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Influence of gradient differences in bottom thickness of
running shoes on lower limb biomechanics parameters

JIA Bin,CHEN Yao,CHEN Jiaming

(Sports College , Sourthwest Minzu University, 610041 Chengdu, China)

Abstract ; Objective To compare the effects of different shoe sole thicknesses on the lower limb biome-
chanical parameters of runners during exercise. Method Thirty male college students majoring in sports
were selected as subjects to compare and analyze the changes in biomechanical indicators such as lower
limb muscle activity (iEMG) , lower limb kinematics (lower limb joint angle, angular velocity, and joint

range of motion) , and lower limb dynamics ( ground reaction force, lower limb joint torque, and power)
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of runners with shoe sole thicknesses of 36 mm, 39 mm, and 42 mm (increased thickness of 3 mm ~
6 mm). Result With the increase of sole thickness, the integrated electromyographic values of the main
muscle groups in the lower limbs showed a “U-shaped” trend, and the integrated electromyographic val-
ues were the smallest when the sole thickness increased by 3 mm to 39 mm, and the difference was signifi-
cant (P<0.05). The first peak force of the vertical ground reaction force gradually decreases, and the
time and loading rate of the first peak force gradually increase, with significant differences ( P<0. 05).
The torque of the knee joint and the impulse of the knee joint abduction angle gradually decrease, but the
effect on the hip joint torque is not significant ( P>0.05). At the moment of leaving and touching the
ground, the range of motion of each joint in the lower limbs is equal without any interaction effect, while
the ankle joint has the smallest range of motion both inside and outside when the sole thickens by 6 mm.
Conclusion Increasing the thickness of the sole appropriately (such as thickening by 3 mm) can effective-

ly reduce joint impact and improve running stability, but excessively thick soles (such as thickening by

6 mm) also affect exercise efficiency.

Key words:sole thickness; running; biomechanics; lower limb joints; kinematics; dynamics
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Tab. 1 Basic data of the subjects (n=30)

ey AR/ % BE/em Wit/ kg LU/ (m - s MEIIF/ (m - s7") BT/
30 20.21+1.68  175.62+3.13 67.82+5. 89 3.15%0. 41 2.51+0.29 41
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Fig.3 Marker point pasting method
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BB B, O = Sk WUAR HE AL R 53 LR AE R B
A s SRR 3 mm EJEE N 42 mm B, #3255
PP A F A LR AE %5 36 mm B B/ R SE 4 U
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36 mm 41( P<0.01) , 1 39 mm 2H 5 35 K i % 7K °F
(21.36£12.15) uV - s, ZERIHY, BB HINLEMG 7E
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Tab.2 iEMG of lower extremity when running shoes with
LTS

HJE 42 mm

different sole thicknesses

RTS8 bR F1JE 36 mm JE 39 mm

B3k 23.18+10.62 21.36+12.15™  28.81+13.90*
BEAMUAL  24.13+8.64  26.45+9.33 31.04=11.21
BB L 12.36+5.75 13.57+5.13° 15.01+7.44"
JiEE AL 28.61+8.83  30.22+6.75" 33.18+10.31°

TE: 5P 36 mm 41 LLEL, ™ P<0. 01, T ARH WEMERE ;" P<
0.05, 4 B EMEER,

2.2 THIENZFERDH

2.2.1 BTz THE LT A EF ik B
W 3 fron, W& 1z RIS B g I, &2
R TE ML I AR P R b A P e KR 080N, 42 mm
BENC R B 0 iz B B R B M A R A 39 mm /)
0.95°, F W FMEZE R (P<0.05) . 42 mm BEJEJEJF
iz S HEEER OC T B Hb A 3 B LE 36 mm 1918 B /)
28.01°/s, HAEH W EMZE ST (P<0.01) . BRXTTE
A B2 5 Bl G R B TGS AL, 225 S RS 1T
SR (P>0.05) . 42 mm SR 1) 12 s G
W LA 36 mm B BN 49, 63° B TEEF
(P<0.05) , ¢ 25 ) B2 5532 2y R 352 B
A& H N #0800 S Ml A s g IR B
LHRN, 2 F TG # L (P>0.05)
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Tab.3 Changes in angles and angular velocities of various joints in the lower limbs of runners during ground clearance

N Eg S 36 mm Y% 39 mm ABJEE 42 mm
JEBSHLAAEE/ (°) 5.02+1.16" 5.78+1.75" 4.83+1.31"
BROCTT B Hb A BE/ () -16. 88+4. 05 -15.13£3.95 -13.85+5.02
PRSEA B/ (° - 7Y 361.43+57.22* 352. 16+66. 32 333.42+52.37%
IR B HLAAEE/ (©) -18.18+4.26 -18.21£3.32 -18.25£5.12

TR X1 S Ml R R/ (© 286.15£11.26"
R E AL/ ()

WA B A/ (° - 7))

2.21+0.78
112.49+8. 85

258.61+10.22° 236.53+12. 16"

