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Mechanical Evaluation Index of Fifth Metatarsal Stress Fracture in Soccer
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Fifth metatarsal stress fracture occurs frequently in soccer. Many researches about occurring the injury have been
conducted, however, they mainly focus on structure of feet or plantar pressure under fifth metatarsal bone. Therefore,
the value and occurring mechanism of stress on the bone has not been clear. In this study, we conducted finite element
analysis of movements in soccer using a foot finite element model and clarified stress at fracture position. Then, some
mechanical parameters which have correlation with stress were found. Firstly, we conducted subjects experiments of 8
movements which occur frequently in soccer to define boundary conditions for finite element simulations. Foot
motion, reaction force and plantar pressure distribution of 2 Subjects were measured in the experiments. After that,
finite element analyses were conducted in cases of 3 movements, which are inside step, acceleration, cross step, by
inputting measured data as boundary conditions for the foot finite element model. As a result of simulations, max
principal stress at fracture area showed higher in acceleration case. However, considering duration time, the inside step
case showed the highest value in 3 movements. In addition, it was found that each movement had different physical
parameters which showed high correlation with stress at the fracture area; forefoot internal rotation, plantar pressure

under fifth metatarsal bone or thenar.
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By B —IXEBEICIEF ICARDENAR =Y ThHDH DD, FHIZ L > THRET H ARV EEIHE LTk
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AEEHEDFAA T = X LT DUERMZEITE L < AFET D b 0D, BHEREOA I X o TH 7R 2 5EE
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Fig.1.1 Fifth metatarsal stress fracture
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3ETITO oy H—BERBLY R 2 L—v a VIZEREMRE LTANT 27 =2 2 BUGT 272918, Biic
BB X 2EEE N TZ 258 L ERECHIEL LAHIZ1To 72, 2 A OWBRE 25502, SHEDY v b —
EEZ RS & Lz, BB\, B—Y a2 3 v IPF XIS K DEMER, JRIEEDAREHR, PR EHA
ATV, BIERITOREF AN A AL — R I AT TIRE LZ. B, AT 0 b UUWIHIR TEREA LSS L
T O RMPEFEAZAS LV ARSI TN D
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Table2.1 Subjects list

Subject ID Height [cm] Weight [kg] Age Dominant foot M.H.
Subject 1 170 58 20 Right Right
Subject 2 170 62 19 Right Left

2 -3 EHAIENE

FHHlOXR ETHEMER, T L—FICRE 2HERES L OHREOH HBF~DA VX Ea—%E LT, &
ERAICBEERITTEEZONDLOERE L. ZORE, E@Hm~0ENS, Ay LTHEFICT
NLEMEEME A), 5 5OV K LEIE@EE B,C.D,EG), RiJFAI~NIET HEE@ENIEE), HiieT =78
TEENME H)DEF 8 BIEIC OWTEHIAZTT - 72(1K 2.1).
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Fig.2.1 Measured movements

2-4 EBRRERUVEE

AREBRIL, WHKFEOET—V 3% vy 7 F v A7 A (VICONMOTION SYSTEMS, VICON £), 7 HDE—
3 UF ¥ T F v AT (MX3+, VICON th) & 4 DR IJFHAMTI #£)72 6 72 25 HHI S AT I A A 2 72 SEER =1
LEEBER L TT272(K 22). B—3 3 & ¥ 7F v TIEEERE ORI L7z 10 Roo~—( 2.3)D =1k
TCERE A, IRICEHCIIRR O OFmArE, 3 i moRKR ), BRE—AL ML S5, BIE
JEo A 2 3T B 720124 Y —/b& W (pedar, novel #h) 2 W o, 2ok T, RBIEE 99 = U TITHHEIL,
ZOENEIWTREAE L BIEEZFHIIT 5 Z & ARETH 5 (4 2.4).

