Prevalence of Musculoskeletal Disorders and Postural Analysis of Beekeepers
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Abstract

Work-related musculoskeletal disorders (WRMSDs) lead to fatigue and decreased productivity in workers, resulting in the need
for many affected individuals to seek medical treatment annually. Beekeepers, like other agricultural workers, are susceptible to
WRMSDs due to the continuous demands of their work and the repetitive movements involved. Thus, the objective of this study
is to determine the prevalence of WRMSDs and assess the level of risk associated with different postures among beekeepers to
improve their musculoskeletal health. To achieve this, a cross-sectional study was conducted involving 33 beekeepers, consisting of
two stages. Firstly, the Nordic Questionnaire was utilized to assess the prevalence of WRMSDs. Subsequently, the Ovako Working
Posture Analysis System (OWAS) was employed to analyze and categorize the riskiest postures into four levels of corrective
measures. The findings indicate that the most commonly affected areas were the back (51.5%) and waist (45.4%). The occurrence
of WRMSDs in various body regions was significantly associated with the beekeepers’ years of experience and weekly working
hours. Additionally, the prevalence of neck and back pain was significantly related to their body mass index (BMI). The OWAS
postural analysis revealed that the back (36.75%) and arm (21.08%) regions required corrective measures as soon as possible (level
II), while the back (26.47%) and legs (14.70%) fell under the category of corrective measures needed in the near future (level II).
Combining the postural analysis results, 28.43% were classified as Action Levels (AL) II, 37.73% as level 111, and 0.98% as level I'V.
This study demonstrates that WRMSDs are relatively common among beekeepers, primarily due to their extensive work experience
and the adoption of awkward postures during their tasks. As a result, recommendations regarding ergonomics and physiotherapy
are provided to alleviate pain and reduce the strain on critical postures.
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1. Introduction keepers [9]. The beekeeping process consists of three main
stages: 1) setting up new hives and managing overcrowded
ones, 2) beekeeping management, including activities like en-
suring a healthy egg-laying queen, inspecting hives for queen
health and pests, and 3) extracting, bottling, and selling honey.
Throughout these stages, beekeepers engage in actions that
pose high risks, such as heavy lifting, manual handling, twist-
ing, and assuming awkward positions [4]. Despite advance-
ments in tools and equipment that have reduced labor and
risks, previous studies have identified multiple hazards asso-
ciated with each stage of honey production [10, 11]. However,
there is a notable research gap concerning WRMSDs specif-
ically among beekeepers, despite their significant manual in-
volvement in honey production. In the United States alone,
the beekeeping workforce is estimated to consist of 115,000

Work-related Musculoskeletal Disorders (WRMSDs) are a
significant contributor to occupational morbidity and lost work-
days [1], leading to substantial costs in the workplace [2].
These disorders arise from repetitive stress and overuse injuries
associated with work activities [3]. Various sectors, including
agriculture, have examined WRMSDs and implemented correc-
tive measures to address these injuries. In the agriculture sector,
the prevalence of WRMSDs ranges from 0.5 to 16.6 per hun-
dred workers, surpassing the injury rate of 6.8 in the healthcare
industry [4, 5]. Despite the use of machinery and technology
in modern agriculture, manual work involving repetitive upper
limb movements and manual handling of loads remains preva-
lent. Such activities, along with awkward and static postures,

can negatively impact joints in different body regions [6, 7],
resulting in injuries and disorders. The specific nature of agri-
cultural activities may lead to varying types of injuries among
workers, as seen in the contrasting postures and motions of saf-
fron workers and manual pole harvesters [8].

Beekeeping, a significant sector within agriculture, also
presents potential risk factors that can affect the health of bee-
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to 125,000 individuals [12]. Neglecting to address WRMSDs
within this sector can result in substantial medical costs. There-
fore, it is crucial to identify and address musculoskeletal disor-
ders among beekeepers, providing ergonomic corrective mea-
sures, recommendations, and ultimately mitigating long-term
medical expenses. This paper aims to focus on the honey pro-
duction process, where beekeeping workers are typically en-
gaged. It seeks to answer two research questions: 1) Which re-
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gions of the beekeepers’ bodies are most commonly affected by
the WRMSDs? 2) What body postures put beekeepers at risk of
musculoskeletal injuries? Additionally, the paper explores the
impact of WRMSDs on beekeepers’ health, prioritizing pain in
different body regions and determining the appropriate Action
Level (AL) for specific combined postures.

This study encompasses two phases to address the re-
search questions. Firstly, a demographic and Nordic question-
naire [13] is utilized to identify potential pain and its corre-
lation with work intensity and duration. Secondly, the Ovako
Working Posture Assessment System (OWAS) [14], recognized
as a suitable method for evaluating postures and recommend-
ing corrective actions, is employed to assess the frequency and
duration of different body positions during tasks. By employ-
ing these tools to identify existing pains, injuries, and poten-
tially risky body postures in beekeeping, two main hypotheses
are tested: H1) Beekeepers, like workers in certain agricultural
sectors, experience WRMSDs due to repetitive tasks over time,
and H2) Beekeepers encounter awkward and risky postures dur-
ing their tasks. The study aims to determine the prevalence of
WRMSDs and assess the degree of risky postures among bee-
keepers. Consequently, based on the analysis, ergonomic and
therapeutic recommendations can be provided. This study is in
line with the UN Sustainable Development Goals (SDGs) con-
cerning sustainable economic growth in the agricultural sector,
in which the inter-linkage of empowering small farmers and
other factors were highlighted [15]. The contributions of this
study are as follows:

e Analysis of WRMSDs prevalence and posture assessment
outputs can enable ergonomists and occupational thera-
pists to understand the distribution of hotspots and ten-
sions among different body regions of beekeepers. This
understanding can assist occupational and physiothera-
pists in offering preventive solutions to decrease medical
costs and enhance productivity.

e The findings from both phases can be compared with ex-
isting literature through a systematic review, contributing
to the development of a theoretical framework for identi-
fying common postural risks in agriculture.

