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Objective: The purpose of this study was to analyze the impact acceleration, shock
attenuation and biomechanical variables at various running speed.

Method: 20 subjects (height: 176.15 + 0.63 cm, weight: 70.95 +9.77 kg, age: 27.00 + 4.65 yrs.)
participated in this study. The subjects ran at four different speeds (2.5 m/s, 3.0 m/s, 3.5 m/s,
4.0 m/s). Three-dimensional accelerometers were attached to the distal tibia, sternum and
head. Gait parameters, biomechanical variables (lower extremity joint angle, moment, power
and ground reaction force) and acceleration variables (impact acceleration, shock attenuation)
were calculated during the stance phase of the running. Repeated measures ANOVA was
used with an alpha level of .05.

Results: In gait parameters, decreased stance time, increasing stride length and stride frequency
with increasing running speed. And at swing time 2.5 m/s and 4.0 m/s was decreased
compared to 3.0 m/s and 3.5 m/s. Biomechanical variables statistically increased with increasing
running speed except knee joint ROM, maximum ankle dorsiflexion moment, and maximum
hip flexion moment. In acceleration variables as the running speed increased (2.5 m/s to
4.0 m/s), the impact acceleration on the distal tibia increased by more than twice, while the
sternum and head increased by approximately 1.1 and 1.2 times, respectively. And shock
attenuation (tibia to head) increased as the running speed increased.

Conclusion: When running speed increases, the magnitude and increasing rate of sternum
and head acceleration are lower compared to the proximal tibia, while shock attenuation
increases. This suggests that limiting trunk movement and increasing lower limb movement
effectively reduce impact from increased shock. However, to fully understand the body's
mechanism for reducing shock, further studies are needed with accelerometers attached to
more segments to examine their relationship with kinematic variables.

Keywords: Running speed, Impact shock, Shock attenuation, Ground reaction force, Joint
kinematics, Joint kinetics
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INTRODUCTION

HE|7l= CrYer AEOel MEE0| ZHAEE M2 H|
2222 g HAY = U= &S T StLIO|CH(Fields, Sykes,
Walker & Jackson, 2010; Taunton et al, 2002; Sheerin, Besier &
Reid, 2018). SHX|2H =2|7| 468l(Running Related Injury, RRI)
= FASOAH HHSHAH L HSH RRI2I HEES 20~70%
2, 1,000A|2te| E2|7| 2 2.5~59740] O|ECkNielsen, Nohr,
Rasmussen & Sgrensen, 2013). RRIC| 912 O Ctst
ATol e W2 AT T FO|X|2(Fredericson, Jennings,
Beaulieu & Matheson, 2006; Malisoux, Nielsen, Urhausen &
Theisen, 2015), 1 & B2 AFS0| HE[7| Al dst= 5
Aol =Fe 5o NS 54 HAHUSS #HSIL, O
AAAZ|7| fI2 AFE 2GS ACKGruber, Boyer, Derrick
& Hamill, 2014; Lafortune & Hennig, 1992; Voloshin & Wosk,
1982).

27| Al Eah X|HO| ZEHH ES= 42 RRI &
Mol HAHLSE olsst=t S2% IS BHikBeck, 1998;
Lake, 2000; Meardon & Derrick, 2014). ZZ2| X|E & oLt
0 =7 X|HetE2 27| £t 5
ot =% BotEgs S7HA7I=0, Ol= RRIQl S7t2F 2™t
20| ALk Bk QTHBrughelli, Cronin & Chaouachi,
2011; Grabowski & Kram, 2008). 2lHl= &7t ZHozE
H SXYds 2a&80|a Xz Al57| ?et MEs
A2 tCHBusa, Lim, van Emmerik & Hamill, 2016). M3 ¢
of =™, 27| £= 7t Al X|X|A|ZH0] a5, H|
Algh Sl 223 20|, 22E FI|= S7I5IA2H(Gray, Price
& Jenkins, 2021; Orendurff et al, 2018; Park et al, 2022), &
g 28 2Eo A0 4=t & 2HE A0 X RHE,