1.96+0. 43 2.07+0. 37

109.33+9. 64 103. 58+9. 07

VE L 5 36 mm ZHHLEE, * P<0. 01, A I b 5
2.2.2 fREZTREXRT A EA AR

Wk 4 s, 2 il M A B 5 02 B0 G IR FE TG
RH AN, A B L 25 R I g2 L (P>0.05)
BRI st £ 5 32 Sl R ISR B TG A8 HALN, 4]
X L 22 57 G242 X (P>0.05) , IKJE 39 mm #E

IV JEEJE )iz Sl R G il bl A7 8 B e KA 21136/,
B 36 mm 38 K 24, 62°/s, A W EEEF

;" P<0.05, 4 WEMEZER,

(P<0.05) . JBEIETY fob £ i 5 3z Bl 3k 0 i )2 B G
AEHN )X 22 R TG 22 X (P>0.05)

JRE DG fih kb £ 3K B 5 3 By NG R G A8 BRI
X2 R TG 2 L (P>0.05) , #i0CT5 fi
A E 532 Bl R VSR B TG 38 HL RN, 5 G 7Y ik b
£ 52 B IR B TC A AN, 25 ST
2 L(P>0.05)

R4 UMNIBSETREXTHAENRRETL

Tab.4 Changes in the angles and angular velocities of the lower limb joints of the runner

at the moment of contact with the ground

MG A S 36 mm YR 39 mm HAJE 42 mm
SRSl AR (°) -5.28x1.21 -5.12£1. 11 -5.09x1.36
BROCT filit £ B2/ (°) 4.38+0. 98 4.41+1.02 4.47+0. 84
PRICHT Ml E/ (° - 87" 186. 74+28. 56 211.36+31. 12 206. 18+4.41°
TR OGS fik b 5 B/ (©) —22.47+4.12 -21.65+3.38 -20.76+3. 57

JE Y fh s AR/ (0 - 57" 346.71+53. 14
ST il A E/ (°)

WSS st FR L/ (° - 7))

38.65+6.72
25.38+4.24

351.24+55.67 356. 78+48. 62

39.01+6.33 38.76+5.62

26.75+3.37 29.88+5.21

FHHE 36 mm Al LLEL, ™ P<0.01, FIEW REEES ;" P<0.05, AR EHEER,

2.2.3 MR ATHEXRTHESDE
W 5 P, iz ok e B T 5 B 263 8 th vs
BIEETCAC BN, 2257 G122 L (P>0.05),

42 mm HEE R A0 s OCT NAME sh B /Nl
14.12°, % 36 mm B3 EE/N 3. 21°, A EHE R
(P<0.05) .

x5 FREIKEHBRERMMEZTREXTENEER

Tab.5 Running shoes with different bottom thicknesses touch the ground at each lower limb joint motion index PRV (°)

M FEbR 1R 36 mm R 39 mm AR 42 mm
BROG Je 1 Bl 33.72+3. 12 32.65+5.33 33.12+4.78
BROCTT NAME B 17.33+4. 02 15.57+3. 12" 14.12+2.75*
W 56 et it v Bl 2 26.46+3.32 25.71+4.12 25.68+3.73
JREOG AT R A1 Bl 5.42+1.04 5.68+1.16 5.71+1.22
8 OG5 T i Bl 38.65+4.33 38.92+2. 65 37.79+2. 84
HEOCAT I SMNEE B 13.36+4. 15 11.62+5.88 12.67+3. 16
HEICTT I SIMNIETE Bl 9.88+2.37 10. 67+2. 45 10. 12+3. 25
e 5HE 36 mm 4 AL, P<0.01, A AEH WEFMEZER; " P<0.05, 8 a2,
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12 B AR RE I 5 T -5 TR O 1 75 3 R L TR O

N AINE B B3 T8 O, 28 5+ R GE i B L (P>
0.05) . iz Bl FERE RS 50 51 i ih 75 3h B2 5%
T SNEIG Bh I B SCTY AA BT Bl H 0SS AL
I, 22 F TG FE X (P>0.05) . WHFE 25067
SRR R B 5 O WS A A B S AR (P=
0. 02) , Ti] BAALN 43 A 2 BHEROC T N AN 3l BE 7EAN [F]

JE R 22 7 W3 (P<0.05)
2.3 THEIhAZFERSH

2.3.1 d}@RAMERH

Mk 6 s, BEEEIKE
B2l ask #8 b i 2% v st ] 2R —
=k

I 46 I, A
U 0148 7 K

&R o6 ARIRERMRERGHMERERNER

Tab. 6  Ground reaction force index of running shoes with different bottom thicknesses

M AEbR 1R 36 mm R 39 mm R 42 mm
2% W ]/ ms 88.32+12.75 97.33+11.5 102.21+18.3
S — VA 1/ BW 1.88+0. 44 1.72+0.34* 1.62+0.73"
S — V(B 7 B B ]/ ms 33.83+2.74 33.92+3. 16 33.98+3.74
IR/ (BW - s7) 98.32+17. 64 102.33£21. 15 109. 63+25.26