By combining the outcomes of these phases, this study aims to
provide valuable insights into the prevalence of WRMSDs and
risky postures among beekeepers. The ergonomic and thera-
peutic recommendations derived from this research can aid in
reducing medical costs and improving the overall well-being
and productivity of beekeepers in the agricultural sector.

The remaining sections of the paper are structured as follows:
Section 2 provides an overview of beekeeping practices and ex-
plores WRMSDs in agricultural and related activities. Section 3
outlines the methodology employed to identify the prevalence
of pains and analyze work postures. Section 4 presents the re-
sults and findings, while Section 5 offers a comprehensive dis-
cussion and recommendations for healthcare providers and de-
signers. Finally, Section 6 concludes the paper, highlights the
limitations of the research, and suggests future directions.

2. Literature Review

In general, active workers in the agriculture sector, including
beekeepers, face a high risk of health hazards [5, 9]. Naeini
et al. [6] identified various injuries associated with agriculture,
such as chemical and environmental exposure, eye injuries, lac-
erations, musculoskeletal sprains, bruises, and chronic condi-
tions like back pain, joint pain, and repetitive strain injuries.
These injuries are primarily caused by activities like heavy lift-
ing, twisting, hazardous postures, continuous movement, ex-
cessive force, the use of hand tools, and exposure to extreme
temperatures [16]. Similarly, beekeepers are also susceptible to
such injuries due to their exposure to risky postures and con-
ditions [4]. Given that this paper specifically focuses on work-
related WRMSDs among beekeepers within the agriculture sec-
tor, the literature review will closely examine relevant studies in
both agriculture and beekeeping.

2.1. WRMSDs in agriculture

Numerous studies have investigated the ergonomic risks and
injury rates in the agricultural sector. However, most of these
studies have predominantly focused on livestock farming or the
handling of fruits, vegetables, grain [17, 18], olive harvest-
ing [19] and vine pruning [20]. Nevertheless, when it comes
to WRMSDs in agriculture, the combination of force and repe-
tition has been identified as the most common contributing fac-
tors [21, 22]. These factors commonly affect body regions such
as the neck, back, shoulders, wrists, hips, and knees [23]. For
instance, saffron workers experience intense back and shoulder
pain due to prolonged periods in a fixed stooped posture [22].
Considering that WRMSDs can manifest in various areas of
the body, a systematic review [18] revealed that low back pain
(LBP) was the most prevalent issue among farmers, followed by
the upper and lower extremities. To prevent WRMSDs, farmers
require adequate rest periods to recover from physical exertion
or utilize assistive equipment to minimize pressure points and
impact forces [23]. Prior studies suggest the utilization of sim-
ple machinery tools like prone carts, platforms, and load trans-
fer devices are identified as effective in addressing the common
issue of hunched-over works in agriculture [24]. Neverthe-
less, the application of these farming machines requires care-
ful ergonomic consideration to avoid potential health problems
as well, in which most disorders are primarily associated with
whole-body vibration (WBV) and the transmission of vibra-
tions to the hands and arms (HATV). The studies suggested that,
in spite of the progress made in modern agricultural technolo-
gies, manual labor will remain essential in the field of agricul-
ture for the foreseeable future [25]. In addition, educational in-
terventions aimed at enhancing farm workers’ knowledge have
also proven effective in reducing the risk of musculoskeletal
problems [26]. Although certain tasks and postures in the agri-
cultural sector may share similarities, it is crucial to recognize
that employing preventive methods for one task or sub-section
of farming may not necessarily be applicable or effective for
another. Each task and job entails different forces and pressures
on the body. Moreover, while some upper limb pain may be
common between two different farming activities, the priority



actions for mitigating WRMSDs may vary. For instance, the
prevalence of WRMSDs in rice cultivation differs from that in
potato planting, despite some postural similarities. Rice culti-
vation exerts pressure on the lower back, hip, wrist, shoulder,
and knee [27], whereas potato cultivators experience pressure
on the lower back, knee, ankle, and feet regions [28]. Similarly,
the beekeeping industry involves its own unique tasks, com-
bined postures, and potential risks that distinguish it from other
farming and cultivation activities.