$2 BE A HEBF DUET} SR B 0ok

ok -

CHOrendurff et al, 2018; Petersen, Nielsen, Rasmussen &
Serensen, 2014). O|N 3, QM= 542 LA2A7|7] 8 =
HYUS HSAZ|X|E KB HESIH wdste 0=
HE|7HR] MEEO A W 2SHE LA ZITk(Lucas-Cuevas,
Encarnacién-Martinez, Camacho-Garcia, Llana-Belloch, & Pérez-
Soriano, 2017; Voloshin & Wosk, 1982; Whittle, 1999). [}2FA
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=
ol 57 g4

HEfs oldfe = RUAs A=z dHEC

22l7] £x9 #sls XH22RH e $HC 3|8
BotA|7|3, QME SAS 25| fldl stXlel gXes
BotA|ZITH {20 JItof et S7t5ts 42 AaAl7|
71 It eldel S Y2 Hate 0N, Hetoh S YO0
B &4 d20 0jX= s 7IEEAE M85 =l
g = AS A= UHEN 0|F Sof Lot =2
27| Al Hatsts 22 Yt N2l 54 HalE&S olsstH
RRIZ 0ot #Zar BaE g8 s 52 + AS

Zo|Lt,
Mety, 2 d7ol 282 =2l7| Al ChYet £2(25 m/s,

—

30 m/s, 3.5 m/s, 40 m/s)of| 2 Q1N 57 7k5z 0| A7|9t
=7 24 Y= & dH|wsta, 0|0 wE MM stE Xo|E =
Abste Z{o|ct o|z{st At EXE Soff Ct3nt 22 7
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H(height: 176.15£0.63 cm, weight: 70.95+9.77 kg, age:
00£4.65 yrs)S CHAXIZ RESIRUCL 27| dE =¥
57| M, 2 dFes Ko $HE2| /2o oo &
2 H}oH@tA Ee|H=: 1263-201906-HR-018-1, S QI
=: 20190618-20, 5212 2019.06.28), 2= AT CHA X0
A ato] S M S0 CHel XM 2 HS D APLH

So 3 M¥g Syt

2 AR 2©E|7] SEQ5 m/s, 3.0 m/s, 3.5 m/s, 4.0 m/s)
o e AN 2t A 2sHaH XH0|E H|WSHI| 9
ol 8Cie| Xe|Md FHH2HOqus 300, Qualysis Track Manager,
Sweden; sampling rate: 100 Hz)2} X| Bt (ground reaction
force)O| L{EEl Erf| = 2(Instrumented treadmill, Bertec, USA;

sampling rate: 1,000 Hz), 3% 7t% = H|(accelerometer; mass:
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8.5 g, size: 21 mm X 16 mm, Ultium, Noraxon, USA; sampling
rate: 1,000 Hz)E O|&3IRULCt ZE AT CHYAES A0
M oo ol I EIO|ED B2 HIXZ Eo3ien, &
H 28 A EY =T H32 6 522 ESER QoM 2
7] & o C 2 AT RS e Mo ot
£ 34 =21t

Cl
ES
#DDD5C7, FILAS £H8235t3

A o, BARE % A EAE &
ABIQICE HADIA L Sixle] 2HS FYs| 2Uef oAl
Mol BEM(LS BN 22 BY JY B Byl M
PN N e S § E|L

AEE 2 (anterior superior iliac spine [ASIS])2 EAEE
(posterior superior iliac spine [PSIS)Ofl ZfZt E&FSIALE Tt
EAs @ER C12|9] 4= | ?(proximal tibia; Glauberman
& Cavanagh, 2014; Ryu et al,, 2021)2} & (sternum; Reenalda,
Maartens, Buurke & Gruber, 2019), M 2| (forehead; Hamill,
Derric & Holt, 1995; Mercer, Bates, Dufek & Hreljac, 2003) 0|
FAGAon, AUt AFAIZ|7] s FH HoO|Z=Z 11X
SASL B, B HE (elastic band)2 2Kt HALSH0] EHEHS]
IZAZACkFigure 1; Park et al, 2022; Ryu et al, 2021). 3%

C
MNEEAE BB AN 2912 A= 2 WHS (12
o

N

o= o
AYSIACH, A= H2S 0|F = FHS H-F(anterior-
posterion 2t LHZE-2|%F (medial-lateral) 22 dAHSIRACL 2
= A7 UdXE2 EYEZNAM 25 m/sQF 3.0 m/s, 3.5 m/s,
40 m/se| 2 24 S H(Sheerin et al,
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2018), Ol &= DEQIZ MYSIQCE 2 S0 e g
27| 327t s on], 0] & O 1201 S318}
Qich.

