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Applicability of NIOSH Lifting Equation to analysis
of Workload for Patients Transferring
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ABSTRACT

The purpose of this study was to investigate applicability of NIOSH lifting equation(NLE) to analysis of workload for
patient transferring. In principle, the NLE is not applied to analyzing workload of patient transferring, because 1) the task is
generally performed by two or more persons; 2) unlike ordinary objects, human body of patients is basically unstable load
with their location of the center of mass significantly varying during lifting activity; and 3) the task is done in a restricted
work space. This study was conducted through comparison of NIOSH lifting indexes(LIs) and L5/S1 compressive forces
by 3DSSPP for patient transferring tasks performed by 2~6 persons. The results showed that Lls are linearly correlated
with L5/S1 compressive forces with correlation coefficient of 0.92, which resulted in a significant simple linear regression
equation for LIs and L5/S1 compressive forces. Consequently, it was concluded that the NLE is applicable to transferring
patient only with slight modification. Based on the results, instead of 1.0 originally used by NIOSH, the LI of 1.5 was
proposed as a gauge to estimate whether or not the task needs corrective action to reduce risk for developing lifting-related
low back pain.

Keyword: NIOSH lifting equation(NLE), Patient transferring, 3DSSPP, L5/S1 compressive force
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al., 1993), Washington Administrative Code 296—62—
051714 (WAC) (Washington State, 2000), Snook®} Cir—
iello(1991) 9] Hus| &5/l A3 2 & 5 F A
th. NLEE A8 7, A4 71E, AEye4] 7

AA, ol 5AY, A ¥, &) A, v 2%
Sof WE AFFA A (recommended weight of limit:
RWL) & AAgh WACS NLES vl 7juks|g)l o
NLE? W 5 S$%ES 74 - 5% 944, v 4%,
57] 29 NiE, Fd ARNES e sle] Al FA (weight
limit) & A|AI8ted, NLE®] vlste] 7tdsiA] AR 4= Qe

7], &Rb A9 dAlE AlAskaL lvk WACS aLeske
of k= W7t Ho] AREElr] 7HASE, Snookd Ciriello
(199D) 9] H= thekst 18 4 A48 tFa s A
o] Qith. NLE&= o] 7[Wel ulste] W= =7} Wol H33}
Aol tfgtk sl go, i WEke] Thr g Fe] A
Aoz A Aol =71 24 E4el 7P Eol AEH
3L Qi

Heelx dojuh= 5 5 7HE & Aoz deA
U= B AT 2] 2 dgr] A9 ol
(Marras et al., 1999), NLEE 1¢lo] Fafsl= B59] o
& 571 A9l Fats A5 flste] JidkEoe] #x; ek
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ool FEoE AYE FAsty, A, A= 2Rk FY
A FAo] A E] A kil A HE dielA W

g3t &4 (unstable object) ©]ar, A&, A3kE ¥t
oA &S Faisto] YAt Ysk= AE HE A X
7] WE]tH(NIOSH, 1991). ©]&]gt o] f-= 3A} 21k 2]
o] 4] ¥-3} B4 o= 3DSSPPU EMG—assisted model
S o]&3slo] L5/S1 compressive forceZ Ailsto] a2
FAs= 3L OWAS, RULA, REBA 59 R4 el &
A 7o) ARE-E L itk

