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The Effects on Kinematics and Joint Coordination of
Ankle and MTP Joint as Bending Stiffness
Increase of Shoes during Running
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Objective: The aim of this study was to analyze body stability Joint coordination pattern though as bending
stiffness of shoes during stance phase of running.

Method: 47 male subjects (Age: 26.33 +2.11 years, Height: 177.32 +4.31 cm, Weight: 65.8 + 3.87 kg) participated

in this study. All subjects tested wearing the same type of running shoes by classifying bending stiffness (A
shoes: 3.2~4.1 N, B shoes: 9.25~10.53 N, C shoes: 20.22~21.59 N). They ran 10 m at 3.3 m/s (SD +3%) speed,
and the speed was monitored by installing a speedometer at 3 m intervals between force plate, and the
measured data were analyzed five times. During running, ankle joint, MTP joint, coupling angle, inclination
angle (anterior-posterior, medial-lateral) was collected and analyzed. Vector coding methods were used to
calculate vector angle of 2 joint couples during running: MTP-Ankle joint frontal plane. All analyses were
performed with SPSS 21.0 and for repeated measured ANOVA and Post-hoc was Bonferroni.

Results: Results indicated that there was an interaction between three shoes and phases for MTP
(Metatarsalphalangeal) joint angle (p = .045), the phases in the three shoes showed difference with heel strike~
impact peak (p1) (p =.000), impact peak~active peak (p2) (p = .002), from active peak to half the distance to
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take-off until take-off (p4) (p = .032) except for active peak~from active peak to half the distance to take-off
(p3) (p = .155). ML IA (medial-lateral inclination angle) for C shoes was increased than other shoes. The
coupling angle of ankle angle and MTP joint showed that there was significantly difference of p2 (p =.005),
p4 (p = .045), and the characteristics of C shoes were that singlejoint pattern (ankle-phase, MTP-phase) was

Conclusion: In conclusion, by wearing high bending stiffness shoes, their body instability was increased

Keywords: Shoes bending stiffness, Inclination angle, Joint coordination, Running

INTRODUCTION

drel ergde 2 A Ha7| Al UHel 32F F¥He=E 7
X|ote 58S YotChWinter, 2009). 53|, A2 2 |FXIE IsHM
= A 22 ZH J2(30 dNeE o &E Ao|o] HESH 4= AE0|
QT EICE SHA[TE O]2(et &= X0 O|R0{X[X| HECHEH, MA 2HE
o| Ntk 20| TUSHHA =g et S YO LIEFLEA & ChHorak,
2000). AIH|e] EOHFYHO| X&E B Y 22 2 /Hol 7t
St7| MZ0f o AFoM= AN mat 2&stol w2 Aot T
AL 53| o|F2| AFUM= LHel EerddE 2257 23l
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2l 3 27| Al EXQ| o[t |, AXSHat Sl Hat
£ BEMole FoEE FRACHArf Ohtaki, Nagatomi, Ishihara &
Inooka, 2002; MacKinnon & Winter, 1993; Kaya, Krebs & Riley, 1998).

Mol FRE AL SHO| waf chstA A0 MEETE Kim

(2000)2| Aol WEH Aol 7|52 54 =, 25 XH, o84,
4, Ao, fRed & 107HX7F B QRIE8 FYELCh ol 8
ol & 2dete 54 5 A ™Y, 2|1 REXEY|s0 B
2 FOf &opt A AU 2|9 LZE FAfstD MK 2CHES A
23D =22 EL0 M2t 2d3t 282 o3t 7|sE2 89l
ASIZEE St AHE EtE 7|52 sdE #Ot oL 2t A7
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A= 52 ARS PHCHNIgg, Bahlsen, Luethi & Stokes, 1987,
Mok, Kwank & Kwon, 2004; Stefanyshyn & Fusco, 2004; Stefanyshyn &
Nigg, 2000).