3. X2 Hg|

2 gFo| X|Huts Xtz et S H|0|H+= Qualisys Track
Manager 2019 program (Qualisys, Sweden)2 Edli # 53}
Rel, 7HEEA Xtre XBEE o SE HO|HL &
(synchronization)5t0 MR 3.14 program (Noraxon, USA)0{A{
FEstACt. +=HE ZE HolHz 24 MYsar HEE @
bi-directional low pass filter)& +&3l0] Atg =% Al L
El Xt2ol 2F(noise)E X3Pt M, O M, XHEh b=
(cut-off frequency)= SEALE 10 Hz, X|BEH Gl Jp&
AEE 100 Hz2 A5 CHLee & Park, 2023). &4 72
% X|HEF ol AX|Zh(threshold) 10 N& 7|E2E AX|
(heel contact) A1l O|X|(toe-off) A|HS EFSIUCH, 12
=% T OHX|2} 20strideTtE MESIH 2M35QACE 5HX| 2|
2E 2o #E RUE 2E I = Visual 3D
USAE Sdf M=o n, 23 M4 3 X|HE 524 7t
£ = Matlab R2016a (Mathworks, USA)S S8l
AL
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4. &M Hel

[

A

2|7 Al, S0 ME QX WHAEH HolE H|wst
7] Sl B H(gait parameten@t E ZHE(joint angle),
2E RHE(joint moment), & T}(joint power) X|HEHE
(ground reaction force), 524 7t4 E(impact acceleration)&
HW- 2A45IQI0 2l M4 QEWO0| X|HO| HE U=
X|X|AlZHcontact time)2t 3E0| e M3 A ZHswing time),
24 XX AFEOM CtE QEW XX| A|FMX| Q| 22
2ol X EHEY FI|E LHESIQUCE BE 2ot #E ZH
= Al4H(sagittal plane)2| E2 2 (ankle joint)
ot 22 - knee joint), Y 2 (hip joinhOllAM AESIRS
M, cardan?| X-Y-Z 2|™ dHS ALESIQUCE O mf, #H 2
Lo #E DHEE 9E ME(ankle joint)2| HiF==(dorsi-
flexion)S (+), M2 F(plantar flexion)g (-), F5 X AY
ZE(knee & hip joint)2| 2T (flexion)S (+
-)2 HAHESIACE X|HetH2 £2] K|
(BEH)E 7IECE HH =
M| dE AIZHe L5054 Rita
()-Fl(+) XHHHS
=
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E42(Dufek, Mercer & Griffin, 2009; Reenalda et al, 2019)
£ LMESIRen, =8 IS Eet ot JtEE, 4 g8
CtZaf 20| AASHACHFormula 1, 2).

Formula 1. B8 7t&E M4E IS4

Resultant Acceleration (g)

2
— 2 2
= \/(Acc'anteriorfposterior )" + (AcC.meqiar-taterar )2 + (ACC.verticar)
AV £y
Acc'anteriorfposterior . 'j T 7}'—| =
= KK LA
ACCmediai-taterat * W& - 55 7158

ACCoperticar: THE IS E
Formula 2. 524 S48 ME 34

AcCC.pyroni
Shock attenuation (%) = (1 - M) X 100
ACC'distal

ACC'proximal

AcC.gigra: A 2R IS E
5. &4 Xz

PSS 240 (BM, USA)S S8 +=3

re A
%

o Tlo
wm

ro g
ox
=1

= ‘g &3 (Kolmogorov-Smirnov &
Shapiro-Wilk)= . 525 m/s, 3.0 m/s, 3.5 m/s,

o
= =" }-
40 m/s)0f HE 2ty HOl(EY i, SHA| 2E ZE)1f
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Running speed: 2.5m/s, 3.0m/s, 3.5m/s, 4.0m/s
Anterior-posterior GRF Vertical GRF

] 3

Peak braking force —25mis Peak impact force (PIF) —25mis

PBF) =i :
- —40mis

2
1 -
Peak propulsion forc Impact loading rate
(PPF) (ILR)

. 0
0 20 40 60 80 100 0 20 40 60 80 100

Stance (%)
Vertical Acc. 5 Resultant Acc.
5 Peak vertical Acc. (PVA) oyt 10 Peak resultant Acc. =
2 = (PRA) i
]
g 5
o
@
V. Vi 0
-3
0 20 40 60 80 100 0 20 40 60 80 100
Stance (%)

Figure 1. Marker set and accelerometer attachment locations (left), Ground reaction force and acceleration variables (right).

