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Received : 11 December 2020 Objective: The purpose of the study was to compare the acceleration and shock attenuation (SA) of the
Revised : 02 February 2021 runners with/without low back pain (LBG vs. NLBG) while running at 2.5 m/s, 3.0 m/s, 3.5 m/s and 4.0 m/s.
Accepted: 03 March 2021 Method: 15 adults without low back pain (age: 23.13+3.46 years, body weight: 70.13+8.94 kg, height: 176.79
#3.68 cm, NLBG) and 7 adults with low back pain (age: 27.14+5.81 years, body weight: 73.10+10.74 kg, height:
176.41+3.13 cm, LBG) participated in this study. LBG was recruited through the VAS pain rating scale. All
participants ran on an instrumented treadmill (Bertec, USA).

Results: The LBG shows statistically greater vertical acceleration at the distal tibia during running at 3.5 m/s

and 4.0 m/s and greater shock attenuation from the distal tibia to the head during running at 3.5 m/s

compared with the NLBG during running (p<.05). As the speed increased, there was a statistically significant
Corresponding Author increase in vertical/resultant acceleration and shock attenuation for both groups.
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Department of Physical Education, Conclusion: The findings indicated that the runners with low back pain (LBG) experience greater impact

and shock attenuation compared with non-low back pain group (NLBG) during fast running. However, it
is still inconclusive whether high impact on the lower extremity during running is the main cause of low
back pain in the population. Thus, it is suggested that the study on low back pain should observe the
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INTRODUCTION 35 =22, 3Y, 4g ofst oz WS #(Vos et al, 2012

Andersson, 1999; Kikuchi, 2017), LIHX| 85~95%= A X2l QIS

es2 BMAECZ 71E 2%t Z254A 2 T StLtZ(Hoy et al, TS0 OfFS| 225t Of2{2 &FO|THDuthey, 2013; Castro-

2012; Adams, Burton, Bogduk & Dolan, 2012; Van Tulder et al.,, 2006), Méndez, Munuera & Albornoz-Cabello, 2013).

7Helel Yadete MTHAIZ| L ZHED A, XY Arelof G20 =7t Q&9 RelE AHSInA HRE AFXS2 5Kt 52| R 0HAM

TR BHA =42 7F™LCH FCHAndersson, 1999; Belfiore et al, 2018; J|AE o|Ato] AT XEOEHE QEO0| LMEICIT SHYICKBId &

Dahlhamer et al, 2018; Duthey, 2013). O|=1} FI0M= RE2Z Payne, 1999; Voloshin & Wosk, 1982; Spilker, 1980). 2F2& 1t 2|9|

QIgh AT o] Mol AZh 19 U 0|4 LY E|M(Guo, Tanaka, 42, BXE M0 o 25 7|52l HICHEA XHF 235HBarwick,

Halperin & Cameron, 1999; Belfiore et al, 2018), ©f 1,000~2,000E2{2] Smith & Chuter, 2012; Chuter & de Jonge, 2012), YAMEON X|&5H

2A0| YWAMEICID B 15T AUCKKatz, 2006). Ql Mz HSKGarbutt, Boocock, Reilly & Troup1990; Novy, Simmonds,
E2 IH 2M(acute), 0= H(subacute), 2Hd(chronic)2| Ml Y3 Olson, Lee & Jones, 1999; Suri, Shojaei & Bazrgari, 2020), B2t & 1t

2 2EE[0(Vos et al, 2012; Belfiore et al, 2018), 7H2lo| E-4O|Lt ot gto| L™t 220 2oy ol HIFAE 2ho| JZ(Bird & Payne,

L0 ofn

AR 20 E= A £2 F23 S5 &Y, ojMst X 8
A XhA|, 2lo]= AEFY, ME[H Q92 § 02| 20210 o) L=l
I UK UACHDuthey, 2013). J2{Lt 2| &f 5~15% J=7t &=

