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An exploratory study of forefoot strike

patterns in sprinters

—classification methods, usage trends, and associations with

sprint performance —
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Abstract
Keywords: Frontal strike pattern, Horizontal strike pattern, Sagittal strike pattern,

Ankle joint movement, Ankle joint stiffness, Maximum sprint phase

Objective

The purpose of this study was to develop the classification methods for identifying
forefoot strike patterns in sprinters and to determine their usage trends and
associations with sprint performance. To achieve this purpose, this study examined the
usage trends of frontal and horizontal forefoot strike patterns at initial ground contact
in male sprinters and their associations with 100-m sprint performance (Study I). This
study also examined the usage trends of sagittal foot strike patterns during stance

phase in male sprinters and their associations with 100-m sprint performance (Study

2.

Methods and Results

In Study 1, frontal videos of sprinters who finished a 100-m sprint race were recorded
from seven track and field events using a high-speed camera from the front of the finish
line. Four hundred seventeen sprinters who used forefoot strike during the maximum
sprint phase at 60 m were included in the analysis for this study. The frontal strike
pattern was classified into the non-inversion (NINV) and inversion (INV) strikes. The

horizontal strike pattern was also classified into the non-abduction (NAB) and



abduction (AB) strikes. In addition, the biplanar strike patterns were classified into four
categories: NINV+NAB, NINV+AB, INV+NAB, and INV+AB. In this result, the frontal
strike pattern was used more frequently in INV (86.3%) than in NINV (13.7%), and the
horizontal strike pattern was used more frequently in AB (81.8%) than in NAB (18.2%).
Moreover, among the four biplanar strike patterns, INV+AB (73.6%) was the most
frequently used. Despite these usage trends, in the frontal strike pattern, the corrected
100-m sprint time, which corrected for the effect of wind speed, was significantly faster
in NINV group than in INV group (P= 0.002). Furthermore, the corrected 100-m sprint
time was significantly faster in NINV+NAB group than in INV+NAB and INV+AB
groups (P = 0.041 and 0.008, respectively) and in NINV+AB group than in INV+AB
group (P=0.044).

In Study 2, sagittal videos of sprinters who finished a 100-m sprint race were recorded
from a track and field events using a high-speed camera from the inside of the lane at
60 m. Two hundred forty-eight sprinters who used forefoot strike pattern during the
maximum sprint phase at 60 m were included in the analysis for this study. The sagittal
strike pattern was classified into the non-heel contact (NHC) and heel contact (HC)
strikes. In this result, HC (83.3%) was used more frequently than NHC (16.7%). Despite
this usage trend, the corrected 100-m sprint time was significantly faster in NHC group

than in HC group (= 0.030).

Conclusion

The forefoot strike patterns in male sprinters could be classified in the three
anatomical planes: frontal, horizontal, and sagittal, and INV, AB, and HC were
frequently used, respectively. However, the use of frontal NINV and sagittal NHC may
be beneficial in achieving better 100-m sprint performance. Therefore, the forefoot
strike patterns may be an important biomechanical factor contributing to superior

sprint performance in sprinters.
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Figure 1. Typical images of foot strike patterns
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Figure 2. The usage trends of foot strike patterns in long-distance runners who
were included in previous studies
This figure created based on a review by Bovalino & Kingsley (2021). The non-rearfoot strike
pattern included both the forefoot and midfoot strikes. The previous studies highlighted in gray
indicate that the official record of a competitive event was better for long-distance runners who

used non-rearfoot strike pattern than for long-distance runners who used rearfoot strike pattern.
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Figure 3. Typical pictures of frontal and horizontal forefoot strike patterns in male
sprinters
Abbreviation; NINV: Non-inversion strike; INV: Inversion strike; NAB: Non-abduction strike;

