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The neuromuscular tuning law under different foot strike landing of running
—A time frequency analysis of ground reaction force
IEONG Loi, LIMeng, LIU Ye, SHI Shugiong
(Key Laboratory of Ministry of Education, Beijing Sport University, Beijing 100084, China)

Abstract: A continuous wavelet transform analysis was used for characterizing and manipulating the ground
reaction whose statistics vary in time during the running stance phases and to investigate the neuromuscular tuning
law by considering the lower limb stiffness and the activation degree of lower extremity muscles. 17 healthy males
ran at forefoot (FFS), mid-foot (MFS) and rearfoot strikes using natural stride speed, and ground reaction forces and
lower extremity muscle surface EMG were assessed during stance. The results showed that the maximum signal
power (Pmax) and the sum of signal power are significantly higher in the stance of FFS than in MFS and RFS
(P<0.05). In the early 20% of stance, the FFS exhibited a significantly less maximum pseudo-frequency (PFmax),
and the PFmax also appeared significantly later. In addition, MFS exhibited significantly stiffer lower limb stiffness
(P<0.05), while FFS had higher levels of lower extremity muscle activation in both. In conclusion, it is possible for
runners to adjust the impact frequency by changing footstrike landing, FFS has a lower impact frequency and lower
limb stiffness compared with MFS and RFS, which is not conducive to storage and utilization of lower limb elastic
energy, and the higher level of lower extremity muscle activation easily led to fatigue.
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7 AR 202G 7 253 T2 (FES,  forefoot strike) |
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For=X, BEEICT 3 Fg iy = 54008 1 SR A
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1.2 SEWHE

LG SE G, R H AR E HE
A BIHEFT FFS. MFS #1 RFS 3 Fhg ity =0, K
FHIMHE YL (Smartspeed,  Fusion Sport)JEF7 Fa5 Wi,
AP EEAERIAE 1.4~1.6 m/s Z 1],

MR AN F1 4 (KISTLER-3D, SREEAR K 1 000
Ho) P 4l b, JEAEN ) & i il e APiE
LI SREAP I ST GRF 155, [, SR Trigno™
TR WA 2 215 BoR4E RS (DELSYS Trigno Wireless
EMG System, SREESRN 2 000 Hz), RELENT G4
FE(SERR RO g A7 ) BB MIFIL(VL, vestus
lateralis) Eﬁlj\]f}ﬂﬂﬂﬂ(VM, vestus medials) HQEHQ(RF,
rectus femoris) | H%'%Lﬁﬁﬂﬂ»(TA , tibials anterior) HER AL
AMI Sk (GL,  gastrocnemius lateralis) A1 HE 1 L P ] Sk
(GM, gastrocnemius medials) FJLHLIGBITE N, i
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B, IR T RIRMGIUFEAL GRS, S 505K FFS.
MFS 1 RFS #1710 45>, Behieh i A SR U
PAIE G, AR B B S R SRR S A I
RORMAE, (HSRIRT R AEARNT FARAIRATT Bt g
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KR, MHFRFRECNIENEIEZM/N T 200 B/
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34 Py R (EMG)

BT LR SRS TE Delsys B EMG Z3HraK T ik
P, SR DE DY (Band—Pass filter) X EJLHL {5 S E4T
g, JEIAERN 10~450 Hz, PRS- #1474
PR BIIE S, X EMG {55 7 7 AR YRIE(RMS)
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Jo7 B[R 4l DA fih b, 2 5 i P BT ) 2 1 7 A 1 Ak Ak
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FEIE.
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SRR R ] SPSS 18.0 T80 1122 A B, Sy
SERPIFFRE + bR 20N . R R H A
T Z TG 28 AR R AR R E 2T P
Puns PFoscy Suw FHENIEER EMG (9225708, Geitss
RYFIR N P0.05 HEASIFREER

2 %R

PR FES 85 K/ INBE DI AR/ IN g D138 SR
T MFS Fil RFS(2<0.05), MFS 5 RFS [a] JCH i 22 5
FFS 1Y e K TE B M 1 05 (8 7 W] W T MFS A
RFS(P<0.05), MFS 5 RFS [a]JCHA 22 F (3% 1),

R1 3MTEBE LB TS TEMEE VGRF B9 Pury Pun F VGRF o (x £5)

F iy X, Prnax Py VGREF /N
FFS 1.54x10*£2.58x10° D? 3.72x10%+6.81x107 V2 1.70x10°£2.57x10> D?
MFS 1.49x10%+2.77x10° 3.60x10%+7.11x107 1.61x10%£2.98x10>
RFS 1.45x10%*1.92x10° 3.51x10%4.66x 10’ 1.61x10°£2.90x10?