1999; Farahpour, Jafarnezhad, Damavandi, Bakhtiari & Allard, 2016), 4!
K| O|Z0f 2 ZZ(Voloshin & Wosk, 1982; Wosk & Voloshin, 1985;
Lee, Simmonds, Etnyre & Morris, 2007) & K| S&tX 0|4t0| 7|A/H
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=227 22 AN 0lsE Lol X|HI HESHHAM SHX|Q|

L5 4% 47|, ofmf LHE 542 W2 eItk HE
ZICHHreljac, 2004; Meardon & Derrick, 2014). MY E 542 L45aH
& Voloshin,

40t DA (overuse)2 29| 23
HO|Lt 28 31 22 K9] HoleS =Tt StRACKSheerin,
Reid & Besier, 2019; van Gent et al, 2007). StX|& X[t A2 HF
£ XLt 2|2 ME L=, HF0AM EHY-Z2tAE(elasto-plastic) T
ZO| FE2 FAS THSIAHL ABA7|= 54 5+ 9ES ot
(Voloshin & Wosk, 1982). HEHO|A FEX| &X| Al 7FSEH Q| 24
Hs2 ety o2 25~100 Hz2 HFEX|T, 88 ZH0| Jes A

o % 100 Hz O|¢e| 1= ot TF0| LN o] 54 TS &

LI

gralat F7HE 59| 54 g TAIE YstAF E[dY Hato I
2 ZCHVoloshin & Wosk, 1982; Wosk & Voloshin, 1985). [I&20] K|

oMol E5EY 54 das FUHES MHES| ASNA 2F 52

ICHVoloshin & Wosk, 1982; Wosk & Voloshin, 1985).
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A MHATSS HTEM, Voloshin & Wosk (1982)&= CHE| LH
& OtEet o|oto) R&SH VISEAHE St 2 Al 282 M 2=
AA AA”> ZH A4 S| FES 0jXICtn BugozN 2zt 2
S A2EQ U4 s3E HdEXE MHIISHIACE Voloshin, Wosk &
Brull (1981)2 4= ZZ1t M2lof 2% JISEHE Sl B Al

40 I 28 A8 7t 54 2+ 80| 4o Xo|7t ASS

81D, 0|2 &) MAl 120| z

& AEEL WEEE 549
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=20| € Ao|2t1 StRUCE
o|et 20| 280 st 2 A= BO| AL OfX| L QUL SHX|

o, 280 thet E2|7] A= ojHeh 2FH0|
el Mo M= & g0l 27| |Eo| =
L7t B7HES+E XHERY W= F24L HEICKLafortune, 1991;
Montgomery, Abt, Dobson, Smith & Ditroilo, 2016; Sheerin et al,, 2019).
Olz 282 &gt BHE2 HE[7| Al AIHSZRH| 540| 2F
TR HEEO 23 500 22 01" Aozt W20, 2o &
27 Al 28 |7 ME 54 d7= LRSICHD THCEHEIDE 230
VHEEAE RAYCOEN QF0Me 54 £
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ol £ BEste 247t 57| |E0 a0 54

S48 245t A7t QS0 ARECE KoL /F Qi 2F

S50 wat HETHK| HEEE 54 S48 24510 ol 2H0M

o 22U Al OfEA FZ0| MEE £+ U=X|E TESH= 7|E2H
THE MAIZ 5= ATt ALz ECH

2 gFoMe TIEEAE 28I HEl7] Al 88 d¥ R (low

back pain group (LBG) vs. Non low back pain group (NLBG)Ol [+2 Z

=-2F)%%

NEE-HE)e| 4 S4&s Hlw 245Xt SHRACE L2l 7t
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25 ASSIRALE (FE 1) 227 {20 Mt 2212 IEEEE ]
T oa) & 4 S0 SAH2R 7St X0[7t LEHE A0
Ch (7Hd 2) & 2&(LBG, NLBG) ZF F9IE 750N SAH2E 7
ot Xto[7} LtEHE Ziolct (71HE 3) & AF ¢ d=-2F 54 2%
20N SANMSZ Rolst Xo|7F LtEtE AO|L). o] A& Sl &
27| Al 88 770 ME 4 Xolet 54 E+8S HluWst 0|
ol 2=4A dall ool YA tsdE MAE = A= et