AB : Abduction strike.
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Table 1. Number and percentages of frontal and horizontal forefoot strike patterns

at maximum speed phase during 100-m sprint race in 417 male sprinters

N % 95%CI

Frontal strike patterns

NINV 57 13.7 10.3-17.3

INV 360 86.3 82.7—89.7
Horizontal strike patterns

NAB 76 18.2 14.9 - 22.1

AB 341 81.8 77.9-85.1
Biplanar strike patterns

NINV+NAB 23 5.5 3.6-17.9

NINV+AB 34 8.2 5.8—-10.8

INV+NAB 53 12.7 9.6 -16.1

INV+AB 307 73.6 69.3-177.5

Abbreviation; NINV: Non-inversion strike; INV: Inversion strike; NAB: Non-abduction strike;

AB : Abduction strike.
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T, MHIE 100m &% 1 A%, NINV+NAB 73 INV+NAB & INV+AB L0 b AEICHE<

(ZEH P=0.040 £ 0.008), NINV+AB 23 INV+AB LY A EITENT &35
572 (P=0.044).
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Figure 5. Comparisons of the corrected 100-m sprint time among frontal and
horizontal forefoot strike pattern groups in male sprinters
Data are presented as median and interquartile range. Abbreviation. NINV: Non-inversion

strikes; INV: Inversion strikes; NAB: Non-abduction strikes; AB : Abduction strikes.
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24 BE

AWPFEOFEERFERE UT, FFFIRREERTICR T 2 AIHIEE IR ORiTEHT 3 K OVKF
AR S — 1%, ZDOZBENENINVIBEIRAB LT\ e. £/, 2
O X I MEAMEFIZ S B b, AT RS S 2 — 2 & LT NINV 214 28 F
1%, INV 23218 FL0 S 100 m EX A LADBENZ ERRD b,

ARFFEE, RAAR RS A 2 — 2 L LT NINV L0 & INV Ol Em A Em 2 &
ZH 5782 L7z, Cavanagh & Lafortune & (1980) 1%, (& M 2 — o D HIE
BORIET LR B EIE AN = X0 b BREOIMINZH D EHME LTS, £,
Nunns & (2013)i%, FE#&EEE X2 — o OBMIE % D R H )3 % R R 2 — 2 LD
NN LT 203 H5 EMELTWD. IBIT, A Y — 2T 5%F
1%, BREMHE R — 2T 5 F L0 NI D% 2 E DS 2 LEIES R
N EHE SN TS (Almeida et al., 2015). 2D X 5 7% O3 2 LEMEIL,
WIHEEHIRE D R EBONA 2 LA FEIC K- TRl 4125 FIEEMED 8 %5 . Tsujimoto & (2021)
(3, WHIBEHIFFORE VNS R LAEBPSIHORE WARZ LE—A L FOAERE ST
5L, TDBEDERIBOANZ LINFZRES SELZLZHMELTND. 2D 0D,
FIPEAEE RISV CH AN S Y — U AT 2P, B 2 — Rl
AT 28F L0 AR R X R RBFINA A LAEZZ L TWD Z MRS D.
L72Mo T, Rl & — 2 263 2 MR ER T 0% 1%, FieilsE <7 —
R OBWEIZIKAE L, AUREOIMUD DT 2 INV &6 L TV ATREER B 2 b
2.

AW, ACTFHEATE M % —2 & LT NAB L0 & AB OfERHANENZ &%
BILNC Uiz, ZORERIL, BEs 38 2 Uehn FIRBIE 0 S54RI BhE T 5 i O 1E
HNREEL TWLAMENR S 5. ATIIRICB N T, BWAT YV b7 =< A EH
T2 MR TL, PRBIFIRIER Cd 2 RIEFHOKRER B RIS BFICREL T D
ZEPHEESN TS Milleretal., 2021). F72, ZHHOfIE, A7 Y > kOB
%R < IEEh 5 (Mero & Komi, 1987). KEA<C AR “SAM RIAI, MBI HREM
72T TRLIRBEEHIMNEER A L TVD Z &b, ZiLb O W AlEEN T ARAZ I B &
SBEEBNZ B2 DT 2 E MRS NS, LR - T, AR & — > i 5 i
BEART O 1L, WIS T TE U 2 IXBEEMEEENC L - T, Do dmn
Sz < AB ZEH L CWErTREMERE 2 b d.
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AWFFEIE, AR 2 — 2 & LT NINV 23 538F0 100 m EX 1 A
DVINV 2T 5@ F LD bENZ E 2L Lz, EREEICIIT 2R R OBIEIX
SRS 82 LT D IRFIC BRI 44T 5 BEeBREA RO, L L7end s, FREREE
BEFORKFERE T, RN Z RN TEVAMEZ #8535 Z &k Y, &%
ERELHFFSEDLZ ERRETHD. L7 > T, NAB 23 28T, #IHHHR
OB LAEZ/NSLTHZLICXY, SN T 2l O e EELHRE L, %
EHEEZMERFT A2 LT, MOWAT Y U b7 —v U AZ T E ARV RIR X
5.

