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ABSTRACT

Objective: The aim of this study was to develop an ergonomic checklist (AULA: Agricultural Upper-Limb Assessment)
which can assess the risks of the work-related upper limb disorders of farming tasks in Korea. Background: There are few

assessment tools that reflect the current condition of agricultural works as of now. Method: AULA was developed as

following three stages. First of all, a physiological experiment was conducted with selected 14 upper limb postures which are

frequently occurred in farming tasks and then, an ergonomic checklist was developed with determining risk levels of each

body posture based on the experimental findings. Lastly, the ergonomic checklist was validated by comparing with the

existing assessment tools. Results: When comparing the AULA which was developed in this study with the existing
assessment tools, it was found that the AULA may get over limits of the existing ones which are sensitive to particular

postures, but aren't sensitive to the rest of them. Conclusion: It is predicted that the developed upper limb posture assessment

tool which gets over the existing tools' limits and is proper for domestic farm work conditions, will help to reduce

musculoskeletal disorders caused by farm works, by assessing farm works more easily and objectively. Application: By

further developing the theoretical groundwork on the induction of muscular skeletal system symptoms relating to agricultural

works, it is expected to improve the level of preventing and managing such muscular skeletal system symptoms in the field

of agricultural and farming works, which is relatively less advanced in terms of labor difficulties.
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2. Methods
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2.2.1 Decision risk level for work posture
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Table 1. 14 experimental upper body postures
(B: Back, S: Shoulder, E: Elbow)

BO-S0-E45 BO-S0-E90

BO-545-E0

i

BO-S90-E45 B0-S90-E90

Tl

B0-545-E45

BO-845-E90 B0-S125-E0

7} g ol w4709 IFOR thre] 42 I
W 2 2§ 13614 439 35E Folsigitt. e
A, B} b e gl 14, 2Rl M e
Foll 4732, ANE kgl g RS 28 17, A
Vg we aFel 49 BIST wE, 2AEE
FoE Bl MR B0 7 25 B ol uet
3ol glom 043 J=gol ow 1Fow Rl
o SIZ el 7k Al OE 2AES $4S u 2719

D7) 2ALE FIE vlaste] 3] Fakert 7] F3t
FEG WA e 25o] sE2siglvka 7Hdste] 14
Folatal, 18R] %2 Aol o] IR Wsitta
7Hske] 048 o338t Hyun and Kim, 1997; Minning
et al, 2007). 7+ AA] "2 7} ol Folg J4E 33

of A% JPEE AEHAL
2.2.2 Decision risk level for exposure time

147pAlel thste] 3Enith S E 2% A3E V2R
94 Foto] wEAl gt FRFES A
3AAE S AEE BEE 35S Borg's RPES) Borg's
10 points B&A-& #Zuste] PGS 4dAZE Al EF3)
k.
2.2.3 Decision of risk level that consider posture and
time

A Aol AiFk APeES dskal, mE AR g
AURE Aok B, A]] AR o)z} 2 A
A =EAE BF e A sES AE

fle

2.3 Comparative analysis of ergonomic assessment tool
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3. Results
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Table 2. Score for each body posture based on the analyses of discomfort and heart rate (B: Back, S: Shoulder, E: Elbow)