=A%t g = A7 7Itistet

METHOD

Aol LAt EHEl7| Al 25 HX|E 5N, 2

= 24 2282 MESIY 2O, VAS (visual analog scale)
- (Ho, Spence, & Murphy, 1996)5 E3l 732l RE2 &4
JE(BG)2 15H| RES FRSHA| 2 dZTt IENLBGR
FOIRACE VAS F2E S5 EIF A4t LBGZF 2F 32%2| 40|et
E£32 XY A2 Z LtEtHCHTable 1). & H7= KCHEO| MHE2|
|20 Mol SolutA| 2e|H=: 1263-201906-HR-018-1, SOIH
: 20190618-20, SQIEM;: 2019.06.28)2 UM, ZE My &IIA}
XA Fo stof Aol E74SHRALE.
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Table 1. General characteristics between two groups (N=20)
LBG NLBG
Characteristics t p
N (%) or Mean+SD
Group 7 (32) 15 (68) - -
Age (years) 27.14+5.81 23.13+£3.46 2.035 .055

Height cm)  17641£3.13  17679+368  -231  .820
BOd}(k‘gi'ght 73101074 70.13+894 683 503

« LBG: Low back pain group, NLBG: non-Low back pain group
« Significant differences at an alpha level of .05
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(Fila Lab., Busan)OilA ==

HEe % g xE dud
drjon, ZE RS2 Yol M Aol 2ol I Eo|ES FH
2 HIX|E &8st = AE 8 HE S FFUCt 5 =, 108
A2EYAS ot X|HEHO| LA E EB|EZ(Instrumented treadmill,
Bertec, USA)OIM 382 &¢ ¥ £E82H =2 S&7HX| EZE2
Hg Ha2l7|§ +™SALE 0 2, 270 mm AtO[=2Q| RFSHFLEX

I

#DDD5C7, FILA)E 2H83%t1, 3742 3% 7t& L A|(mass: 8.5 g, size:
21 mm X< 16 mm; Ultium, Noraxon, USA)S EA5IQILE 7S EAE &
Al HES AAAF|7] fI5t0 LEZ FE AYFREE ¢t
Z SAHZEE 5 cm @) o Aoz 2

S
2 |0 WEtAE] HHEES 0|83t0] THEHS| S AISHICHMontgomery
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et al, 2016; Mercer, Vance, Hreljac & Hamill, 2002) (Figure 1). 3% 7t&

SA O gk ASo| 2ER0AM 22 BERIE A= HHE (+)
Zl ek (vertical axis)=2 E™SH 1, =H(horizontal) H 3F2| B 7%
L (resultant acceleration)S &E™st7| Qo 2=t =2}

pS|

==
T= &

2 -F(anteroposterion)2t -2 (mediolateral) X222 HHSIFCE X|
Hete] Xt2ot 7HS = A XtEO| heel contact AI™S LX|AIZ]7] 28l
MyoSync (Noraxon, USA)E AHESIRICE 2t THEAIS 2 EB|ER0|M
25 m/s, 3.0 m/s, 35 m/s, 40 m/s 29| H2|7|E FAQ =M2 ¢
StA 20 (Sheerin et al, 2019), 322 E2|7| & FXoE H2|7|§
=3Bk 20 stridePHe FESHY 2AMSIQUCE O, X|HEH}F &7

