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Investigation of fifth metatarsus fracture mechanism
based on measurement of soccer movements
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A fracture of fifth metatarsal bone caused by playing soccer has been widely reported. However, the fracture
mechanism of the metatarsal bone has not been sufficiently clarified yet. The purpose of this study is to investigate
influences of moves in playing soccer on the fifth metatarsal bone behavior by using motion capture and foot pressure
measurement system. The experimental results showed that foot pressure under the fifth metatarsus bone of the pivot
foot in a cross step motion and a cross kicking motion were higher than that in inside step motion. Foot width got
narrowed in the cross step motion and kicking motion at proximal end of fifth metatarsus bone. On the other hand, foot
width got widened at the distal end. It is expected that identification of the mechanical behaviors in cross step motion
and the kicking motion on to the bone stress distribution provides useful information to clarify the metatarsal bone
fracture mechanism.
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1. ¥ ]

AR—=VEED—2L LT, FHEPEEERSEINHY, o h—ItBWVTELIBETEZ LB EINTY
%(Shuen, et al. 2009). AEFMIREANRETEREAS L THERENEL, FHLTLRBERSDEVEMRCER
Bl DR L SN TEY, ZOBEYLTHLBENPRERMEL LTS, ZOFELFEEICHE
TAHEHD 1 FZEED, 1902 FEi2 Jones I & D AMEHT & L CHRE X (Jones BHT), LUK, HEx2BFzE@Enie
N TV B(Jones 1902). Raikin &1, Jones BHTDRALBRET 74 A FOBEEIZOWT, 21 4] (20 A) @
Jones FIEEEAREZ MR, X REBICL VBRI T 74 A bEFHMEL, 18 BITHERART 4 AV &
8877 (Raikin, et al. 2008). Yoho 5, Jones BHTDRAE LFIEERT 7 A AL bOFEBEIZSWT, 30 Fl0> Jones &
WEEERE LR 30 Bl A LLE L, Jones BH OBEENH D BETIL, PREVEBMICNEEL TWHZ LE2RL
7z(Yoho, et al. 2012). Z#LiZxt L C, Hetsroni 51, 10 AOBEFERHDBF L 10 A\OBRRLBFORKT 74
A PBIOREFEREZRITY, BEOT I7A AL hOEEBITNEL, BEOCHIBEIERLPEFTENE N E
WHZEERLTND. ZDED, N"AT—F THINENREDFENT 74 A M IV b REERESGRE
FOFTMER, FRIEOBIME L LTHERTH D LB TV 5 (Hetsroni 2010). ESE SIL, Jones BHfOFAL 2

Y RBLERERER HRELEIER ERBEEHER (T1450062 #EH E BX AL 2-12-1)
? RIERAWRE BWSE (T130-8587 HUREREMEXANE 2-1-11)
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JEEDREIZSNT, 7510 Jones BITOEERENH HRTF & 27 BIOBEDE EFOSTREEERELRIEL,
B LU TRl L7z, BEEDHZRFOFHTEEE, STHBANRKEL, MIEMORETH 722 L2 HH
2, BEERMENEREFOERNMEE LTHERATHD ERRTWD, T, 70 712k 2% EEEING
AT, BEBILC—EDOHENH DO TRV ERRITNS (BEEM 2013). 7=, BAFEEEHOA
IZEB LIZFETIEZR WA, Eils bix, by W—BWEORERESHZBEL, Iy T 4 TEEICBWTEHEEF
BEEETOREEMELS, va— FBMECBOTIIEL Loz 2 L 2HE LT3 (Eils, et al 2004) .

IO DOHFEHREICRNT, BT T4 A ML BHEIRERRTFO%HA, FLTREETOLEE I
EIZ L B EREBEORFHNITENTWVEY, BVWREEREDOLIICELPREEINE5IEZRI L TWENID
W, BEEFEHAZSZRAVZRENRZENTHWARY. Z0ED, SAPEREEINOREA D= X LRADZD
i, Py BRI L s TEWREENS EE I3V a2 —XNTORHER, FEPREEHEE OV TR
DMENDHD.

ZZTAFETIE, va—RERVWRETHy V—8E2HBH L, BEESMIHRIZT TIERLS, -3
UF X TF ¥ VAT AL D REEEFAIZITY, Vo A—BERBEETREICRIETEEORNEIT 7.

