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ABSTRACT

Objectives: This study was conducted to analyze the prevalence of musculoskeletal disorders among livestock
handling workers in comparison to other occupations and to identify the physical risks involved by calculating the
compression and shear forces acting on the L5/S1 lumbar segment using a biomechanical model.

Methods: A survey and field evaluation were conducted on workers at livestock transportation sites. The survey
included demographic characteristics (age, weight, height) and work-related factors (years of service, Borg's
10-point scale). A biomechanical model was utilized to calculate the compression and shear forces on the lumbar
spine (L5/S1), and MET (metabolic equivalent of task) was used to assess labor intensity. In addition, the work
sampling technique was employed to analyze actual exposure time during the task.

Results: The survey results showed that 94.7% of livestock handling workers reported musculoskeletal pain, with
44.7% requiring clinical treatment. Compared to the control group of electronics assembly workers, they were
exposed to significantly higher risks across all body regions (p € .001). Biomechanical analysis confirmed that
lumbar compression and shear forces increased exponentially as the trunk flexion angle and load distance
increased, with energy expenditure reaching a high-intensity level of 12.3 kcal/min. These findings suggest that
extreme biomechanical overload and lack of physiological recovery led to accelerated physical damage despite a
relatively short average tenure compared to other occupations.

Conclusions: Meat transport workers represent a high-risk group for musculoskeletal disorders (MSDs). To
eliminate fundamental hazards, immediate engineering controls are required, such as optimizing vehicle loading
heights and implementing electric rails and automated systems specifically designed for carcass handling.
Institutionally, mandatory rest periods must be enforced to facilitate physiological recovery. Furthermore, a
systematic medical surveillance program is essential for the early detection and proactive management of at-risk
workers.

Key words: Meat transport, musculoskeletal disorder, compression force, shear force

*Corresponding author: Kwonchul Ha, Tel: 055-213-3553, E-mail: kcha@changwon.ac.kr
Department of Biochemistry and Health Science, Changwon National University. 20 Changwondaehak-ro, Uichang-gu,
Changwon-si, Gyeongnam 51140
Received: February 4, 2026 Revised: March 30, 2026, Accepted: March 30, 2026
Byoung Hoon Kim' http://orcid.org/0000-0002-5782-5340 Mi Young Kim http://orcid.org/0009-0007-5469-6639
Kyunho Lee http://orcid.org/0009-0006-9189-9374 Kwonchul Ha http://orcid.org/0000-0001-7014-9466
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License

(http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

57



LA B

= 1919 &7 AP 19809 8.96 kgollA 2023
A 44.3kgC & oF 5Hj FFolelen, ol wet k5
T AlS{carcass)= Faohks f& 29 £ A 57t
ol tHKorea Meat Industries Association, 2025).
AHEAGo|A 202593 128 A B Y FA A4
E Hhole A2 F 1547040t (Ministry  of
the Interior and Safety, 2026). A& 24l ==
2 9F 50~150 kgoll Edh= SH=S AH o7l 4ol
A3 Zpgo] AABEAY BiEA| A f8ele I