9| £ = (sampling rate)= 1,000 Hz2 M Y35| ALt

mjo
o
Ml

2

> 0

Figure 1. Attached acceleration and direction

3. Xt& X2

28S e (G BYSHA| 2 IFNLBG) 2t 757

KJSB

o 54 E4 U B4 282 24517 ol HtE=A Xtmet A|H
ghe X2, 2429 ZZE(synchronization) AFEE Qualisys Track Man-
ager software 2019 (Qualisys, Sweden)2t MR 3.14 software (Noraxon,
USAOIM FESIUCEL X E X|HetE XtrE Sl F2|7| Al &
AX|(heel contact) &7t} 29| O|X|(toe off) =7tS HHZHCH, O [f
X| et AX|(threshold) 242 10 N2 2 M0 10 N O|40] E|&=
AFES x7| wo| &x| a7to2 MHSIUCL A2 Ka| THOM %
ME| JtEE A Xt2eb X|HEHE Xt2o| @AKnoise)E F0|7| LBl 4kt
M9 =1t ZE@th butter worth low-pass filte)S AF2SI3 20, OfIj
KHEFFI=(cut-off frequency)= 100 Hz2 HESIQICH ZEHES HIES
BE K& XM2|l& Matlab R2014 (MathWorks, USAE Sl =43t iLCt.

n —~

RES 4t JE(BG)U dYsHX| Y2 DS (NLBG) Z+ XI0|&
HlWsks| Qs F2|7| Al 27| & &ZHRE OX| &=ZtItX| 20712
strideOlM 7S = AtEef X|HEH X2 E LS50 A LS

TMEEA BOl2 HE AR o8 aF M2 £ Ttk (ver
tical acceleration)?t M= 7}t & (anteroposterior acceleration), Z+ 7}
£ - (mediolateral acceleration)S 25310 A=1t 23, H2|0A{Q] %
O =% 7} = (peak vertical acceleration at the distal tibia, PVAT; peak
vertical acceleration at the L5, PVAL; peak vertical acceleration at the
head, PVAH)E 4At&EStn £|CH 2 744 & (peak resultant acceleration
at the distal tibia, PRAT; peak resultant acceleration at the L5, PRAL; peak
resultant acceleration at the head, PRAH)Q} Z|CH £=X| JjErz2HE
432-2%9| 57 S48 (shock attenuation from the vertical distal tibia
to the vertical L5, SAVTL), d=-M2[2] 54 S+E(shock attenuation
from the vertical distal tibia to the vertical head, SAVTH), %|CH &t
IMEE2RE FE5-8F9 524 Z48(shock attenuation from the
resultant distal tibia to the resultant L5, SARTL), Zd&-M2|o| 4 &
=& (shock attenuation from the resultant distal tibia to the resultant
head, SARTH)Z A 4t3t0] 24 3HRACHChu & Caldwell, 2004; Dufek,
Mercer, Teramoto, Mangus & Freedman, 2008; Reenalda, Maartens,
Buurke, & Gruber, 2019) (Figure 2).

Eq.1) Resultant Acceleration = VVA2 + APA? + MLA?
Eq.2) Shock Attenuation = [1 - (A“'ﬂ)] X 100

AcC.tibia

14 ¢ 14
Peak vertical acceleration at the distal tibia Peak resultant acceleration at the distal tibia %0
12t - [PVAT] 12 “[PRAT] First vertical GRF peak (BW)
25 ! TN\
10 — / / N\
G Peak vertical acceleration at the LS [PVAL] S 10 < @ N
o gt P C : @ 20 &L \
5 i c s Peak resultant acceleration at the L5 [PRAL] g - \
S 6} (A) . . 2 + !
® " J\' Peak vertical acceleration at the head ® : x 45 /R .
2 4y [PVAH] S g ) Peak resultant acceleration at the head . i Loading rate (BW/S)
[ A [ < .
8 2} < g [PRAH] < 10 /
< < 4 = /
o 4 \ > s i Impulse (BW*s)
2t 2 / Y AV / §
N
-4 0 L= . i N 0
0 50 100 150 200 250 0 50 100 150 200 250 0 20 40 60 80 100

Frame

Frame Frame (% gait)

Figure 2. Peak vertical (left), resultant (mid) acceleration and vertical GRF (right)
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X|HEre Bole =2 X|HUH XIEE 25s0] A HH 3 X|
Hete MEOKfirst vertical GRF peak) O|M77tX|Q| A|Zhg AHEStD &
2 B5tE(loading rate)dt T4 Z(impulse)= Al AHSFIALCY.