2. EEPRAEFRFTOME

2-1 BAPEREFRITORECLR

ERRREEFEITOREMNBIZONT, RERSRETHRERZToZ 10610 X RE®R (K1) 2EITRITL
2. R1TRT X1, FRPREEMEN O EITREBMIEBE CORS%Z, FEFRBFORIZ 100%& Lz
BOERTKRDE. £ VDR T X ) ICEITRBBAIEBIITEY 36%, 1ZERZE38%THD, 10605 HE2DFE
WRREFAHENDE L TNB I ENLMND. - T, Yy I—ICBIT2RERMEICL > T, REFHLIZEG
HEDPRRETAREERBNEEZIONSE. KFERIZBWTIZOMBIZRAT AR BIFEZMENSR L LT
WA,

Table 1 X-ray study cases

Case No. Age Sports Fracture side Position of Fracture [%]
1 21 Soccer R 35
2 17 Soccer R 34
3 21 Soccer R 28
4 - Futsal L 35
5 16 Soccer R 37
6 17 Soccer R 43
7 19 Soccer L 37
8 15 Soccer L 39
9 18 Soccer R 39

10 - Soccer L 33
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100%

35%

Fig. 1 Measurement method of fracture positions

2:2 ERAHEREFIRFTORABE LY BIME

MEMBOFIIEFER THY, BHEH L ARV ERROBMENRE TR, Vo V—0FETEEN
CERTREBICAREZEX TV ABMENRERTHEEELLZD. ZZC, BRTYREEEFORREALR->TW3
BERHEL, SHAIERTHRT D, KESBIROMERNH A RFET v I —BRFEILEHARICA L ZE
a—%EELE. ARL, ERAPRENROEEL DEATHERL, Zh2BHRIERELEZLOTHS. #HE, 2
213, HEICEWEZROLMIZHREERTARAT v 7O, EVEROBEEHRREEIMirt B~ (K2 1), 14
R MMEOR— N ZEE O X5 ICBAEMEDRE, SROERFTRENMmirl R~z (K2 TF). WFhos)
Eh, R OB DR L 2o BB ORE L 2D, FETRBICR VAR IND Z ERBEINS.
F7, BIBIIXFERIMICHRERI AL, BFTVA Frbrurxzd EiFfaL 5%y 7 OBICKLEL
RBMMETHY, Vo —ICBWTERTIHEELEVEELFLELONS. ULOBREYBEIZ, by b—8)
ERHAIERRIZ BT 2 BHENERRE L 7=

Fig. 2 Moves with the pain; upper and lower images are corresponding to the step motion and the kick motion,

respectively.

3. Yuh—REHARE

3-1 REME

wWEREII2 4, Voh—va—X%2EZAL, A\LZRETY v I —F2BETERETo7-. 4 EHOH
ERFHAIL 7=, SEMEIZ 6 B VIRL TITV, 9L S5ENIE—v a v XX 7 F ¥y AT AKX HEHE], 1 BIXE
= alF ¥ TF v VAT AL BFHABLONA A= RO XA FIZLBEBIZIT-72. 6 BIORFZLTIZRBL
TRIEEAER LORKODBAIEE EM L, 348 BOBEFTRIZIT 7.

3-2 @HRE

BHY o H—BF 24528 L. #BRE AILHE 176 cm, {KE 69kg, = —ADH A XX 26.5cm, ¥ v
H—FE 124, FIZRA, #HREBIIHE 171cm, KEG60kg, > a2—ADHYA XL 255cm, ¥ vh—FF 14 F,
FERETHD. WTHOREITOBALREIZE .
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3:3 RREME

AERIIHETERFE—a Xy Fryi—Ah (K3) TEELE. KRVAT AL, 0BOF—TarF
¥ 7F ¥ W AT E 16 RORRDE B 5. KKAIFHIRE 600 mm, #E 900 mm 23X 3 O L 5 IZRIEFEBICE X
FEHLNTWS., KERIZBWTIE, 40X 512, $600mm, #900mm OANTELZERHEOLIZ 6 KT
Lz, F£7z, HBRENMALZSZ GBI HAEMEZEZEL, B20OO®RML ) BEHIC EVA 74+—A3— %
kL.

600

900

Fig. 3 Overview of motion capture room

600 measurement point

)
_

900

Artificial turf

Fig. 4 Artificial turf arrangement on the force plates

3:4 RRATHEBAL:-NE

Py —va—ZXEEMAL, ALEOLETABBAOMEDOHAZIT> 7. XFRIFILZTERTHY, HEMiFO
ZERE Rl

EREHEWE, EICHFRERTIAT Y @A 7uRRT v ), ERZHEME, AICHREGHRTHRT
v 7 (@EB, £ YA FRT o7, E&FF 30 EMANLEEL, EFM~/nRX&2 EiF5Z L 2AELEY
> 7 8E @EC), ERIZA—AZRVTOBEDEITHMMNE 90 EDOHM~Dx v 7 (EED) ZFHAILT.
BED DX v VBRIIRKRENTERT S X S I2fR L.

