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— Abstract —

Cervical HIVD Related to Long-Term Whole Body Vibration and Awkward Posture

Jong-Do Jeong, Sangchul Roh

Department of Occupational and Environmental Medicine, Dankook University College of Medicine

Background: The relationship between whole body vibration and awkward neck posture to cervical
herniated intervertebral disc (HIVD) has been rarely reported. In this report, we present the case of an
overhead crane operator, that had no known history of neck injury, but had long-term exposure to whole
body vibration and improper neck posture, who developed cervical HIVD, which raises concerns over the
possibility of occupational causation.

Case: A patient, operating an overhead crane since Dec 26" 1986, began to suffer from a neck pain and
developed cervical HIVD in 1998. He had been frequently treated in an outpatient clinic, but the symp-
tom was not improve. Eventually, he got HIVD surgery in Sep 6" 2007, and then the symptom was
relieved.

There were 4 groups and 3 shift system in the patient’s overhead crane operation. He worked eight
hours a day and 5 days a week. Actual crane work time was about 6 hours a day. The crane was located
at 20 meters above the work field so that the crane operator had to look downward and the neck was bent
by more than 20° for nearly the entire working day.

Daily vibration exposure was expressed in terms of an 8-hour energy-equivalent frequency-weighted
acceleration magnitude (A(8)) and vibration dose value (VDV). The daily A(8) was measured to be 0.23
m/s* and the daily VDV was 7.4 m/st™. Although these levels were below the action level recommended
by the International Organization for Standardization (1SO) and European Commission (EC), it cannot be
ignored that whole body vibration in addition to an awkward neck posture may be related to an increased
risk for neck disease.

A long-term awkward posture can adversely impact the prevalence of neck disease. In addition, occu-
pational exposure to whole body vibration along with an awkward neck posture seems to exacerbate
these effects.

Conclusion: An overhead crane operator may have acquired cervical HIVD due to an occupational
causation. Therefore, to elucidate the causal relationship of an improper neck posture and whole body
vibration to neck diseases, further investigations need to be conducted for lager sample of overhead crane
operators that were exposed to along-term awkward neck posture and whole body vibration.

Key Words: Cervical herniated intervertebral disc, Whole body vibration, Awkward neck posture
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£ FYsta slon, 2HFE= FHY 25 29 FF 7h kot gl Al A EFole FEL] EA e m
£ 3l= etk AFAIES oF 8AZtelw | FAIZE 10 cm 5ol §ixIgc}, webs] &4 Al sjels okt =
< AA 71571 AFAIEE A ZAF AR T5%91 641 S| dot w2 o)zt WA AREH glof, 4
T AEE FFsta U Al AA77F S8l Fo] HolA|= A7} YERdT

SIARIM & QIZHESHN RSHRL 24 75719 d& FAES A9 QIAIFEH faldAt 4L g2}
FAEF] wole 75 cm, +H £l Ages 0 A5, T9AE B AR 55 &8st McAtamney
cm, QAPEH o] Eole 50 cm, QA BRle] o ok Corlettell 9 7H¥  ‘rapid upper limb assess-
2HE FWol FHaldhA] Zole 46 cmelth. A} ment(RULA) & ©]43l9 st
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Fig. 2. Overhead crane and operator posture (1=work place overview, 2=looking lateral downward, 3=looking down-
ward, 4=looking upward).



Table 1. Ergonomic risk assessment by rapid upper limb assessment

Action

Final
score

Force/load
(7)

Muscle
use score

Group B!

Group A*

Proportion

Work posture

level

score

eck Trunk Leg
@

(6)

N

Wrist twist

Wrist

Upper arm Lower arm

(%)

4

(©)

2

(6)

2

4

(©)

©)'

31

Looking lateral downward

L ooking downward
Looking upward

94.7

22

*: Arm & Wrist analysis, ': Neck, Trunk & Leg analysis, *: Parenthesisis maximal score.
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1(FE ol A3y A4: get a casting and bind a
cylinder, 953 sec), &4 2(40 & &7 F& F94:
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2&5% 71 (SVAN 958, SVANTEK,
A7t ke B4 ARl