Contact time & Swing time (Unit: sec.) Stride length(m) & Frequency(Hz)
0.6 3 3
a,d<b,c a<b<c<d
a>b>c,d
a<b<c<d
o
£ fr=r 7=
E
0.2 1 1
0 ' : 0 = 0
2.5 3.0 35 4.0 2.5 3.0 35 4.0 2.5 3.0 3.5 4.0 2.5 3.0 35 4.0
Speed (m/s) 2.5m/s (a) =3.0m/s (b) m3.5m/s (c) m4.0m/s (d) Speed (mls)
Figure 2. Gait parameter by running speed.
£E) 7t X0l BHEHFE E4iEM(repeated Measures
ANOVA)S &85l o0 Bonferroni AFZASS S8 Hl 2all B0 M= X|X|A|ZHcontact time)Tt K|S AlZHswing
SHALE O] I SAXN 72| =&F2 a=.052 HYS}AULCL time), 22X Z0|(stride length), Z2% F7|(stride frequency)
£ MESHY HlwPh A= <Figure 2>t ZC K| X[A[ZH2
RESULTS 25 m/s, 30 m/s, 3.5 m/s X 40 m/s2 St et SAH
o=z UAStE ALVt LIERH B HEFA|ZE2 2.5 m/s
2 e 27| A, S20f WE el F42| Xt0|E 40 m/s7k 30 m/s & 35 m/sECH EAHOZ A2 At
QOotE 7| QI8 HE Big(gait parameter)t & ZtE (joint LIEFSCHp<.05). &2 % Zo|et &HE 7| 271 37t
angle), 2 2B E(joint moment), & L2l (joint power), ool et SAHXCZE F7t5HUCHp<.05).
X|HEt & (ground reaction force), 52 7t4 = (impact acceler-
ation), 24 SE(shock attenuation)S H|WsIgon, 1 &4 2. #E ZIE(joint angle)

= oHEat 2o

E A0 M= AlgB(sagittal plane)of 2| Z|Cf =
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Table 1. Joint angle of lower extremity by running speed
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(unit: degree)

'\(/'Se;)” 25m/$  30m/s®  35m/sS 40 m/s F P Post hoc E;f;gt

Peak DF (23?'129(; (2353933 (2_,?'56;) (23?;5587) 15130  .001" a<b<c d 443

Ankle Peak PF (135;; (1161 g’ '(Z;g‘ (;53‘;53’ 4593  .006" @ ;E'Cd 195
jow B L2 43 20 g o acbgd 299

Peak Flex. ?j;g; ?43 540?; ?ffg ?2659(; 20.054 .001" a<b<c, d 513

e pedpe 00 1561651168 g g 2 g
ROM (259792) (237 Zz? (237 6907) (237 '9606) 2429 100 a<b 113

Peak Flex. ?60 6702) ?52 93;1; ?54 '6576) ?56 921?; 58.876 .001" a<b<c<d .756

Hip Peak Ext. (632532) {é'gg) (57 7153) ('3';29) 80.408  .001" a<b<c<d 809

ROM (3:'222‘; (354111) ?;,567? ?:'2852) 200684  .001" a<b<c<d 914

* indicates significant difference (p<.05)