EMG-assisted modelS AFHE317] $13|41+= 5 (back) 2]
107] Z5oll et EMG A& 5 Z3stolok 3l7] wjiol
2] AgelA AHEsE7]= ok 3DSSPP 489 A=
A9} ] 7 B e Uit 4, ¢4 4xE &
Astofof s, AYA el st 7] 2As a8t A
HQlEo] AME3H717) FA] &2 TAI7F ik T3k OWAS,
RULA, REBA 9] A -3 4 7H& 7hebeto] AL
HAAL o9 ot B4 Ake] A do] HoA|= =k
A A 7R dEA glo] FEsl K31 Aol oYtk
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=
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gellA 7 ko] =efuls Aol 9lth NLE= 3DSSPP,
EMG—assisted model¥} 8|3t w] 117}2] 0|9} AT E
dlol flol, &2 1Y 2m]E (goniometer) £} 22 7HASH
TR Bk 43 FgstA 24 & vk =8, 1 48
AatE HwA grdsto] ARgo] golaitt. o]Egt o] f &
NLE7} 571 2 240l A& 7 Ql= i 7o =
aEHA o, AAl 57 A F-at 24
=3 vk NLEE 82} 24k 2Fgel 4 &l
2& NLE7} 72 gle s o] 88 4 qlo] Ak
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o] Abgell W2 A7 Lot $x}p 4l Apqfel 41-g-0]
7Vs3itbd NLES] 418 W97 & o] dvigel =7] 24
o7 3E 4 QS Aot

2. 4 H

2.1 £ Thy tef

£ AFolMe B T HddA dojvs &4 25k 2]
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A dojF= Ao Z Zglo] o] FojHt, 691 4 A
521 Zgefla el o] HAF of 21, ool 4o] $1x5}
v 2 e 591 A 2oHIE 1d). # ATelA=
29 A, #GA) x|, A; AAH d A mE 5670 ©
S Aol gist 571 &¢e] Fake sk
2.2 A By
L5/S1 compressive force < NLE 7§49t A] Z7ko2

AREEQlAL, 2% 9] 7P £ o= (predictor) 2 YA
TH(Herrin et al., 1986). wehA, & A oA = L5/S1
compressive force?t NLE LI & ®|w3dlo] A} 24k
Z4e] NLE 48] 7Fs8t A& AE3iT

L5/S1 compressive force@t= 3DSSPPE ©]&-3fo] -
sHaAth At @gollA ol AFEE AL Sli= OWAS, RULA,
REBA 59 A F-aF 24 7|9 A2 A FAZ,
EMGE o] &5 W2 delx EMG AHg-2] ofel& 59
AAA olfE, & ATelA ARE-S gt e 2§38t 7
A 71 el A wjAIEFSA T

NLE, 3DSSPP #-8-& flato] & 21t 294& cam—
corder® #atal, dxdelA ole] BQst A5E &4, 1L
HewnElE o]&3te] 3Gtk NLE 48 Al AR &
HAZ = A 217 2}lell wet 35~63cm (63cmE 3}

sh= 9= NLE 8% flgto] 63emz 7Hdeh), 44
A= A4 Ao} ol wl 50~100cm el e
Akt A9 BE S 103] oy (FF o R o]FoiA]

L7) 2] 34 B} 0.23] o], E7] &9 A7 147

]Lﬂi ST 8kt Foll= E3tol7h fla Al SAlol &

HE 2] T3] Wk 5 Q7] Wil coupling Al W

(poor) & & 3} Tt

3DSSPP, NLEE ©]4-3 %
flate] v M-S shlek
AF 5 A FARS] AR
Et ) 2003~2004ki£ Sl Odiﬂx]
At AR FH(U)EnEY, 2005) — HA

785 A1 172.5cm, A% 70.1kg, I#Fe] 35 A% 159.3
cm, AF 54.8kg; 2) 2291 AAo] 24k} 39 21 A
A B2 AT ol F9l9k ol E AlYE F9IE vrolA
7} ZdAtel] wAkdTh 5, F F-919 AT AA FopE A
% ®3X 1] (Chaffin et al., 1991) ¢l 2Jahd F=}2] 739
ohe] F-9 (2 23 FAF 11.8%, A+ 9.9%, tElE A9
o T2 FA 88.2%, 1Ak 90.1%¢]H, o] wl&el wet
b 2dzbell Al Eatb Also] EAFATE 391 4k 2iellA =
AE e 7 ARl v F-91E ALl AFel
| EAHETh 3) 491 o) uF AellA A AT
FARFAN A L2 A EAbE