2.2. Beekeeping, Injuries, and Risks

Honeybee products, including wax, pollen, propolis, royal
jelly, and venom, are utilized in various ways, such as in ap-
itherapy, which involves using honeybee products for medic-
inal purposes [29]. However, the beekeeping industry is of-
ten primarily associated with honey production [17]. This in-
dustry can be classified into three types of production: hobby-
ists (with 25 colonies or fewer), part-time beekeepers (with 25
to 300 colonies), and commercial beekeepers (with over 300
colonies). While hobbyists and part-timers produce approxi-
mately 40 percent of the honey, the remaining 60 percent is
produced by around 1,600 commercial beekeepers [30]. Ac-
cording to a report from Iran’s Ministry of Agriculture [31],
there are approximately 98,000 beekeepers in Iran, overseeing
around 8.5 million honeybee colonies [32]. Food and Agricul-
ture Organization (FAO) data indicate that honey production
in Iran has surged, rising from around 10,000 tons in 1990 to
surpassing 77,000 tons in 2021, marking an almost eightfold
increase over the past three decades [33]. Iran accounts for
roughly 8-9% of global bee colony numbers and contributes
4-5% to the world’s honey production [32], which ranked third
globally in honey production, producing 77,152 tons, following
China and Turkey [33]. Also, in 2014, the US Occupational In-
jury Surveillance of Production Agriculture (OISPA) reported
that about 1.74 million households were involved in livestock
farming, including beekeeping activities [34]. According to
the Occupational Safety and Health Administration (OSHA),
honey production is considered a high-risk industry in terms
of human health [9]. Apiculture involves working with spe-
cific tools, in different environmental conditions, and perform-
ing various tasks. Therefore, to identify risk factors and symp-
toms among honey farmers, it is necessary to conduct a detailed
analysis of these factors separately. In a relevant ergonomics
case study that employed a micro-ergonomics approach, sev-
eral risky tasks of beekeepers were identified, including awk-
ward positions of the arms, hands, and bodies, excessive lifting
beyond recommended weight limits, and exposure to chemi-
cals and bee stings [4]. However, this study did not provide a
specific analysis of beekeepers’ postures to understand which
postures may contribute to musculoskeletal issues in the long
run. Another ergonomic investigation conducted by Aiyeloja et
al. [35] aimed to assess whether the height of beehive stands
and the types of hives affected the ergonomics of honey har-
vesting. They found that height was a crucial factor influencing
bending of body parts and recommended an ergonomic guide-
line of 80-84cm stand height for beekeepers using Kenya Top

Bar hives with falling buffers. However, their focus was primar-
ily on the design of static hives, rather than analyzing farmers’
postures and dynamic work, which could potentially contribute
to the development of pain over time. In this regard, a study
that examined biomechanical overload exposure using a novel
multitasking model revealed that women have a borderline risk
of back injuries, which may increase with more working time,
while men range from an acceptable to borderline risk [36].
However, this research did not provide insights into the most
painful regions of beekeepers’ bodies or specific levels of risk
associated with combined postures. To the best of our knowl-
edge, there is currently a gap in research regarding the preva-
lence of WRMSDs among beekeepers and the identification of
actionable measures based on posture analysis. By addressing
our research question, we aim to contribute new knowledge on
the prevalence of WRMSDs, posture analysis, and preventive
actions to mitigate further risks among beekeepers at the in-
dividual worker level (IWL). The analysis of IWL considers
ergonomic interventions specific to agriculture, including indi-
vidual changes, tools, and small equipment [16]. This study
represents the first attempt to investigate beekeepers’ body pos-
tures in relation to the tasks involved in honey production.

3. Methodology

In order to investigate the prevalence of WRMSDs and
identify the riskiest postures, as well as determine the AL
for preventive measures, a two-phase model was implemented
(Fig. 1). The first phase involved the use of the Nordic Ques-
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Figure 1: Overview of the methodology.

tionnaire to assess whether the tasks performed by beekeepers
led to excessive exertion, overloading forces, and pressures.
This questionnaire allowed us to gather information on the
prevalence of symptoms related to work activities. In the sec-
ond phase, a posture analysis method was employed to deter-
mine if beekeepers were adopting risky and awkward postures
while carrying out their tasks. This analysis helped prioritize
the AL and provided more precise ergonomic and preventive
recommendations. This cross-sectional study was conducted in
two stages between August 2022 and October 2022, involving
33 active beekeepers engaged in honey production. All partici-
pants were willing to take part in all phases of the study and pro-
vided their consent. Subjects were randomly recruited through
word of mouth and phone calls, and they consisted of both male
(54.4%) and female (45.5%) beekeepers aged between 30 and



56. Demographic variables for the participants are presented in
Table 3.

Table 1: Demographic data for 33 participants (18 males and 15 females).

Variables Min-Max Mean Std
Age 30-58 45.09 7.60
Weight (kg) 57-104 77 10.95
Height (cm) 158-188 166.24  17.76
Work experience (year) 1-15 3.79 3.79
Weekly work hours 3-30 17.16 7.07
BMI 19.20-32.30  26.56 3.157

All subjects included in the study were required to have ex-
perience in beekeeping as part-time or full-time jobs and pos-
sess knowledge of basic beekeeping procedures. Individuals
who used special tools like exoskeletons and those involved in
managerial roles or the bottling and selling sectors of the bee-
keeping industry were excluded from the study. Participants
were healthy and did not have any ongoing or long-term dis-
eases that could impact the results of the study. The included
participants were instructed to wear appropriate clothing, such
as bee suits, to ensure their safety and allow for the exposure
of specific body regions (trunk, legs, etc.) during video and
photography sessions [37]. The research was conducted in Ko-
rdkuy, Iran, which is a city located in the Golestan province in
the northern part of the country, with a significant number of
beekeepers operating in the region. The study obtained ethi-
cal approval from the Concordia University Human Research
Ethics Committee, with the certification number of ethical ap-
proval being 30016767. All participants in the study completed
and signed informed consent forms, indicating their voluntary
participation and understanding of the study’s purpose and pro-
cedures.