5. 84 X2

= G SPSS 240 (BM, USA)S S3ll 84 X2l +d2n, 2
& 4% FF(low back pain group, LBG vs. non low back pain group,
NLBG)2} &2|7| £=(2.5 m/s, 3.0 m/s, 3.5 m/s, 40 m/s) 7+ =& 7t
L 9| X}O|(PVAT, PVAL, PVAH, PRAT, PRAL, PRAH)2I 524 S489| }0]
(SAVTL, SAVTH, SARTL, SARTH)S SA18}7| 9|8 0| HHEXY St
(repeated measure two-way ANOVA)S E23}0] H| w3} Lt

ROYeFE2 a=052 HHYSIA M, Bonferroni AtZHA

~
o

—

=
e
SAH

o Kl oz 4

RESULTS

2t 1 52 4> o
30 1A
o
ir)
T U
4n o
I

Ol LIEHX] 4RACH

RE9 A FF(low back pain group, LBG vs. non low back pain
group, NLBG)2} & =(2.5 m/s, 3.0 m/s, 3.5 m/s, 40 m/s)0f| 2 %
7t& =9 ZitE L= (Table 3)2t &Lk LBGZH NLBGO| H|3{ ZZ0f A
35 m/set 40 mys HE|7| Al O & 3] FHESE7F LIEHGX| BHp<.05;
Figure 3), O] @ &£& X K9t 2|0 =& 7L 20| Jo|3t A}
O|7F LIEILEX| QIQUCE BHH = OF RE £271 S7160| M2t 45
o 2 HEZ|o 3] HEkes B7MeES EUCHp<.05). SHX|T @&

Table 2. First vertical GRF peak, loading rate, and impulse (Mean + SD)

= TASHAL.

4y FFet 227 £k 3 A0 it d= A= folgt

FE 20| M2 oY 71520 BEite CHE (Table 3)
ot ZC} B 7S E0|A= LBGIF NLBG 7t ZE1t 23, HEQ] |
Ofst Xt0|= LIE(LEX] QLUCt 2Lt & OF 25 S27F 7
£ 2 M 2Rl0IMel Bt It BIMEE E/UCHp<05). 28 &
2ot & = SIQICh
T AN &k 2 3 54 22| Zit= TS (Table 42 &

LBGZ} NLBGO]| H|8}| 3.5 m/s & 2 d=-0{2[0|Me] &
28 ERX|D(p<.05; Figure 3), 1 2| £= U F=1 2359
F=20 M= |2lgt Xt0|E EO|X| RUAUACEL H=0f| [HE X0l

St et 34 g Stk 2E
S bl

Low back pain group
[ Non-Low back pain group

*

16 * s -84
14 4 80
12 4 L 76
10 A l
(9) 84 72 (%)
6 1 - 68
4

24 64
0 - 60

35m/is 3.5m/s

PVAT SAVTH

Figure 3. Peak vertical acceleration at the tibia (PVAT) and shock
attenuation from vertical tibia to vertical head (SAVTH) between low
back pain group (LBG) and non-low back pain