N
DYy L —r 1

LR of

3.4 1}
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olgsto] et shab Enb #gie] L5/S1
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B 1. X} 28 &4 9| L5/S1 compressive force(N)
ﬁ_ | =
212k 49} 914 A} 48 A
50kg 60kg 70kg 80kg
oA 5,271(+423) 6,284 (£498)
ol % 79 -
@ ﬁoﬁow g 5,158(+414) 6,148 (£488)
= A
AA02) el e o34 2,462(+188) 2,530(£186) 2,635(£194) 2,720(+201)
T
%A 2,544 (+188) 2,649(£196) 2,745(+203) 2,852(£211)
2 G geN g oR) /94 4,063 (+335) 4,697 (£384) 5,421 (£439) 6,145(£497)
e Bl Sk 1,592(£115) 1,674(£121) 1,771(£129) 1,858(£136)
n
301 A 1,677(£122) 1,785(£130) 1,883(£138) 1,989(£147)
h oA 4,847(£399) 5,386 (£449) 6,087 (£506)
g% 29
A 4,790(£394) 5,321 (+443) 5,965 (+496)
491 A/ 3,005 (+244) 3,309 (£263) 3,512(+282) 3,706 (£300)
sal g ol A/ 3,172(£255) 3,439(+278) 3,700(£301) 3,955(+324)
- A4 ¢ A/ 2,981(£217) 3,149(£229) 3,316(£241) 3,483(£254)
5ol g ol A/ 2,946(£235) 3,172(£255) 3,394 (£274) 3,614 (£293)
249 A/ 2,841(£206) 2,981(£217) 3,120(£227) 3,261(£237)

w5 o) $AE 0AE ek,

A 84 711 BEdhAl 3,400N, Hohsl-g-skA 6,400
= 7A

7} v =27] wolth

2910] FAojoll A Aoz xE exte u Tty 19
= = Aol L5/S1 compressive forces $kA} 2|50]
80kgd WX 3,000N ool glof ] ket o=
A 4 vk T, B8 FHE e AR Aee
L5/S1 compressive force”} 3J53HAE Hlojitar, 3k} A
Fol] 70kg o1¥d W= Hfs&-3AIE Hlolwth 2:10] A
oA Ador el A ) AlFo] 50kgd -
B AFAE Houh (0 2y S 490 A9 2,
T4 1c 5, Mol e7=e st Aoz 4H%
th 3200l A4S & o vl FHE FE AYAe L5/S1
compressive forcet= 2} dH, AlFl #AGle] 2,000N
olufel] glo] Fal7t IA e Ao et a8v &
T FAE e T AR A= @ A, Al B
o] AEeAE 29sta, FAF AFo] 80kgd Wi Hu)
3 &SHAIE HlofRtTt.

421 2o Aol At Aol 70kg o1Fd A
FIHAIE ol 5 JolA HAd Hlell &EhAA Skt
£ =04 @71 AR A9 B2 Aol 80kg HRlo]

w$321~69] £k A1 eI BFomel 7 A4l

W L5/S1 compressive force’} &E3gHA ool oL}
80kge ZTetA FasHAE Holwitth 3 ofdelA Eat
S Rk 2Rk A9 #xF AlFo] 60kg vIvHd o
= L5/S1 compressive force”} @F8HA| o]sto|L}, 60kg
S Z2Yshd gEstARY A et 69 A=
b Aol 80kgd W 7 okl 3= 24k L5/S1
compressive force7} &AL Hojxto) =] 244
o A= L5/S1 compressive force’} @F3HA oo &

A} 20k AL FR A FAE 2AAHA YEEot
of &h= Al XA (significant control)©] QT-EE R A
A7 FHNA LIZ T3t & #g Ausirt (R 2). %