It’s important to highlight that our study did not encompass
“migratory beekeeping” [38], a practice commonly employed
to enhance beekeepers’ production and income [39]. In migra-
tory beekeeping, beehives are relocated from nectar-exhausted
areas to nectar-rich ones, often at varying altitudes [40]. We
opted not to include migratory beekeeping in our research for
two primary reasons. Firstly, migratory beekeeping mainly in-
volves tasks like loading and unloading hive boxes on trucks,
which occur only a few times a year and are not part of the
routine beekeeping-specific tasks. Secondly, participation in
migratory beekeeping does not guarantee active engagement in
beekeeping as a primary occupation.

3.1. Phase 1: Prevalence of WRMSDs

The data collection process involved a comprehensive ques-
tionnaire that covered demographic characteristics, the as-
sessment of WRMSDs, and physical parameters such as
height, weight, and Body Mass Index (BMI). For the assess-
ment of WRMSDs, the Nordic Questionnaire, developed by
Kuorinka [13] in 1987 and subsequently adapted for evaluat-
ing the prevalence of musculoskeletal disorders among work-
ers, was used. The Nordic Questionnaire is commonly used

in cross-sectional studies for assessing musculoskeletal disor-
ders, and its validity and reliability have been confirmed by
experts [41, 42]. This questionnaire analyzes nine body parts
(three in each upper limb, lower limb, and trunk) to determine
the occurrence of pain [43] (Fig. 2). Participants were asked
to indicate if they experienced musculoskeletal disorder symp-
toms and pain in these body regions during the twelve months
and the past seven days [44]. The questionnaire provides a
human figure as a reference to assist participants in identify-
ing and reporting their symptoms accurately. In order to test
the first hypothesis, which examines the relationship between
WRMSDs and various factors such as age, weight, height, BMI,
work experience, and gender, the study employed the presence
of WRMSDs as the dependent variable, while the independent
variables encompassed the aforementioned factors. While BMI
is a convenient rule-of-thumb, it lacks statistical precision when
applied to groups, and using its precise value may not yield
meaningful results. Therefore, the analysis categorized BMI
into six levels: underweight (up to 18), normal weight (18.5-
25), overweight (25-30), class 1 obesity (30-35), class 2 obe-
sity (35-40), and class 3 obesity (>40) [45]. The collected
data were then processed and analyzed using the SPSS software
(Statistical Package for the Social Sciences - Version 28). De-
scriptive statistics were calculated to summarize the data, and
chi-square tests were conducted to investigate any significant
associations between variables such as age, height, BMI, and
reported WRMSDs. The chi-square test is a statistical method
used to determine if there is a meaningful relationship between
two variables. The p-value associated with the chi-square test
represents the probability that the observed correlation between
the variables in the data occurred due to random chance. A
small p-value indicates that the observed results are unlikely to
be the result of chance alone. Typically, a p-value threshold
of 0.05 (5%) is often used to determine statistical significance.
This means that if the calculated p-value is less than 0.05, the
results are considered statistically significant [46].

3.2. Phase 2. Posture Analysis

In studies focusing on posture analysis, various methods are
employed, including the Ovako Working Posture Analysis Sys-
tem (OWAS), Rapid Upper Limb Assessment (RULA), Rapid
Entire Body Assessment (REBA) techniques [47] and occupa-
tional repetitive actions (OCRA) [48]. Recent research has in-
dicated that RULA and OCRA provide accurate estimates of
postural loads and their association with WRMSDs [49]. How-
ever, considering that beekeepers engage their entire bodies in
their tasks, RULA and OCRA, which primarily focus on the
upper limbs, are not suitable for our study [19, 50]. In the case
of REBA, it does not take into account the duration of tasks
or the specific sequence of postures, instead focusing solely on
measuring effort intensity [51, 52]. OWAS, on the other hand,
does not require extensive training [53]. This feature reduces
the likelihood of influencing subjects’ postures and allows for
a realistic representation of their routine work postures. Con-
sequently, we opted to utilize the OWAS method in the sec-
ond step of our analysis, as it allows for posture analysis and
the identification of corrective exercises initially developed by
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Figure 2: The NORDIC questionnaire used in this study, customized by the authors.
Table 2: The procedure of OWAS method in 5 steps.
Steps  Duties Outputs
1 Recording the observation via photos and video Analysis of photos
2 Categorizing and scoring the postures of the back, arms, feet, and Identifying of each code
pressure of the load
3 Determining each work posture’s code based on the OWAS table A four-digit code
4 Classification of the OWAS score based on the OWAS table Four action levels
5 Description of results Action level for each region and combined posture

Ovako Oy in Finland [14]. The OWAS method involves five
steps for postural analysis (refer to Table 2).

