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Objective: The purpose of this study is to develop products that prevent muscular
skeletal disease of farm workers, which would bring improvement for an efficient
harvesting work.
Background: A pretest for product development and a survey research was carried
out to inspect the problems of current harvesting work procedure. The product was
developed and assessed based on ideas to supplement and improve these weak
points.
Method: A total of twenty men were recruited to evaluate the effects of harvest
baskets on the upper-limb muscle activity, working hours. For the usability evaluation,
electromyogram and working hours of previous working method (disuse of harvest
basket, one-hand carriage of the basket) and new working method with the usage
of newly-developed harvest basket was examined. The whole anterior deltoid, biceps
brachii and erector spinae on both sides, which make a total of six muscle parts, were
used for this experiment. The results were analyzed using ANOVA with muscle activity
(%MVC) of each three forms of work and required work time from SPSS 18.0.
Results: According to the test result, all muscles did not demonstrate any statistically
significant difference, with an exception of the backbone erector (right). The muscle
activity of backbone erector (right) in the work method that uses the harvest basket
developed in this study was detected to be approximately 23% less than that of the
previous working method. Moreover, compared to the previous working method,
the required work time decreased to a statistically significant degree.
Conclusion: As such, the decrease in the amount of waist muscle usage at harvesting
work would enable the prevention of muscular skeletal disease and stabilization of
lumbar spine.
Application: Which in turn would increase the effectiveness and reduce personnel
expense (labor costs) while enhancing productivity with a decreased working hours.
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1. Introduction
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The farm workers' subjective symptom suffering rate of muscular skeletal disease is
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2.4-fold higher than that of non-farm workers (Kim and Choi, 2005). The issue of the
muscular skeletal disease of farm workers is likely to be more serious, due to farm
workers' aging, and the trend in agricultural labor population decrease and increase
of cultivation acreage. The Industrial Safety and Health Act enacted some obligations
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to prevent muscular skeletal disease, and the KOSHA Code H-30 (guidelines for hazardous factor survey on work burdening
muscular skeletal disease) and KOSHA Code H-31 (guidelines for muscular skeletal disease prevention management program)
were announced, after realizing the seriousness of workers' muscular skeletal disease occurrence. However, their application is still
insufficient to farm workers in reality.
Fruit trees are the main plants cultivated by Korean farm workers, following rice and vegetables, and the fruit trees-growing farm
households are on the continual rise (Statistics Korea, 2013). When farm workers' are engaged in most thinning fruit, bagging,
pruning and harvesting work, lots of improper postures continue ergonomically including the continuous tiling one's head back
and repeated raising shoulders and arms. Due to frequent waist bending and unreasonable use of strength in order to carry
heavy harvested fruits, the risk of muscular skeletal disease is high. A ladder is also used for work convenience at higher location,
but, there is a risk of safety accident like fall, and the problem of low work efficiency is also accompanied.
Harvesting work of trees like apple gives severe stress to lumbar spine, because of unreasonable work posture. Static compression
load is caused to shoulder by carrying the harvest basket on the shoulder in harvesting work, while working with a ladder (Fulmer
et al., 2002). The backache development by carrying stuff is dealt as an occupational disease, and is regarded as an important
issue on worker's health and safety. As shoulder angle increases, due to high working position, the electromyogram and discomfort
of shoulder muscle increase (Lim et al., 2011). As heavy stuff's weight is heavier, the change in the muscle amount of woman's
upper limbs is high, and it is reported that injury and local muscular fatigue are likely to occur, because of concentrated muscle
use (Seo et al., 1998).
Fruit harvesting work is to pick fruits, put them in a basket and carry the basket. Currently, farm workers in Korean fruit growing
farms use baskets a lot in fruit harvesting work. Actually, the basket carried by one-hand or carried by one shoulder is generally
used. If one carries a basket with one-hand, the use of both hands is limited, and fatigue is added to worker's hand and arm, if
lots of harvested fruits are in the basket. To supplement such a demerit, a basket carried by one shoulder started to be sold:
there is a merit to increase work efficiency with free both hands, however, there is a demerit that fatigue is added to shoulder,
because of load problem on one shoulder.
Optimized working environment shaping suitable for workers is essential to prevent muscular skeletal disease and conduct more
efficient work. Rural Development Administration supports working environment improvement using convenient tools through
the agricultural work safety model pilot project or assistance of convenient tools. However, developed items are insufficient to
supply suitable convenient equipment to various plants and working methods.
This study aims to develop a harvest basket that helps proper working posture ergonomically and that takes into account work
convenience and efficiency in fruit harvesting work, and comparatively evaluates with the existing working mode by making a
prototype.