D.F: dorsi-flexion, PF: plantar-flexion, ROM: range of motion, Flex.: flexion, Ext.: extension

t
t

re

b= =32t (peak ankle dorsi-flexion angle)df Z|CH &=
ru i X

mm A

=
=
XM&ZH=TZ(peak ankle plantar-flexion angle), 2= &&

re

7I& 22l (ankle joint range of motion), Z|Ci F& 2H

(peak knee flexion angle), X0 F& 2& AT Z(peak knee
extension angle), F& #& 7S #%l(knee joint range of
motion), Z[CH ¥Y #EH ZFZ(peak hip flexion angle), %
Of ¥ 22 4™ Zi(peak hip extension angle) ¥E HH
75 "8 2I(hip joint range of motion)& AHEsH0] Hwdt 21
= <Table 1>3 ZHCh Z|0} @E 2HE HEI 5242 7
St 8E SANLE BItots 207t LHEFK| 2 (p<.05),
35 m/s@t 40 m/s Ztol= SAHAXLZ K07} LIEFLEX| @ERk
Ch A0 Y= 28 ME2322 45 3.0 m/sdt 4.0 m/sO|
25 m/s@t 35 m/s ECF SAXCZ 2 AUt LiEtHo,
g5 2 JtSHRI= 3.0 m/s, 3.5 m/s, 4.0 m/sO| 2.5 mysO|
SAHCSE IA UEFHCHp<.05). X £& &2 =5
£t otgE SAMLE F7t5h= AuIt LiE
X|BH(p<.05), 3.5 m/s2t 40 m/s Zt0l= SHXE2Z X}0|7}
LIEFLEX] EQLCE

_I
N T

o
ro 2 4

L N

Ol M= Al4HM(sagittal plane)0ilA{S| X|Cf L&
I E(peak ankle plantar-flexion moment)<2t,
=23 DM E(peak ankle dorsi-flexion
1 MH RHE(peak knee extension
=5 ZHE(peak knee flexion

ZE M™ RHE(peak hip extension

3
o
3
0}
a2
fvas
92
-0
Al
rd
|'|_|>|

3

o

3

)

e
bt
2 0
02 o
o

moment), =

moment), X0 I AHE =37 ZHE(peak hip flexion
moment)& MESH0] H| LSt AIHE <Table 2>2F ZC} &

of &= 22 MN&5=25 RUEE 27t S/t w2t §
AHe=z JItots Z2atE HEHCHp<.05). 2T 7& 22
=5 RHUES AW BHEE K27t 7f°*01| [EFEP 571|"*
22 SISt RAX|T(p<.05), £|CH 7

35 m/set 40 m/s ZF SAH XH0|7t '—PEH—HI % i, EIEH
28 #E =23 ZHENM 25 m/s2t 3.0 m/s 2t SAX At
O|7} LtEFLEX| QEQECH ZOf ¥E A t'ﬁ ZHENME
H2It SOt Wel SANLR S7tots Zutvh LELE
2B (p<.05), 2O ¥ A2 =25 ZHEN M= 0| TE
SAH XO[7t LIEFLER] BEQACE.
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4. 2’3 19 (joint power)

ZE ORI ME AlAB(sagittal plane)OflAQl X &5
B ¥o| mbPf(peak ankle positive powent X|CH 25
H 89| mt¢l(peak ankle negative powen, X0 & =H
Qo] mtQ(peak knee positive powen), XL £2 EH 29
I+ (peak knee negative powen), X0 ¥F 2H 4ol mte]

Table 2. Joint moment of lower extremity by running speed

KJAB

(peak hip positive power), [0 A& #HE 9| 0tl(peak hip
negative powens 4AHESH0] H| w3t A= <Table 3>1t &

o #h @S B Yol et 2

= = I:H =
R

o
[=]
=
—
4s BE go| 19,
=~
=

Ao & 22 &9 O Zof me, Z|Cy
Y BE 29 o 2T &I STt mEt SAH2=
=
=)

7Pote 2HE BRI T(p<.05), 2O £& 2E 52| IiY
5 o

(unit: Nm/kg)

