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Abstract

Objective: The strenuous nature of apple growing can be the cause of a humber of physical problems. This study was
conducted to identify the prevalence of Work-Related Musculoskeletal Disorders (WRMSDs) and ergonomic risks among
apple farmers in Tirkiye.

Material-Method: Data on WRMSDs were obtained from the Nordic Musculoskeletal Questionnaire Extended Version
(NMQ-E), while risk factors were collected using the Rapid Upper Limb Assessment (RULA). Prevalences were established
by frequency analysis. The relationships between WRMSD of 9 body regions and age, weight, working hours (per day/per
week), working experience and RULA score were analyzed by binomial logistic regression analysis.

Results: A total of 51 volunteers participated in the study including 42 males and 9 females. The knees (53.8%) were the most
common WRMSDs reported over a lifetime, followed by the neck (46.2%), lower back (44.2%), and shoulders (38.5%).
Participants were working in a medium (40.4%) and high (42.3%) risk posture according to the RULA assessment. Age,
weight, working hours (per day/per week), work experience and RULA were associated with WRMSDs in one or more body
regions (p<0.05).

Conclusion: WRMSDs were common among the apple farmers in Tiirkiye and the farmers were working in a high-risk
position. The current findings highlight the need to address the high prevalence of WRMSD among apple farmers through
appropriate screening and intervention.

Keywords: Work-Related Musculoskeletal Disorders, Rapid Upper Limb Assessment (RULA), Nordic Musculoskeletal

Questionnaire Extended Version (NMQ-E), Ergonomic Risk Factors, Apple Farmers

INTRODUCTION

Work-related musculoskeletal disorders (WRMSDs)
are injuries to muscles, nerves, ligaments, tendons,
spinal cord or joints caused by hazardous situations
such as prolonged awkward postures, exposure to
trauma, repetitive movements, and psychosocial
pressures during work tasks.! The International
Labour Organization has shown that WRMSDs cause
approximately 160 million work-related illnesses
worldwide each year, thus making them an important
global occupational health and socioeconomic
problem.? WRMSDs are known to cause pain,
fatigue, limitation of movement, loss of muscle
strength, and stress as well as reduced quality of life,
physical activity levels and work performance.®*
The agricultural sector is a major risk factor for
WRMSDs as it involves large numbers of workers
worldwide and includes hazardous work activities.®
Agricultural work also is different from other

professions as it involves working in difficult
conditions, both indoors and outdoors. Their
working conditions include psychological pressures
as well as physical challenges such as heavy loads,
poor posture, and exposure to vibration from
agricultural implements and power tools. These risks
make  agricultural ~ workers  vulnerable to
musculoskeletal disorders.®’

Apple is a product that can adapt to different climates
so, its cultivation is quite common throughout the
world as well as in Tiirkiye.® According to the data
provided by the Food and Agriculture Organization
in 2015, Tirkiye ranked 3rd in the world in apple
production in 2012.° Pre-harvest, harvest and post-
harvest activities of apple farmers include pruning,
picking, packing, etc., and these activities may
require prolonged and repetitive movements, heavy
lifting, prolonged standing/sitting and working in
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positions with the upper extremity above the head.
Some studies on farmers in different countries have
shown that farming can cause musculoskeletal
disorders, pain and/or loss of work capacity.>610-12

For this reason, the risks and prevalence of WRMSDs
due to working postures of apple farmers in Tiirkiye,
which covers a wide area of apple growing, should
be determined and this study was planned for this
purpose.

MATERIALS AND METHODS
Participants
The cross-sectional study was conducted among
apple farmers in Tiirkiye. Ethical approval was
granted by the Ethics Committee of the University of
Health Sciences (Approval number; 2023/188). An
informed consent form was signed by the apple
farmers before the physical examination.