1.0, 3.0, 6.0 7|02 §Yo 7 o]
Stk

Ao e w s lshs 291 #YelA 5%
FAE e A9HEE A92h & A LI #0] 6.0 =
Fato] vl sk AYS Hola Qlrk FdelA e
23S enkebe 291 291 391 AjlelA wF HeE

glol, vl Aeixtol Al P Aglo] Hof AR 91
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B2 2zt
ek 4= 9l S el Ao® P4
. 2%10] FAlojoll Ao 7 enksh= A3 391 &
Hhell A the] 915 e AdAke] LI g 1.0 ojujo]AY
105 FEE 1,55 94 ot tiAlR hde Agow
L 5 9ok UmA gk ek A1) LI g2 1.0~2.0 |
9o Bzste], A7 2t A e Y-S Bk

291, 491 A} 9 FA (1™ 1) oA LEF A}

2ol Uk T A 3 | 340 BRE B v
FE A%, WY Bo= Qskel (9 60~80cm) +3A}

NLESIA 5 §ak= Aol 63cmE W7 Rk o]t 321 44
o o A9, 5~69 A91¢] WA ofel AN 3
Gk ¥ ATelAE NLE 482 giske] o] 4% 547

= 63cm= 7Fg3tel, B 20 vheh 9l LI g AAn
o Hamsle Role} @

2=} 9 91
901 BE 39
(BA)o]ell 4
o) 4 0.7 0.9 1.0 1.2
the] ¥-9)
A4 0.9 1.1 1.2 1.4
o4 0.6 0.7 0.8 0.9
the] -9
501 A 0.7 0.8 1.0 1.1
o
34 2.8
EE 39
A4 2.7
431 349/44 | 15 1.9 2.2 2.5
ol 2 okl | o1/ 1.2 1.5 1.7 2.0
Tolaga || 10 | 12 | 14 | 16
5ol ol | /A 1.0 1.2 1.4 1.6
249 349/443 | 08 1.0 1.1 1.3

+391~621 S A4l e WelA ozl B] 4919

3.3 L5/S1 compressive force2} LI &3

2 AFellA 245 5671 w9l 2ol vl L5/S1 com—
pressive force?} LI &% o2 23 20 ol Q)
t}. NIOSHel A= L5/S1 compressive force %2 7]
utel &3 3,400N, Hehs 837 6,400N& 7|Eo%
7] A9 FakE Rkl ITH(INIOSH, 1981). L5/S1
compressive force’} &g3HA ool §lom ks 2]

o=, FFEIALL HNS LA Atolel] low Aol T

B 57
\__:_'IL.L

HE Ao gttt ol mEd £ AT #4 did
@9 A T 48%, S Ank A=t Aol e, of
11%7F A& &etAE =93t Qlrt. Chaffin? Park
(1973) |l 9J3FA 1L5/S1 compressive force”’} 4,500N<
25l Q% 0] 10% oPFeR SVl HoE &
HA ok 2 A7) &9 A F oF 34%7F 4,500N&
Z35te] 2% WiSo] 10% o1l Ao M=)

NIOSHell €3ha LI #ke] 1.0 oufols kgt zijo
1.0~2.0 Afo] o™ X ZrgA}elA|, 2.0~3.001H W
ZHdz2tel A, 3.0& ZetA tlF-2e] ZAgAtelA d@s &
oz ¥Fak JUH(NIOSH, 1991). ¥ A7) i w9
291 % LI gtel 1.0 oJsh 1.0~2.0, 2.0~3.0, 3.0 %3} v]&
= 747 27, 34, 9, 30% % WERHTE Ui 2 T 73%7)
Mol a7tH= Al ew A

3DSSPP L5/S1 compressive force®} NLE LIo] ¢J3t
WA 2 vEe 4 oF 48%, 73% =, Lol o3t 2
WA 7 v]Eo] =oF NLEZ} L5/S1 compressive force
of Hlgte] ARl Y-S ks ZAoR VENTE LI #ho]
1.5 o]AFel H]&o] 3DSSPP L5/S1 compressive force’}
3,400N o] v &3 A9 A8 (7} 50, 48%).

