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Background: Agricultural handle equipment is present on all production areas’ farms. They are handy
and portable; however, excessive use can lead to acute traumas or accidental injuries. Repetitive
movements, awkward postures, and hand-arm vibrations predispose them to pain and work-related
musculoskeletal disorders. The purpose of this study was to observe the interaction of handle equip-
ment in terms of electromyographic activity and analyze the postural work-related alterations.
Materials and methods: Twenty male agricultural operators, mean age 24 � 1.54 years, underwent the
electromyographic analysis testing their muscular activities with a brushcutter, electric saw, and hedge
trimmer in four different test conditions.
Results: The brushcutter proved to be the agricultural handle equipment with the higher mean fre-
quency (3.37 � 0.38 Hz) and root mean square (5.25 � 1.24 ms�2). Furthermore, the digital postural
analysis showed a general asymmetry of the main arm and the respective side of the trunk. The head
resulted right inclined in the anterior frontal plane by 5.7� � 1.2�; the right scapula lower than the left in
the posterior frontal plane (8.5� � 1.8�), and a working trunk inclination of 34.15� � 5.7�.
Conclusions: Vibrations of handle equipment and awkward working postures represent a risk for agri-
cultural operators. Preventive measures are required to avoid young operators from experiencing
musculoskeletal disorders all lifelong.
� 2022 Occupational Safety and Health Research Institute, Published by Elsevier Korea LLC. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Agricultural employment comprises a large portion of the
world’s workforce, estimating 1.3 billion people involved in this
field. However, this job has been recognized as one of the most
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harmful industries [1]. Agricultural handle equipment (AHE) is
present on all production areas’ farms. Brushcutters are necessary
to control weeds; electric saws and hedge trimmers to redefine the
shape of trees, bushes, and hedges. Numerous studies observed the
effects of mechanical and physicalechemical methods used for this
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practice [2e4] to quantify the various risks to which operators are
often exposed, such as whole-body vibrations (WBV), hand-arm
vibrations (HAV), noise, physical fatigue, improper postures, and
exposure to chemicals [5,6]. AHE is easily maneuverable and
transportable; however, it can often cause acute traumas such as
accidental injuries to the feet or hands, and chronic injuries
resulting in weakening the hand nerves or low back pain [7e10].
Hand-arm vibration syndrome (HAVS) is a condition that occurs
due to consistent use of vibrating equipment (e.g., brushcutter or
electric saw) affecting operators that are continuously exposed to
HAV. The distal part of the body, i.e., fingers and hand, absorb the
vibrations, causing HAVS’s vascular and sensorineural symptoms
[11]. The vibrations reach then the arm and the shoulder, affecting
the sensorineural component leading to pain and partial hand loss
of functions [11].

Work-related musculoskeletal disorders are the most disabling
condition among agricultural operators [12], whereas repetitive
movements, long hours of activities, awkward working posture, or
WBV lead to chronic pain. Over time repeated use of portable
equipment can predispose operators to pain in wrists, hands,
shoulder, and neck, as found in 92% of a population of Spanish
agricultural workers [13]. The usual working posture places a sig-
nificant physical demand on the body, especially the back, doubling
the risk of lower back pain than the general working population
[14]. Several studies analyzed the use of professional brushcutters,
highlighting the increased risk of developing HAVS, including cir-
culatory, sensory, and manual disorders [15e18].

The surface electromyography (sEMG) and the digital postural
analysis can measure the adverse effects of the AHE vibrations on
the body and the posture alterations arising from its incorrect use
during the daily working time. This study aimed to observe the
response capacity of sEMG deriving from three different agricul-
tural portable equipment in different static and dynamic condi-
tions. Furthermore, we analyzed the altered postures and the trunk
stress to understand any complementarity between the prolonged
use of these tools and the musculoskeletal pain onset.