In OWAS, specific numerical codes are assigned to three
body parts: back, arms, and legs. Each code represents the
posture of the corresponding body part, with four codes for the
back, three for the arms, and seven for the legs. The load be-
ing handled by the worker is assigned a load code ranging from
1to 3 (Load codes: 1 = Wt < 10 kg, 2 = 10 < Wr < 20
kg, and 3 = Wr > 20 kg). Action levels are then determined
based on the duration of work (refer to Fig. 3). By combining
these four codes to form a 4-digit number known as the "posture
code” and referring to Fig. 4, AL for the overall body posture
are generated, ranging from I to IV [54]. A higher AL indi-
cates a more harmful posture, where AL I indicates no action
required, AL II suggests action required in the near future, AL
III denotes the need for corrective action as soon as possible,
and AL IV indicates that immediate action is necessary to pre-
vent further deterioration of physical health. These postures get
higher order of corrective action measurements [55]. During
the data collection process, a video was recorded for approxi-
mately 45 minutes while the beekeepers were engaged in their
work. Then, with every change of posture, screenshots were
taken from the video, resulting in a total of 90 images. These
images were then evaluated using the OWAS method to assess
the postures exhibited by the beekeepers. By following all the
steps of the OWAS method and analyzing the outcomes, the
degree of corrective measures needed for each AL was deter-

mined and compared with the results obtained from the ques-
tionnaire. The OWAS method categorizes postures into the four
AL [22, 14]. This method relies on a straightforward and sys-
tematic classification of working conditions, accompanied by
careful observation of work tasks [14]. OWAS has been widely
used in various fields and professions for several decades due
to its simplicity, practicality, and proven validity [56].

4. Results

Analyzing the responses from the Nordic questionnaire al-
lows us to address the first research question regarding the
prevalence of WRMSDs in different body regions among bee-
keepers. In this study, the findings indicate that all participants
experienced WRMSDs at least once in the last 12 months. As
shown in Fig. 5, the back had the highest prevalence of disor-
ders (51.5%), followed by the waist (45.4%), while the hand
and wrist had the lowest prevalence (9.09%). Examining Ta-
ble 3, no significant correlations were found between the preva-
lence of WRMSDs and factors such as age, height, weight, and
gender of the beekeepers (p > 0.05). However, significant cor-
relations were observed between work experience and the oc-
currence of WRMSDs in the neck, shoulder, elbow, back, waist,
and knee, except for the hand and wrist (p = 0.169), thigh and
buttocks (p = 0.329), and ankle (p = 0.144). Similar patterns
were observed for weekly work hours, except for the elbow and
knee (p > 0.05). Furthermore, a significant relationship was
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Figure 3: Code of each region and its corresponding AL (I, II, III, and IV) accordingly to the percentage of working time. Action level (AL) I: no action required;
II: action required in the near future; III: action required as soon as possible; and IV: action required immediately.
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Figure 4: The OWAS Action Level (AL) for various postures. For example, code 4322 stands for Back=4, Arm=3, Leg=2, and Load=2, and its AL is IIIL.



Table 3: The p-values between the demographics and the prevalence of WRMSDs. *p-value less than 0.05 is significant.

Body regions with WRMSDs

Demographics Neck  Shoulder Elbow Hand & wrist  Back Waist  Thigh & buttocks ~ Knee  Ankle
Work experience *0.007  *0.033 *0.011 0.169 *0.004  *0.009 0.329 *0.020 0.144
Weekly work hours ~ *0.027 *0.033 0.516 0.106 *0.025  *0.031 0.404 0.202  0.479
BMI *0.009 0.130 0.093 0.102 *0.002  0.189 0.315 0.165 0.616
Age 0.404 0.535 0.198 0.080 0.430  0.306 0.082 0.499  0.698
Weight 0.156 0.846 0.497 0.213 0.344  0.815 0.790 0472  0.313
Height 0.490 0.123 0.315 0.106 0.483 0.563 0.771 0.589  0.927
Gender 0.585 0.351 0.629 0.151 0.192  0.351 0.372 0.379  0.818
Prevalence of WRMSDs
60,00% 100%

51,50%

90%
80%
70%
60%
50%
40%

| I 24,20%24,20%
(=}
— (%}
15,10%15,109 30%
% 10%15,10% ) 00, 9
o e s = |BUA
o

wn
0
y o8
< ¢

50,00%

40,00%

36%
30,00% sl

20,00%
10,00%
0,00%

5
&

Figure 5: The frequency and prevalence of WRMSDs in nine regions of the
body during the last year, based on the Nordic Questionnaire.

identified between BMI and the presence of pain in the neck
and back (p < 0.05), but no significant relationship was found
in other regions. These findings confirm the significantly preva-
lent occurrence of WRMSDs in various body regions among
beekeepers and support the first hypothesis that their muscu-
loskeletal systems are at risk due to the repetitive tasks involved.

During the OWAS analysis, we screened the initial 90 images
extracted from a video, identifying 14 unique postures that rep-
resent a complete cycle of a beekeeper’s work when providing
the hives with the solution. The entire process can be divided
into two primary stages: preparing the solution (A-C) and pour-
ing it into the hives (D-F), as shown in Fig. 6. The first stage
mainly involves tasks performed while standing, while the sec-
ond stage requires more complex postures, including bending,
twisting, standing, and sitting. Using these images along with
Fig. 3 and Fig. 4, we determined the AL for both the body sec-
tions (back, arms, and legs) and the entire body.