2-5 /NE

AWFEL, FEREEER T IS T D AR O RTARIE S ] OVK T H A SR/ 2 — o
DYETERBR L. £, ZOREHEEZNNT, B Y — 21T 55
THREIEHEESR T 0% <X, AR RS S 2 — 2 & LT INV 368 K UK - i e i
M2 — L LTABZERAT LI E2HLMNI L. SHIT, Tk RERAMEMICH
B &3, RTEEM AT <% — 2 & LT NINV 27 22T, INV 267 55
FEOVH100m EX A LPRFENZ EEZHLMNT L. LeR - T, &0 oy kD
RITRE M A S St N 7 — X, BRREERFORA T Y v bR T o —< U R ICBET H EHE
IRA F A T =7 ARRF T o % AIReMED RE STz,
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HI3E FTEBEMERTICRIT S RREATREEER] N Z — OERBERE LT

2 FY v "R T F—w R EDOBERK

3-1 By

WFZCARRE 2 1%, B 7B ER TR 2 S o SR TR i L S & — o D 4R
BEEBRL, TOBERAERBIORAT Y v b7 4 —< AL OREMZ 52N 5 2
LR HME LT

3-2 &
FENRE

2023 - — X B S v 7c A ARKE R AT EEIHREIZH T, 100m EFEH 1T
H5 U le @t UL Lo T e R F 2 o g & Uiz, BBIREE, HohLoE
BN R & FiE B KO AT L7 B C, ARREFTITo72. £z, B
REIE, BEHR A O FERCEE IS KFEN RN K D HICELE LTI T 7. 70k, AT,
VATEERZAC R D [NEXR LT O RMEEELZ RS OFGE (K- N-2022-94) %
GCIEM LT,

N

AT B E DRE

BTSSR DIREITIENL D, T o= — RO IR O WG A AR 70 A R G247 % B
< 284 4 ZMTExt G & Lic. TR OFRANEREL LT, BT 2 S L (Sugaet
al., 2020; Tottori et al., 2021), #fi1E 100 m & ¥ A A3 12.00 FLL EOWFIERI G4 % fif b
KGN DRI LTe. FTo, B N2 — o &R iR R & — B L oA gEt 5
B BTG DRI LT

BRAQEREE D 51k

MBI DO ET A A 1L, B 7 4 —/V FNBIXUA A A Z 2 R EICEBGRE L
7o REIGHE OBEIT, mEES AT (Exilim EX-F1; CASIO #H#d : 7 L— A L— |
600 fps) ZfH L, HAFEERE CTHD 60 m s (400 mH EFEE D/ — KL 10 5 H
frfE) P HXGERFITH L TEEICRD L IIZ7 4 —/V FR BT v 7 Aflk L O 5
18 cm D& SITRRIE L Ciijie L7z, £7o, AR ELZRET D720, Ton——F%
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BNIEEHNE, AA AL 2 R ESOmANENG BT A A T 2 VD CEIEHRE 21T > 7-.