4 Running speed Group effect Speed effect Interaction
Variables  Group
2.5 m/s? 3.0 m/sP 35m/s¢ 4.0 m/sd n? Power Ap) n? Power Fp) n?  Power
- 1.71 1.80 2.00 2.29
First
vertical LBG +026 +023 +028 +024 87.013 1039
GRF K 851 002 054 (.000)* 935 1.000 3 99 148 235
peak LBG 163 179 207 219 (85T) d>c>b>a (399)
BW) £0.30 £027 +0.26 +034
) LBG 48.22 54.74 67.90 84.46
Loading +12.98 +11.33 +14.58 +14.42 99.807 747
rate (375) 040 139 (.000)* 943 1.000 ('53 8) a1 178
BW/s) NLBG 4346 51.88 65.81 76.94 ‘ d>c>b>a :
+8.80 +9.12 +10.08 +12.74
LBG 027 026 025 025
Impulse +0.003 +0.002 +0.004 +0.002 1467 211 326
. 068 211 010 084 016 104
(BW*s) 029 028 029 029 (.240) (.853) (.767)
NLBG . . . .

+0.008 +0.007 +0.006 +0.007

e a25m/s, b: 3.0 m/s, ¢ 3.5 m/s, d: 40 m/s
« LBG: low back pain group, NLBG: non low back pain group
« Bold numbers indicate significant differences at an alpha level of .05
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Table 3. Vertical and resultant peak acceleration for the tibia, L5 and head (Mean + SD) unit: g (9.8 m/sec?)

4 Running speed Group effect Speed effect Interaction
Variables  Group
2.5 m/s? 3.0 m/sP 3.5 m/s¢ 4.0 m/sd Ap n2 Power Ap) "2 Power Ap) n2 Power
LBG 7.11 8.59 10.54 12.86
+1.98 +1.92 2117 .77 9071 35704 627
PVAT (007)° 312 856 (.000)" 856  1.000 (607) 095 155
NLBG 5.71 7.11 8.55 10.29 - d>c>b>a y
+1.24 +1.61 +1.62 +1.71
LBG 435 5.10 5.67 6.23
+135 +158 +158 +243 151 15992 063
PVAL (702) .007 .066 (.000)" 727 1.000 (979) 010 .059
+1.23 +1.11 +1.25 +1.70
LBG 229 246 2.50 274
+0.29 +0.39 +0.41 +0.38 000 521 8": 1536
PVAH (997) .000 .050 (.000) 723 1.000 (225) 071 327
NLBG 2.26 243 2.60 270 . d>c>b>a -
+0.29 +0.36 +0.39 +0.39
LBG 868 10.51 12.98 15.39
+1.66 +175 +2.06 +248 0% 38.005 136
PRAT (760) .005 .060 (.000)" 864  1.000 (937) 022 070
NLBG 841 10.07 11.93 15.84 - d, c>b>a .
+2.80 +2.84 +342 +4.85
LBG 4.63 530 5.94 6.57
+1.29 +1.54 +144 +233 137 1511% 078
PRAL (715) 007 064 (.000) 716 1.000 (971) 013 061
NLBG 452 5.15 5.66 6.20 : d>c>b>a :
+1.17 +1.09 +122 +1.64
LBG 2.50 2.70 275 2.90
+0.20 +0.31 +0.31 +0.31 278 33.529 537
PRAH (604) 014 079 (.000)" 626 1.000 (621) 026 142
NLBG 2.57 2.74 2.88 294 - d>c>b>a -
+0.29 +0.31 +0.33 +0.31

e a25m/s, b: 3.0 m/s, ¢ 3.5 m/s, d: 40 m/s

« PVAT: peak vertical acceleration at distal tibia, PVAL: peak vertical acceleration at L5, PVAH: peak vertical acceleration at head, PRAT: peak resultant acceleration at
distal tibia, PRAL: peak resultant acceleration at L5, PRAH: peak resultant acceleration at head, LBG: low back pain group, NLBG: non low back pain group
« Bold numbers indicate significant differences at an alpha level of .05