The determination of the AL for each body section consid-
ered both the body posture and the duration spent in that spe-
cific posture. The results, presented in Table 4, revealed that
the most critical postures for the back are twisting and side
bending (26.47%) as well as bending and twisting (36.75%),
categorized as AL II and AL III, respectively. These findings
suggest that maintaining such back postures during beekeeping
can have detrimental effects on the musculoskeletal system. For
the arms, the second posture (one at/above shoulder) at 21.8%

Figure 6: Phases of preparing pouring solution in honeybee hives (A, B and C)
and pouring into hives (D, E and F). Corresponding posture codes: A=4133,
B=4141, C=1122, D=2142, E=4132, and F=4152.

required corrective action as soon as possible (AL III). This
posture occurred when beekeepers needed to remove the bee-
hive lid, resulting in one hand being raised above the shoulders,
often in a bent position and at a significant distance from the
hive. However, while pouring the solution, beekeepers main-
tained a posture where only one hand was positioned above the
shoulder, eliminating the need for both hands to be raised si-
multaneously, and therefore, the posture of both hands at/above
the shoulder was not observed. Regarding the arms, the second
posture (one at/above shoulder) was the only one requiring cor-
rective action as soon as possible, accounting for 21.8% (AL
II). This posture occurred when beekeepers needed to remove
the beehive lid, resulting in one hand being raised above the
shoulders, often in a bent position and at a considerable distance
from the hive. However, during the process of pouring the solu-
tion, beekeepers maintained a different posture, where only one
hand was positioned above the shoulder, eliminating the need
for both hands to be raised simultaneously. Consequently, the
posture of both hands at/above the shoulder was not observed.
Additionally, during the preparation of the solution, beekeepers
sometimes poured sugar from a lower height than the platform
on which the solution container was placed. In such instances,
they either stood on the platform or utilized objects like a lad-
der or a short stool to pour the sugar, thus avoiding the need to
raise their arms above the shoulder. Regarding the legs, most
postures are in AL I, with no actions required. Only the fourth



Table 4: Identifying the level of corrective measures by the triple body regions
based on the OWAS method.

Posture %time AL
Back  1=Straight 7.85 I
2=Bent forward/backward 28.92 |
3=Twisted or side bent 26.47 I
4=Bent and twisted 36.75 I
Arms  1=Both below shoulder 78.92 I
2=0ne at/above shoulder 21.08 1III
3=Both at/above shoulder - -
Legs  1=Sitting 26.96 I
2=Standing with both legs straight 2.45 |
3=Standing with weight on one 25.98 I
straight leg
4=Standing with both knees bent 1470 10

5=Standing with weight on one  0.98 I
bent knee

6=Kneeling - -
7=Walking 28.92 I

Table 5: The level of cumulative frequency and the percentage of combined
postures and corrective measurements related to any of them

Posture codes* # Yotime AL
1122, 3111, 1211, 3173 4 32.85 I

4141, 3211, 2112, 4132 4 28.43 I
4133, 4232, 2142, 2172, 2141 5 37.73 11T
4152 1 0.98 v

*Each of these four-digit codes represents a unique posture. According
to the OWAS procedure, the digits—from left to right—indicate the
posture of the Back, Arms, Legs, and Force, respectively.

posture (standing with both knees bent) was categorized as AL
IT and accounted for 14.70% of the time. It would be ideal to
eliminate this posture in the near future. Surprisingly, no ob-
servations were made of beekeepers kneeling while performing
activities, which could possibly be attributed to their desire for
efficiency.

To determine the AL for the combined postures, we used
Fig. 4 to find a four-digit code representing each posture. For
instance, the posture in Fig. 6A is 4133, where the first digit
represents the critical back posture (4 = Bent and twisted), the
second digit indicates the arm position (1 = Both below shoul-
der), the third digit represents the leg posture (3 = standing with
weight on one straight leg), and the final digit denotes the load
(3 = >20 kg). Accordingly, we identified the corrective AL
for all the body postures, resulting in 32.85% falling into AL I,
28.43% in AL 11, 37.73% in AL III, and 0.98% in AL IV (see
Table 5). The most frequently occurring postures (4133, 4232,
2142, 2172, 2141) are classified as AL III, indicating that bee-
keeping is a high-risk activity that requires prompt corrective
actions to reduce musculoskeletal injuries. Among all the com-
bined postures, posture 4152 has the highest AL (IV), where
the back is bent and twisted, and the beekeeper is standing with
weight on one bent knee. In this particular posture, beekeepers
pour the solution and inspect the hives while carrying a load

in one hand (Fig. 3F). Fortunately, this posture only lasts for a
short duration, but it should still be avoided.

These findings confirm the second hypothesis that beekeep-
ers often encounter awkward and risky postures during their
tasks, answering the second research question regarding the
specific body postures that put beekeepers at risk of muscu-
loskeletal injuries. By preventing discomfort postures and mit-
igating risks at the individual worker level (IWL), beekeepers’
health and well-being are improved, inclusive and sustainable
economic growth, employment, and decent work for all are de-
veloped within the realm of small-scale agriculture, which are
parts of the United Nations SDGs [57].

5. Discussion

The findings of our study revealed that the back, waist,
and shoulder had the highest prevalence of pain among bee-
keepers. Additionally, we observed that work experience and
weekly work hours significantly influenced the occurrence of
WRMSDs in most body regions of beekeepers. Through our
analysis, we identified common body postures that exposed
beekeepers to risky and unhealthy working conditions. We es-
tablished four degrees of action measurements for each pos-
ture, providing valuable insights into the potential risks faced
by honey workers, similar to other agricultural sectors [22].
These findings emphasize the need for corrective measures to
address WRMSDs in beekeepers and underscore the impor-
tance of physiotherapists, ergonomists, and medical designers
in improving and optimizing the working conditions of bee-
keepers. By taking action to prevent and alleviate pain, we can
enhance the quality of life for beekeepers. To the best of our
knowledge, this is the first attempt to analyze the working con-
ditions of beekeepers in relation to WRMSDs and decipher the
critical postures associated with these disorders.