FARTERTRE B S — > DS HE

FARTETRIE SR~ 2 — o D538, 1 4 OB S EEHEE Y 7 (QuickTime Player :
Apple #H#) ZHWTITo 72, plEMGORIIL, 74—V PN T v 7RI ORE L
7o D 60 m AT Tl b CTh o T A R A TR R & U, S EB8H Hitif | e I Bfik
L7z £ TOmMB Z 2~k THAEL TTo 72,

6 |Z SRR B N & — o D WG 2 R, SR RITE S S 7 — o D43
FlEE LT, 1ZU®IC Hasegawa & (2007) DFIEIHE, FefNIHIuE (ZHaHL L 72 /258
DERLIZHEASNT, AiREE L 2 — o, R 2 — o, %R % — 125y
U7, AREEMIY, SAICRIRA I ST 5 X% — 0 L EFR LT, HhRiEE
1%, BRI RERR THIEICHET 5 /37— L EFR LT, BRI, RN e
DI D R F — L LEFRK LT, RIS, AR NS — 2 LR F 2 k5
&L, AUEEHEHOREEIZIE SN T, FEE A (NHC : Non-heel contact strike)
L BRI (HC : Heel contact strike) ¢ 2 D243 L7-. NHC %, SEHHIC# 2
AN BRI T 2 X — o LEFR LTe. HC 13X, SEMNC 1% 8 503 i | 2 B
fih U712 T g 5 2 — 0 L EFR LT, nds, KRR EM N2 — 2 O3 OEENE
AT D720, 2 HOMFRENEESICERIL S 50 4 DY o T VG & IV CRE
fili L7282, SEATHISE (Cohen, 1960) DIEHEIZHEV, EEILIASHENE (£=0.902) 23R
Sz,

Figure 6. Typical pictures of sagittal forefoot strike patterns in male sprinters

Upper and lower pictures show non-heel contact and heel contact strikes, respectively.
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F1E 100m £ A LDOHEH G

FRNT XIS DR 100 m X A LT, BUgEERE 2 FEh L7k RS DR/ W 1 R
BEF L7z, AR TIE, EAEGEAD 100 m &4 A MM RITTRELZ FyNIT D72, B
TIZ/RT Moinat 5 (2018) OEEBE OXZ FHWT, HHIE 100 m X A 2&xFH L.

Corrected 100-m sprint time= P—0.0449w + 0.009459 Pw — 0.0042w?2

ZORE, PIIAR 100 m EZX 4 LB L w ZAAEGEE 2 NF IR,

HREFHARAT

TR R E S & — o O FEIE, BEHFE S L ORI (95%EHXH) TR
L7z. &7, NHC & HC BOMIE 100m &4 A AL, FHIE & AEHEFZAE TR L. 2 B/
DOMIEF 100 m £ X A LD ST D, Kolmogorov-Smirnov 7€ % VT, 5—# D
ERMEZHER LT, ZORE, ERSMARO LN LD, 2 FEHIOAIE 100 m &~
A LDOWEEE, $HED7R tREE W, 2 BE O OFEMERIT, 5% AT & Lz,
7ok, WEHRNTIX, MEHEETY 7 & (SPSS version 27 5 IBM #18) % FlwvCHEhi L 7=,

3-3 fER

TR DRE 7 v —Z s, WFFERIREL, 57 aiEiE®T 283 4 Th -
7z, ZOFOMIERIGE 25 41%, HiIE 100 m X A L7 12.00 BLLETH 72 &
O, FRNTRIGINOERIN Lo, E7o, W5 10 403, Fdset & — 2 LT
22D, FENTRIZR A BERAN L7z (GPH : 10.86 — 11.57 ). LLEOBE T m—nb,
B TOBESRMTE AT LT BRI RS T 248 4 ARt g & Lo, 7ok, fifTts:
HOWHH A 21F, 11.23+0.35F (#iPH : 10.44-11.99 ) Thoto. iz, iRt
HOHHIE 100 m & F A LOF TR A EGEE D)L, 0.00 £ 1.29 m/s Th -7z,
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Classification

(N = 283)
More than 12.00 seconds
(N = 25)
Rearfoot strike
(N=0)
Midfoot strike
(N =10)
\ 4
Analysis
(N = 248)