Mean a b . d Effect
(SD) 25 m/s 3.0 m/s 3.5 m/s 4.0 m/s F P Post hoc size
2.38 2.69 2.89 3.03 *
Peak PF. (030) 031 (035) 033) 208.366 .001 a<b<c<d 916
Ankle
-0.10 -0.11 -0.12 -0.13
Peak D.F (0.05) (0.06) 0.07) (0.07) 2487 .070 116
2.64 2.79 290 291 .
Peak Ext. 0.64) (0.64) (0.70) (0.68) 27.316 .001 a<b<c, d .590
Knee
-0.27 -0.30 -0.33 -0.36 .
Peak Flex. (0.06) ©0.11) 011 ©0.11) 11.431 .001 a, b<c<d .376
1.00 1.14 1.26 141 .
Peak Ext. 038) (0.43) (0.42) 047) 58.988 .001 a<b<c<d .756
Hip
-0.76 -0.78 -0.77 -0.78
Peak Flex. 028) (035) (033) 037 156 925 .008
* indicates significant difference (p<.05)
D.F: dorsi-flexion, PF: plantar-flexion, Flex. flexion, Ext.: extension
Table 3. Joint power of lower extremity by running speed (unit: W/kg)
Mean R b c J Effect
(SD) 2.5 m/s 3.0 m/s 35 m/s 4.0 m/s F p Post hoc size
Positive 6.80 8.55 9.77 10.79 .
Peak (0.96) (1.26) (1.40) (1.58) 141.787 001 a<b<ced 882
Ankle
Negative -5.06 -6.86 -8.46 -9.40 .
Peak (0.95) (112) (125) (1.54) 202.270 .001 a<b<c<d 914
Positive 440 514 5.80 6.12 .
Peak (1.37) (1.57) (1.81) (1.92) 31554001 a<b<c<d 624
Knee
Negative -9.51 -10.70 -11.67 -11.90 .
Peak (2.59) (2.68) (3.36) (3.80) 21465 .001 a<b<c,d 530
Positive 1.16 1.51 1.99 2.66 .
Peak (093) (112) (131) (160) 46.685 .001 a<b<c<d 711
Hip
Negative -1.85 -2.24 -2.60 -2.92 .
Peak (090) (124) (137) (146) 27.321 .001 a<b<c<d .590

*: indicates significant difference (p<.05)
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5. X|H4t3(ground reaction force) 6. 57 74 & (impact acceleration)

XHEHME 27| Al Ydsts Z0 52 H(peak B4 NIEE0|ME HO ZE & Tt E(peak tibia vertical
impact force)t 524 £3t&(impact loading rate), ZICi XS acceleration)t %L & =% 7t& E(peak sternum vertical
&(peak braking force), Z|CH =& (peak propulsion force)E acceleration), X|CHf H2| %] 7} (peak head vertical acceler-
AESH0] Hlmsh ADHE <Figure 3> ZCh X0 £ ot ation), X0 4= 28 7t = (peak tibia resultant acceleration)
54 2otg, Ao MsY, Hof FXH2 5271 S7HEo| o Zof 82 &4 7t = (peak sternum resultant acceleration),
et SAMeZE SItst= Z1t7h LIEFRICHp<.05). Zf el 2t 7t5 = (peak head resultant acceleration)2

Peak Impact force (N) Loading rate (N/s) 4
2000 19" 500

Peak Braking force Peak Propulsion force

a<b<c<d a<b<c<d 6 a<b<c<d a<b<c<d Unit:N
1500 400
—— 4
1000 _
5 200 . B
500 :
0 — 0 0
2.5 3.0 35 4.0 2.5 3.0 3.5 4.0 2.5 3.0 3.5 4.0 2.5 3.0 3.5 4.0
Speed (m/s) 2.5m/s (a) =3.0m/s (b) m3.5m/s (c) m4.0nVs (d) Speed (m/s)
Figure 3. Ground reaction force by running speed.
Table 4. Acceleration variable by running speed (unit: g, %)
Mean s b . d Effect
(SD) 2.5 m/s 3.0 m/s 3.5 m/s 4.0 m/s F p Post hoc size
i 6.62 8.13 9.82 12.40 .
Tibia 2.21) (2.47) (2.44) 407) 47.264 .001 a<b<c<d 713
Vertical 334 3.66 401 3.83 . a<b, ¢, d
Acc. Ster. (0.65) (0.75) (0.88) 0.72) 8106 001 b<c 299
2.26 245 2.58 272 .
Head 032) (040) 047) 047) 34.517 .001 a<b<c<d 645
i 842 10.32 12.84 15.60 .
Tibia 2.16) (242) (3.06) (4.09) 43.635 .001 a<b<c<d 697
Resultant 358 394 429 419 .
Acc. Ster. 069) 069) 088) 069) 9.101 .001 a<b<d<c 324
2.54 273 2.85 294 .
Head 030) 036) 039) 041) 28.449 .001 a<b<c<d .600
Long. SA 63.21 67.89 72.56 76.69 .
32.035 .001 a<b<c<d 628
Tibia-head (%) (9.65) 8.31) (6.30) (5.68)
SA (%) Result SA 6814 72.32 76.69 80.19 .
%) (8.04) (645) (5.36) 451) 30.855 .001 a<b<c<d 619