2. Materials and methods

Twenty male young agricultural operators were recruited at the
Occupational Medicine Clinics, University of Catania. The mean age
of our sample was 24�1.54 years, meanweight 75� 2.76 kg, mean
height 176.13 � 6.01 cm, with an experience of 4.3 � 1.49 years in
the field of agriculture, all right-side dominant. The exclusion
criteria were recent traumas to the upper limbs, neurodegenerative
or musculoskeletal diseases, and heart diseases. Portable sEMG
evaluated the muscles’ activity while holding AHE. The data
collection was approved by the Research Center in Motor Activities
(CRAM), University of Catania (protocol n.: CRAM-016-2020, 16/03/
2020), in accordance with the Declaration of Helsinki. Prior to
testing, all participants provided written informed consent. The
participants were instructed to perform four different measure-
ments while holding an AHE: static with the engine off; static at
Fig. 1. Agricultural handle equipment. (A) brushcu
minimum engine speed; static at maximum engine speed; dynamic
with repeated gestures in a vertical and horizontal direction
(simulating the cutting gesture).

The most common tools used in gardening, i.e., monobloc
brushcutter, electric saw, and electric hedge trimmer were used as
AHE to test their vibrations over the upper arms. The monobloc
brushcutter (Fig. 1A) had a nominal power of 0.8 kW and a weight
of 5.6 kg, consisting of the motor, a tubular metal rod within which
the transmission shaft rotates, and the rotating tool. The electric
saw (Fig. 1B) had a cutting bar length of 40 cm, a rated power of 1.6
kW, and aweight of 3.9 kg. The electric hedge trimmer (Fig. 1C) was
equipped with a double-action blade 50 cm long, with a distance
between the teeth of 16 mm, had a nominal power of 0.58 kW, and
a weight of 4.1 kg.

Four portable and lightweight sEMG data loggers with an in-
ternal lithium-ion battery (OT Bioelectronics, Italy) were placed on
the forearms and shoulders. All sEMG signals were sampled at a
frequency of 800 Hz; then amplified and filtered. Two pairs of ad-
hesive circular surface electrodes were applied with a diameter of
24 mm and a 15 cm cable together with the reference electrode as
indicated by the manufacturer [19]. The electrodes were positioned
over the neck area, i.e., transverse fibers of trapezius, rhomboids
major and minor, levator scapulae, and in the inner part of the
forearm, i.e., flexor digitorum superficialis, flexor pollicis longus
(Fig. 2), according to occupational medicine guidelines [20]. The
data collected were processed to extract the mean frequency
(MNF), a fatigue index based on observing the frequency of the
surface electromyographic signal [21e23], i.e., myoelectric signal
and conduction velocity alterations of the examined muscles dur-
ing the dynamic exercise proposed in the experiment [24].

The AHE’s vibrations flowing through the handle were collected
with a triaxial accelerometer hand/arm (10mV/G) weighing 4
grams, according to the indication of UNI EN ISO 5349-1, placed on
a unique handle (Fig. 3) between two fingers, as suggested by
Peterson et al. [25]. Only the vibrations of the holding hand were
collected for the experiment. The collection frequency was 24.5 Hz,
as proposed by Seman et al. [26]. The elaboration process consisted
of extracting the central area of the acquisition and calculating the
root mean square value (RMS) of the frequency weighted acceler-
ation, expressed in ms�2.

The postural assessment has been carried out through a digital
tablet application, APECS mobile app (New Body Technology SAS,
Grenoble, France), able to reconstruct the posture from photog-
raphy [27]. We placed adhesive markers over the anatomical
landmarks, and then, after the photography, we conducted the
digital marker placement to analyze the whole body posture as
reported in Fig. 4. Furthermore, we analyzed the working posture,
i.e., trunk inclination (TI), leg e hip e shoulder complex (LHS),
Fig. 5. We analyzed the TI by measuring the angle between a line
passing through the C7 process and the posterior superior iliac
spine and a straight line passing through the same points. For the
analysis of LSH complex, we placed the markers at the lateral
malleolus, greater trochanter, and humeral greater tuberosity.
tter, (B) electric saw, and (C) hedge trimmer.



Fig. 2. sEMG application over the neck and shoulders (A), and the forearm (B).
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2.1. Data analysis

Statistical analysis was performed using R Project for Statistical
Computing (Vienna, Austria). The data have been processed
through descriptive and inferential analysis. The ShapiroeWilk test
verified the normality distribution; the BreuschePagan test verified
the homogeneity of the variance. The analysis of variance (ANOVA)
was applied to test the differences among the different agricultural
equipment in static or dynamic conditions. A post hoc test and the
Duncan test measured specific differences between pairs of means
(p-value <0.01). The dependent variables were the MNF repre-
senting electromyography and the RMS for vibrations. The inde-
pendent variables were the different AHE used, the test conditions
(static or dynamic), the direction of the movements (vertical or
horizontal), and the body segments. Mean and SD were used to
analyze the data of the digital postural analysis.