2 AoA 15/S1 85 E4(diso)S 58 F7HRER
2238 Di Natali et al., 2021). 78] RHE:=
stae] BA, 8 Ad, A A D A FA 4
7HA9] AY 5& WEE FAEY(Chaffin et al.,
2000), 1A £4 Hdo] =9 HA Als 5 A7t
AR SR H &2 OF 54.15~56.34% $E02 BIE
tHDempster & Gaughran, 1967; Plagenhoef et
al., 1983). 53] B6< Y2 so|AY Wi F7|=
2] Al S o r APt AdEo] Ayl
Gallagher & Marras(2012)= o Adg A=
1,000 N, & IHARZ 500 N& Hagh v Qlch, &
g 58 2 4w iE Ao WEd 22.5°9} 45°
=3 Al 1L5/S19] 7HliAl s 4= ok 2™ AEI0°)
tiu] oF 2~3u) F7loke ACE FRIFArKGallagher
& Marras, 2003). AF7]g@2) o WAst= <4<
2 9539 FYE RAsks HA g0, ==t
Ao F7]+= E47F Y(intersegmental force)d}
Y o83t g3k ¥y HdE Fof AT 4= Sl
(Xiang, 2021). 8% 59 §& 7| Tsto
NIOSH+= =3 3,400 N2, Gallagher & Marras
(2012)= At 700N ZH2F Harsioioh. 2FdAke] 7h
1Y B4 EZE 831 ¥go|t}. 282 304 o]F 10
Aot} oF 10~15% 45 (Kyle et al., 2001), ¥
of W A & Aol EATITHKim, 2012). &
< YEE JFHo=E Hrlel7| 98 Rohmerto] A

www. kiha.kr

< 583t 484 ndo] AXEY|E SHPTHXia &
Frey, 2008). National Institute for Occupational
Safety(NIOSH)Q] NIOSH Lifting Equation(NLE)S
H]£5lo] ACGIH TLVs (American Conference of
Governmental Industrial Hygienists Threshold
Limit Values), HSE(Health & Safety Executive) %
tFet 85 Fol g7 T4Eo] /iEEIoY ol =
T= F82 £08 50| Sf= AYo| E3kEo] ot
Ebs SAE feddolv A EFAY FHES ©f
7 weEjo] XL o]Fdle E43t &Y FHQ a5
Fots AdsHA Brlsh o= $HAZE Slek ol &
Ate SARE 4 5 Ake] SEAA A3 AHE E
2153} v|n BAsta, A5 BES Sof 15/S1
95 B4 Agst= d=Z(compression force) H
At (shear force)= AFESIA] 11 Y19/ 45kl
=g

o,
L
=2

0
rir
e

AAE B A 38
o2 Ad A9 A9 Mzt
A BA, et BE E
2 UFed FERgE
+=4A feiel A
t} ZAR= 20259 9 St

Ao
2t
rto
opr
i)

B
o o
o |
oh‘dl::‘
H =
25
e &
4 N
l‘N(}:N

N

)

O

iy

PN

P

o

Hu

ok

oo rx,
Sk b

N nﬂ‘fl

A

_l
BN
ol
o
)
o
)
o
I
i
@

N Hn
N
>
P
i
-,
oo
ol
L
i)

= S 25 AR w5 AE e R A

F G7IE AAsel AR £8 82
A5He BRI, A, AR A # EHAES
A4, Borg's scale 109422 A=AHBorg, 1982).
[FE(15/S1) S=E AGEE AEsh] Slslf ARd
A el 9 BAY AL= Table 13 Zow
(Dempster & Gaughran, 1967: Plagenhoef et al.,
1983; Kyle et al., 2001; Chaffin et al., 2006;
Gallagher & Marras, 2012; Kim, 2012; Xiang,
2021), AHEE 2 NIOSH HAIX(3,400 N)
Gallagher & Marras(2012)9] 700 N 7|&3} v]w. £4
olAtt. E3l =mAEE H7e| Hsll MET(metabolic
equivalent task}g A&t oA AB[FHE AESHA

Journal of Korean Society of Occupational and Environmental Hygiene, 2026: 36(1): 57-66



DN MY SME 2S5 =S

2Q35(5/S1) Mreist

1A

1 5oF 24 & 2SZA Y HEj ZA 59

Table 1. Biomechanical models and adjustment factors for L5/S1 analysis

Category Formula

Variable definitions

L5/S1 moment W, x D) + (Wu x Du)

WI, Wu : Weight of load and upper body (N)
DI, Du : Horizontal distance to load and COG* (m)

Muscle force MLs / 0.05

0.05 m : Assumed moment arm of erector spinae

Compression force (W, + Wu) x cosp + Fm

@ : Trunk flexion angle (rad)