E3 Atolo] AAste] FPsgor], $aE 1/3 Seh
S 1S02631-1 el wet X, Y &

work 3=remove a cylinder and transport a container

work 4=move a empty crane

chstatedelsts|Al M 21 H A 4 = 20094
inject a casting into a container, 1,143 sec), 2 o] Fol4d
3499 AA €L €71 ¥ remove a cylinder and Poland)2] 717
transport a container, 158 sec), &< 4({1 7]1%7] |
°]%: move a empty crane, 126 sec)® UFo] =3 ez 7hs
aFltH(Table 2). ol&d 2ol g Ato] S 40%ElA W=z, Z5E Wka A -&33itt.
508 A= A, oFF SAIRE AgolA ek 6413 A e 4L b o dsted 7tsshe AEX (fre-
T AA 71F7] A4S g quency weighted root mean square acceleration
Aol JA nA = JeFS Friets Wi A7l value: °|sl aw)®t =Z%F % (vibration dose value:
A freld A=E B7HE F e S 1S02631- olst VDV)& Z43t3len, 34T v AE Al
1ol A8 FA et Qo] o] F nigor AL & o3t R0 13 4% (random peak value)2 9=
=2 Bkt H2A717] 918 1% o]do] wlofof gths e whah?
S8 AT 98 A A L 2R 2ol 2N 7S 98 o)A} HEE 39T}
Table 2. Vibration exposure assessment according to work category
Work category* Work 1 Work 2 Work 3 Work 4
M easurement time (min) 16 19 3 2
Daily exposure time (min) 144 171 27 18
Measured vibration magnitude (aw, m/s)*
X-axis (aw) 0.16 0.18 0.13 0.10
Y -axis (aw) 0.21 0.18 0.18 0.17
Z-axis (aw) 0.10 0.07 0.13 0.13
Partial daily vibration exposures (m/s?)
A(8)' x-axis 0.12 0.15 0.04 0.03
A(8) y-axis 0.16 0.15 0.06 0.05
A(8) z-axis 0.05 0.04 0.03 0.03
Total A(8) exposures (m/s?)
A(8) x-axis 0.2
A(8) y-axis 0.23
A(8) z-axis 0.08
daily vibration exposure A(8) 0.23
Measured VDV* (m/s'™)
X-axis 2.6 25 12 0.7
Y-axis 25 24 13 11
Z-axis 15 0.9 19 1.0
Partial daily VDV exposures (m/st™)
VDV x-axis 6.3 6.1 29 17
VDV y-axis 6.1 58 3.2 2.7
VDV z-axis 2.6 16 33 17

Total VDV exposures (m/s-™)

VDV x-axis 7.4

VDV y-axis 7.2
VDV z-axis 37
Daily VDV exposure 74
*: Work category
work 1=get a casting and bind a cylinder
work 2=inject a casting into a container
': Frequency weighted root mean square acceleration value form measurement, *: Eight hour energy equivalent daily exposure,

%: Vibration dose value.
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Table 3. Estimated vibration-exposure times according to measured vibration magnitude

Estimated vibration-exposure time (sec)

Estimated vibration-

Work 1 Work 2 Work 3 Work 4 Sum Proportion exposure time
953 1143 158 126 2380 (%) (min/6 hour)

A (M/)*

1< 4 6 0 0 10 0.42 151

0.7<,<1 2 10 0 12 0.50 1.82

0.5<,<0.7 7 18 1 0 26 1.09 393

<05 940 1109 157 126 2332 97.98 352.74
ay (M/s)

1< 7 7 0 0 14 0.59 212

0.7<,<1 5 9 0 1 15 0.63 227

0.5<,<0.7 17 8 7 1 33 1.39 4.99

<05 924 1119 151 124 2318 97.39 350.62
aw (M/e)

1< 0 0 1 0 1 0.04 0.15

0.7<,<1 2 0 0 2 0.08 0.30

0.5<,<0.7 0 0 1 0 1 0.04 0.15

<05 951 1143 156 126 2376 99.83 359.39
aws (M/'s?) "

1< 17 32 1 1 51 214 7.71

0.7<,<1 36 27 8 2 73 3.07 11.04

0.5<,<0.7 82 57 9 4 152 6.39 22.99

<05 818 1027 140 119 2104 88.40 318.25

T 8w, By, 8wz - frequency weighted root mean square acceleration value form X-axis, Y-axis, Z-axis