Inclusion criteria were: age 18-65 years, apple
farmer for at least 1 year, and volunteer for the study.
Exclusion criteria were as follows: any history of
musculoskeletal surgery in the last two years, chronic
musculoskeletal diseases, and cognitive problems.
After recording demographic characteristics (age,
body mass index (BMI), gender, work experience,
weekly working hours, daily working hours, etc.), the
individuals who met the inclusion criteria were
assessed using the following assessment tools.
Measurement Tools
Work-related musculoskeletal
assessment
The Nordic Musculoskeletal Questionnaire Extended
Version (NMQ-E) was used to assess the prevalence
of WRMSDs in apple farmers. The NMQ-E covers
nine body regions: neck, shoulder, upper back,
elbow, wrist/hand, lower back, hip/thigh, knee, and
ankle/foot and provides reliable information on the
onset, prevalence and  consequences  of
musculoskeletal disorders. For each domain, apple
farmers completed questions on prevalence (lifetime,
12-month, 4-week and point prevalence), age at
onset, lifetime effects (hospitalisation and activity
impairment) and effects within the last 12 months
(activity impairment, healthcare use, medication use
and sickness absence).314
Risk factor assessment
The Rapid Upper Limbs Assessment (RULA) was
used to evaluate risk factors in apple farmers during
work. The RULA assessment divides all parts of the
body into two groups: Group A includes the upper
arms, forearms, and wrists, while Group B includes
the neck, trunk, and legs. Repetitive movements or
prolonged static positions during work on the
relevant body part increase the risk score. Group-A
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and Group-B scores are combined to produce a final
score on the RULA worksheet. Grand score is listed
as follows: Score 1-2= posture is acceptable
(Negligible); Score 3-4= further investigation is
required, and changes may be needed (Low); Score
5-6= investigation and changes are required soon
(Medium); Score 7= immediate investigation and
changes are needed (High).®

The relationships between WRMSDs of 9 body
regions and age, weight, working hours (in a day),
working hours (in a week), work experience (in
years), and RULA score were analysed.

Statistical analysis

Statistical Package for Social Science (SPSS) version
26.0 software was used to analyse. Descriptive
statistics were used to quantify the prevalence and
risk factors of WRMSDs. Quantitative data were
characterized by mean and standard deviation
(X£SD), and qualitative data were expressed as
number/percentage  (n/%).  Binomial logistic
regression analysis was used to identify factors
associated with WRMSDs in each body region. Odds
ratios (OR) and 95% confidence intervals (Cls) are
used to present the results of the analysis. The level
of statistical significance (p) was accepted as <0.05.
RESULTS

Initially 69 farmers participated in the study, but 18
farmers were illiterate or unable to complete the
assessments for some reason and were therefore
excluded. A total of 51 volunteers were included in
the study, including 42 males and 9 females. The
mean age of the farmers was 54.94 (range 18-80)
years. Table 1 details the characteristics of the
participants.

Of the nine body regions, the knee (53.8%) was the
most commonly reported WRMSD over a lifetime,
followed by the neck (46.2%), lower back (44.2%),
and shoulder (38.5%). These body regions were also
the most commonly reported WRMSDs in the last 12
months, last month and today. Table 2 summarizes
the distribution of WRMSDs reported by farmers in
different parts of body.

The results of the study showed that the majority of
the participants worked in a medium (40.4%) and
high (42.3%) risk postures according to the RULA
assessment. The results of the RULA assessment of
the apple farmers are shown in Table 3.

The results of the binomial logistic regression
analysis examining the relationships between
WRMSD of 9 body regions and age, weight, working
hours (in a day), working hours (in a week), work
experience (in years), and RULA Grand score are
presented in Table 4.

NTCMR 2023;4(3):162-167

163



Volume: 4 Issue: 3
Year: 2023
DOI: 10.53811/ijtcmr.1345016

International Journal of Traditional and Complementary

Publisher

Medicine Research Duzce University

Table 1. The characteristics of the study population

Variables Min — Max Mean (SD)
Age (years) 18-80 54.94 (14.33)
Height (cm) 155 -195 169.64 (9.18)
Weight (kg) 53 -125 80.03 (16.82)
Body Mass Index (kg/m?) 18.52 — 36.73 27.67 (4.57)
Working hours (in a day) 4-12 7.92 (0.91)
Working hours (in a week) 15-56 49.72 (11.98)
Working experience (in years) 1-50 13.45 (12.69)
N %
Smoking
Yes 13 255
No 38 745
Education level
Primary school 16 31.4
Middle school 9 17.6
High school 11 21.6
University 15 294