*: indicates significant difference (p<.05)
Acc.: Acceleration, Ster: sternum, SA: shock attenuation
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Longitudinal Acceleration (g) Resultant Acceleration (g)
20 20
a<b<c<d a<b<c<d
15 { 15 T
|
b ] [ a<bb<,zd a<b<c<d " [ a<b<d<c a<b<c<d
5 o F 5 I AN
0 -.. -.-. 0 ..l -_-.
Distal Tibia Sternum Head Distal Tibia Sternum Head
Shock Attenuation (Head-Tibia, %)
100
a<b<c<d a<b<c<d
2.5m/s (a)
3.0m/s (b)
m3.5m/s (c)
m4.0m/s (d)
Longitudinal SA Resultant SA
Figure 4. Acceleration variable by running speed.
AMZE5l0] Bl AibE <Table 4>2F <Figure 4>+ ZCh A SYUEH XI0|E ZARSH= Ao|Ch 2 A Al 2.5 m/sofA
o 4= =2 715t 2t 85 3 7h&E, A0 e 40 mysTHR| £E7F Sotg+E 4E A9t 8= KoM
& 7SR, F0 S €Y VSR, A0 B gd s E, 2 A 2 gd 54 JSEs BO6te Ao AEEUC
O He| g 7hEe RF {20 SR SAHRE O|ef Z#2 Aut= Ch=of MAARL 20| £It FItg %
Botste Zat7b LIEFREX|BHp<.05), 2| 8& =3 75k g 4= Rl A} A JrSEet A oY SRV B
Ol 3.0 m/s2F 35 m/s, 40 m/s 0l= SAHLZE Rt tStRen, Lol dlAT Aol FARH £4(2.7~37 m/s
XtO[ 7t LIERLER] BERLCY. o = 7hEE: 9.8~135 g)2 LIEILAATHPark et al, 2022;
Sheerin et al, 2018). 0| X|HIt HHSIHA L= 54
7. 57 48 (shock attenuation) 2 sixlol SXlQ®ot ota}, LinK| 29| 2FgoR ol
LMEICH F QKO £ JAEE Wit X|BO FE(EZ)
54 gx0Ms Z20M Hatxel =% 54 g5 o o8l LM EICHClark, Ryan & Weyand, 2017). E2|7| &
S (vertical shock attenuation)t &td 2 ZE(resultant QF =Z0f st MOINE MEHEMH LT SIISHEE K|
shock attenuation)2 AHE510] H| LSt AbE= <Table 4>2t HHto| KO =% ZA= A ljﬂé’(l(e”er et al, 1996
<Figure 4>9 ZCt =% 54 S+81 g8 54 S8 Nigg, Bahlsen, Luethi & Stokes, 1987), Xl =1} =TI ={(Dorn,
RE &0t BUIESE SAXLE F7t5ke A0t LiEE Schache & Pandy, 2012)2 S7IElCtl ENEQen, & A
CHp<.05). o X|HEI ZANtet: FUSH A7t LIERGLE K| HEFE Q|
S7te NS S2Y &, otHlel SHYE IA US0 &
DISCUSSION 7t Bt SE SHHOIMe 54 JIEEE BUIIE AL=E
THEREICE
=2 7ol FH2 7] Al Chdet £E25 m/s, 3.0 m/s, Lol H20t BOMgE dE0 02| ¢ A A od &
35 m/s, 40 m/s)0fl IHE QM 524 7S =(E4 £43)2 2 4 §580] 7tk A7t AEEJLH, T2l MHA
719 £ Z4| MEZ H|mdstn, 0|0 [Et% LESN gl 2 T ZORt: YX[SHACHDufek et al., 2009; Lucas-Cuevas et al,
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2017; Park et al, 2022). 34 7I5EQ| ANE MATEH 4=
olMel 524 7H&EEs B2 H2|oMel 52 71520 H
S OF 2Hi O|AF 3A| LIEtGtOD, &&= 25 m/sOA 4.0 m/s
X9 =% £ JMEE 8731%2 5782 EQCt Bl
= He|ME = 25 m/sOlM 40 m/sTHR| =% 54
IMEE B2 22 1467%2 2035%2 A=0f H|sl 0jL
S HEACE BH 54 VIS E0ME B 4 VI8 E
9t H|=oh Z7H80| HEE|ACHES: 85.27%, BE: 17.04%,
Ha|: 15.75%). MAAT0| [MEH =& SHX|0f| Hls| £
7b o 3A 22450 LO{(Winter, 1995), 35 2% Ql9| oty
HE MOEcEM 542 dztA7|e 2% 88 des
S} (Kavanagh, Barrett & Morrison, 2004; Mazza, losa, Pecoraro
& Cappozzo, 2008), H2l= 54 7IEL g AFHLZ JX|
stoz i M 9 AlZ A|AEIS 2353 Derrick, Hamill &
Caldwell, 1998). [2tA, stX|l&= S50 Hlsh & 2 521t 5
4758 won, 27t FUtgeE o 2 &0l Il
7te|1, olof 54