W2 MAATOA Ao | sH Xtolof mE WHIetH &
SiLEZ Ak LY 'E.‘% ‘d(bending stiffness)2| 2= ZES &
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ol o|sofl ofHgt FFS OIXEXE SR e e 2o
HYHA S| U= MTPR H= HE| ¥S JEHE Tetot=H|
UCH 2 7ol ZhEde Chadt 2Tk 1) 2217] Al HEel =9 24
S7Hol We MTP 8 2E0| Bighs gad Z10|1 2) FI 72t
M Al 2otEde Sotet Aolct DIXISe = 3) dEol 3y &
g0l S7I5HE FT Al XIX[ss ATl S7t= Qlof Y 2Eo| 5
YOl 2t27p LIEfLE & 2ol S8tH el §2QIo| Mha ol
METHOD
1. A7 oY

2 AF0ME M AT A THEF 2008 AgH Hotd 478 Y2

2 AY e/lld T FEuty FY0o| gl= s ITEoAtz 1Y
St CHAge: 26.33+2.11 years, Height: 177.32+4.31 cm, Weight: 65.8+
387 kg). SLet ZUOM ATE TS| 23 ATFEOIX

BMIS| o #e[Ql 20~25 AtO|2 HehstUct ZE ATE F047<|'E
A0 oot 2F2 XAMB| =1 S2AM| MBS ot = Ao &

SHRACE.

2. X2 !

Mol 2 Z2¥e 2Ests Wy Mgl 0j=EZ&(midsole) 20l
7t2 d-FEHcarbon fibre plate)S & OI'E 0] 2Z35IRACHGregory, Axtell,
Robertson & Lunn, 2018). &3t m 2l FH7|E AHE35I0] = 40|

AEE Ao Oip 5 2del EEE FESIAULL FFLE2 o
B ZFY| R0 AHE 52 = ML MTP HE RES 3 Y
O2 NFAIZALE 1HAIZI MTP 2 E S S0 2 MHo| FIHA| 29
of 59712 7|AXl Eg Tl 45=7HK| HiEZ2HS A7l & g2

f
SToIULE AES2 2 N Blel 58S S B X|7h ALEUC

—=2=2= 1

,.
>

(Willwacher, Kdnig, Braunstein, Goldmann & Brliggemann, 2014). 1

3t O 80| EasCHWinter, 2009). & & -S(joint coord- 4t 8 Zge gut 2330 ZEA AEhE 7IELE, B A9
ination)2 & 7tX| O|&te| 2E0| ZalEH 220l W, %9 = ZAE2 A Ao of -3, C M2 2F 6~7HQ| X}O|7} LIEFLE
SO met sHEEl= AN 2HE Zte] MifEel SRR Holg = 7|&e2 IFHALKStefanyshyn & Nigg, 2000). T2+ CH&AE DRt
= UCL F 2HO| EHI9eH KR LiojAM =Xl 2o of 2 AFO|=Q| KtO|7} LE7| ME0] 22 =) Z=o A0t A 7HX|
St MO =A7} EstA| Oo|FO|XoF HEZ T iAol FX0| H AO|=2 & 97| MEE HZISHRALHTable 1).
S8 = ACKChiu, Lu & Chou, 2010; Ryan, Harrison & Hayes, 2006). XGRS Q| CHa|7] A| @E8H HolS =Xy 98l X|HEL
DrOF HIFAXQl 2HHO| H30| X[&£E oz Wid 42 HXE e H BHYINE SeCE griel HelM Fth|2HRaptor-4, Motion Analysis,
Stz Qg 29| mEE7F E7t5t 0|0 Cot MKl Fetdd R Santa Rosa, CA, USA)E HX|5t0] 200 HzS| £ =2 EYSIRULCE & -
242 0I5t & FEAQ oot LHENE £ = A2E Hugtn SHX|e M| =8 HEDb BHO|= Helen-Hayes marker-set2 2-&d}
QIC}(Bates, Dufek & Davis, 1992; Deleo, Dierks, Ferber & Davis, 2004). 0] HiA} OFHE BEASIQ S OH(Kadaba, Ramakrishnan & Wootten, 1990),

metM 2 A7l 282 27| Al Aol g Z440| XS FIH o2 Al 20 M1 L2/t (1st Metatarsal)dt K5 2|2ty
Table 1. Bending stiffness information of shoes by size and bending force

Shoes A shoe B shoe C shoe
Size (mm) 255 260 265 255 260 265 255 260 265
E)erggl{;\% 3.20+0.14 3.90+0.29 4.10+0.23 9.25+0.56 10.85+0.21 10.53+0.19 20.22+038 21.00+0.26 21.59+0.22
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3. Xtz X2 3 2o