4

3

2

1

B0-890-E45, B0-S90-E90,
Whole B45-S45-E0, B45-S45-E43, | B0-S45-E0, B0-S45-E45,
bogy | BO-SI20-E0.B45-S90-E0 | i S BS S S B0-S0-E45, B0-S0-E90
BY0-S90-E45
B0-S0-E45, B0-S0-E90,
o Back 1133155'_58‘;%'_%% %ﬁ'_ss‘;%'_%ﬁ’ B90-S90-E0, B90-S90-E45 | B0-S90-E45, B0-S120-E0 | B0-S45-E0, BO-S45-E45,
Subjective : B0-845-E90, B0-S90-E90
rating
B0-S45-E0, B0-845-E45, | B0-S0-E45, BO-S0-E90,
Shoulder B0-S120-E0 B0-S90-E45, BO-S90-E90 | BO-S45-E90, B45-S45-E45, | B45-S45-E0, B90-S90-E0,
B45-890-E0, B45-S90-E45 B90-S90-E45
B0-S45-E0, B0-S45-E45, | B0-S0-E4S, BO-S0-E90,
Arm B0-S120-E0 B0-S90-E45, BO-S00-E90 | B0-S435-E90, B45-S90-E0, | B45-S45-E0, B45-845-E45,
B45-S90-E45 B90-S90-E0, B90-S90-E45
B0-S90-E45, BO-S90-E90,
Heart BO-S120-E0, B45-S45-E4S, | B0-S45-E0, BO-S45-E45,
rating B45-S90-E0, B45-S90-E45, | B0-S45-E90, B90-890-E0 | D0-S0-EA43, B43-S45-E0 B0-S0-E90

B90-S90-E45

Table 3. Score for each body posture based on the frequency
analyses of muscle activities(ES: Erector Spinae, AD: Anterior
Deltoid, UT: Upper Trapezius, TB: Triceps Brachii, B: back,

S: shoulder, E: Elbow)
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Table 4. An example about each posture scoring(B45-S45-E45)

A4S ouletd, =14 B @&, o, F) e Agole
Borg's 10 pointsZ &Jn|3tc}.

Whole body | Back | Shoulder | Arm
Subjfctlve 3 4 5 |
rating Table 6. A regression equation about duration and
Heart 4 _ discomfort changes of each work posture
rating [whole body(W), back(B), shoulder(S), arm(A)]
EMG - 1 2 1 AVG. W y=0.57x +7.63
B =0.211x+0.078
AVG. 3.5 25 2 1 225 B0-SO-E45 y X
S y=0.317x +0.302
A y=0.418x +0.571
Table 5. An assessment of risk level scores of each posture and W Y=0.7x+7.72
their risk levels
. PP B Y=0.202x +0.436
Posture Score Risk level S Y=0321x + 0451
B0-S0-E90 1.13 -
BO-S0-E45 1.25 w Y=0.733x +10.759
B90-590-E0 1.63 B Y=0.207x + 0.698
B90-S90-E45 175 BO-545-E0 S Y =0.6854x + 1.68
B0-S45-E0 1.75 =
2 /Little high A Y=0.667x + 1.821
B0-S45-E45 1.75
B0-S45-E90 1.75
B45-S45-E0 1.88 Table 7. Discomfort of each work posture during the exposed
time calculated by a regression equation[Ex: B0O-S0-E45,
B0-S90-E90 225 B0-S0-E90, B0-S45-E0 / Unit: minute / Whole body(W),
B45-S45-E45 225 Back(B), Shoulder(S), Arm(A)]
B0-S90-E45 2.38 3/High Time 1 2 3 4
(min.)
B45-S90-E45 2.38
W 8.20 8.77 9.34 9.91
B45-S90-E0 2.50
- B 0.29 0.50 0.71 1.14
B0-S120-E0 2.75 4/ Very high B0-S0-E45
S 0.62 0.94 1.25 1.57
A 0.99 1.41 1.83 224
~1.25¢]9131, BO-S0—-E90, BO-S0-E45 ztAI7} sl3 w 842 | 9.2 | 9.82 | 10.52
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B90—-S90—-EO0, B90—-5S90—-E45, BO—-S45—-E0, BO- e S 0.77 1.09 1.41 1.74
S45-E45, BO—S45-E90, B45—S45-E0 247} s5=] A 136 | 180 | 224 | 267
Ak ESE A AFE 3ol sk AAQl BO-S90—-E90, W 1149 | 1222 | 1296 | 13.69
B45-545—-E45, BO—S90—-E45, B45-S90—-E45, B45— B 0.91 111 132 1.53
S90—-E09] 918 A4 2.25~2.505101, g@5zo] 7} BO-S45-E0 236 | 305 | 373 | am
} =0 gz o B o) A= o Tk
ZO v 4"‘1__1_ Z]'Aﬂ = ‘1461:' ;1<3T7}‘ 275/%-——‘1] OH OQ A 251 318 384 451