T 5 R 36 mm 41 HAEL,
Horpr BRI 42 mm (432 B K 1 2% bt
)55 36 mm JEEEERE I, 150 B A 224 398 fin G 52 B T LA
BEINGE vt (] SRR 0 RICR . A B AE ) Bl
A PG JEE B 84 T T R AR L 42 mum JEBEE )32 S G 26
—IEAE 155 36 mm iz SIEEFEAC T 0. 26 BW, 25 7 1
F(P<0.05), [F]E, o T RAVR & b st b 10 S A FH g
A WA 2 1 A 2 b i 1 — ik D) 0, PR A0 e ) R
B 36 em % 42 em P HH A9 55 — W6 ) R BN [A] O
AR L, 2R AR E (P>0.05)
2.3.2 THAEEYHH4E
W 7 PR, BEEIZ S HERE R BE 38 , 523K
BAEHD TR T BT B B R AR 5 RO T

" P<0. 01, A ARH BEZES; " P<0. 05, BEVEER,

JE R RPN E T R R G 1 A R A b i 3 A BRI
P ZIRE 2 36 mm JEFEAZ SNEE LR 42 mm JEEIZ
SIS I OGS KA T AR AR T 0. 036 BW-H,
R AHE I FE AR T 0. 015 BW - H, 4 BA i 1
ZE5(P<0.05) . BRI I KB g 50 i RS R
FARE I 26 A1 , RO 1 e R &1 B8 0 R R G 47 e K
AIIRE 3 i e D TS 2 P 348 o ) 2 R S RAALC i B4 1)
A EEE R (P<0.05) , BT R M N
SRR G T AR A VR ) 4 n I B
Al T FEPES WA (P>0.05) [l i AT fa] e )i J5
JEETR G 1 de R T R R T e, BRI R G
Ve T N ) S AR MR

R ARIKREHBERSHTRE&XTHNERER

Tab.7 Torque index of each joint of lower limb when running shoes with different bottom thickness

MIRFEHR 1R 36 mm YR 39 mm HBJE 42 mm
ST e RAP 15/ (BW - H) 0.25+0.012 0.23+0.018" 0.210.027 "
JE AT R AN SIME/ (BW - H) 0. 04+0. 006 0.030.004 " 0.03+0.011"
JEESET BRI E )96/ (BW « H) 0. 045+0. 004 0.041x0. 009 * 0.030+0. 002 *

AT AN R/ (BW - H - 5) 0. 001 2+0. 000 1

PRSETT B KRB S1%/ (BW - H) 0.13620.014
BRI RN/ (BW - H) 0.0210. 003

BRICTT I RAMIE S5/ (BW - H)
BRI/ (BW - H)
WX KRR IIE/ (BW - H)

0. 002 4+0.000 3

0.163+0. 018

0.122+0.011

0. 000 9+0. 000 1 0. 000 7+0. 000 1

0.127£0.018* 0.121+0.011*
0.017+0. 001" 0.023+0.003 "
0.001 7£0.0005 * 0.002 1+0.0003 *
0.1590. 021 0.155+0.016

0.116+0.014 0.112+0. 016

5 E 36 mm 4 ELEE,

P<0.01, FAEH BEME2ER; " P<0.05, 4 BEEER,
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m 8 i, AN, ZiXE D 42 mm 1
36 mm I JEE 2 Sl I A5 A JER DG e R £ ) R
20.92 Wrkg, BRSO K 56 TC S84 25 R (P>
0.05) , Bl IR B3N, BROCHT e K IE D)% A
B K B T R385 Wi G, 42 mm JE A9 32 B EE
36 mm J&JE Y iz s RO i RIEDh R T
1.86 W/ kg, BROCTT fe KA D) A0 2% 0. 93 W/kg, M
FAHWBEIEZER(P<0.05),, HEWRKIEE &K
AR Ty 2% 55 0 VR B T A B AU, B 80 A B TG
G222 5 (P>0.05)

*8 FARKEMBENSHNTHREXTIHE

Tab.8 Power of each joint of lower limb when running shoes

with different bottom thickness

PN W - kg™
W A FIE36mm  KE39mm  BE 42 mm
T MKRIEIR  4.37+1.08  4.28+1.17  4.44x1.43
XA RARMINAR  -6.82+1.62 -7.11x1.54 -7.74+2.13
PG IRORIESIE  13.1244.22  11.37+2.78" 11.26+2.78"
PR R -8.5522.36 9. 12+1.33% -9.48+2.77"
BT IRRIEI®R  4.97+1.39  5.01x1.54  4.99+1.76
BT BRAGINE  -4.2042.06 -4.15£1.96 -4.18+2.01

TE: 5H)E 36 mm 21 HHL, ™ P<0. 01, fHEH BFME 2, " P<
0.05, A wEMEESR,

3 S5

3.1 ARRERBEXTBALAEER R0

AR T AN (7] i V52 1) R R AP I, T M
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