BifEA, CIZEAL T, 228iTRATZA L F Ea—ZBWVWTRADRH D L SN 2BEXRICRELTEY,
HEBRELPEBFAMPIRES2DEBLOND.

3-5 MAFE

BEERTIE, 100B80F—va I ¥ 7F vy W AT 2EERA, RRAGHI L ZERIIFHAIZITVY, Hy
H—=Ya—R ANTEERTIXINOIZIMZ T Pedar 1 >V — VB HIC L D REEHAZIT- 72

T ard T FAATE, FRORERFL, KM CTCEL~>—HDO3IRTMBEBEZEHATS. AERIC
BWTE7—AE2RNE, SR, BROERMEE, 21 MP BESHORNMES, /EEoOEME B, BEPREEM
SRDIMAS, FRHPEEEHMOIMUEIC 2 B, HBEPREENMOIMUE, EEHRREROR 10 AIZBMt L7,
45 MP BEEi PR, BHEAPREIMUED 4 SO S BO—HIZONWTH, La—X&2L 0k ZLitk-
TEBEE AT Lz, BRtOBEA S B3, /IMEORALS I, EERAEO 3 A0~v—Hh1iTy a—X OIS
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TAHMBIZEET L, AR, ARO~=—DITEELIZET L. = — D DOEAMFAIO T L—2h L— b 250 Hz I25%
ELE.

ERAZ, 7FHuelike LTHASKhAZERRAPLOFEEME 2 KTEE), KRKA G KR~ hV), BH
F— A REEAIL, Y7V S EARE 1 kHz THRIELT-.

REERIEIZIE Pedar 1 > V— /L2 T ERAWE. KA VY — 2T, BEFE 9=V T (X6) IZHE|
L, 7Y 7B 100Hz, 53#ARAE 2.5kPa 12 CTEHAIL 77,

Fig. S Marker positions

Fig. 6 Measurement area of insole sensor

3-6 MMEHE

AFRIZBNT, va—ANEHER, FATEEEHELERT 572012, KHEEMOE(LEKRDT-.

< —ARGREE, SR, By bFT7RABEE 20Hz DAY —T—RBlo— /)RR 7 4 VA TRELEZOBIZ, Bt
MP BfEiNRIER~—A (M7 ~—H 1) -BEPREERMIBIMUEE~— DX 7 ~—Hh 2)0~—H EERE GBI
t8), FEHEE MP BEiINRIER~ — b -FEHP B EFAMIRIMUE~— D o~—H (K7 ~—D 3) FEM GIADEEE)
Z3Red, BEHORT & B OZEOBEMFPRFRIE L KD KR IFHIHBW T 201N B ED i3kt Siv/-#hH % #
HHA L B2 LT,

F77, BAFERBETORKELSE, M6iZk1TH= Y 7T 68,61,54 DX+ FERPREEMAIES, =V 7T 47,40
OEHEFERPREEMMAEA L L TRDE.

Proximal
width

Marker 3

5% metatarsal bone

Fig. 7 Calculate method of foot width
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4. RBOBEREER

4-1 ERNEOREELSIUBEPERE

3.6 HiTRNIFHEFIEIC LY, BREETo. HKRE A OSDEOFHRIIBE (B O BIEOFHED
L, BHFATORIBEZEW=bD) OBRVIRLIZEBER COFEHEH 8 IIRT. £, FATEE TOE/NDFEY
DY IZ LIBER TOFEHZK 91T, HWRE BICEAL THREFRICK 10, M 11IRY. VI 7IRTTF
— A MFREREICE SV TERY, mMAltREEITY, AEEERFLE.