1) 243

8 Hz2 2% F| 44 HEYA MY
SHEE{(4th order Butterworth low-pass filteE AMESIRALCE 17+ O]
HIE= X|HEH HIOJHE 0|8310] 471 7|&E2E L0 FE5HRUCt
(Hamill, van Emmerik, Heiderscheit & Li, 1999; Heiderscheit, Hamill &
van Emmerik, 2002; Ferber, Davis & Williams, 2005). 17-Zt(phase 1, p1)
2 g FJBX| EX|(heel strike)Ofl Al £|CH =2 A|&(impact peak)”7HX|,
27 (phase 2, p2)= Z O 4 AEHOMEEH ZOf 2 X|HEHH
(active peak)7tX], 37 Zt(phase 3, p3)2 XHEHEY 0|F
(toe off)Q| At FZtTK| HHSAD, 477t (phase 4, pd)= 37ZH0|
L= XHOMEEH O|F AMK|Z F2l5 ALt (Figure 1). =& & At
E& Motion analysis (Motion Analysis Corporation, Santa Rosa, CA,

USA) & Matlab R2014 (Mathworks, Natick, MA, USA)E O|&3}0| &
ML

g HolE= AtE FoteE
1)

o 4%
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| i y, & o
et o, S, o LY

Figure 1. Events and phases for ground reaction force

(1) L5 aMTP BH ZE
e =

23 240l wet BEO| WSS WEKH| Slsh XX 7of
= IE

o
25 BEL MTP 2HE 72t o 45 "2 HM A

(2) 7|°0I 7I-E
Cig=o| AFO|N MHE
Center of Pressure)S %‘oofm ael7] Aol X
HIISIRACHHahn & Chou, 2004; Jian, Winter, Ishac & Gilchrist, 1993).
0|5 HO| AFBE|l= BMYROR AMASAN LHBH 7to] AZE
Hitshe EHO|X T HREOAES| MM F=(CH2| Z0|, 7| &)
mzp @2 dgs 2HE = A7 20| =0l =8 AHz|of EE0|

(COM, Center of Mass)zt 2= A/(COP
=NKe]

=g =

M2 7|87|Z(A, Inclination Angle)S AtEdt= ZH0| H RJ_PHO|E}J_
St == QUCHBerger, Trippel, Discher & Dietz, 1992). £5|, XS A1t
HEHUE At M2 XX5t= 2E SHRE MUHTHY /KE
mofgh 4= Qlom, CHefel 7|18 717 A0l CisiM e Aoz
A7t LIEER Z{o 2 2R CHDuncan, Weiner, Chandler & Studenski,
1990; Allum, Zamani, Adkin & Ernst, 2002).

Xl 13702 2= X0 Chet ez
HKl= XBHLEHT| -0 28 ALt AT

[EL |

2 AT dHSA
HAE| QAL LHESH
(Figure 2). O| & ELHE MZHO| Lf2|ZF(medial-lateral direction: ML)
1 M= 2 gSkanterior-posterior direction: AP)2| 7|&7[2H0] Cigt T
b B2 Ch2ar 20| A AtE|RACE

'_
_>.i

\J

r

_ Peom-c X Z)
|Peo |

o~y

o = sin™(t,)
B =sin7!(t,)

A7|M Peop—cop= COPOIA COMRZ sfSt= HHE{ 0|1, 7& XHE
Aol %% 8{E| TH(O|LCt.

HE& Zt=(CA, Coupling Angle)E

o €8 FETt siMs HAlSH:= Y

2|10 A= HOI0|CHChang, Van Emmerik & Hamill, 2008). & A7
OMeE 2HE 2t B8 s82 =elsty| sl #E Y (vector coding)
71&8 0|8% HEY 2 ALE5HRULt HE %'% i, Alexander,

g
Glazebrook & Leiter (2016) ATLOIA HA[oH A ML S ALESIY D
HEY Z& JajZo|M F 74l AFS Ho| 1 ZOIE AOIE 25
+HZ VLR HH AL E ALSIe T2t WEE MAISHICH
(Figure 3a2| 2 HEQ 5 +=H = Afo| Zz &)

HEY Z== 0"2E 360° Rl LHOIA] in-phase, anti-phase, out-
of-phase (MTP-phase, Ankle-phase)2 T2 %= U2, in-phase =
2 anti-phase HYE HOAY I outof-phaseE H2|SIRALCHChang et
al, 2008). Out-of-phaset =2 ot & =2 3+ 2HOI0| 20| A
oF ftof ghe FEO|ME FAQUC| FE2 LUGUS E2 ankle-

