52 ± 0.80 Hz, p = 0.007;
∆1–2 = −80.39 ± 91.00 N/m, p = 0.0006). On the left side, tone declined across both in-
tervals (∆0–1 = −0.58 ± 0.60 Hz, p < 0.001; ∆1–2 = −0.63 ± 0.90 Hz, p = 0.004), while stiffness
changes were modest and non-significant. Elasticity decreased bilaterally, especially post-
task (∆0–1 = −0.10 ± 0.08, p < 0.001), with partial persistence at follow-up.

In the triceps, right-side elasticity showed an initial drop (∆0–1 = −0.19 ± 0.09,
p < 0.001, d = −2.18) followed by recovery (∆1–2 = +0.15 ± 0.08, p < 0.001), while stiff-
ness and tone exhibited smaller, non-significant variations. On the left side, elastic-
ity increased across both phases (∆0–1 = +0.17 ± 0.21, p = 0.002; ∆1–2 = +0.21 ± 0.20,
p < 0.001), accompanied by progressive stiffness rises (∆0–1 = +29.72 ± 42.31 N/m, p = 0.004;
∆1–2 = +70.87 ± 74.62 N/m, p < 0.001). Overall, the ∆-based analysis demonstrates signifi-
cant short-term increases in tone and stiffness in dominant muscles, concurrent with greater
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elasticity in non-dominant counterparts, consistent with acute load-induced neuromuscular
adaptations and partial recovery within two hours.

Figure 3. Myotonometric analyses of left and right muscles for tone (a), stiffness (b) and elasticity (c).
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IRT revealed clear, region-specific variations in temperature differentials (∆) across
the cervical, dorsal, and lumbar areas following the mechanical harvesting task (see
Table 2). Positive ∆0–1 values reflected an immediate post-task temperature drop, while
negative ∆1–2 values indicated partial rewarming during recovery. Statistical analyses
confirmed significant differences between intervals (∆0–1 vs. ∆1–2), Table 2, and versus
baseline (∆ vs. 0), with large effect sizes throughout. For the baseline comparison, in
the cervical region, skin temperature decreased significantly immediately after the task
(∆0–1 = +1.43 ± 1.34 ◦C; t = 4.78; p < 0.001; d = 1.07) and showed partial recovery during
the follow-up (∆1–2 = −0.77 ± 1.12 ◦C; t = −3.09; p = 0.006; d = −0.69). In the dorsal
region, the largest temperature change was observed, with an immediate post-task reduc-
tion (∆0–1 = +1.76 ± 1.60 ◦C; t = 4.91; p <0.001; d = 1.10) followed by partial rewarming
(∆1–2 = −0.86 ± 1.35 ◦C; t = −2.86; p = 0.010; d = −0.64). In the lumbar region, a significant
decrease was also found post-task (∆0–1 = +1.15 ± 1.46 ◦C; t = 3.53; p = 0.002; d = 0.79),
with partial return toward baseline (∆1–2 = −0.96 ± 1.34 ◦C; t = −3.21; p = 0.005; d = −0.72).
Overall, IRT data demonstrate marked post-task cooling followed by partial rewarming
within two hours, with large effect sizes (|d| ≥ 0.7) across all regions. The largest tempera-
ture differentials were observed in the dorsal and lumbar regions (Figure 4).

Table 2. Infrared thermography changes according to back areas and delta differences.

Region ∆ Period Mean ± SD (◦C) CI p-Value + Effect Size ++

Cervical ∆0–1 +1.43 ± 1.34 [0.80; 2.05] 0.0005 0.94Cervical ∆1–2 −0.77 ± 1.12 [−1.30; −0.25]
Dorsal ∆0–1 +1.76 ± 1.60 [1.01; 2.51] 0.0004 1.01Dorsal ∆1–2 −0.86 ± 1.35 [−1.49; −0.23]

Lumbar ∆0–1 +1.15 ± 1.46 [0.47; 1.83] 0.0004 1.00Lumbar ∆1–2 −0.96 ± 1.34 [−1.59; −0.33]
+ according to t-test adjusted p-value according to FDR correction; ++ according to Cohen’s d.

Figure 4. Thermal delta differences between ∆0–1 and ∆1–2 for the cervical (blue) dorsal (green) and
lumbar (orange) areas.
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4. Discussion
This study has shown the impact of mechanized olive harvesting on health, under

conditions simulating realistic field use. The 15-min task duration was selected to represent
a realistic continuous work bout commonly observed during olive harvesting activities.
Through the integrated application of myotonometry and IRT, it was observed the muscle
stress responses in a sample of healthy operators. The combined use of these objective
instrumental techniques allowed for the detection of measurable short-term physiological
responses that might not be captured by conventional observational ergonomic assessments.