3. Results

The highest MNF and RMS values were observed under the
dynamic conditions of all three AHE involved in the study. The
brushcutter’s electromyography showed high values even in the
static condition with the engine at maximum speed. Meanwhile,
Fig. 3. The analyzer used to collect the vibrations (A) made of an acceler
the RMS values of the static conditions of the saw and hedge
trimmer showed values close to those obtained under dynamic
conditions. Table 1 reports the maximum values recorded, mean
value, and standard deviation.

The ANOVA showed that the values of MNF for electromyog-
raphy of the right shoulder and RMS for vibrations had a normal
distribution with homogeneity between the variances. The ANOVA
on the MNF values revealed a no variability between operators (p-
value> 0.05). On the contrary, a statistical difference (p-value <

0.01) of the MNF was found between the brushcutter, electric saw,
and hedge trimmer; between the four different test conditions
(static, dynamic, engine on, and off); and between the right and left
side of the body. The ANOVA conducted on RMS values revealed a
significant influence between the static or dynamic conditions (p-
value <0.01).

The Duncan test (Fig. 6) showed a statistical difference between
the different test conditions (static with engine off, static at min
engine speed, static at max engine speed, dynamic in vertical and
horizontal movements), with mean MNF values of approximately
double at maximum engine rpm. Among the AHE of the study
(Fig. 7), the brushcutter showed the highest mean MNF value
(3.37 � 0.38 Hz), the hedge trimmer (3.18 � 0.42 Hz), and the saw
(2.68 � 0.51 Hz).
ometer (B) and an handle equipment (C) to hold the accelerometer.



Fig. 4. Digital postural analysis in frontal (A), posterior (B), and sagittal (C) planes. The white points indicate the anatomical landmarks examined for the postural assessment. The
yellow lines indicate the symmetry evaluation between the two sides of the same anatomical landmark. The green line indicates the perpendicular of the body. In figure (A), the red
line indicates the lateral shift of the body. In figure (C), the fuchsia zones indicate the angular variation to the axis.
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The mean RMS values were statistically different (p-value
<0.01) with higher values for the brushcutter (5.25 � 1.24 ms�2),
then the hedge trimmer (3.74 � 0.65 ms�2), and the saw
(1.84 � 0.12 ms�2). The test conditions were also statistically
different from each other (p-value> 0.01). Horizontal movements
had the highest mean value (7.10 � 1.75 ms�2), then the static test
with the engine at the maximum rpm (6.24 � 1.08 ms�2), the static
test at minimum rpm (4.37 � 1.02 ms�2), and finally the vertical
movements showed the lower mean value (3.95 � 0.48 ms�2).
Fig. 5. Explanatory image of the postural analysis of the working posture in the uprigh
Mean MNF differences were significant between the right
(1.99 � 0.04 Hz) and left (4.00 � 0.12 Hz) part of the body, between
both forearms (4.72 � 1.09 Hz) and both shoulders (1.8 � 0.37 Hz).
The correlation between electromyography and vibrations (Fig. 8)
was significant for more than 60%. The tests showed higher MNF
values corresponding to higher AHE accelerations (Fig. 9).

The digital postural assessment showed an asymmetry of the
main arm involving the respective side of the trunk. As reported in
Table 2, there is a general asymmetry of the main anatomical
t position (A), slightly forward inclined (B), and excessive forward inclination (C).