Table 4. Vertical and resultant shock attenuation for the tibia-L5 and tibia-head (Mean + SD) unit: %
4 Running speed Group effect Speed effect Interaction
Variables  Group
2.5 m/s? 3.0 m/sP 3.5 m/s¢ 4.0 m/sd Fp) n? Power Fp) n? Power Fp) n? Power
N
+20 £21. +16. +16. .
SAVTL 1544 072 220 (.003) 524 932 045 .007 057
2371 2823 3573 4254 (228) d>c>a, d (987)
NLBG +25.80 +22.75 +13.93 +15.84 >b
LBG 66.01 70.27 75.64 78.16
+8.23 +7.22 +553" +5.13 4837 13752 487
SAVTH 0 40)" 195 .553 (.000)" 696 999 ' 696 075 129
NLBG 58.94 6448 68.81 73.26 (040) d>c>b>a (696)
+9.14 +8.03 +6.64 +5.40
LBG 4596 48.56 53.39 57.25
+12.92 +17.01 +13.70 +1391 105 10.062 320
SARTL ‘7 49 .005 061 (.000)" 335 991 ‘7 69 016 102
nee | B 4540 49.60 58.02 (749) d>b, a (769)
+18.78 +19.03 +15.10 +16.49
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Table 4. Vertical and resultant shock attenuation for the tibia-L5 and tibia-head (Mean + SD) (Continued) unit: %
4 Running speed Group effect Speed effect Interaction
Variables  Group
2.5 m/s? 3.0 m/sP 3.5 m/s¢ 4.0 m/sd Ap) "2 Power Ap) n2 Power Ap) n2 Power
LBG 7047 7397 7851 80.67
+4.64 +327 +3.00 +3.80 1419 23644 557
SARTH 2 066 206 (.000)" 542 1.000 ' 618 027 148
NLBG 66.89 71.01 74.39 50.05 (247) d c>b, a (618)
+9.39 +7.75 +6.13 +5.56

e a25m/s, b: 3.0 m/s, ¢ 3.5 m/s, d: 4.0 m/s

« SAVTL: shock attenuation from the vertical distal tibia to the vertical L5, SAVTH: shock attenuation from the vertical distal tibia to the head, SARTL: shock attenuation
from the resultant distal tibia to the resultant L5, SARTH: shock attenuation from the resultant distal tibia to the resultant head, LBG: low back pain group, NLBG: non

low back pain group
« Bold numbers indicate significant differences at an alpha level of .05

XtO|E EO|X| UCE JBiLt & OF 25 &7t S7teof met 3

=1t 2%, Z21 HZ|ofMel &Y $4 gFe2 /1S B
(p<05). 8 dd 77 &= 2t Pd 54 582 ¥d= =

HO|X| UL
DISCUSSION

2 dAF0ME 85 43 FF(Low back pain group (LBG) vs. Non
low back pain group (NLBG)2t & =(2.5 m/s, 3.0 m/s, 3.5 m/s, 40 m/s)
2t 2|7 Al R'E %] JHESZ(PVAT, PVAL PVAH) & 8t JH& =
(PRAT, PRAL, PRAH)2} Z&-82%F 3 Z=-0EZ|e =3 A & 54 5
F=Z(SAVTC, SAVTH, SARTC, SARTH)Z HMAISIRICE Ol &3l 2= &
d P £20 HE 530 54 22 AH0|E Hlu 243IUCt

M, = BUI0| MGE JVISER 54 gaE2 HuEH, 2|7
STt HESE 2E 3 VIS o VIS s, 54 g520|
SIMIRALE £E7F S5 SHX|0|Me| =3 7t&E Bl 22 3
A S715HX| 2L X0l =2 Fh&E Mgt g
SIr5H, MEo| £E7F SIE+8 54 5
o, A R =% X|HEH FH-(first vertical G
(loading rate)= F7}StRILCE OlQt 22 ALE2 27| H=7t HE
= X BN £3 X|HEE JEa 54 25420| St A7
(De Wit, De Clercq & Aerts, 2000; Nigg, Bahlsen, Luethi & Stokes, 1987)
o X[t Auo|H, =0 FARH 7k LT SUISIRJCL E0gk A
T(Lafortune, 1991; Mercer et al, 2002, Montgomery et al, 2016)2t &
WSS Auo|Ch MM FE|7] HX7F SIESE 2R ISk
ot 54 580| 37t Aol2te A HM 72 +=8&UCt