2. Method
2.1 Development of fruit harvest
For fruit harvest basket development, this study recruited 20 farm workers of apple and pear growing farms, researched
inconveniences in harvesting work, drew points to improve and tried to reflect them in the development of the harvest basket.
Carrying a basket on one shoulder was the most inconvenient, followed by harvest basket's weight, the feeling of grip or the
feeling of carrying in harvesting work. The most discomfort-felt body part for repeated harvesting work was shoulder, followed
by waist and arm.
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This study designed the harvest basket taking into account work convenience by reducing one shoulder's discomfort, according
to the use of harvest basket, and produced a prototype basket for experiment. The developed harvest basket can open and close
the bottom of the basket, and consists of waist belt attached to the lower parts of the basket, and shoulder suspenders attached
to both sides of the basket. Using both free hands, fruits can be picked, and put into the harvest basket worn by the farm
worker. As for the method of opening and closing the bottom of the basket, one needs to hang the ring-attached string on
the top part of the basket or lower the string (Figure 1). With such a method, harvest can be conducted with free hands, and
the harvested fruits can be taken out at a time through the bottom opening.

2.2 Participants
The participants in the experiment were 20 males in their 20s and 30s without experiencing muscular skeletal disease. Before
carrying out the experiment, the experiment goal and procedure were explained, and they participated in the experiment through
voluntary consent. The average age of the participants were 28.3±4.23, and average height and weight were 175.62±4.47cm
and 72.4±8.34kg, respectively.

2.3 Muscle groups
To measure electromyogram in the case of harvesting work, the wireless electromyogram system of Noraxon was used. The
measured muscles were anterior deltoid (left and right), biceps brachii (left and right) in charge of arm's raising and bending, and
erector spinae in charge of waist bending: a total of six muscles were measured, and Figure 2 shows them.

2.4 Procedures
To comparatively evaluate the differences of muscle activity and working hours, according to the use of existing harvest basket
and developed basked in this study in apple harvesting work, the experiment was conducted by mock harvesting work through
moving the artificial model apples from a shelf. The mock work consisted of three types (no basket use, on-hand carriage of the
basket and developed basket use). The case of no basket use is to pick two to three fruits from a tree and move them to a box
for transportation. One-hand carriage of the basket is the type widely used by farm workers. The basket with circular shape of
basket open on the top and semi-circular grip is attached for carrying was used for the experiment. The one-hand carriage of the
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basket is to hold the harvest basket with one-hand, and if fruits are collected in the basket, the fruits are moved to the box for
transportation. The developed basket use is to move the fruits collected in the basket hanging on both shoulders with suspenders
to the box for transportation. Three types of mock work are to move the picked fruits to the box for transportation by harvesting
10 pieces of the fruit (about 10kg). One unit of work was set by repeating such a process, namely, moving 20 pieces of the fruit
into the box for transportation. Each fruit had about 50cm of interval, and the distance from the harvest basket to the box for
transportation was about 2m (Figure 3). When each harvesting work is finished, the subjective discomfort of experimented
muscles was surveyed with 5-point scale.
The experiment participants listened to the goal and method of the experiment before they participated in the experiment,
and anthropometric dimensions were measured (age, weight, height). For precise measurement, the positions of the electrodes
to measure electromyogram were shaved, after they were cleaned using alcohol cotton. For standardization between experiment
participants (%MVC), the maximum and minimum electromyogram values were measured before the experiment. Break time
was ten minutes between each type of work. Each work was repeated twice, and a total of six sessions of the experiment were
carried out. The work type order was randomly chosen.
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2.5 Data analysis
To identify difference of electromyogram and working hours, according to three types of harvest basket use, this study set three
work types as independent variables, and each muscle's %MVC and working hours as dependent variables. As for measured value,
average RMS value was used during the working hours. For result analysis, SPSS.18.0 was used. For ANOVA multiple comparison,
Tukey HSD method was selected. Statistical significance level was α=0.05 in all tests.

3. Results
3.1 %MVCs of each work
As a result of variance analysis on the average %MVC on three types of work, the muscle activity showed statistically significant
difference in erector spinae (right) by work type, and the other muscles did not show statistically significant difference (p<0.05).
This means that no difference in muscle use by work is demonstrated in the remaining muscles, except erector spinae (right). In
the erector spinae (right), waist muscle use showed about 21% lower waist muscle use, compared to other work type (no basket
use: 38.6%. one-hand carriage of the basket: 36.3%), when working with the developed basket (Table 1). As shown in Figure 4,
as a result of %MVC comparison, according to time, the work using the developed basket shows a regular pattern of 20%MVC or
less. However, no basket use and one-hand carriage of the basket have difference of showing peak points above about 40%MVC
upon bending waist.