Table 1
Results of electromyographic and vibrational tests in different conditions referred to the shoulder holding the AHE

AHE Test condition MNF (Hz) RMS (ms�2)

Max Mean (SD) Max Mean (SD)

Brushcutter Static engine off 8,75 2,07 (0,42)
Static min engine speed 9,52 2,30 (0,37) 5,91 5,61 (0,18)
Static max engine speed 14,99 4,04 (0,72) 6,38 6,25 (0,12)
Dynamic horizontal 15,50 5,54 (0,95) 9,26 9,13 (0,11)

Electric saw Static engine off 8,47 2,20 (0,44)
Static min engine speed 9,55 2,45 (0,50) 2,79 2,60 (0,20)
Dynamic vertical 12,54 3,41 (0,60) 3,09 2,92 (0,12)

Hedge trimmer Static engine off 6,94 1,88 (0,33)
Static min engine speed 9,40 2,40 (0,49) 5,04 4,88 (0,11)
Dynamic vertical 20,22 4,64 (0,99) 5,16 4,99 (0,08)
Dynamic horizontal 16,64 3,80 (0,82) 5,25 5,08 (0,11)

MNF: mean frequency; RMS: root mean square; AHE: portable agricultural equipment.
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landmarks presenting a constant misalignment bending on the
right side. The frontal and back sides data indicate a general lean
toward the right side; the data of the sagittal plane indicate a for-
ward lean. The segments reporting a relevant difference are head
right inclined in the anterior frontal plane (5.7� � 1.2�); the right
scapula lower than the right in the posterior frontal plane
(8.5� � 1.8�); the head forward-shifted in the sagittal plane
(37.6� � 10.9�). Furthermore, the trunk inclination and the leg-hip-
shoulder angle of the working posture indicate a TI ¼ 34.15� � 5.7�

and LHS ¼ 136.8� � 6.9�.
Fig. 6. Duncan test to compare mean

Fig. 7. Boxplot to compare means of each
4. Discussion

Agricultural operators are often subjected to harmful conditions
that expose the body to discomfort and awkward postures. The
vibrations deriving from prolonged use of AHE can predispose the
upper arms to joint inflammation. Additionally, assuming the
wrong posture repeated over time overburdens the trunk, causing
low back pain or disc degeneration. Based on these conditions, we
investigated the interaction between the AHE’s vibrations and
working postures on agricultural operators. Prolonged and
s of the different test conditions.

AHE in the different test conditions.



Fig. 8. Average MNF in the two observed body regions (forearms and shoulders) distinguished between right and left.
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excessive WBV or HAV are associated with various occupational
health disorders, mainly concerning hands, arms, and spine [28,29].
Our results showed that the brushcutter is the AHE that induces
higher stress in sEMG activity and vibration stress. It presents the
higher sEMG value during the horizontal movements, probably
because it requires a greater muscle force to move it due to its
length. Furthermore, it produces the higher vibrations stress value
during these conditions. Then follows the hedge trimmer, with the
higher sEMG activity during the vertical movements, presenting
the higher vibrations during the horizontal movements. Finally, the
electric saw is the AHE inducing less sEMG activity and vibration
stress attesting to its higher values only during the horizontal
movements. All the AHE considered produce higher values during
the movements, which is the most alarming condition since agri-
cultural operators actively use these tools. WBV can cause muscle
inflammation and microtrauma of the spine, conditioning the
biodynamic response to vibrations. Tian et al. [30] analyzed the
prevalence of degenerative lumbar osteoarthritis in 3859 Chinese
adults; they reported that WBV is a predominant risk factor in
developing spine osteoarthritis (OR 2.21, 95% CI 1.51e3.23). The
increased risk of developing low back pain due to WBV has also
been investigated among farmers, assessing an OR of 2.44 (95% CI
0.95e6.43) [31]. Vihlborg et al. [32] observed that exposure to HAV
Fig. 9. A line plot to compare MEAN with RMS (A) the gray area indicates the c
increases the risk of carpal tunnel syndrome with an OR of 1.61
(95% CI 1.46e1.77), and this risk increases for every mean year
exposure of 2.5 ms�2 with an OR of 1.84 (95% CI 1.38e2.46). They
conducted these analyses in men <30 years of age, as we did. It
corroborates our idea that the HAVS occurs when operators are
young, but they cannot feel the harmful effect of vibration because
the body hides them. This mechanism predisposes young operators
to encounter chronic pathologies in old age [33e35]. An anti-
vibration handle could be used to mitigate the adverse effects of
WBV or HAV. They can reduce vibrations by about 60%, keeping the
vibrations within the exposure limit values defined by the Euro-
pean Union [36]. Another method could be using vibration-
reducing gloves which substantially reduce the vibrations trans-
mitted to the palm, hand dorsum, and wrist [37].