External shear (W, + Wu) x sing

Anterior shear force due to external load/gravity

Net shear force Fs_ext — (Fm x sinp)

Net shear force considering muscle counteraction

(age —30)

Limit x (0.9)" 10

Age adjustment

Gender adjustment Limit x 0.85(for females)

Energy expenditur

(Kcal/min) MET x weight (kg) x 0.0175

*COG: Center of gravity of the upper body segments (head,

THAinsworth et al., 2011). E3F work sampling
719 o]goto] AA B k& ARMS H7FeH

. g2

ME

1. St LA LB E& k=4

AL tAIA}e] B 3} 2]Zo] 48.54
2 7P =9rom, AFsxH46.44), Z2AK44.7A4), AR}
(44.2A) oAl WA A7 HIAR] FAE 5219
Y7 AP 4474900, gxFo] W APL 3
1|3H48.541), AFeRH46.44), HAH44.2A) =22 =
Oka AMAT} 42342 71 Wokth AL nE
Zo]A 172.1 cm ~ 174.1 cm AlO|2 FARE BEE
Boloy, AEY A% 2 vt 1B} BF
83.0 kg2& ThE(70.2 kg ~ 75.8 kg)oll B3} &k
. 24 A5k B Aol BRI, AL

& aAe 8.69% H HhEl, Hixae HAH215

Table 2. General and work characteristics

arms, and trunk).

W), AF52H21.49), 2A4(21.29), &40.49)2& Y
Ef AT diAR] SARE 2% =5AY &5 7|70
Aodog goltt, ket Wrle 94 &Y e
?l Borg scale o= HibE 24 2F0] 7.280=
7 E=dk ol ti2at]l FFU|SH5.67), £41(5.2
), AsAH4.3)E =2 FxolH, B3] MR} =Y
AZ(3.43)7 Bl aFL uf 28] o]ate] &o 2} B}
£ 7|3 9 AoE Yepytt

2. FUE 2 AEO REE

2 dAFoMe 284 S 3AES B4 9
s NIOSHY| 7| 1(55 ), 71 2(39 #dx 2
8), KOSHA Criteria 3("89¥ A& Q)08 F3EE
TESFATHNIOSH, 1997: KOHSA, 2000). A& %

Ab ATt SRR tithel 94.7%7F SEAA B
SASIYTh E9] AA 76.3%7F AL AX digez
ERERCH, 44.7%= BY A=Vt AST L9

Meat

Shipyard Car part Electronic assembly Sanitation
transport
Mean (SD)** Mean (SD) Mean (SD) Mean (SD) Mean (SD)
N* 38 99 155 101 242
Age 44.7(11.6) 42.3(10.2) 46.4(9.8) 44.2(9.1) 48.5(7.6)
Height 174.1(6.0) 172.1(5.4) 172.7(5.0) 173.9(5.3) 172.2(5.9)
Weight 83.0(13.5) 70.2(8.1) 75.8(11.4) 73.5(9.8) 75.4(11.5)
Workyear 8.6(7.3) 26.2(11.1) 21.4(13.2) 21.5(11.1) 9.4(6.9)
Borg scale 7.2(1.4) 5.2(1.8) 4.3(1.6) 3.4(1.6) 5.6(1.7)
*N : No of samples  **SD : Standard deviation
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Table 3. Prevalence of musculoskeletal symptoms and
disorders in meat transport workers (N = 38)

Clinical exam Medical
Pai e treatment
b .
NGO ey reured
Prevalence of
musculoskeletal 36(94.7) 29(76.3) 17(44.7)
symptoms
o7 HEEEcHTable 3).
3. B2 24t BZO| MR 29 T2 Tt I3y
SAE P LA USRS A4 2U ) 24