= ( L4au+ 148,480 )2
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:_'ﬁﬂ Aol E ARz T FHA 4l 3lAte
2519 e s FAdHHA 5 S99 BT 9ds
219 2”7} T4 Hze AFdA] FF 4r] o]t wHERb
A2 3.3280(95% CI: 1.45~7.59), 31F 4A|3told &
"_'L%]h A= 2.168(95% CI: 1.03~4.55)9] =
Bt et 131 wHEZS] FEE 57, U

tlo

z

0.63(95% CI:

Qzke] AFL M

Brolt ol

- [e) T H ] —
o’ 2o S23o] A% (vibration)oly FZ ] A&7
o2 +& 3 e 85543 9 o9} Hd AAFAA
g b SRR AFF-oAg, AFHA A
o4 AA7IAAS TxANAS PP AAAS
o B &S =3 o]y oy AYIE =
¥ H

£ R
oo
©
—
N
(o))
of,
Lo
>E

FagESe 173 d&(standardized hospi-
talization ratio: °]8t SHR)& 142(95% CI:
127~160)8 B3 et 18a FHES HAFshs
SAAE HAFA &2 AR vlwAl AR F3E
GE39 278 YU&(SHR) 74(95%ClL: 54~105)
2 Haste], AFE FREESE TEE AU &
o] gittn OP‘}iD‘r

T3k Jensen 5272 19904 12799 3 AYA
ZAAZE 23 3,097THe] = ez AldE o

2 r-io

402

Tl ZEAIZE WY Hgol| wEEe FEAe AFE
FUHHEES) &9 v (Prevalence rate ratio)e
AA gzl vl 7.181(95% CI: 4.1~11.71)= B
watdeh, old w2 ATE AFE J|Wtez AY
A A AFE FREEse THE Agye #
A7F glov, Azl E3 43| o] dokar shyith
A #%F3h7]F(International Organization for
Standardization: ©|3} ISO)dA+ AFE Hrlste

=
#elY A=S BAD

W AR Eo] Aol mA=

F e MHES sty I, =2EE HuvEs
= AR FHsH o= sHF 8ARIeR FHile TSR
o] A|lF29 Hit(root mean square: °]3F r.m.s.)el
n 9= m/s’olth 11“4 7+ %o AQ®)F 7MY &
= daily A®)E gt} ZE9 ¥4 =TS VDVE
FdatH ol THE EJ }% o] ¥t (root mean

quads: ©l3} r.m.q.)e2 ©¢E m/sPolth. aglm
7} 9] VDVZ 7 2 %% daily VDVZ g},
AA7IA 9] 759 lt% Tt AHatel #aAdd o

@ A7E HEa] AYe Yot AL B &
T fle, 1802631~ 101] ME 8AIZE Ht =EA(A(R))
g Foz A $7E 237 A% 248

Y
= o
> o
<
~
ar e

ol

=ZU3A (exposure action value: ©
0.43 m/s>., A7 dgdTFE = Jl=Ao] ¢
2] (exposure limit value: ©|3} ELV)& O 86 m/s"®
Aot glow, I w2 FF(daily VDV)E 71?2
£ AnX(EAV)E 8.5 m/s'”, =&3AX(ELV)&
m/s""2 Fsta et

f49 71Z(Directive 2002/44/EC)™-e 1S02631-1}
= e, AR it 22X (AB)E VeeRE =&
DA (EAV)E 0.5 m/s", =Z3AX(ELV)E 1.15 m/s°
2 Asta glen, 4 w=23E%H(daily VDV)< 71—r—
2 X (EAV)E 9.2 m/s'", =Z3AX(ELV)E 2
m/s""2 F3ta vk 28]a Bovenzie” A 3.—’%@
Sholl ik 117943 HrtelA 1SO¢ EC(European
Commission)2] =Zd1A9} =E3dA X< it =
AR E US= AAsIon, A it =E2](A(8))
o} 4 =EXEH(daily VDV)F ¥ =231 %F
VDV)o| 2343t HAYE o & oS3l A
StaL 9k

2 ZEldA 3 IE5dT= A2 0.23 m/s™]
™ daily VDVY & 7.4 m/s'™olt}, ol& =A] &
7179 Aot fHe AnA Koy ¥ FFEo|nt. 5t
ARk AZFEA frf A EA A AA ZFAIZE