During the pouring of solutions into the hives, beekeepers
are often required to maintain bending and standing postures
for extended periods. This repetitive twisting and bending of
the trunk increases the risk of WRMSDs, particularly in the
lower back region. Similar working postures and associated
WRMSDs have been reported among farmers in various stud-
ies [18, 58]. In our analysis of postures, we found that spe-
cific postures involving twisting or side bending of the back
and bending with twisting were associated with higher AL (II
and III), indicating increased risk. The absence of support for
transferring the load and the additional weight of the solution
bucket can have adverse effects on the middle and lower back,
subjecting these areas to higher forces. To minimize the risk
of WRMSDs, it is recommended that beekeepers take regular
rest breaks and wear waist protection gear. Physiotherapists
and brace designers should prioritize measures aimed at reduc-
ing load and tension on the back and waist. Regular rest breaks
can help alleviate the negative effects of prolonged standing and
inappropriate workstation postures, such as static muscle con-
traction, increased pressure on intervertebral discs, muscle ten-
sion on ligaments and muscles, reduced tissue flexibility, and
alterations in the curvature of the spine. Previous studies [6]



have also emphasized the need for adequate rest among farm-
ers engaged in prolonged activities, as these factors contribute
to increased risk of WRMSDs in the spinal regions [59]. Al-
though optimizing stand height has been suggested to reduce
pressure [60], it is important to note that dynamic work involves
a dynamic distribution of load and pressure. For example, in
a working posture in interaction with a manual wood-chipper,
the RULA method shows that due to flexion of the chest and
postural asymmetries, the biomechanical pressure can engage
the upper limbs involving the forearm and wrist [61]. There-
fore, pressure may shift to other body regions such as the neck,
shoulders, elbows, and knees, which are already at risk of sig-
nificant WRMSDs, leading to exacerbated pain. This may ul-
timately increase the AL considerations for the arms and legs.
Our analysis using the OWAS method revealed that a significant
percentage of arm postures (21.08%) were at/above shoulder
level with AL III, and a considerable percentage of leg postures
(14.70%) involved standing with both knees bent with AL II,
indicating significant tension in these areas. Considering the
additional pressure from other regions on the arms and legs, it
becomes crucial to address the need for appropriate support and
design interventions such as straps or exoskeletons to distribute
and manage the pressure on the entire body of beekeepers. Re-
garding body weight, our findings indicated a potential associ-
ation between overweight (BMI: 25-30) and obesity (BMI: 30-
35) with WRMSDs in the neck and back. It is plausible that ex-
cess weight can exert additional strain on the already burdened
bones and joints, leading to increased discomfort. Furthermore,
in the long term, overweight factors may contribute to signif-
icant problems in other soft tissues of the lower extremities,
including the knees, ankles, and hips [62]. However, no signif-
icant correlations were observed between BMI and WRMSDs
in other regions of the body. Further investigations with larger
participant samples are required to establish stronger evidence
and confirm these associations. Given the global rise in obesity
rates, interventions aimed at reducing BMI are recommended
to alleviate WRMSDs among workers [63].

In addition to analyzing WRMSDs, we utilized the OWAS
method for postural analysis to assess the ergonomic load and
corrective levels among beekeepers. We identified 14 differ-
ent postures during beekeeping tasks, with 12 of them falling
within the riskiest range, categorized as AL II, III, and IV. This
stark contrast with other agricultural activities, such as saffron
harvesting [22], which had only four different combined pos-
ture codes, highlights the dynamic and multifaceted nature of
beekeepers’ work. Beekeepers constantly switch between var-
ious tasks within a single work cycle, subjecting them to more
demanding and fatiguing working conditions, which in turn in-
tensify the risks of WRMSDs [64]. Moreover, the significant
percentage of postures categorized as AL III and IV (38.71%
in total) indicates that beekeepers frequently adopt high-risk
working postures that require attention soon as possible. Sim-
ilar combined posture codes may be observed in other work
environments where workers perform comparable tasks, pro-
viding valuable insights for managers and workers to swiftly
implement corrective measures. For instance, pruning, irriga-
tion, or harvesting greenhouse crops that involve working with

shrubs positioned below the farmers’ height may entail risky
work positions akin to those encountered by beekeepers.

5.1. Recommendations

Providing ergonomics training and therapeutic recommenda-
tions can greatly assist beekeepers in optimizing their work-
place layout, maintaining optimal postures while performing
tasks, and using farming equipment correctly [43]. To that end,
a comprehensive set of ergonomic recommendations (see Table
6) was developed through unanimous consensus among three
experienced physiotherapists. These recommendations were
based on discussions revolving around musculoskeletal disor-
ders and posture analysis.

Table 6: Physical and occupational therapists’ recommendations. Note that no
degree of importance and priorities are considered.