.

phase2td oIt O|2{sh 474 & & EH2 HEY 4=
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Figure 2. Typical angle: (A) ankle joint, (B) MTP joint, (C) medial-lateral inclination angle, (D) anterior-posterior inclination angle, (E, F) COM-COP
inclination angles in the sagittal (E) and (F) frontal planes

A Ankle
plantarflexion

=
K] a
=g 8w
| =] ==
MTP ] =
5 -] Z
joint () g £y
5 = =

L
Ankle
dorsiflexion

Ankle joint (°)

(a) Vector coding calculation principle (b) 'Bins'

Coordination pattern Coupling angle definitions

225 <y <675, 2025 <y <2475

In-phase
Anti-phase 112.5° <y < 157.5°, 292.5° <y < 337.5
MTP-phase 0" <y <225, 1575 <y <2025, 337.5" <y < 360’
Ankle-phase 675 <y <1125, 2475 <y <2925

Figure 3. Vector coding analysis method and 'bins’
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Table 2. The results of ankle, MTP, ML inclination, AP inclination, coupling angles

Shoes
Phase F p Post-hoc
A B C
Ankle angle (deg)
p1 10.57+£6.98 10.09+8.07 12.09+7.68 331 720 NS
p2 7.81+5.94 7.21£6.95 9.83+6.97 749 A78 NS
p3 4.91+3.97 4.66+£3.97 7.92+4.94 3456 042 A B<C
p4 7.05+3.00 5.99+3.85 7.06+4.64 422 658 NS
MTP angle (deg)
p1 16.05+5.05 17.17+4.19 9.02+3.17 18467 .000" B>AC
p2 8.90+3.83 10.58+4.00 5.58+3.59 7415 .002 A B<C
p3 11.15+£4.96 12.91+4.84 9.49+5.12 1.939 155 NS
p4 31.10+8.19 32.07+7.52 25.97+7.50 4636 .032 A B>C
ML inclination angle (deg)
p1 3.5+1.45 3.59+1.91 432429 1.501 240 NS
p2 3.66+1.45 3.78+2.02 4474299 1.289 276 NS
p3 3.39+142 3.55+1.96 4.27+3.11 1.307 272 NS
p4 3.87+£1.98 3.79+2.14 7.8+3.77 10.777 .004 A B<C
AP inclination angle (deg)
p1 14.7+£2.04 14.29+2.29 14.8+2.26 2.042 146 NS
p2 8.74+1.66 84+1.82 8.53+1.93 659 516 NS
p3 4.17+0.62 4.22+0.67 4.34+0.87 .553 .534 NS
p4 18.53+£2.76 19.18+2.14 19.67+2.25 2.398 114 NS
Coupling angle (deg)
p1 179.18+23.25(M) 174.3+25.95(M) 168.7+21.48(M) 790 460 NS
p2 211.11+£25.95() 212.05+25.22()) 180.87+35.22(M) 6.010 .005" AB>C
p3 105.6+18.29(A) 104.15+27(A) 107.51+36.26(A) .057 944 NS
p4 141.31+20.84(a) 145.5+20.91(a) 159.55+21.64(M) 3.325 .045 AB<C

| = in-phase, a = anti-phase, M = MTP-phase, A = Ankle-phase
*p < .05

2t 45°(E, =, T (+, - LHE 25 HMAOIA AIZFEICE In- 4. 84 NI

phase(CHZH4d ko] 457 S1 225° ()= & EO| N2 St Y

S =9 X 0| LIEILH= Z{o[Ct O|E ST Y5 ZEI MTP &H ATHOXIL D78 sHSte S0t 37X| Aol THsl 22} 53]
O] SA|0| HiZE==22S St ME2S2HE St &S Lt Anti- o HIO|HE sty Hrg2 SAHRAM Z8SIRACEL Ao &
phase(CHZfA1 &H&Fol 135° & 3157 ()2 AL & ZHHO| M=Z Hirl gl 2ol e B& welol Xto|E ABSHI| I8 SPSS 21.0 (IBM
o 2ol FE/Q0| LIEFHCE O S0 MTP &EO0| KME=ZT Al USAZ AHEStO, 2t HRlof| Tit 7|8 ARt LAHEEL *—E—ﬂ
gE AE2 HIE=52 ot S52 Yotht Xt HEY 4= 2 (One—way ANOVA for repeated measure)= A A|SHRICE Post-hoc &4
ZIt & dsky = 0° or 18071t =X #Tky = 90° or 270722 Lt 2 Bonferroni correction, 92| =2 o = 052 AHSIRULE.