< 20° 01 w3l Aol Y

A 2% e BE 20001 B e AEHAHY. ol

il o i
@ Azl RARE AAE 2o Ao diBe FP

O
r[r
b
Y
ot
)



o g X0
%mﬂaﬁbm o
NLH_AI ,meﬂ_zf W e
&ﬂﬂe_mxaﬁﬁo.h&wfd}
Liﬂi mowndr% ey
%zﬁ%@{ﬂﬂﬁoﬂ.1i
~ &ﬁ@mﬁﬂ@%ﬂbe -
o = ,7EA_ ﬂmﬂ;o]dl. X T %o
qoau%@AW.@ o7 ﬂjmoolL %_sﬂoLq
‘Aoﬂiﬂoz‘#ﬂ]__ﬁﬂxﬁorﬂo%.mwﬂﬁ = UFwXﬂﬂ_rm
= %i,x%dg%\]a@ nqxa$1%a
mﬂﬂ,o#uldn\ﬁmoﬁiMHA Lﬂﬁmmxzd;l S
aca_,@ ogaxizkldo_abmﬂ (e ol X2 o o ™ 273 T
Lgmﬂ:_oﬂbzf1o§wx25 @_ﬂuﬂ%%1 =X T
o )lr_amﬂﬂ mohmm ﬁﬂxﬁ ﬁ%éﬂ ﬂ%%v&zmo
UT‘WW’O_H_/EA ‘»Ali.,m.ﬂ‘me ‘I;O HiHTHQ‘NL% »ﬂu 2 NH,IW__/,NCA =
mumnmréﬁlngrﬂfdrdﬁ i %sz m%&_a% N ki
ﬁ@,meurﬂra;o.uxr imoma ar T %lz_zﬂ%m« vwﬂh%w:f%?% a.ucmﬂg
My.ﬂ&%%%%agywwgaaﬂ HTE@MﬂHogé lvﬂoﬂ&%ﬁﬂ% o Y
WM%W@EHT\oE@waﬂdNr ﬁwwwo.w%ﬂum Mzo.gﬂ”ﬁo%ﬂmwﬂ ?wmmﬁﬂe
o%@owliuwgﬂ@ﬂ%a% of = xﬂaﬁﬁo%% ﬂwémrﬁdgo%ﬁo g e 2
@moofq(doif%@%@ﬂi u_xmfﬂﬁmoJl1 ﬂuommu%}ﬂlmi il NS
ME é%:_oﬂ.%@ ﬂﬂ@ﬁ Eu_wﬂ;gnowoqﬂn_x ul.woL;nooPu EuTﬂL6
olﬂﬂ_z w B TR 1ol1éauﬂu@q N _@u.zogw piNcS
@_s%% o 5T ﬂmﬂx{g‘mﬁz;ﬂ s N ae:oé 95%6%?%% = %
N oﬂeﬂ}ﬂ_ﬁﬂ ﬂ,_LT Gﬂog._/g. L ZTO&%]% o 9 S
7mﬂm1:wum°1ﬁuo,mw%mh§ @%_ZTH_ZTHAQ ézof%],ﬂm%?ﬁu.oozsﬁ
5 = =X - ] S = i ]1.10 141A —_
o xdﬂo,Ao ﬂ,muzﬁm JLﬂﬁOﬂmxﬁoﬁﬂur ﬂ%ﬁh77élo6vﬂmﬁuqmg
X \I.Vl‘mﬂiH;l ﬂ.ﬂﬂyli - J_,A ;OZ.OZ#.O s S T prid
oy ECY 5o K QV%H;%} %M.ﬂ]ﬂ%%qﬂ%ﬂ%#%
o ﬂﬁur«ﬂry ° T N gé%?@ﬂﬁﬁu %Q,@M%og9wﬂfﬂm€ww
o .Lmoofﬂ@ﬂi = ﬂﬁwmﬂu }1ﬁhiowg5x5m581
< H o= HT_,T. zL1r1zﬁ Zoe R 171r£| N ~a
- doqztotdo# = L _ LoX%u#duﬂ%6&%ﬂiOﬂﬁu %oTeT
2 ﬂoxﬂﬁu ;tNC 5 szU._oLT_L = g =7 s = W LL.ﬂ
el Sy m_mc.ﬁlgo% }Wa n_rmog.édn .éIJ@_ %%2.@2.% B
In 7m_.%_su D EO%HHT} ﬂ%}%}mmmzc%xa‘ﬂ malutmé