147 FFS 55 MFS [d69 257, P<0.05; 2)%7= FFS 5 RFS i@#) 2%, P<0.05
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TESZPEART 20% B Be (L3 2), 3 FhASIR|E L iE 3
R P KRB 2ES, FFS A9 P W RAK
F RFS; FFS [ PF...tRAA AN, MFS LR /NF RFS;
PF... HELRIRSIR(ED S, FRIK FFS BLEEE MFS 1

RFS M, 7E MR 25% B Be(W3 3), 3 FAR[E & H
BRR YN P Al P KRB 25, FFS )
PF... " B4 RFS /)y, H S, 0 B4 RFS B P,

K2 IMAEEMER THS T HEEGT 206N EEMERIER N Lo Py PRan S (x£5)

7‘5'_&&7}_;& Pmax Psum PFmax/HZ Smax/%
, , S s 7.81£0.00 ? 18.29+3.60"%
FFS 1.26x10°+8.57x10 3.09%10°+4.84x10° 2
(8~22.72) (9.25%~20.00%)
10.03+5.26 12.62+6.77
MFS 1.66x10°+£6.45%10> 5.00x10°+3.48x10°
(8~25) (5.57%~20.00%)
X , S S 13.01£7.23 8.72+6.81%
RFS 1.66x10°+5.66x10 4.93x10°+3.31x10
(8~25) (3.54%~20.00%)

1)#.7% FFS 5 MFS Il 49 2%, P<0.05; 2)%® FFS 5 RFS lA49 27, P<0.05; 3)%® MFS 5 RFS {49 2%, P<0.05,

%£3 3MAREMEL THLS I EE 255N ENBEEARER T Loy Pun PRus S (3 £5)

EZ N P Pom PF,../Hz S/ %6
7.81£0.00 2 24.37+2.26 2
FFS 2.15%10°+8.39% 107 6.00%x10°+5.94x10°
(8) (16.03%~25.00%)
10.03+5.26 21.53+6.75
MFS 2.12x10°+£6.49% 10> 7.29x10°+4.39x10°
(8~25) (6.14%~25.00%)
13.01£7.23 17.60+9.99
RFS 2.07x10%+5.43%102 7.16x10°+4.17x10°
(8~25) (4.01%~25.00%)

2)4 7~ FFS 5 RFS H# £, P<0.05

1E N R TR, MFS BH %8 FFS fil RFS &
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X
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FFS  MFS  RFS
2)%. 7% FFS 5 RFS My £7F, P<0.05;
3)% & MFS 5 RFS [ #5 £5F, P<0.05

1 3 MAREEMEL T M IIEHEN TANIE

T REWLA S TS A (WL 2), GL. TA. VLAl
VM 73 RMS £ 3 AR 1 7 20 ¥R R B0 B
B2, ENHESA R FFS FRLAK RMS 48
1510 MFS [ GM “F-] RMS B 58 RFS #1(£%0.05), FFS
B VL -] RMS B 558 MFS 15 (£<0.05)

O HEAUMI L @ AL o R sMuAL
gor D HEMLAMIK m AN = RAN

- D 2)

=
& 4071
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Tape cps spw npe ppe ap e
= = = = =3 =
LS LK Lo K LS M LS M LS M
1)& = MFS 5 RFS %9 £ 5+, P<0.05;

2)4& = FFS 55 MFS [l ¢4 £ 5, P<0.05
B2 3FAEEMES TS E IEEA R THERER

SR 0~17% BB, RFS 4 GM 0% 7K F-HH A%
T FFS I MFS(P<0.05), i RFS A TA 3805 7K - B &
=T FFS Al MFS(P<0.05) IE4h, FFS A9 RF J#06 7K F
WA T MFS(/%0.05), AR 33%~50% B, RFS
) GL II% KB i i T MFS(2<0.05), GM HiE 7k
S MFS Bl 5 55 T FFS(P<0.05); FFS B VL 30 7K F-HA
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HE R L 9] Sk FRE A L A0 3k J& B BT WL
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100 h RES 100 RES 100 RES
80 80 80
wn wn wn
< 60 < 60 < 60
= 40 = 40 Sy
20 o B - 20
0 1 1 1 1 1 0 1 1 1 1 1 0 1 1 1 1 1
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B ) / (% %4 A8)
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RFS HA B WA FFS S ASRA AR, TA Fil RF 76
SCYEAHRT 17 % By Boh 2630 B B 45 FFS & i LR T
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