L= AR FoelM SAR R - Fowiip ¢ .0001)
A S7PF Rl= -—rLXﬂZ*__E-_ duEd, o
5919 ot 42,382 7 =2 AolE HAloH,
ZEA7F 18.78% 1 FE oItk olo] 5(7.8H),

&/85(6.941), E(6 gul)), oJ7H(5.84) =o&2 AA A
oA 12A w2 A= Ve

AlA| 29 —:%73741 A% 9y s B35 4
3 FAME FF kwAt Yok 71E AR AR
] BE AA BoA BAZCR uje {ou|gHp
(.0001) ¥¥= £71= Bt 53] o] oA 7+
Z Z Aok vEhe, AFZt 42.341(95% CL:
10.85-165.33)2 T2 ZEQ1 FAu|sH12.24)), A
(15.14), AFa2t F-E&(6.8u)ETE Aidos 7MY =
S FES Eoﬂt‘r TEA] ESF 18, 7HH(95% CL: 4.74-
73.62)9] ¥ =S L}EM T 2o H]of] At
HoF =0 290 HY olo] &]2|(7.8Hl), &/&
=(6.94H), =(6.94H), 0177H(5 8H) =o& HARkHQl Al
A FEollA dTEA £ YPH=rt SERI=EUT F3t
&/E5 599 B, gygum 9 252 & 2%
Ae BAZCE Fost /e S7PF YEhA] ok bt

Table 4. Odds ratios (OR) and 95% Confidence intervals (Cl) for musculoskeletal symptoms by job category (reference:

electronic assembly)

Body part Job category Estimate (S.E.) Chi-square p—value ngg;) r?:tll)o
Meat transport 1.92 (0.45) 18.15 <.0001 6.85 [2.83, 16.60]
Neck Sanitation 0.01 (0.36) 0.00 .9743 1.01 [0.50, 2.07]
Shipyard 0.16 (0.36) 0.21 .6506 1.18 [0.58, 2.39]
Car part -0.41 (0.35) 1.38 .2408 0.67 [0.34, 1.31]
Meat transport 1.76 (0.45) 15.36 {.0001 5.83 [2.41, 14.06]
Sanitation 0.80 (0.36) 5.01 .0252 2.22 [1.10, 4.47]
Shoulder 5
Shipyard 0.82 (0.36) 5.31 .0213 2.27 [1.13, 4.55]
Car part 0.30 (0.34) 0.81 .3683 1.35 [0.70, 2.61]
Meat transport 2.93 (0.70) 17.49 <.0001 18.68 [4.74, 73.62]
Elbow Sanitation 2.01 (0.64) 9.79 .0018 7.48 [2.12, 26.38]
Shipyard 2.66 (0.63) 17.53 <.0001 14.23 [4.11, 49.30]
Car part 1.60 (0.63) 6.37 .0116 4.95 [1.43, 17.11]
Meat transport 1.94 (0.47) 17.29 <.0001 6.93 [2.78, 17.24]
Hand/wrist Sanitation 0.66 (0.38) 2.94 .0865 1.93 [0.91, 4.07]
Shipyard 0.99 (0.37) 7.07 .0078 2.70 [1.30, 5.62]
Car part 0.35 (0.36) 0.92 .3363 1.41 [0.70, 2.85]
Meat transport 2.05 (0.45) 20.58 <.0001 7.76 [3.20, 18.81]
Back Sanitation 0.71 (0.36) 3.95 .0469 2.03 [1.01, 4.07]
Shipyard 0.87 (0.35) 6.02 .0141 2.39 [1.19, 4.77]
Car part 0.57 (0.33) 3.07 .0800 1.77 [0.93, 3.37]
Meat transport 3.75 (0.70) 29.05 <.0001 42.35 [10.85, 165.33]
Leg Sanitation 2.50 (0.64) 15.30 €.0001 12.17 [3.48, 42.57]
Shipyard 2.72 (0.63) 18.48 <.0001 15.14 [4.39, 52.24]
Car part 1.76 (0.63) 7.81 .0052 5.82 [1.69, 20.00]
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Figure 1. Odds ratios (OR) and 95% confidence intervals (CI) for musculoskeletal symptoms by job category (reference:
electronic assembly).