No Therapists’ recommendations
1 Regular visiting by medicine team

Avoiding overload, overuse, overwork, and overtrain-

ing actions

Obeying the related job rules

4 Using auxiliary equipment & assistive products (e.g.,
shoulder strap, knee strap, lumbar belt, and exoskele-
ton)

5  Taking regular median rest (sitting, stretching, lying
back extension, etc.)

6  Considering the physical fitness programs

7  Training for work-related skill

8  Preventing the pains by lowering the continuous work-
ing time

9  Optimization of the workplace by the adjustability of
the height of the hive

(O8]

According to these recommendations, beekeepers should
take any symptoms or aches seriously, as WRMSDs can be ex-
acerbated by risky combined postures. Regular visits to phys-
iotherapists can help identify and prevent future risks of injury
or disability through timely and appropriate care [65]. Physio-
therapists strongly advise beekeepers to avoid tasks that surpass
their physical capabilities. Repetitive overloading not only puts
strain on the back but can also increase short-term risks when
it becomes a routine. Studies have suggested that incorporating
regular breaks (involving sitting, stretching, and lying back ex-
tensions) [66] and adhering to occupational therapist-developed
health protocols and fitness programs can help maintain optimal
health and safety levels [67]. Following such routines and seek-
ing guidance from physiotherapists can reduce inflammation,
improve mobility and flexibility, restore natural movement pat-
terns, and alleviate pain and discomfort symptoms [68]. While
there is currently no specific exoskeleton designed for beekeep-
ers, implementing short-term measures such as using shoulder
and knee straps or exploring suitable exoskeletons under the
guidance of a physiotherapist can significantly alleviate pres-
sure on the back, shoulders, and legs [62, 63]. Kinesiology
tape has limited effectiveness in treating musculoskeletal in-
juries and is not recommended for pain reduction [69]. Instead,



back or shoulder brace straps are highly beneficial, providing
comfort, reducing the risk of bruising and injury, promoting
health and performance, and, most importantly, correcting pos-
ture [70].

In addition, educational programs focusing on work-related
skills can raise workers’ self-awareness regarding their physi-
cal condition, enabling them to identify any suspicious pain in
their bodies. Such programs foster a sense of social support
at work and outside, enhance job engagement, provide insight
into career development, and emphasize the importance of per-
sonal growth and skill enhancement [71]. The ergonomic con-
ditions of workstations should be improved through collabora-
tive efforts involving employees, occupational therapists, and
experts [72, 14]. Optimizing the agricultural environment for
beekeepers can enhance their physical activity, stress manage-
ment, engagement, and environmental performance (EP) [73].
Lastly, we recommend the design of assistive products, such as
exoskeletons, to alleviate pain in different regions of the body.

6. Conclusion

The objective of this study was to examine the impact
of beekeeping tasks on beekeepers’ musculoskeletal system,
particularly in relation to work-related musculoskeletal disor-
ders (WRMSDs). Similar to other farming activities, beekeep-
ers are susceptible to WRMSDs. To investigate this, we con-
ducted a two-phase procedure that identified the most preva-
lent WRMSDs in nine body regions and identified the riski-
est postures associated with these tasks. The results from the
Nordic Questionnaire indicated that WRMSDs are relatively
common among beekeepers in multiple body regions. These
disorders are significantly influenced by the beekeepers’ exten-
sive work experience and inadequate working conditions. The
OWAS postural analysis revealed the correction levels required
for each body region and the combined postures that pose the
greatest risk. Most beekeepers exhibited postures categorized
in AL II, III, and IV, emphasizing the need for prompt correc-
tive measures. This confirms our hypothesis that beekeepers
experience significant WRMSDs and adopt risky and awkward
postures during their tasks. By identifying similar combined
codes in other agricultural activities, managers and workers can
swiftly implement corrective measures to prevent MSD-related
consequences. Based on these findings, it is crucial to im-
plement ergonomic intervention programs and correct postures
during activities. A set of ergonomic and physiotherapeutic rec-
ommendations, developed in collaboration with three physio-
therapists and two members of the research team, should be
promptly adopted to prevent pain exacerbation in various body
regions. Furthermore, the design of adjustable assistive prod-
ucts, such as exoskeletons, is highly recommended to alleviate
beekeepers’ work overload.

This study has several limitations, including a small num-
ber of participants and the inability to collect motion laboratory
data in an authentic clinical environment. The use of beekeep-
ing clothes hindered the collection of postural analysis data on
angles and codes in certain cases. During the filming, partic-
ipants positioned themselves in an ideal posture to minimize
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movement while remaining comfortable, which may not ac-
curately reflect their routine work postures during beekeeping
(which involve shifting, weight redistribution, and motions).
However, the research team made every effort to capture the
most representative postures for analysis. Additionally, this in-
vestigation was a cross-sectional study that did not gather in-
formation on the long-term effects of implementing ergonomic
recommendations. Future studies should conduct longitudinal
research to examine the impact of ergonomic recommendations
over time. For further analysis, it is recommended to employ
a Man-Machine System (MMS) approach to comprehensively
review the job, which potentially can reduce risks and improve
both system productivity and the well-being of workers [61].
MMS is an analytical framework in ergonomics that analyzes
working processes by considering four key elements: Person,
Equipment, Environment, and Task, which can be subject to
in-depth analysis [74]. Considering the MMS framework and
other provided information, it is apparent that two accessible
factors, humans and tools, can be easily integrated into the in-
vestigation of the beekeeping process. The worker’s postures
as a human aspect have already been examined in this study,
while the equipment used in beekeeping (such as buckets and
beekeeping clothes) can also be considered. Designing an ex-
oskeleton as an assistive product for beekeepers could help re-
duce loads and fatigue during their work. Furthermore, an an-
thropometric examination can explore whether the equipment
used during work affects the worker’s productivity and the qual-
ity of their performance.
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