MEREOFE LR RFEANCELT, EMQES, ERESEIC, BEA,C LBIEB ORICITAEEENR
b, BIEBICHEILT, D LFERAFREELRAV- BT, ARAEEL BT, Zhut, 22
TR F Ea—TRHRL L SNEBETHY, A Fa—L—HLIFERL - F72, FHERED
BE A, C LEWEB ORIZIE, FhPRBIMWORELIMICOLARENRLN, 12—, BATREE
TOREETHIZARE SNBIME A, CIZBW TR, EREEORD (HDWIIEEAZL) KARLh. 20
RBOBAE, BREHDVNEY 2 —ZXDT vy 3=nb NEXFIZRMBPER LD THLEZEZLNR, Fht
BREERA VI a—TRDE SNTEEECBWTEL TS Z 2D, FEHEEFEINOREAN=XLED

BhEZ R D ERDH .
8 L 1 L T I ‘* * % 1 )
_ : 250F = ]
g 6 . % . x % x
]
E = 200
3 9 v 150
Y =3
o A
¢ v 100
24 a
c *
© | |
< -2} * x | 50
- A L 1 A 0
MoveA MoveB MoveC MoveD MoveA MoveB MoveC MoveD
n=5 n=5 n=5 n=4 n=5> n=5 n=5 n=4
Fig. 8 Average width change during contact phase in Fig. 9 Average foot pressure under 5 metatarsal
subject A; Bar denotes mean value among repeated during contact phase in subject A; Bar denotes mean
operations. Error bar indicates S.E. . Blue and red value among repeated operations. Error bar indicates
bars show the value of distal end and proximal end, S.E. . Blue and red bars show the value of distal end
respectively. and proximal end, respectively.
(* £ <0.05, **t <0.01) (* £<0.05, *** t <0.001)
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Fig. 10 Average width change during contact Fig. 11 Average foot pressure under 5" metatarsal
phase in subject B; Bar denotes mean value among  during contact phase in subject B; Bar denotes mean
repeated operations. Error bar indicates S.E. . Blue value among repeated operations. Error bar indicates

and red bars show the value of distal end and S.E. . Blue and red bars show the value of distal end
proximal end, respectively. and proximal end, respectively.
(* t<0.05, **t <0.01) (* t<0.05, **t <0.01 ,*** t < 0.001)

4-2 ERERBBRORBERN

A C/R L2 L 51T, BfEA, CIZBWTC, BHRsICITAR EIEIEE L L2V, b LIEEESICHEb LT,
AL RRIZEN D LW HERA LN, ZOHRBIZHONT, HRE A DBEA DAL AE— A AT 2 AN
FRIEEZBICET, BEEBEBEL-.

NARAE— RAAZIZE L, BEOBBEORZEN. 207 = — XADHEERTE 2. BB X% 0.2 s LAgiiO#EH
LThOERIFESETO, FHOERLZITIEDDFMT =—X (K 12(a)) LB L% 0.2s LAIEOEEHSF
x, AMERCTHELZEY EICERBEDIBIZ L7 x—X (K 12(0b) TH5H.

K I3IERT LI, BT =2 —XZBWCEMIBEBBILRT D016 L, IhmERoOILKiT/ha <, B
L7 =z — RABWCEMIREBOM/ PR R oND O L RFFHZ, EAREMLIEED, BElEil v bk ioT
WARZENHERTES. RI4IRLEEEREFE TORKEIX, FHEHIENMAED, EARES & I 100
kPa Rijf4 £ CRMRIZ EH L, ZO®%EMBENILZET D0Ix L, EBAAIESIL2508kPa £ TOLERBRALN
7=,

IDEHILRREERMET, EEESEOAMNEINDZLIZL-T, 21 SR UEMBICE TR Y ol g
DAL, BHOBRRE LS TWAAEENEZ bR, ThHOBRFIIL, AREZE I2L—Ya UV EFMCL
DWEREPRFOEN, HHIREZROIVENRHDLEEZLND.

(a) Landing phase (b) Kick out phase
Fig. 12 High-Speed Camera images
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Fig. 13 Width changes exmaplein subjectA during Fig. 14 Pressure histories under 5" metatarsal bone in
moveA subjectA during moveA
5. &R

EFREDEFITLT O3 R TH 5.
BHEPEEEFIBINOREMBERIT L.
X RFENCH RGBT HRAT v, XFRFMEOR—NE2702% EIF2X51BAx v 71220 T,
RABHIIEIZ DN TOA U Ea—RBLUOERTHRALZBOBEFERFE TORERICLY, BH
PRBEESBINORE Th 5 rIEtE 2 R L 7.
LREOBREWEIZISIT 5, FFREHFNC, BEPRBEEMBIZE T 5 BENE LY, & LIEEE
ZHEPRLNT-Z Ld, BIBELL, BEPRBEFEINOREA T =X AL OBEEYHRFT 5 LE
BhHhoHZEERLE.
FROBEELS, BEPEBEREDOLIICERETRBICATE L TV ADOINRMTH D RITEHD
BETHY, ARERS IaL—alryEFNVOBECLY, FEATREFAMERDDZEEZBITL TV D.
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