The myotonometric data demonstrate that even a relatively short 15-min period of
using an electric harvester leads to measurable changes in key biomechanical parameters
of the upper limb muscles, notably stiffness, tone, and elasticity, with the biceps brachii
showing distinct patterns. Specifically, the non-dominant (left) biceps brachii exhibited a
post-task increase in elasticity accompanied by reductions in stiffness and tone, a pattern
that persisted at the 2-h follow-up. This mechanical profile is consistent with a transient re-
laxation of the muscle, likely reflecting a supportive or stabilizing role of the non-dominant
arm during tool handling rather than primary load bearing. Conversely, the dominant
(right) biceps brachii showed decreased elasticity together with significant increases in
stiffness and tone immediately post-task, consistent with acute load-induced mechanical
stiffening associated with active tool manipulation. These findings should be interpreted
within the broader ergonomic literature on electric harvesters. Prior studies using elec-
tromyography and vibration analysis describe task demands related to muscle activation
patterns and hand–arm vibration exposure, respectively [7,9–11]. While these approaches
capture different physiological domains than myotonometry, they provide contextual ev-
idence that electric harvester operation entails asymmetric loading, sustained postures,
and vibration exposure. In this sense, our myotonometric results offer complementary
information on short-term changes in muscle mechanical behavior under similar task con-
ditions, rather than direct confirmation of EMG- or vibration-based outcomes. Our study
aligns with this biomechanical cascade, suggesting that the operational demands of the
electric harvester are reflected in the neuromuscular tuning of the shoulder girdle and
arm musculature.

Moreover, the trend toward bilateral asymmetry, particularly evident in the biceps
brachii responses, reflects the non-symmetric load distribution typical of harvester use,
where one arm primarily guides the tool’s motion while the contralateral arm takes on a
stabilizing function. This asymmetry is a recognized risk factor for cumulative trauma dis-
orders (CTDs), especially in seasonal workers with limited recovery opportunities [14,28].

Beyond the biceps, both the deltoid and triceps muscles demonstrated statistically sig-
nificant short-term alterations in stiffness, tone, and elasticity, confirming that the functional
overload associated with the harvester task involves multiple upper-limb muscle groups.

These findings represent observable post-task changes in skin temperature, reflect-
ing non-specific thermoregulatory responses following static and sustained work. It is
important to acknowledge that IRT does not directly assess biological processes; rather, it
provides information on surface thermal patterns that may reflect measurable task-related
physiological adaptations occurring in deeper tissues. In this context, increases in temper-
ature observed after physical demand have been associated with enhanced local blood
flow and metabolic activity, which are commonly involved in muscle recovery mechanisms
such as immune cell recruitment and metabolite removal [29,30]. Therefore, the results of
the present analysis are in agreement with previous findings suggesting that post-exercise
muscle recovery is accompanied by localized increases in surface heat, likely driven by ele-
vated perfusion and metabolic rate rather than by the direct measurement of regenerative
processes [31]. The drop in skin surface temperature is likely the result of localized vaso-

https://doi.org/10.3390/app16041882

https://doi.org/10.3390/app16041882


Appl. Sci. 2026, 16, 1882 11 of 14

constriction, potentially due to static muscle contractions required to maintain posture and
handle the tool, mechanical compression, and sympathetic nervous system activation. This
pattern is consistent with literature suggesting that thermal asymmetries and temperature
drops can reflect muscle tension and compensatory imbalances [10].

Our data indicate that even brief mechanical activity, such as the 15-min harvesting
task, can create transient spinal stress signatures that warrant ergonomic attention. Impor-
tantly, the thermal measurements at the 2-h follow-up (T2) showed only a partial rebound
in skin temperatures for all monitored spinal regions, with the dorsal region, for instance,
remaining significantly cooler than its baseline state. This finding has direct relevance
for occupational health management, suggesting that standard rest breaks may be insuffi-
cient for complete neuromuscular and vascular normalization after using such vibrating
tools, potentially contributing to cumulative strain if exposure is repeated throughout a
workday [29].