Min: Minimum; Max: Maximum; SD: Standard Deviation; cm: centimeter; kg: kilogram; m: meter; N: Participation number

Table 2. Summary of distribution of WRMSDs in different body parts on the basis of NMQ-E

Body region Lifetime Last 12 months Last Month Today

Frequency (%) Frequency (%) Frequency (%) Frequency (%)
Neck 24 46.2 22 423 22 423 19 39.5
Shoulders 20 385 18 346 18 346 18 34.6
Upper back 12 231 12 231 11 212 11 21.2
Elbows 11 212 11 212 11 212 10 19.2
Wrists/hands 14 269 14 269 13 25 12 23.1
Lower back 23 442 22 423 21 404 21 40.4
Hips/Thighs 11 212 11 212 10 192 9 17.3
Knees 28 53.8 25 481 24 46.2 22 42.3
Ankles/feet 12 231 11 212 11 212 11 21.2

Table 3. Result of RULA final score

RULA Score Min Max Mean (SD)
Group A 5 9 6.35 (1.26)
Group B 3 7 5.29 (1.52)
Grand Score 4 7 6.33 (0.93)
Risk Level N %
1-2 Negligible 4 7.8
3-4 Low 4 7.8
5-6 Medium 21 40.4
7 High 22 42.3

RULA: The Rapid Upper Limbs Assessment, Min: Minimum, Max: Maximum, SD: Standard deviation, Group A: includes the upper arms, forearms, and
wrists, Group B: includes the neck, trunk, and legs, N: Participation number
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Table 4. Factors associated with lifetime prevalence of WRMSDs in the each body region: binomial logistic

regression.
Age Weight Working hours (in a Working hours (in a Working experience RULA Grand Score
day) week) (in years)
OR 95% p OR 95% p OR 95% OR 9% p OR 9% p OR 95% p
WRMSDs Cl Cl Cl Cl Cl Cl
Neck 094 086 020 048 024 0.04* | 099 0.95 0.74 0.84 067 084 0.97 0.89 0.45 0.06 0.00 0.09
1.03 0.98 1.03 1.03 1.04 1.54
Shoulders 0.89 081 0.01* | 1.05 099  0.09 051 019 0.18 1.03 09 0.36 0.95 0.90 0.17 030 010  0.02*
0.97 1.12 1.38 1.10 1.01 0.83
Upper back 0.79  0.66 0.00 | 1.02 098 0.11 0.17  0.03 0.02* | 1.09 1.00 0.04* | 093 087 0.08 0.26 0.06 0.06
0.94 1.16 0.83 1.20 1.01 1.09
Elbows 0.99 0.92 0.88 1.00 095 091 1.07 043 0.88 1.04 097 022 093 0.87 0.04* | 095 038 091
1.06 1.05 2.65 1.12 0.99 2.35
Wrists/hands 1.01 096 054 1.00 09 091 131 053 0.55 101 094 071 0.96 091 0.22 143 068 034
1.07 1.04 3.24 1.08 1.02 3.02
Lower back 098 093 057 099 096 095 051 018 0.18 1.06 1.00 0.05 0.96 091 0.23 078 038 051
1.03 1.03 1.38 1.13 1.02 1.62
Hips/Thighs 0.96 0.89 0.34 093 088 0.03* | 246 0.55 0.23 1.00 091 087 095 0.88 0.18 117 045 073
1.03 0.99 10.87 1.11 1.02 3.03
Knees 095 090 0.06 099 095 083 0.00 0.00 0.99 099 092 092 1.00 0.95 0.82 074 036 041
1.00 1.03 0.00 1.06 1.06 1.51
Ankles/feet 090 0.82 0.03* | 1.02 096 049 084 026 0.77 1.00 094 088 1.03  0.96 0.38 098 045 097
0.99 1.07 2.66 1.07 1.10 2.16

RULA: The Rapid Upper Limbs Assessment; OR: Odds Ratio; p: Significance Value; 95%Cl:Confidence Interval; *: indicates an association

DISCUSSION

The strenuous nature of apple growing, both before
and after harvest, can cause a range of physical and
mental problems.’®” This study was conducted to
identify the prevalence of WRMSDs and ergonomic
risks among apple farmers in Tirkiye. Literature on
the assessment of WRMSDs and ergonomic
conditions in this population is limited.''®2! To help
fill this gap, this study is an attempt to evaluate the
WRMSDs and risk factors among apple farmers in
Tiirkiye. The results of the current study showed that
musculoskeletal disorders are common in this
specific occupational group, that individuals mostly
work in high-risk postures, and that musculoskeletal
problems in different body regions of individuals
increase with age and work experience.