Figure 7. Selection flow of analysis in the Study 2

72 2 | RIR IR X — o o AR 279, NHC & HC Off =R, =he
131.9% & 68.1% T, HC2ANNHC L0 < fEH STV -,

Table 2. Number and percentages of sagittal forefoot strike patterns at maximum

speed phase during 100-m sprint race in 248 male sprinters

N % 95%CI
Non-heel contact strike 79 31.9 26.2-37.9
Heel contact strike 169 68.1 62.1 -"73.8

TSR B R RS S % — 12815 NHC & HC OFHIE 100 m £Z A LDk
R, HHIE 100 m EX A A%, NHC A NC L0 b AEICEWZ Enmd bz (P=
0.030).
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Figure 4: Comparisons of the corrected 100-m sprint time between sagittal forefoot
strike pattern groups in male sprinters
Data are presented as means and standard deviations. Abbreviation; NHC: Non-heel

contact strike; HC : Heel contact strike.

3-4 BR

AMFZEDFHZRFER E LT, BFEEREEE T T 2 S o SR Al fi < 2
—OFEAEREL, ZOZANHC L0 b HC 2L CT\We., £z, 2ok )2
Mz s o 59, NHC ZfH+ 2%F1E, HC 2T 5@ F LV H 100m EX 1 A
DN DGR BTz,

D (1998) 1%, BB A A7 2 FHEHERFICHBIT 2 27U & hH O
W BB A EEN D NS N D ERERE SN TV D, RIFEORERIZBN T, FkiaTe
B S F — o O REAIE, ZD% <A NHC &0 b HC 2 LTz, HCIE, 57
JEEG L B S Mt (S U 7 S 2 2 &, NHC X0 ST oo R B EEA
PR EZVATREMEN B 5. ABFEIE, #HIE 100m &5 A L7512 BRI DR 2
) U7 T A T 2 & Ls, ZAUSK LT, JHiED (1998) ofgei, it
RARBAAR Sy T~V OREEHEERFE G L LTV, L72ni>C, RIRHERTE HiHEH
B = OREFEIANT, FRNT SR OB LB A 2T 5 2 LR SND. 0
ZEDD, AFSEOFER TIEINHC L 0 & HC OfE 23 @ > 7o AREMER B 2 Hivs.

HC 1%, SEMECBEE A im C i35 720,  RJEFULA NHC L0 & E5HM (0%
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D, LTI EIT) ITBET S Z LA SN D, HIEICKT 2 E— AV b T — A,
RIEFIMCREKFEL, ZOT—AY F 7 — LTINS BINIH T TREL 2 51F
E, REBRHER ) 285 CE SethEnd 5. NHC I, SN T 2 2EF.Lo% S
BENDNDIRNZ LG, ST GBI THC LD b RWE—A L M7 — L%
FFIoZenTESL. LER-T, ZOREERE LT, NHC & HC OSZHIFTH o & BT
i MV BEIRRECH -7 LTEH, NHC OSHPEANSHZIIC)T7Z HC L HEW
T—A T =LA E ST, REQMER S OEEFICHBR LIZEERH D, £,
Nagahara & Zushi (2017) 1%, FEEHEERTFRE WA T 0 MNT p—< 0 R 53K T
DT DIV R BEEIRPERS LB TH Y, ZAUTEBEIEE ~v 2y & B m A D%
NETVEINE D 2 L TG TE L 2 L2 LT\, NHC X, RiEils b iz
Bl U7, SEENC o7z o THEER S I Z 8t L 72 2 L n D, SEAIIRT L B 25 b
EICK L CRET OBEZIMZ 52 N TESL. 2O 0 b, NHCIE, 27U o
ST 3 B R B BN E A B4 5 2 & T, HC XV b\ e B2 S T &
TRty & 5. LD Z &nh, NHC A8 19 2 kRt &1L, HC 2+ 251
HEERT LD L AT Y b7 o — < VRIS ER T 2 8 AR OB B RN
HZET, BNWATY Y M7 =<V AEFERTE D AR RIE S NS,