+=89| Z7IE O|0|/ES A= TCHEIC maty, 2 dF
L0t ZtE & 3 54 JtEE0 AJ0t B

4

ol sk
x o

SiChE W OHW 7tEar 4 g+80] Steits F
=13 |_|-

=
=
[
—
7

—_

= R
7td B2F SRy Jgu, = 92 54 g2
e ATl 54 58 Yol vloh = 2EHA=
, ol MHATOl HE[7] &= Helet JrEEA e 25
FR(BZ Hflet 83)7t th27| WEO0[2t HEREICt

mEtM, £271 3715 £33 3 g2 4 71529
3717t Borettts A MW JhE2 HRHEQUC £ £
7t BorgE FE0 0| 2t +5 8 g $4 g0
S7tEls Z2a7h BEEQICL Ol MYATFoME 2 o
T Zutet 20| £t St Mt 54 580 St

S} S M (Dufek et al.,, 2009; Lucas-Cuevas et al., 2017; Park et
al, 2022), o|0f & Aol F WM JbEE X|X|E AUCEH g
Lt MAATFOM = S27| St 22 X7t 2 g9 o
Fur 027 MEo 2 Aol 54 g8 Y 63.21~
80.19% #H|Qt= CiA XHO|E ERACE
Lol X} YESIHM LMst= 54
OE ofL|2l, LIMX| Fo XY Qlsl M EICt
Hel 54 /4= g X|H
CHClark et al, 2017). 22|7| &
HEHEH ST ZIte4E X|HEHO| KO =7
ot 524 HtE(Keller et al, 1996; Nig
FXH(Dorn et al, 2012)2 SI}EIC
To| X|HEtE Auiot: FUTH AL

T4 7t5Ee Z2nE dhEH
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rlo
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EE 8731%2 37tg2 EQICL BHH, 31 HE[oME %
& 25 m/sOIM 40 mysTtR] =2 B4 714 B8 24
14.67%2t 2035%2 A=0| HIsh O =AH 2EZAC S
54 JIBE0Me =3 54 JH5EQt HI=E FIt80| H
EE|UCHE S: 85.27%, 83 17.04%, HE|: 15.75%). Mol
of MEH =82 otX[of Hs| A7t o 3AH 2420 /U

Of(Winter, 1995), & S22l FHEE MOE2ZM &

-

=

oo | o
Ag AztA7|E BT &5 A4S SlM(Kavanagh et al,
2004; Mazza et al, 2008), 2| =24 715 E OFHHo=Z

A2 ME U AlZ AAEIE ESSHCKDerrick et al,

1998). MatM, stX|= 580 HIgh o 2 41 $4 7t5

EE #on, S27F BUrgeE o 2 €0l JIiXIEAM 3t
Xet =& 2¢tel 54 X0l S7tx[2, oo 54 g+&9
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