We detected several differences between the right and left arm,
observing a general lower sEMG activity for the right arm. The
sample was all right-side dominant, which explains this side’s
reduced sEMG activity. However, this condition can alter the bal-
ance of the body. The digital posture analysis highlighted an altered
posture due to awkward working positions. All participants had the
right side lower than the left, specifically the shoulder, scapula, and
elbow; furthermore, the head was right tilted. The right anatomical
landmarks lowered may be a work-induced side effect; however,
onfidence interval based on the SD. RMS boxplot of the different AHE (B).



Table 2
Results of digital postural analysis

Body plane Body segment Mean SD

Anterior frontal Body alignment 1.4� R 0.46
Head 5.7� R 1.23
Acromion 3.3� R 1.03
ASIS 1.8� R 0.70

Posterior frontal Shoulders 3.2� R 0.90
Scapulae 8.5� R 1.80
PSIS 8.1� R 1.67

Sagittal Body alignment 4.4� F 1.27
Head 37.6� F 10.9
Acromion 7.1� F 3.10
Pelvis 11.5� F 4.80
Femoris 8.1� F 2.60
Fibula 8.5� F 2.49

ASIS: anterior superior iliac spine; PSIS: posterior superior iliac spine; R ¼ right-
shifted; F: forward-shifted.
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the effects of weight-bearing asymmetry may lead to postural
instability and increase the contralateral’s compensatory activity
[38]. The operators constantly keep an awkward posture, whereas
the left side is kept higher to compensate for the overburden of the
right side. Repeated over time, it establishes a definitive para-
morphism that leads early to sporadic pains, lately to musculo-
skeletal disorders, i.e., low back pain or disc herniation. The sagittal
trunk inclination of 34.15� � 5.7� highlights a risky condition.
Different authors analyzed the association between trunk inclina-
tion and LBP, assessing the risk of developing it whenworking with
a trunk flexion greater than 60�. Punnett et al. [39] classified the
trunk inclination into three categories: “normal” equal to 20�,
“mild” from 20� to 41�, and “severe” when exceeding 45�. The risk
to develop LBP is four times higher (OR 4.2, p-value ¼ 0.014) for
those working at least 10% of the working time (8 hours) in mild
trunk flexion, and six times higher for those working more than the
10% of the working time in mild trunk flexion (OR 6.1, p-
value¼ 0.014). Hoogendoorn et al. [40] found that exceeding 10% of
the working time with the trunk flexed more than 30� can increase
the risk of developing LBP (RR 1.19, 95% CI 0.86e1.65). Meanwhile,
Coenen et al. [41] observed that exceeding 5% of the working time
with the trunk flexed more than 60� has a higher risk of developing
LBP (OR 2.35, 95% CI 1.46e3.79).

The predisposition to musculoskeletal disorders due to work-
related conditions is a red flag that the Ministry of Labour has to
consider. Industrial policies and rural development strategies
should offer innovative solutions since operators are unaware of
the potential risks of their job. For instance, in Italy, the incidence of
injuries in the agricultural sector is significantdtargeted in-
terventions should be addressed and implemented [42]. Educa-
tional and training models could support the operators, such as:
specialized courses, learning of risk analysis and accident preven-
tion, increase in workplace safety checks, financial support in the
purchase of more advanced products, or dissemination of the
communications promoting awareness to job accidents.
5. Conclusions

Vibrations of AHE and awkward working postures represent a
risk that increases occupational illness, injuries, and chronic dis-
eases among agricultural operators. We investigated these in-
teractions by analyzing the sEMG activity of arm and trunk muscles
using three AHE, i.e., monobloc brushcutter, an electric saw, and
electric hedge trimmer, and the postural alterations present among
a young group of agricultural operators. The results highlight that
the prolonged vibration exposure and constantly awkward posture
can predispose the operators to suffer fromHAVS and neck and low
back pain. The brushcutter is the handle equipment determining
the higher muscle activity and vibration from the hands to the
spine. Furthermore, the more evident postural alterations are: head
right inclined and forward shifted asymmetry of the scapulae and
an increased trunk inclination during the working posture. Young
operators exposed to these risks mean adults with undeniable
musculoskeletal pathologies. Preventive measures are required, i.e.,
antivibration handle to mitigate the adverse effects of vibrations,
educational, and training models to prevent incorrect postures
while working.
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