H, FAhE 24 s AolA= F5HA =2 A¥=rt 3171 Y3l work samplinge &850 2] & LAYsH
FEEQ. ol g FE9] &Y EAho] B K2 = AA B 891 ERlstat. AIE A B
of F3=A] G M AA w2 AAH B § 0 I FY ALS 1Esto], AR 190F ok AA
e AJAKSIT HHE 318 4MEotl, 139 g AIRES o]8oto] A

A A7 eE2F= B9 s GRIsHh 4
4. Work samplingg 0|8t & A =& AIZt 2 A ok F ZAA 190004 WAk F 54 E
M(A REIE A0 R) AIZFS A Ht 12,000%, & 3.33A17t Eok= Ao

27191 06:30

oZi

=
A Qut Aol Waske A4 Bu AES Agsl 2 Uekdth ARHoR Amny 3

Table 5. Workload and exposure assessment using work sampling method (beef)

Time Total units No. of workers Workload per  Exposure time Total exposure time (sec)

(head) person (reps, A) (sec, B) AxB=C
06:30 - 07:00 250 6 42 60 2,520
07:00 - 07:40 63 4 17 40 680
08:00 - 08:40 200 5 40 40 1,600
09:30 - 10:20 120 5 24 40 960
10:20 - 11:40 180 5 36 40 1,440
12:00 - 12:40 120 5 24 40 960
13:00 - 13:40 120 5 24 40 960
14:00 - 14:40 120 5 24 40 960
15:00 - 15:40 120 5 24 40 960
16:00 - 16:40 120 5 24 40 960
Total duration 12,000(sec) / 3,600(sec) = 3.3 hr
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Table 6. Analysis of lumbar compression and shear forces at the L5/S1 segment by category and task phase

Catedo Phase / trunk Compression Shear ext Net shear RELs
gory angle (°) (N)* (N) (N) (N)**
Start (0°) 3204.3 0.0 0.0
(ﬁgelig) End (20°) 87517 626.4 ~1778.3
End (30°) 11230.1 915.7 -3906.3 3005 5
Start (0°) 2296.2 0.0 0.0 (comp.)
Pork End (20°) 6267.6 4711 -1229.9
(93.7 ko) 664.1
End (30°) 8038.8 688.7 -2734.3 o4
Start (0°) 1635.3 0.0 0.0 (shear)
B%eg/ Eg)rk End (20°) 44595 358.0 ~830.7
End (30°) 5716.0 523.4 -1881.3

*Horizontal distance of L5/S1 from shoulder = 0.05 m

**Recommended Exposure Limits (based on NIOSH/Gallagher & Marras)
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Table 7. L5/S1 compression and shear forces by distance, load, and angle

Horizontal distance Phase / trunk angle

(shoulder to L5/S1, m) ©) Load weight (kg) Compression (N) Shear (N)

N 140 3.205.2 0

008 Initial /-0 60 1635.3 0
' ol / 20 140 8.751.7 = 17783
@ 60 44595 - 8307

N 140 4.578.1 0

. Initial / 0 &0 2245 0
' cinal / 20 140 9.730.5 ~ 22481
60 4.868.1 = 1.0322

140 5.950.2 0

- ,

e nitial /0 60 2.812.1 0
: ol / 20 140 11.018.4 ~ 27174
60 5.418.8 = 12332
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Figure 2. L5/S1 Compression and shear forces by distance, load, and angle

Table 8. Energy expenditure (METs) for meet transport activities involving heavy loads (100 Ibs or more)

Code METs  Major heading

Specific activities

11850 8.5 Occupation

Walking or walk downstairs or standing, carrying objects about 100 lbs or more
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