3-5 /MME

ABFGENE, FRREEE ST 31T D S O SR iR S S 2 — L O A B R
Lz, E£7o, ZOnEFEZNAWT, A 2 — o 214 5 5 aihiEEEF o
%2 <1E, RIRmATEHEM A NZ—2 L LTNHC £V b HC 2T Z L2 oML
7o, BT, ZOX 5 REAERNC SO 5, NHC 243 2@ F1E, HC 2725
BFELD S 100m EX A LN EE LN LT, L7eni->C, SEE o RIRERTE
EE N2 — 3, FRREERTFORAT Y o bRT g — v AT D EHE S A
B =7 ZAMKA-Cd D ATREMEA VR STz,
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HAE RO

41 REEBE

AMFIEIL, FEEEREER TSR DR S — L O EEZBR L, ORI
& AT Y 2 hRT g —< L ADBEMEZ B 5N LWl TOMFETH SH. AFFRORL
R & LT, BUGHAMITE CRE LR 100 m AFE B IZ Y U725 7Rk s F o
Gr—2 2L L, Ehad IR T 2 5% 3 Sk OR e i 2 — D
S LT, ZORRE, WS 1128\, BRI T D aidEin s K OVKE
AR N2 — 1%, EOZLRENLI INV BEAB 2L TW5 Z & &
LMLz, 61T, TR REREMICLEL LT, ArEma e S — L L
TNINV 24 5i%FIE, INVZEHAT 5@ FLD S 100 m EX A ADRENWZ & 2
BN LTz, WS 2 IV C, B FIRREERT O L < BRR M N Z — 0 & LT
NHC £V & HC 2 L TWzIiZ b 567, HNC 23 5iEFD 100 m EX A L
%, HC ZHEHT 2R FLV ENWZ LA LMNILE. Zb0—#HOERNSL, B+
HIEEERTFOL S BRROBERI N2 — U 2 LTS Z e LN L RoT2. ZD—
J5C, AR O 720 NINV ° NHC 23EWAT Y o M8 T o —< U A GRS D720
WZAREIZER T2 Z L b E 7572, NINV X, FIIEHEEO /N VRSN 2 L
AEIZ L > T, S0 BAEiS D 2 LIEEh 2806l L, &V e BRI 2 845 T & 5 nlhg
Pz Uiz, $£72, NHC I, SIHEIRTEOMEE O/ S WERE AN &I L > T, SEHB o
JEPIERE IR A NH L, m O R BRI 2 RS T & DRt A R Lz, LR Z &
5, NINV & NHC i3, SZlCHsT 2R 72 e BIsaEE) 2 3l U, w2 B oo
BENLTHERNZ®mDLZEICANTHY, ZNLORRE LTEHWATY o kX7
F =~ ADERICHBRT D AR R S D

4-2 THRBR L SR O FTRE

ABFFEIZ 30T 2 FRREE R F ORI N7 — o DI, 22— MR1BERH DLW
B E TROEEHTH TR RDOHRET ST L ERANOMERATH 5.
Nagahara © (2023) 1%, HEHERFICRIT L2 A7) v MROEEL, LAAFIEFHRTH
LT EERELTND. LEER-T, S%ONIERME LT, EREEERFICRIT Dr12
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R N Z — L DIERIFREDME & Z NN AT Y v ho%T p—~ v R RIE TR A
THLIEDKETHD.

WIT, ABFFEICI T 2 FEIEREEIR T ORI EH S & — > OIS, BORHERH D7
TAT o7 Z LITAFZEIRA CTh H. 100 m 1L, —RRANIERE, HAR¥ERmE, BoER
D 3 DOREINZT B, TRENDJFIET & - TEERRFZZ M ZECCE /) 72850 7
2D T ERHLNTEN TS (Hunter et al., 2005; Morin et al., 2015). L7735 C,
SHOWFERM S LT, MEHERTICRIT DA N2 — o & g KR ERE 721 T
22 < IBERELHCERE THEL, O ORI TOEAMEICA T Y v b7 -
VAL DOEEMEARETT D Z ENRETHD.