Fig.2.2 Experiment condition Fig.2.3 Markers position Fig.2.4 Insole sensor
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3-1 RBMARERETIL

Ty D—EWEFEY I 2 b—2 g VITHOW D TZDIC R ATRERET VAL L12(X 3.1). ZOET /WK
i, O, B, B, RIEEEAZNENET LS TEY, RSB DIRIES W BE O CT Wik
MHE/S— NOFIRE, TRNOYMEEEZTUS LZ. 9, ERWEREER Y 7 v =7 &2 AW, miEmD A
TAADD BHAEEK 32 DL IIIEET 52 & TRARAD IDHIRATGL, BHEREZX 33 DL I
BETDHZ LT, BHKOIDREESG Uiz, BHZEEha BT 2700, AFE, TEs, NHERE, M
B, SMUBLIRE, S &GO RNIE RILE 2170, HEfilE %5zt.§% TEFEDT- DI LG
WOMNCZEM B UIE Chololo), K, HHPREUSNORRE, ShE, WEEMRE, PREsRE, Ml
BRE, SEE LI mmBENCA 7y B LIZA Yy Va2 FEEOY = VEZRBRE 08 mm)E L, 4 7%
v MDA ¥ 2 Y =V ERE Lz, BHPEHIE LIlmm AMIlCA 72y L, 78y FLTZA Y
o T 2 VEFE L L.
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Fio, BRESVEIRA v v 2l Lo TEAR Y = VERARE 1.5 mm) TREO ERAETEL, BINEE
WAy v 2R o CEABY = VERTIE, BFE, g, EE, ke, TEE, REE, EreoREss
ETT ML LTz, BEINEERA v o= L REEE, PEE, NHELRE, TEERE, SMUBLRE, SThE o
M=, &8, BeE, g, g, feRe, e, Rie, o8 E s = VEHR L O & MEEY Y
v REZE T ZTT U Uiz, BHPREORT, BEROIS 04 E LV BEIGINLD LT 5720,
AT LD REE DIERDEACEEE LT-TT NVEER LTz, ZD7=HIC, CT Eifgn b REE & HEE O5R %
BEL, ZNZEno/— &Y Uy RERTET MELT(X 3.4).

B, MEBNY, ©—LABERTET /ME LT, BIE, RPN, RREERIE OBIEN D, M R, JE
VAR RS, BN EEE, EURRE, R, R, SRR R R, AR

ISR, SRR, RO E L ERE TN ENET ML L TS, FTe, RS L

CRIERREZ T AL L TS,

ETNEIRT, FERY A TOERFIIE— L HEF 379, > = /VHH 33594, VU v REHE 165661 & 727z,

FOEB TR L L, B 2000 kg/m®, ¥ 7513 15 GPa(Yamada, 1970), A7 Y Hid 03 & L7z, HEE
VEBEMEIA L U CEE 1000 kg/m?®, Y2 7' #R (% 100 MPa(Yamada, 1970) & L7-. £7=, B ISHERNVEBER C
/e SITNDT2D, REHMERENKEE LS RD LI RT YV % 049206299 & Uiz, AR E LI OE
WEHA L LCET B Lz, RBIEMEAR & UCBE 1100 kg/m?, Y 73R 0.72 MPa(fafift, 2003), &7/
FE1E 049206299 & L7z, #HARKIIIERIZ AT 28 2 8L 5 72912 Ogden E7 /L & L7z, Ogden E7 /L DI
BXOYERUL, ¥ 1, 55020 & LI, 2011), FAMMRENE 1.1724 - 103 & L7-(B1EHb, 1997). F7z,
AR DB EIL 1000 kg/m® & U7z, BUESITEMRIC DA LK S e r —7 v vl L, il o, OF
Fr e DRGITRTBIRZT 729 L 912 L7=(Abe, et al., 1996).

o = 137.66¢ — 0.6744 (3.1)

JEEIIE L, SOk Y SR EE - — 7L & LT 203.7 N/mm ORIPEE &5 X 9 &5 14k L 7= (Kitaoka, et al.,
1994).