6,400M Z3}
1%

3400~4500N
14%

(@) L5/S1 compressive forces

1.0 0|8}
27%

(b) Lls

a8 2. LI2F L5/S1 compressive force &%

3.4 L5/S1 compressive force2} LI 2|

NLE LI¢} 3DSSPP L5/S1 compressive force #2] A¢
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T A57E 0.92(p<0.00D) 0 o2, wl$- He o] A
Al S HolFglek oEst A A= ¥ 39
2 vkt 9lew, NLE LI #to] &7hgtel whe} 3DSSPP
L5/S1 compressive force 3% AL APH o7 F71eHS
& 5 gtk A8 WAE e AF 3949 APAFRY
#hol 0.84% 52 HeMk & o= 3lvh mebA, NLES ©
gato] g RF A9l #Q] HekE HrketolE & A
7F §lE Ao fae,

L5/S1 compressive force =
2209.3 + 635.4*LI(R% 0.84) (1D

10000
y =635.39 +2209.3

R% =0.8398 g

8000 [

6000 -
4000

2000 [ g

compressive force(N)

LI

% 3. LI} L5/ST compressive force2| &HA

NLE LI¢} 3DSSPP 1L5/S1 compressive force #k2] Al
3 3923} NIOSHS L5/S1 compressive force #t9)
A7) W S vige Rz, sl 2HF 29 A of 3
of thet LI AAIE o3 2ol AlAgit

1) 2l DelA L5/S1 compressive force?] 3j
3,400Ne°] st LIx= ¢F 1.80]% o, H aAtoA]
] 2] ¢] L5/S1 compressive force”} 3,400N
Hlgo] LI7} 1.5 o4 vl&3 71¢] 28 33 AR
< 1Este] LI kol 1.5 o]’dold 7ol a5+
2 Bgsith

2) 2] 1)& o]&3ste L5/S1 compressive force Z 3]
£33 6,400Nel ot LI ah=
LI 6.5 Hs] &A= st}

3) L5/S1 compressive force 4,500N= Z¥shH QF
0] 10% o oR FolA= Aow d#A 2
DellA olef sigdat: LI glo] oF 3.5% e}, &}
ZAellA L7t 3.58 2938t Q% W&ol At

Fo)7h e,

@ o

o F
2 10 ox X o
[0 ox 1o o X

L)

o of 652 HerE,

4. £ 9

2 Ao dx"H o7 NLE A8 o] ofd Bgof
Al Ao 32 4 2H4Jell, NLEE ZAg-3sto] 57] 2HY
Fal £Xo] 7Fs3 A5 3DSSPPE ©]4-3F L5/S1 com—
pressive force #kte] HwE Foto] HESI + 3

< U] 2o] 1 A5 nkehs Aol B A%
U2 Qlsto], =3 A7]7} NIOSHeA &8sk o 63
cmE 9 Wl 63cm®E Mgt NLES 7—‘1%0}04 A H ek
LI ko]l AH7tE = A7) whAgssd 2ol =, 3DSSPP L5/
S1 compressive force #¥ NLE LI gko] 73t oke] A3
HAE Bt ol 4 2k A9] ek Aol NLE
A go| 7l HojE Aolgt & 4 itk

Chaffin®} Park(1973)°ll &Jst¥ L5/S1 compressive

force?} 4,500N ojAtold % W 80] 10% oo =
3, NIOSHel &J5bd NLE LI zto] 3.0 o]Ato]s o a9
2Rzl A et Aoz duA o) B Aol A

L5/S1 compressive force9} LI k8] A8 3]AXE o] &
3} L5/S1 compressive force 4,500N°f 3j&3= LI %k
< F4skd 3.57F Hof, 919 71& A7 At A9 4XA
& Holal Qith