BN, AR, @ADL EOBFEREEERF ARG L L, A2 — %
SPELT. LinL2ed s, BB A+ 2 MM ERFIL, A7V & Mo
NI 2 EBIE AL NS WD ERRE SN TND (RS, 1998). L723- T,
SHOMFRIEFH L LT, MWATY v bRT o —~v 2B 5 EHERMEART O 2 % iR T
KL LIEGE0, MHEHEERTFOPTHLRAT Y U bRT 4 —< U ANEVERT & &
FUCKIN L7356 ORi R EH S 2 — L ORI A T Y & bRT o —< R & DR
PERFT 52 PR ETHD.

SHOMTELL LT, FATHFRICET 2B5RE) S, REMERF O (2 —
(DENDRHD ZEDPHONIEINTZEEREE L, TOENT = TR T F—<
AT D 2 & HFEAT kR A 7o A D = X AR S, RHEEEESE T OFEES,
OWCTIET7 Y M = TERICBT D827 7 ) n V— ORISR EL 52 7=, K
MR DOBGTHE O R D, HIEEERTICR W T H RS S Z — &R H Y,
TN AT Y "R T =< VAT 5 Z LB G E oo, L LR G, Al
ML S — L DB, A AT = 7 RGO D RS, SEEYYE, BN R A RS
D \UNEE DRSBTS TRRERIE L OREREMIIR T I RIE T BN IR ChH 5. L7
T, FEIREEERFIZRIT SRR Y — U DBEVB AT Y U hRT = o A
YD AN = RALEATEIUE, ZOBURICSIHL, MHEEERTOZ0ORESE, O
WTIEZ v by =7 EFRUICREREEL 52 OND /RN H 5.
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4-3 B~ DA
EEROBEFGTINT, R B A ARRUERAL & L, BRI o> e -0 2 B il 44
OINEN LT, ZF Vo hT =< 2D LA AR E Lz b L—= 0 ZROFRE 1k
PN ONFIET D, L LMD, ABFELLANC FEEREER T3 EBRIC 100 m EHic L
D XD A LT D DINIAFEN R B30T, BARE EBBGEEA L T\ D
M RGHTEBNC 31T DI BB O F51 %) T, A7V > MO RD Hiv 28
TEHiT & LT, REMECHEMIT 2 Z L3RR ST D (AARRE BiiHasi, 2018). 24
HEb LT, ARFEEORR T, B (D0, AUEHMONM) S 2 R IRk E
FEMRT D ENTERDS T, LENR- T, EBEOFHEHE CORMRARTC
HHEE & EEICREEREERTOMEN L QO 2 BEHIC K & R RBESFET 5. £72, AW
IX, FEEORTREEH Y — U NENWAT Y v MR T = U RAIZET D Z L A B
[ZL7. LIeido T, ZORIEEEM Y — 0 ~OEFRL, ATV M7 =< A%
M ESELOIIFEICET 2 B2 6N, LInLRD D, R 2 — D%k
UL, ZAUTHE D AL 2 &0 D SRR O TERD R 03 I8 Bl AR — Y E O
RAED AT ZEDDLAREENRESND. Lo T, BT DA 7 — o ~Gt
BT CTE 2 & 5 7t B0 SR P D 770 & 3777 3 L A o R IR o i b & B
e Ll hb—=2277arI 08 2L, 77A4FA M) v 7 hL—=27) OREN
VETHD. ULDOZ &b, RFFEORRITL, FEERTFOCOREEN AT Y b
INT v v AN B 2 B EREE & S FICBIER T DT el Rt 5 L & b,
ATV MRT =< A% M EEELOOF N L—=vrRarT yva=y
7'a 7T AORIMICEIRT 2B OEEA MR L 205 Z LA END.

4-4 5%

AWFZEIE, IR CREFREEEE T IC B T S R N 2 — o DR R B SR
L, BFHEERERFIMEN T DRI ME R Z — AENRH Y, ZRNRAT Y o fX
T AT S 2 L LT L. Liedo T, MEEEEERTIZB T D REH
Pelt R — %, ATV U M T v U RCBET DB IR N A A T =7 AT
b D AMREMEDS R SN D . AW O BER P FEEHEEETF P A7) & hRT g —~v U AT
T ORI R S5 B L7 D 2 L 2 WiRT 5.
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