TOXEIICLUTHEELIZTT V% model A & L, BESOEIEEZMZDT2DIZLLFD 2 SIZHOWTEE MMz 72
EF /L% model B &4 5. 145 HITENH ORIMEE 137.66MPa 725 400MPa (ZZ5 8 L7-5, 2 SRS LR EEo
WAL 2 L E S E L2 Th D, MET VOEREOFBNEIZOWNTILS « 32BN TlRRS.

(a) Skin Part (b) Skeleton and Ligaments Part
Fig.3.1 Foot Finite Element Model

Fig.3.2 Outside shape of foot Fig.3.3 Outside shape of bone
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(@) CT image of 5th metatarsal bone (b) FE model of 5th metatarsal bone;

blue is cortical, yellow is cancellous bone
Fig.3.4 Modeling 5th metatarsal bone

3:2 Yyh—BEERIIaAL—aVvDBEREY

B I —EWERHERIC I W CTEUSG L7e~— 0 O 3 IROTEBEE, IRIXT), JRIEESA % A TRESRET /LA
NT BT, By a— AEERE EERT D, vV a— RAEER L, FTEFRAE~—D5, &5 MP
BAEI O~ —J & 8 B R B ms e i~ — I O FRIZ Ao T x BiA R ET 5. WRICE U < B %A
=D, HEERAE~—, BHE MP BN~ — 2, FH AN e~ — A O 3 I Lo TE
LIDFEICEET, MOREMZELTDEIICzMEZRET D, &EIC, HFEEREET LI yizsr
ELTZEESR CTHH(K 3.5). BEHBREIO 1 7 L — MBI DY a—RAFEEREZ VI 2 b—a D/ a—3 L
JERER & —E s, WER~—0, AR~ —D OHREOEE) D WHEET 2, TEORZNZAER S NDHT- ey =
— RJERER & DI MR EFET 5 2 L CHiRER 2 T nEG L, ZORABEZEEICHT- 53— MK
30N AT D Z & TREBICHRHI AN &2 5 % 7.

£, FHESHIEER B L OBIEEDAAIC &L 0 RIEICON SEAMEICOVWTIRE L. =) 7 ZE DK
JEP %, FHHIL72 RIEEOAFHE TR LAKIZHIT 28 7 ORIEEDHERD, FAUIRKIID 353 7)F
BT HZ LT T ZTEOMEL 2RO, ZOBE, KRAAPELTWDHIZHE2b 6T, BIEENETY
TTOLRDEAND D, T, MEITHW A Y=t o DOSIRREN 2.5kPa TH Y, /NEREIEES
FRINTE TWVeWZ ERFRZEEZ HND. ZOXEE LT, 2TV 7 ORIETIZOHEED 5% TH 5 0.125
kPa DR EEZMAT-BICHAZITT> TV AEBR). 29 LTROI-m Y 7T ZED 3 FraofiExz, 9= 7
T T RIEOHI R 3N E-2 2. Yy 7 —8EFIFEBR CIT > 7o E | o8EC (BLF, A>3 A1 KX
Fv7), BEE (LT, IEEWE), BIEG UUT, Z7u2AT v ) MhHETF VAT HEEREMZ2 TS
L, Yo h—EEHHRY I 2 L—a VBT T

P,(t) + 0.125
¥99(P,(t) + 0.125)

L) = F(®) (3.2)

Talus Bone

L

Fig.3.5 Shoes coordinate system Fig.3.6 Talus bone position Fig.3.7 99 loading plantar areas of
simulation model
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3-3 BEHERERETILOR LRI

ARFZE CIXBEMERHC I 1T D DL, FRIRIE RSN 23 2 E N heiEEh(X 3.8)Ic% H L CET /LD
ZUMRRGEE AT o7z, WHEET O R E S & EEMIFHET 272012, WiEA A0 2 X33)D X 2 IER L
ZIZT, 00&iIX3.9 D3 REEE R, AR EEAEIMART, REE MP BRI O PR AR A TEERIC TE
LOEHATO, 0 IXZFOAOERLUOREITHD. Zhb —o0#%EE L VNIEM A0 & LT-.