= Al BO—-S120—-E0°] %t}
3.1.2 Decision of risk level about exposure time

Method for score distribution
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Table 8. Each work posture's exposed time required for reaching
risk levels in the fourth stage [Ex: BO-S0-E45, B0-S0-E90,
B0-S45-E0 / Unit: minute / Whole body(W), Back(B),
Shoulder(S), Arm(A)]

Posture Part | Level 1 | Level2 | Level3 | Level 4
\% 1~2 3~7 8~16 17~21
B 1~2 3~9 10~23 | 24~46
B0-S0-E45
S 1 275 6~14 15
A 1~3 4~10 11~22
W 1 2~6 7~13 14~17
B 1 2~7 8~22 23~47
B0-S0-E90
S 1~4 5~14 15
A 1~2 3~9 10~20
W 1 2~8 9~12
B 1~6 7~20 21~44
B0-S45-E0
S 1~4 5~11
A 1~4 5~12
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1=2 1
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min min
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Figure 1. Risk levels considering postures and time
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Agricultural Upper-Limb Assessment(AULA)

Posture: Duration:

<Risk Level of Posture> <Risk Level of Posture for Duration>

BO BO BO BO BO | BO | BO BO Pos
Posture| -SO | -SO | -S45 | -S45 | -S45 | -S90 | -S90 |-S125 [fure
-E45 | -E90 | -EO | -E45 | -EO0 | -E45 | -E90 | -EO
Risk
Level 2 2

B45 | B45 | B45 | B45 | B9O | B9O
SO SO S45 845 845 -890 -390 -S1 20 -845 | -S45 | -S90 | -S90 | -S90 | -S90
-E45 | -ES0 | -EO | -E45 | -ESO | -E45 | -ESO0 | -EO | -EO | -E45 | -E45 | -E45 | -EO | -E45

1 { ~2 ! nfa nfa nfa nfa nfa nfa nfa nfa nfa nfa nfa nfa
: min min
ST || 2= 1 1 1
B45 B45 B45 B45 890 890 2 e Pl s . nfa nfa nfa nfa nfa n/a nfa nfa o~ nfa
Posture | -S45 | -S45 | -S90 | -S90 Posture| -S90 | -S90
-E0 | -E45 | -EO0 | -E45 E0 | -E45 3 [ 818|713 [ 208 | 257 | 1~4 [ 1 1 na 1 1~ | 1 [ 1~3 | 2~5 | 1~4
Rigk min min min min min min min min min min min min min
18| Risk
Level 2 3 3 3 Level 2 2

Level 1 2 3

4
Risk level Medium Little High High Very High

3.2 Development of upper limb ergonomic assessment W, <2 ATl A A A A B7HEE el A
tool AAIE

Frrsk A3 F AAE] Aol mE AeE 1.25%
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=75 9 AGRAL A Aol oigl] Brketa, 71 ARAlelA A e Rk oyl Azt wiE HeE
AR Hrpt Vst A AES AMgE] Hrksk 3 oH] AR ZE2E action levelo] 3 WHAIY Abgslo] 23} 47
B35 tHTable 9). Table 99 ARz} o] AA & AdFEo] 27 BT W 502 Ve
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Table 9. Comparison with the existing checklists (Continued)

REBA score: 1 REBA score: 4
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Risk level: safety .
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OWAS Action level: 1 Action level: 1
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Posture AULA score: 1.25 AULA score: 2.50
A score Action level: 1 Action level: 3
E Risk level: medium Risk level: high
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score | Risk level: Little high | Risk level: Very high

4. Conclusion
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