e W iyﬁxogg/nw WEAHEHL‘ZTO‘_LI #OAT_A.A.IAF%,ME,O'GA\%L.OO#LoLux_or
L .W.ﬂdﬂ __o*zEﬁuH oo o ﬂmﬂi_ ™ ,.:.Lt,wm 3 udﬂx,.ruTPPL
o y k@;m Eo%ﬂﬁﬁo S tm_aaﬂzOﬂﬁ%REAP
ﬂnﬂuog g 1 < LME}auﬂﬂitﬂmm A#nn_é__dile o X
o} ZTWNLEO LS,ﬂulL ,NLﬂE 14 .V‘o|1rﬂlw o W W,Ha_@ WuTﬂw&.Wﬂ
Bo Lodo4/ — Jﬂﬁzfeguﬁﬁéﬂ@%ﬂ ?1& NLE o~
i) ?Bxg .mao X e Ca oﬁﬁoﬂw ol ol
< W 0 TE L ﬂogﬂxzqﬁ.ﬂ% %m_ul - JdFw
— N o ™ iy A e 7o W W X = % o’ or L =3 o ) "
< ij_o%mo%%fﬂ %o qﬁe%é;_zz uo;fi _d@%;o tfo
b Eo;o%q1hamu§wogx>a = w5 wﬂi q%ﬁa& -
: &ﬁAﬁﬁﬂ%dw I ﬂqmwﬂugﬁﬂ.m%ur.ﬁoﬂ%%%l o 4w
R g B2 b & 5 MR B G iy 2L Tl e
o_uahﬁomg, = = é%ﬂai fuLLmoAlioliaE&aaﬂEmﬂﬂx L%mo%wos
mAlerTHTEZlSlBﬁzTﬂo ﬂveéﬂoqvwﬁﬂwm ﬂﬁﬂoﬂE_ﬂumE o & o o5
NG o N 0/ﬂl;dﬂﬂ1gom@oxﬂﬂﬁaz e C - =y <
(- 55 T W of B g 2 MM T X o = ICE bl o G PGS o & o P B o o Ak
q 1ﬂ.zx o = W .Emﬂ@r = RZ IR TN dllllv_ﬂ N N o ~ (S o Xo o N ar W i
w0 Foa T %S .1;17r ﬂﬂa;n% o0 = N X Mo = _© @ A DT_ZTAE %
llaT,E i Odlio %V%]ie: ﬁumt_éi iqﬁT o XLE i W T
u%zf%wﬁm@w%ﬂﬁ%vx <o m,oimozom@%mrw]&%ﬂw% Luf?ﬁ.g;
aﬂﬁod‘LzalAﬂm 73_.19:; .mt(qw.m 1)Q7Aﬂuﬁo%aahwﬁuﬂuxb@ Wl_szoaT,mAmﬂ
o }ﬂ@c lf.botqo#drl#.ho_:_ovu*.\é oLo,_,x] N ﬂﬁo_%_ R =
W 5B =B 5 R R =g Rl el G b o
5V1£9mﬁ#ﬂaﬂm§5wuhﬁomo%ﬁoowi%isﬂr%g#% =
Hoo A w ur £EX S el zﬂﬁo%ur TR W1oﬁd..@?
A NG LfmAzL loﬁLA,07%txﬂoﬂﬂ%L%5 7
1 ﬂ_u,ls,l 7ﬂ..w01_._5.eoo zozIIX ﬁoﬂwﬁioﬂé‘zfuo o
5 N 7kd|_r1rﬂd|h5 %0 A ) ,clﬁﬂ é_zé 2R I
%mmgwyﬁeﬂigﬂ@@éﬂf i___ia;:_:ﬂw.
éwﬁrﬂvﬁ o A o ﬂo_ﬂa_%dur
o T .njun_AIXL }ﬂﬂhdﬂﬂrﬂVJAﬂ of _,_ﬂMM
AzmaﬁﬁJ7}ﬁm@owzyLﬂ > B3
rﬂo@uﬂmm{%%uowr@oaﬂ%ﬁaﬁ\ e
mylo%muﬂ@émm?;g%ﬂw
~ <46 <
é%ieﬁwﬂﬁﬁ?%ﬂwoﬁ
T & Tﬂa;oovﬁaﬂ
Eﬁmﬂ]EW_ﬂdA A=
o aHTTE
!
ﬁo].&l:ﬂ
Be