Etot2 Al B ZHEDH SE0l o= TESICE M2ty MK 85 =

7100 Cist HEY ZUE =KX= A7t S50 M2t bins'E Soff F &

H Mo|e HE +=FES "I 5= UCkFigure 3b).
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RESULTS

1. 25 & MTP

3

ze

M ZER] A ZF S0 MTP 2HEC| =5 wAfoh Zuf, &= 2
2o 3T SAH2E Folgt Xt0|7F LIEHHCHp = .000).

MTP 2HEO| Z& MEE=Z 37ZHp = 155 TZtE Melsta 142t
(p = .000), 277k = .002), 4 T7H(p = .032) TZHOIA SHES
9|5k X}O| 7} LIEFECHTable 2).

2. ™

[

ot

d

& 22 7l8Y %=

M 7ER] A 2t 32 712712t0] B9 470N EAHoE gof
8 Xf0|7} LIENED(p = 004), LIB{X| TZHOIME KHO|7} LIERLIX]
QUOIT} LS MBS 7|27|20 AL BE JZHM EHROZ Q0|3
X{0|7t LIEFLIX| QQtTHTable 2)
LS

3. HET

i

25 BEL MTP BEO| HEY A&= 272Hp = 005), 47-2Hp
045) FZH|M EAMS 2 XtO|7f LIEFSCE 171 ZH0F 37ZH0) A
= SAXLE X0|7} LIEILEX] QARUATE 53|, 27H0[A A, B Al
2 in-phaseZt LIEFREX| T C A2 MTP—phase7f LIEFS D, 47740
ME A, B Aol AL anti-phase?t LIEHX|DH C AEtO M= 2F]

MTP-phaseZt LIEFGCE (Figure 4= HET 2 EQI T 7|8 ey
Z2 #@9ot 80| J2[1 RER =2 Ho|H7t o S phase
£ 5t A=K HMA[SHUCHTable 2).
Ankle-MTP joint vector coding
sl T T T T T T — T T v
A shoe fr—
—— ¢ Bshoe Anti-
——*+ Cshoe | | phase
20l 4
Ankle
3 | In-
: phase
xof 3 . i X ol
E 3 MTP
T [Bo wkend |
43" Coupling angle phase
- i :to -
. Ankle
af : t -
phase
'MTP
0 L L L L i L L L L ek
0 10 EREEE ) 50 60 70 8 0 100

P1 > P2 >€ P3 € P4

Figure 4. The coupling angle during running

DISCUSSION
= A7 FH2 27| Al MEel g Y &0 met MNF
2ol 0|30 ofiet Fets DX =XIE A5t MES 28 4o
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ZFHAQl AE0| A MTP BEL LS 2HEO| HE YEHE st
RULCE O] MM ATFEOXAES =& 20| THE Al 7] MEE
g 2 HE7|E AL, +=HE HOoIHE Sdf MY ¢+ 25
Z HQl XIo|E H|u, M5HACE

AHX| R 1FH0ME M 7HR] A B MTP 2HE ZTE 0|
Xto|7t st HE IjH2 =2 MTP 2HE9| HiEZ230| LofLt
Ct. Oh & Park (2017) AFOIM =2 Tel ZdS 7t LU MTP
HE Zos H2 o9 2o Al HO A|Cf 5= 0|4e| ZHE X0
7 LIEfLE & At ANt FARSHAl LIEFGEE 52 X|X|7| =8
MTP 2HE9| HiZ==0| H[otk[o] CHE SZ0M S230| =7 2
g 4= QUCHD SHQUCE of2fst QLS X|X|7| B0 LIt 2L(0f A
SSH2E HIFE=52 A0l KT 22 T ZH2E Ql5| HY
£Z30| Xtz Y2 E MTP 2HEQ| ZHE 2 moment arm) Z
O|& B7tA|7|7| WZO|Ct w2t X|X|Z| =gk MTP 2HE2| %Y
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CONCLUSION
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