Traditional ergonomic assessments, such as RULA, REBA and OCRA, remain essential
but are mainly observational and can be subjective, with limitations in assessing the dy-
namic and variable nature of agricultural activities [12,32,33]. In contrast, the combined use
of myotonometry and IRT, as demonstrated in this study, represents a significant step to-
wards quantitative, reproducible, and field-adaptable data on how the body physiologically
responds to work. Urrejola-Contreras et al. (2024) previously highlighted that myotonome-
try could detect subtle changes in paraspinal tone and stiffness in machine operators, even
without overt symptoms [34]. Our study builds on this by pairing myotonometry with IRT,
allowing for a more holistic, multimodal profiling of physical stress. This approach not
only enables the detection of early signs of biomechanical and thermophysiological strain
but also offers a means for monitoring these responses over time.

This integrated instrumental methodology is particularly critical in agriculture, a
sector where tasks are often seasonal, repetitive, and highly variable, and where workers
frequently lack access to formal occupational health programs or continuous ergonomic
surveillance [13,14]. The portability and non-invasive nature of these technologies could
support the development of mobile ergonomic surveillance units, deployable during peak
seasons to monitor worker fatigue, inform work-rest cycle design, guide tool redesign
efforts, and ultimately contribute to the prevention of WMSDs [1,34].

The agricultural sector is undergoing rapid mechanization, but this technological
evolution often outpaces the development and implementation of health-preserving work
protocols [13]. There can be a mismatch between the design of new tools and the biome-
chanical and physiological realities of field work, risking the substitution of traditional
labor-related disorders with new categories of “modern” occupational injuries [35].

The studies by Roggio et al. [1,10] have consistently argued for an interdisciplinary
approach to prevent injury in vulnerable populations, encompassing diagnostics, training,
organizational redesign, and supportive policy. These results support the feasibility of an
integrated instrumental approach for exploring task-related physiological responses, which
requires confirmation in larger studies including functional and clinical outcomes.

The insights gained from this study suggest several actionable strategies for improving
worker health and safety in mechanized olive harvesting. These proposals align with
the broader call for integrated ergonomic management in agriculture, addressing both
mechanized and manual operations [13].

Study Limitations. The present results may help identify areas for further ergonomic
investigation, such as task organization, tool characteristics, and recovery patterns, which
should be addressed in future, adequately powered studies. As a pilot investigation, the
sample size (n = 10) was relatively small, which may limit the generalizability of the
findings to a broader population of agricultural workers. Additionally, the 15-min exposure
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duration, while sufficient to elicit measurable physiological responses, may not fully reflect
the cumulative effects experienced during prolonged full-shift work. We also analyzed
only one model of electric harvester (CILLI B-140), and results might differ with tools
of varying weights, vibrational characteristics, or handle designs. Moreover, while the
combination of myotonometry and IRT provided objective physiological data, we did not
incorporate subjective measures of fatigue or perceived exertion (e.g., Borg CR-10 scale),
which could have offered valuable correlational insights and a more comprehensive view
of the worker’s experience.

5. Conclusions
This study demonstrates that the use of electric olive harvesters, even for short periods,

can induce measurable biomechanical and thermophysiological stress in agricultural work-
ers. Through the combined application of myotonometry and infrared thermography, we
detected significant measurable task-related physiological adaptations in muscle stiffness,
tone, and elasticity, along with significant reductions in spinal temperature, suggesting
localized overload and transient vascular compromise. The evidence supports the hypoth-
esis that this tool, while reducing overall workload, may introduce specific ergonomic
risks [9,36]. The presence of bilateral asymmetry, partial return toward baseline after use,
and regional changes in muscle mechanical behavior reinforce the conclusion that tool-
based ergonomic assessment protocols are essential in agriculture. The results of this study
may contribute to the implementation of appropriate risk assessments for agricultural
workers and support the work of occupational physicians in health surveillance [2,3,37].
From a preventive perspective, these findings highlight the need for integrating ergonomic
monitoring into routine occupational health surveillance programs, with the aim of identi-
fying early functional alterations before the onset of clinically manifest musculoskeletal
disorder. Furthermore, the use of portable, non-invasive technologies such as myotonome-
try and IRT can serve not only for early risk detection but also as decision-support tools
for designing interventions, improving equipment, and optimizing work-rest cycles. Fu-
ture research should focus on longitudinal study designs, larger worker populations, and
the evaluation of targeted preventive interventions (e.g., ergonomic training, task rota-
tion, and tool redesign) to define evidence-based thresholds for exposure and recovery in
agricultural settings.
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