Holo}
403

AA 2
2o] = =
2 9894 20°
O])\O]_?4

A 7]

O]'F/H

=
=

Fel 2edakel A

AR
o

=N
= 3
74"]' O]'EH

;‘(] 5
o

1

A

=
@—

Z}ﬁazl-o .
&= 71871
}F 9lql
%
287

T
|
]—*t‘ A E'} T'?.“ o
':'l—o]:]4 X]'H]Olj‘_a 6H°}:

ESATIL

I

A

ey

oF
j ok

o

o

I 2

]

el A o Bol
E1)

=]

-

=
-

o] o] T

Al
A

El

3]

=

=

9 uol o
zA)e] Az}

B

=



Hietated e

stelX] M 21 M 4= 20099

e ol g5 AR dd 2 A de W & o
A7} EelaL F3} ol e 771 slvh

S AAxEe obF 8A B =EA(AB) =
0.23 m/slRen o4 =&3FEF(daily VDV)2 7.4

18+ o] oF 428 o] w=2d § IS Ao =

ot} ol =A EF3} 7| FA AN e B sE

olt}. AT o]2f3 HFL =] RAHE AbA 9}
[e]

Of

o o>

o

oot
O P ofy Mz Y = o

> I
Y

N

N Ay o Y

X0 )

i 1o

i

nle g

N, P

oft it S

o, =

8 L,

N =
N
N
K
ri
N
rir
o2
ol
>
)
1o

B

Moo Bz oox oy

1) Palmer KT, Smedley J. Work relatedness of chronic
neck pain with physical findings a systematic review.
Scand JWork Environ Health 2007;33(3):165-91.

2) Andersen JH, Kaergaard A, Mikkelsen S, Jensen UF,
Frost P, Bonde JP, Fallentin N, Thomsen JF. Risk fac-
tors in the onset of neck/shoulder pain in a prospective
study of workers in industrial and service companies.
Occup Environ Med 2003;60(9):649-54.

3) Tornqvist EW, Kilbom A, Vingard E, Alfredsson L,
Hagberg M, Theorell T, Waldenstrom M, Wiktorin C,
Hogstedt C; MUSIC-Norrtélje Study Group. The influ-
ence on seeking care because of neck and shoulder dis-
orders from work-related exposures. Epidemiology
2001;12(5):537-45.

4) Sul JG, Kang DM, Lee SI, Kim YG. Dose-response
relationships between work-related Muscul oskel etal
neck symptom and physical risk factors (2 year follow-
up study). Korean J Occup Environ Med 2007;19(2):
145-55. (Korean)

5) McAtamney L, Nigel Corlett E. RULA: a survey
method for the investigation of work-related upper limb
disorders. Appl Ergon 1993;24(2):91-9.

6) Hignett S, McAtamney L. Rapid entire body assessment
(REBA). Appl Ergon 2000;31(2):201-5.

7) Koh SB, Kim HS, Choi HR, Kim JH, Som IH, Park JH,
Park JK, Chang SJ, Cha BS. Incidence and risk factors
for occupational lower back pain among shipyard
workers. Korean J Occup Environ Med 2000;12(1):1-
11. (Korean)

8) Lim HS, Kim SK, Kim DS, Kim DH, Lee M, Kim YH.

404

Prevalence and risk factors of occupational low back
pain among the production workers in a steel and a
welding material manufacturing factories. Korean J
Occup Environ Med 1999;11(1):52-65. (Korean)

9) Yi CH, Park JR, Cha AR, Koh KW, Kim YW, Lee SI.
A study on the risk factors of low back pain in comput-
er terminal operators. Korean J Occup Environ Med
1999;11(2):264-75. (Korean)

10) Kim IR, Kim JY, Park JT, Choi JW, Kim HJ, Yeom
YT. The relationship between psychosocia stress and
work-related musculoskeletal symptoms of assembly
line workers in the automobile industry. Korean J
Occup Environ Med 2001;13(3):220-31. (Korean)