Karwowski et al.(1994)-2 L5/S1 compressive force
o} LIZF 73t <kl A3 #AIE Kol 4 Asrt €71
29 A -3 FhANA Z2F 0.85, 0.840f o] 58 XA
E ATNNE 7t 2] bt BAE AAste] ol5e] AT
o} dxJstar gl 212 AT FAel
4] L5/S1 compressive force$} LIZFS] A& #AAI2S AA|
3tk Karwowski et al. (1994) ¥ ¥ 1419 A8 344
< o] &3k NIOSH, 7]& AT sl BAfCRE AMEsh=
L5/S1 compressive force kol ohgt LI 72 o &% 33
2ot 3% 304 B vlel o] Karwowski et al. (1994)
9] L5/S1 compressive force®l A-5-3k= LI #ko] & o+
oAl Bt =A YERsth o]Egl zlol= thEe o] f Wi
o yehETk 1) 2 Oi%oﬂxi A 2Rt #rgdel NLE 4
& Al 63cm7t e FEAYE 63cmE 7HI3te] L7 %
2%7FE Y 2) NLE& 522 #loko] glar FA 4ol
1A Qe T vlmA Ankst A o] FoiR= E7]
Aol 283 4 Qo # ATelA vE A #4 2
& a8EkA Ealo] Aakd LI gho] Axlxc) 3 r1E
th 3) 71 A79 48 dFe] A= b=

Karwowski et al.(1994)¢] A|A|gt 872 oJshd Lo/
S1 compressive force 3,400Nof t)3t LI gko] A8 =
el 3.3, 5,72 £ A7-9] 1.8KL}; A7 o}, ¥ A7)
A AAISE LI gk 1.57F ofd 2] NLEAIA 2k 2] 1.0

ol&2 T3 571
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H 3. & A2 Karwowski et al.(1994)9] L5/S1 compressive | oolal, A WS A Tkt 4 9le] &Y AL
forcest L Feoln wgo] 1 Aow wekAT WA 2444

Karwowski et al.(1994) 3} o) QRS Pl R obd Eo pAARE

Al A T A o] NLEe] B]a}lo] SDSSPPUr EMG—assisted model& 2

3.3 5.7 x| EaAY AE RE1 Q= AAS 7elE u) B dF

48 75 of Aatz FAF £xF A4 Ao NLEE #838 5 S

7.4 10.8 wol o i el Egol F 4 S AoE V|gEh

B ATl g4 49l 3 B AT FHol 2]

< 7IF0E M AAFF st F AV glg AL
2 ¥t} Wang et al.(1998) 3} Waters et al.(1999)2
NLE #&# Aol q LI o] 1.7~2.02 god 9% vy
o] Z7}38ks W 318} tE Karwowski®l Brokaw (1992) &=
1991 NLE F2]o] 1981 &2 nlste] 241 kst
v sk ARt o] s E Febt 2 JAYe
2 3ok Aol QIS wElth o= B AFelA JiA
Ak 2] vl&o] L5/S1 compressive force® #43 uj
Bt NLE LI ghew e wf A vehd 213t dX)5
o} E3h 7] T A 2 AellA] A oR-E wHgst
712 LI 3k 1.00] ohd 1.52 AAgE Aol Elgdrdo]
=& HolF Flojgt & = Qi

¥o rr

5.8 E

2 AT 2 2uF 2ol disk NLE Ligk 3—
DSSPPE o] £3Fo] 43t L5/S1 compressive force 3
Hlwsto], WA A} 24 Aol NLE7}F 48 7Fedhs B
FTh 71 NLEo|A+= LI 3t 1.08 7|52 /A o8&
Hgstelot, & AFelME 1.58 7IE2E AAEHIATh
T3t L5/S1 compressive force”} 4,500N& Z331H &
W go] 10% ©)/de] ®tki= Chaffin®} Park (1973) ¢
A Aos wpgoe g, olo g8k LI 3k 3.57F 9o
Q% WPgo] A TS gEe AMER AAE 7t
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