A0 =0,—6 (33)

Fig.3.8 Foot internal rotation () Before landing (b) After landing
Fig.3.9 Define of internal rotation angle

ZONEMICEH LRYHERFERA DY 2 2 L—3 3 V2T 12018, FilcGhHlEREZI T, ZoFEBRTILE
ERDAEFE B & B3 572 DI2K 3.10 D X 5 ITHBRE DR RIS~ — D ZfT Lz, ZD=d, (v —kr
b0z, 7L— MO RIEE S aHERemed, novel £ 2 IR /15 FICEEL, ZOETAT v 7 %2179
L THRRIBLORIEESAZFHI L72(K 3.11). ZOFIC k> THEONET— 2 2BREEE LTy I 2
L—ya VEITY, Y ab—ra r EOWEEM & FEERIC K o TERIl S - Nl 2tk 3 5. T O X403,
RERNIBEINEEX D EEZONDA VA AT v 7L L K3.1212, 1| AOEEBRZ IOV TIT-72 5 (4]
OFHAD B RDIZNHEMA OF-LE, FHIE EAEHERZE, modelA B D2 ETNVEZHANTITo7ovIalb— 3

ko THHENENEAZ/RT. ZhaRbE, model A W TITo72v R 2 b—y g U CIRERLY L
RERNEEB N & TS0, model B TILEEHOEENIMZ by I o L—3 3 > EONHEMA D ERIEDORE
HERAENIHRINE 72, ZOFRLY, REOY » I —8EHRHY I =2 L—3 3 > 1E model B % iV TiT-

7.

Fig.3.10 Position of markers Fig.3.11 Experiment condition
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Internal rotation angle ~10[ deg]

Experiment
L T Experiment+S.D. \‘\
-2 Simulation; model A ' \
-3 Simulation; model B “\
-4
0 0.2 0.4 0.6 0.8 1

Normalized time

Fig.3.12 1 6 of experiment and simulations

3-4 Yyh—EEERIVIaAL— a3 R

A RERET MC, 2 BCHAILEET — 22 AN LTy h—EEHHY I 2 b —a V& T 7.
BREME LT, #RE 1 OA YA RAT >, IEEE, 70 ART v 703 SOEET —% 2. )%
FEINL, BEE O REEEEMAGEEZ TS E THER L CW B TH Y, KEFIIMEM TH D Z L b,
BRENCAE CTERREBNDEMTOM & Uiz, BIEBICRE 5EMC S22 BRI 3.13)IAE Uik E
IS 314 IZEWED L IRT

BRTISOBRKAEE, 1 VA RAT v 7T 41.5 MPa, NKEENET 56.6 MPa, 2 @ A AT 7 C 41.0MPa
Lipotz. F, WHEINIEORWEFRETRAT D LOTIIRWVOT, E—7HOI LT IHS ) OREGERERH]
WEEZEEZEZ OGNS, I T, SRR 2RKFISORMENEZRDD L, A2 A FAT v 71X
11 MPa + s, JEEIEIZ8.IMPa s, V7R AAT v FILTIMPa+s L7po7-.

T, BYRERETORKIEISN D E—7 % & HREICB T 2 EHHFEE OIS0 %K 3.15 1T, 2
BRDE, BRIERL, EIEIHEEICEE S L SN TODITNMEREIGHNET L TWE Z Ebns.

60

2N Inside step
= 50 ! \
% J Vo meeee Acceleration
-t \
Z 40 1 / '~ = = = Cross step
E ] 4 [
= / ’ [
= 30 | [y Vo
=) v 7 \ \
Q 1 fs
E 20+ I [N
= / ‘\ \
A
é 10 ”;/ \ !
\
A ‘\\ .o _
0 - =
0 0.1 0.2 0.3 0.4 0.5
Time [s]
(b) Bottom view
Fig.3.13 The element of fracture position Fig.3.14 Max principal stress on fracture position
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(b) Acceleration