The prevalence of WRMSD symptoms in the study
population was very high. The results of the current
study showed that 80.4% of the people in the study
had experienced a musculoskeletal problem in at
least one part of their body during their lifetime.
WRMSDs were most common in the knees and least
common in the elbows and hips/thighs. The knees
were followed by the neck, lower back and shoulders.
The current findings show that the results of the
present study are consistent with the literature and
that apple picking causes problems such as increased
pain, discomfort and aching in all parts of the body,
particularly in the areas mentioned. In a study of
apple growers in Iran, the findings were similar to our
study and the most common WRMSDs in Iranian

apple growers were observed in the lumbar, knee and
neck regions.’® In another study, the body regions
most affected by WRMSDs in American apple
growers were the shoulder and back.!* In a study
investigating musculoskeletal symptoms in Japanese
female farmers during apple bagging, the shoulder,
neck, leg and lower back were the regions with the
most stiffness and pain symptoms.® Pruning, which
is one of the pre-harvest activities in apple growing,
is particularly common in positions where the
shoulders are above the head. In addition, when
picking apples, workers tend to work with their heads
up and arms outstretched, which means that the
muscles around the shoulders are used excessively
and they remain in a static position for long periods
of time, putting muscles and tendons at risk. Farmers
are also exposed to constant bending and
straightening and excessive strain on the lower back
when loading and transporting apples in crates. Much
of this work is done standing, bending or lying down.
This puts strain on the knees. These working
conditions may explain the prevalence of
musculoskeletal disorders, particularly in the
affected parts of the body.

Similar to WRMSDs, work-related risk factors were
quite high in this study population. It was determined
that 82.7% of the individuals included in the study
worked in high-risk positions and their weekly
working hours were significantly high despite
working in this awkward posture. The fact that these
farmers spent an average of about 50 hours per week
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in a very awkward posture in agricultural activities
would lead to occupational injuries. Very little
research has focused on identifying awkward
activities/postures of apple growers before or after
harvest, and the results in different countries have
been similar to those of apple farmers in Tiirkiye. In
a study of working farmers during the traditional
apple harvest, participants were assessed using the
RULA method similar to our study and documented
that pickers spent approximately 64% of their
working time in awkward postures.?’ A different
study conducted with apple growers from New York
and Pennsylvania revealed that every picker was
consistently observed reaching above elbow height
during the apple picking process.!* Another study
reported that individuals' working posture of
elevating the arm more than 90° accounted for 40%
of the time to bag apples.’® The current study also
found similar results to the literature and reported that
apple growers in Tirkiye also worked in high-risk
positions that could lead to muscle, tendon and
ligament injuries, such as repetitive upper extremity
activities with arms extended overhead, mostly
standing, or bending and straightening activities. It is
also known that working overhead requires not only
raising the arms, but also stretching the head.'®
Therefore, working in this awkward posture may
explain the musculoskeletal symptoms experienced
in many parts of the body, particularly the knees,
shoulders, lower back, and neck.

Despite the high prevalence of the risk scores
obtained by the RULA method and the WRMSDs
obtained by the Nordic assessment, no correlation
could be detected, except for shoulders. This can be
explained by the wide age range (18-80) of the people
included in this study. In future studies with a more
homogeneous study population of a similar age, this
analysis can be repeated. According to the results of
the logistic regression, there was an association
between age and musculoskeletal complaints in the
shoulders, upper back and ankles/feet; between
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In conclusion, WRMSDs were common among the
apple farmers in Tirkiye, and the farmers were
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WRMSD among apple farmers through appropriate
screening and intervention.
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