11) Yoon JK, Lee H, Choy NR, Kim SH, Park JH, Yoo CI.
Early objectified detection method of sensorineural
component in hand arm vibration syndrome. Korean J
Occup Environ Med 2009;21(2):143-53. (Korean)

12) Choi YH, Yoo CI, Lee JH, Lee CR, Lee H, Kim YW,
Chae CH, Koh SB, Kim EA, Lee LJ, Kim YH.
Epidemiologic characteristics of hand-arm vibration
syndrome through occupational disease surveillance
system in busan, ulsan, kyungnam province. Korean J
Occup Environ Med 2003;15(3):261-8. (Korean)

13) Wikstrom BO, Kjellberg A, Landstrom U. Health
effects of long-term occupational exposure to whole-
body vibration: A review. Int JInd Ergon 1994;14:273-
92.

14) Lis AM, Black KM, Korn H, Nordin M. Association
between sitting and occupational LBP. Eur Spine J
2007;16(2):283-98

15) Rehn B, Nilsson T, Jarvholm B. Neuromuscul oskeletal
disorders in the neck and upper extremities among dri-
vers of all-terrain vehicles a case series. BMC Muscu-
|loskelet Disord 2004;5:1

16) Rehn B, Nilsson T, Olofsson B, Lundstrém. Whole-
body vibration exposure and non-neutral neck postures
during occupational use of all-terrain vehicle. Ann
occup Hyg 2005;49(3):267-75

17) Ministry of Labor. 2009 Occupational Safety and
Health Statute Book. Eastern company. Seoul. 2008. pp
395-463. (Korean)

18) International Organization for Standardization |SO
2631-1. Mechanical Vibration and Shock-Evaluation of
Human Exposure to Whole-body Vibration. Part I:
General Requairement. Geneva 1997

19) Ozkaya N, Willems B, Goldsheyder D. Whole-body
vibration exposure: a comprehensive field study. Am
Ind Hyg Assoc J 1994;55(12):1164-71.

20) HSE (Health and Safety Executive). Whole-body vibra-
tion calculator - Version 1-06 (May 2006). Available:
http://www.hse.gov.uk/vibration/wbv/wholebodycal c.h
tm [cited 28 June 2009].

21) Wilder DG, Pope MH, Frymoyer JW. The biomechan-
ics of lumbar disc herniation and the effect of overload
and instability. J Spinal Disord 1988;1(1):16-32.

22) Ariens GA, van Mechelen W, Bongers PM, Bouter LM,
van der Wal G. Physical risk factors for neck pain.



MNEC
PSS

on
0.

Scand JWork Environ Health 2000;26(1):7-19.

23) Gundry AJ. Thresholds of perception for periodic linear
motion. Aviat Space Environ Med 1978;49(5):679-86.

24) Fothergill LC, Griffin MJ. The subjective magnitude of
whole-body vibration. Ergonomics 1977;20(5):521-33.

25) Bovenzi M. Health risks from occupational exposures
to mechanical vibration. Med Lav 2006;97(3):535-41.

26) Hulshof C, van Zanten BV. Whole-body vibration and
low-back pain: A review of epidemiologic studies. Int
Arch Occup Environ Health 1987;59(3):205-20.

27) Jensen MV, Tichsen F, Orhede E. Prolapsed cervical
intervertebral disc in male professional drivers in
Denmark, 1981-1990. A longitudinal study of hospital-
izations. Spine 1996;21(20):2352-5.

SAMEE AUt e HEHE dF5 =7HEE

=
LI ==

I
ol

28) Griffin MJ. Minimum health and safety requirements
for workers exposed to hand-transmitted vibration and
whole-body vibration in the European Union; areview.
Occup Environ Med 2004;61(5):387-97.

29) Bovenzi M. Metrics of whole-body vibration and expo-
sure-response relationship for low back pain in profes-
sional drivers: a prospective cohort study. Int Arch
Occup Environ Health 2009;82(7):893-917.

30) Dvorék J. Epidemiology, physical examination, and
neurodiagnostics. Spine 1998;23(24):2663-73.

31) Battié MC, Videman T. Lumbar disc degeneration: epi-
demiology and genetics. J Bone Joint Surg Am 2006;88
Suppl 2:3-9.

405