0 60 [MPa]
e

Fig.3.15 Distribution of max principal stress

4. BHRHRISA—RIZEDEFTRE~ADEE

41 A9 4 FXFyT

T D—EEHBY R 2 L— 3 U EFTo 72 3 DOBEICE W T, BYPRAERPNCAE Ui K FEI N EFBEO
BWTIFRINT A= 3 o T, ZoZenb, BfEZEICRRD AN = AN THIZAMBEEL TND
EEZOND. AP A RAT T DL, BEPNUASDIRK ) %2520 F 2EMEIZB W CTIENIEA A0 &It
L ORNTE VBN A SN T-(X 4.1). JEHFEDA =N LTE, BROWRIFHE~DKRK %% 5 2 & T
AEERSPBEE 242 2 U, #olk, AT E8Ic Lo THEPRENE - EDN, & BISEAImNEHEIC X
S THR I TV D IO ABITIC I K 2SR E LD B2 bivd.

TR E L TE, v a—ANTORMOEREZMZA D ENFGHTHLEBEZ LN, L7 v MED
BN 2 — AOFBHRCEFHINEDORICHE LIy 2 — X2 HHT L V- Z EERHIT O D.

4-2 hEENME

DB EIIBE O COEE L K& < Bp 0, BT TICAT v 7 E2To T e, Zhuc kv, BES
A, FRCRHEER CREL X2 TV, COEEICEW TR, RHEEREL O RIEE & B A ST OR KT
WCEWHHBEA A BT (X 4.2). ZiuL, FHEERIDRE EmE ORI E252 T 52 L LHENFS 2 LItk TR
BN TND XD REER T L, Wk, AR Z > TERHREE5] o8 5, IAsm2 BT X
STHREIN TV DT DIHFIRERFTICHITICL DI INETLD EEZX NS,

BREVEDZ Y v I —OBHEE L, N7+ —~ L RAEE L NI RFEERERIC R IEEMET T B8
LU BV, ARITEOEE HFLEOCEIICHER L, BifEE2D L THRE8IT ) FikematL T
S EBVETHD.

4-3 HYORRTY S

JUARAT v 7 DX, BEOERIZ R OIMAI TR % 3 2 2EEIC I T O BEIZ b~ o 2 E e
TORIEENEL 2oT2. T LT, ZORIEE & BITRAERTORKFIGS) & ORIZEWFBEA A D= (X 4.3).
FBATEEBE FTORELICE > TEICEREOWERDNY, ITARSEIC L > TR I TV D 7DIZETT
FAMBEICHITISAIREC TND E NI AD=XLNEZ LD,

ZDAN=ABZE > TRET HEOARMERD S5 HEE LTUL, BITHRICBWTAY v REEFET5
L CHEAFREEE FOREEICENHTZ EB(NE, 2016), AX v ROMRENRAITHL EEZLND.
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Fig.4.3 Correlation between stress and plantar pressure; under
5th metatarsal bone
5. &8

AWFFETIL, AREREZHNTY v I—8EFRHY I 2 L— 9 U270, A A RAT > 7, INEEE,
JORART v TICBWTCELFTRBEREICAEC DI EZRDT. FORE, BIRAEGEIMCAL 2&RKERIO
B — 7 I EED e b @m0 o 7203, IS SIORERIFEMEI LA YA RRAT v IR b REDN-T. 5k, R
#, REFAHEC L LV Z2THE L TS HBERSH 5.

IHIZ, ENODRIIBEICTFG L TWDH EEZLND NFHINTA—ZEEEZ LIZREL, TOAT=
ALEBR L. TORE, WHSORKEZT DA YA AT v 7 TIENiEf, RHEERCIREZ X 2 50
WENE CITRHRERELD O L EE, SMANCELABEIT S 7 0 AR T v FCIIHE LT EE FOLEENEIREA
TEFT OB R TISS OIFZIFE &SRB B 5 Z L BB R o 7. AL, B~0AMEZ LV EE X Afb
DX DITHFRIRT A= DEFRDRE L EITH 2 & RBR AR T HEDIER R EiREE LT T b 5.
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