Table 1. %MVC of three muscle groups
Type

No basket

One-hand carriage

Developed basket

F-value

P-value

5.43

0.98

0.907

16.54

2.30

0.757

1.001

2.31

31.41

5.52

0.556

0.577

9.23

1.84

11.94

1.54

0.346

1.07

3.82

36.35A

4.62

16.41B

5.24

11.083

0.001

6.20

19.11

9.80

15.22

6.38

1.30

0.280

Muscle

Mean

SD

Mean

SD

Mean

SD

Biceps brachii (R)

13.54

5.69

12.82

4.37

13.27

Biceps brachii (L)

12.47

5.89

6.43

4.38

Anterior deltoid (R)

35.93

7.71

32.83

Anterior deltoid (L)

15.94

3.04

Erector spinae (R)

38.62A

Erector spinae (L)

17.19

(Alphabetic letters indicate Tukey multiple test results, i.e., same letters are not significantly different)

3.2 Working hours of each work
As a result of statistical analysis of working hours per work type, significant difference was demonstrated, according to work
type (p <0.05). This means working hours can be different between work types, and the least working hours were taken by
working with the developed basket (as shown in Figure 3: 122.3 seconds) (Figure 5).

3.3 Average subjective discomfort ratings for each harvesting
As a result of surveying the subjective discomfort ratings of experiment participants, according to each type of work, significant
differences were exhibited in biceps brachii (left) and erector spinae (left, right). This shows that discomfort ratings are different
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between work types. In the erector spinae (left, right), more discomforts were demonstrated in the work using no basket and
one-hand carriage of the basket than the work using the developed basket (Table 2).

4. Conclusion
This study measured and analyzed the differences of muscle activity and working hours by work type using no basket, the existing
harvest basket and the harvest basket developed in this study in terms of fruit harvesting work using a basket.
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Table 2. Average subjective discomfort ratings
Body

No basket

One-hand carriage

Developed basket

Biceps brachii (R)

1.85

2.0

1.9

Biceps brachii (L)

1.35A

1.6A,B

1.85B

Anterior deltoid (R)

2.15

2.0

2.4

Anterior deltoid (L)

1.5

1.5

1.5

Erector spinae (R)

3.6A

3.35A

2.1B

Erector spinae (L)

3.0A

3.0A

1.8B

(Alphabetic letters indicate Tukey multiple test results, i.e., same letters are not significantly different)

According to the experiment result, there was no statistical difference of muscle activity in the biceps brachii (left, right), anterior
deltoid (left, right) and erector spinae (left) by harvesting type, however, statistically significant difference was shown in the erector
spinae (right). When using the developed basket, about 24% of %MVC decrease effect was demonstrated, compared to other
types of work. This is judged that concentration is generated to the right side in the process of picking the fruit or putting the
picked fruit in the basket, in view of experiment participants' major hand is right hand. In the work using no basket and one-hand
carriage of the basket, such a result is exhibited, since continuous waist bending is caused in order to put the picked fruit into the
basket that was put on the ground. As shown in experiment participants' subjective discomfort ratings, the waist discomfort was
felt more by no basket using work and one-hand carriage of the basket work than the developed basket-using work. In the
remaining muscles, muscle usage did not show big difference, since the motions of picking fruits and putting them into a basket
require almost the same moving path in each experiment condition.
According to the study result of Calmels and Fayolle-Minon (1996), a waist belt reduces the waist muscle activity, stabilizes lumbar
spine, increases pressure within abdomen and reduces the risk of injury with the kinetic effect. McGill (1999) said the use of waist
belt can decrease spine's shear force and spine's compressive force by increasing intra-abdominal pressure (IAP), reduce the range
of motion (ROM), provides warmth to lumbar spine, strengthens propri oception through pressure offered to spine and decrease
muscle fatigue. Using the developed basket in this study can reduce working hours, compared to other work types, since both
hands become free and repeated waist bending is reduced. Perkins and Bloswick (1995) said the waist belt reduces muscle
fatigue by diminishing muscle force required when stretching one's waist, and this in turn decreases compressive force to lumbar
spine: therefore, a worker can be prevented from waist injury risk. Lavender et al. (1999) researched the impacts of waist belt on
the muscle activity of trunk muscles, while holding stuff. He reported that the maximum muscle activity value of erector spinae
significantly fell, when a waist belt was worn, compared to before wearing the waist belt. Reddell et al. (1992) evaluated the effect
of a waist belt by dividing the waist belt wearing workers and waist belt non-wearing workers targeting baggage transporters
in an airport. When the waist belt was removed from the waist belt wearing workers, they reported the risk of waist injury
increased greatly.
The relevant research of Kim and Choi (2002) revealed that oxygen consumption, heart beat rate and EMG-measured value, which
are the physiological reactions on the lumbar spine, were impacted more by work frequency, rather than by work load. Also, they
said that industrial accidents caused by backache can be reduced, if work load is set up by the combination of proper work load
and work frequency.
From the research results above, the use of waist muscle can be reduced by using the waist belt of the basket developed in
this study. Work efficiency is also judged to be enhanced by reducing waist injury through minimizing waist movement, which
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continuously puts down harvested fruits, and alleviating muscle fatigue with the waist belt, unlike work using no basket and
one-hand carriage of the basket.
This study is projected to be utilized in preventing the muscular skeletal disease on the upper limbs and lumbar spine and
cutting labor cost and medical care expenses by reducing working hours. The study result is actually forecast to be helpful for
comfortable and efficient work.
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