T 2t 220 =% JtEe ot o JHSE0l X0|E 4
HEH 25 m/s2t 3.0 m/s Ha2l7|9] 4%, T 7F Xoj= gLt
35 m/s2t 40 m/s ©2|7|2| 4%, LBGOIA NLBGO]| H|SIY Z2& £
Of =& 7IEEIt SAXMCE I LERNCE O|A2 HE|7| MaiE
7t 2 33 m/s WolZ2 2aE M-S (Heiderscheit, Chumanoy,

Michalski, Wille & Ryan, 2011; Lucas-Cuevas, Encarnacién-Martinez,

Camacho-Garcia, Llana-Belloch & Pérez-Soriano, 2017, Wellenkotter,
Kernozek, Meardon & Suchomel, 2014) 7| &2 & M &HLHLCH 2

2217|@26~27 my90lAl Bt RS K20 M2 FHS 2N AT

ZIKMiiller, Ertelt & Blickhan, 2015)2t YX|SHe o2 LIELCE 3
2el7| M=z 20 HE Z2|7](3.5 m/s & 40 m/s)2| 42, LBGOIA
4= 2o =3 Jt&x 3| LiEFg| Mt WE ZE|7|Me 2
ES ZYst HTo| MM oz QAo 2 5HS B HoZ mtt
EICH SFX|2 35 m/s@t 40 m/s E2|7| Al $=F JSEAH Q| Antet
e A e 2 X HEE Z¥0 54 25k, 340 ME |2
St XtO|7t LEEFLER] QEQICE Hennig & Lafortune (1991)2 X|HEIH O]
T2 #HolQl A A 2 X|HEH Y 5H Holg2 #3 I1S
ot 2 A TAHZE QUCtD HSIRICE X|HEHS E5 54 ©
o2 &e So M| 23510 thist SH0[X| L= AHE 3 54
Hol2 Zt 2 SEQ Al 20| ofsl Wdkl= 520(7| WE0] 7t
Lo Bl =l X|HEH BHololMs ROl XtO|7F LEX| Q44
O BCREICE OERM 52 AT Al X|HEHE0 420 IIEEAHE
SN Ar8sior & et ALk ARELCE

Lot 27| Al AHo 2R Wilst £42 YSeEHo|IL 28

28, 23| FUHE SN F5HO0| 2totEHAM MK HEECH
(Hreljac, 2004; Lee et al,, 2007; Meardon & Derrick, 2014; Voloshin &
Wosk, 1982). O] PO BHEXQl &2 (Sheerin et al, 2019; van Gent
et al, 2007)2t EXES 54 = FEo| 2EHel dug F
of 250 ¥ Yoz

Wosk & Voloshin, 1985) bt}

=7t
T

4> o
d

= Z=M0j| M (Voloshin & Wosk, 1982;
=Z2|7] Al ZS0M AOiFoz A L}
o=

[

Bt JlSEE Q50| Y32 OIRS HOR WLIE. OiE, 9% &
Q1o Ji5EE B 2 K07 BREIR YT HolM BE 47
t 2t

AM2z 37 LIERC ¢ @7 2at= 280| U= HHO| 250
e ol H5to] 54 80| R LEHE F7H(Voloshin et al,

=
1981)2t &EtEl ZOoICh 9 R&8S 245k= HHM 1A 8 &
Ch

A
ol e M 88 4ol gle AT 2 Z21713.8 mys) Al SHA[H
H 28 4-E A7 (Hamil, Moses & Seay, 2009)01A S| R& =
& ETHAMTH SEX| 2P 240l 3A LiEtReH, 1A 28 4dE &
CHit @8 04 HOoMe HiHe2 2A LIEHRLCE 0| Sl
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