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Effects of Gait Retraining on Impact Forces, Lower Limb
Biomechanics and Leg Stiffness

YANG Yang, ZHANG Xini, LUO Zheng, WANG Xi, FU Weijie
(Key Laboratory of Exercise and Health Sciences of Ministry of Education, Shanghai University of Sport,
Shanghai 200438, China)

Abstract; Objective By establishing the intervention mode of 12-week gait retraining (GR) (with the specific aim
of changing the habitual running gait), to determine the changes of vertical ground reaction force ( vGRF),
kinematics and dynamics of hip, knee, ankle joints, as well as stiffness of lower limbs in running before and after
GR, and to explore the influence of running posture transformation on impact force and lower limb biomechanics.
Methods Vicon motion capture system and Kistler 3D force measurement platform were used to collect the GRF
and marker track of 30 runners (15 in experimental group and 15 in control group) before and after GR with the
minimalist shoes at a speed of 12 km/h+5% . Results A total of 17 subjects (9 in experimental group and 8 in
control group) completed the GR. After GR, the maximum loading rate of both groups decreased significantly,
and the maximum loading rate of experimental group was lower than that of control group. The foot strike angle in
experimental group decreased significantly after GR, and the plantarflexion angle and hip joint angular extension
velocity increased in both groups. The force moment of ankle joint increased in experimental group, and the
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stiffness of lower limbs was significantly improved in both groups. Conclusions

A 12-week GR exercise

intervention model was successfully established, with 78% conversion rate ( from rearfoot strike to forefoot

strike) . GR can effectively avoid the peak of impact force, reduce the maximum loading rate, increase the lower

limb stiffness, and thus reduce or even avoid the risk of running injury caused by impact force and may provide a

possibility for the improvement of running economy.

Key words: gait retraining (GR) ; running pattern; strike pattern; minimalist shoes
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1.5.3 sAFA% O XKW I 7E V3D B
FIFH 3 1) Bl ) 24 TH 53N B | A BR DG T f ILIA ™
AR 7 0 BUAS OC T B EEE ( M, ) o
Q) KATFE D RIEE(P) T I (M) 51y
AT (0) 2,
1.5.4 R EA% THENIE k= GRF /Ay, Hh
GRF, Ry H Lo e A H 20 ) 3 B b i S A FH 1, Ay
B EO R E AR
1.6 %itAE

fifi 1 SPSS 22. 0 Ge T4 {4 X B 47 5341, R
FHOBUEE 2R 52 0 = 7 22 43 B e Bt 1) B3R (U1 2%
B IS ) AR A R (GR 2 W IR ) X |k
FESHOE RN ERN ML HAEH, 7758 HAE
FHBSE A FH ECXTRE AR ROl S7 AR AR o 4G 30 AT HLAAR
2, BEMEKE «=0.05,

2 H®#R

2.1 FiXERERRBGER

F 1R A2 R E BREE, G T it
A 2 AREGRH (S5I4TE6) 2 ABEIZH
BILsR S mm e oIk VLB HERR 3 AR RERR,
6 NP N R s b Wk 1, s
17 AFFEFRUE(GR 4 n=9 X IR n=8) P ALE
Raiit,
F1 FREEXER (n=17)
Tab.1 Basic information of the subjects

Wil /S BE/em BBiE/kg BHRBEE/km
GR#H(n=9) 32.4+6.1 174.8%+5.3 70.2+6.0 28.3+11.2

YR (n=8) 27.6+5.2 173.9+7.0 75.4+11.7 26.9+10.7
P 0.104 0.773 0.262 0.787




EREMIE $£35% F6H 2020128

668 Journal of Medical Biomechanics, Vol. 35 No.6, Dec. 2020
2.2 EEMEREARAAN HB 5 R, FIRFE I 2R GR 4 (P=0.015) A1t
PRI YN 2510 J5 vGRF B8 b £ B, GR 41 XTRRZLM) 2R s IG5 0 4 ) X fi i s i) 4
(P<0.001) FIXHEZH (P =0.017) FEI R JG Ao A REFERmM (LK 2),
x2 gGaiREERIERAIXTLE
Tab.2 Comparison of ground reaction force before and after training
S i GR 41 ‘ X B 2H
UERI) UlENE VIIEZ i) UESE
FP/BW 1.78+0. 20 — 1. 83+0.22 2.05+0. 47
typ/ ms 25.50+5. 31 — 26.20+4.71 28.97+15.75
LR /(BW-s") 71. 62+13. 66* 55.44+25.21" 74.00+21. 42% 61.30+32.90
CT/ms 233.58+20. 44 226.35+11.90 243.27+26. 65 240. 02+26. 26
E IR TR RN IR A SR, P<0. 005
2.3 EHFEER RSEHRBA 3 1) RO, BB A 83 1Y 52

1NN I ST N R =ik o & e
YIEXT 2 fih b Ff BE (P =0.026) B 515 il kb, £y JE
(P=0.011) LA B ¢ A/ U (P =0.032)
AR FRON, Hob, BRI fih s B AR R 3
R, A8 G BB Aol R G O X T A b A7 B R
TR PR ZR S A A AE S 0 R < 20 51 28 L
fEH(P=0.013) ,GR ALY ZRH0 5 A Eb , /2 36 fih H
AR /N (P=0.015), % A KA Z 5.
[ ZE VI ZRE , GR ALY 2 55 fl A 3 35 /N F X
WA (P=0.017), WK 3, 4k, WFiE] 41 5] % H

HAEH

20 - XA £ 10
- -@ GRIL l =
i~y &
% 9 +::_' """ 8 0 +=::-_1‘---_l
= i ® "
g 0 ~‘~, ;’; T
UH,IO . . 10

VIE:D) VESS VI8 VIESS
(a) BIWHRAT (b) BRI

B3 lgaiEkT ittt EITLL

Fig.3 Comparison of foot strike angle before and after training
(a) Foot joint, (b) Ankle joint

x3 IGAER. B BXTENFZEN
Tab.3 Kinematics changes of hip, knee and ankle before and after training
e 2% _ GR 4 ‘ _ hay;lesa) :
UER UENE ER N
2R 0:/(°) 8. 07+4. 64" -2.21+3.09*" 8.73%6. 68 9.2748.9
6o/ () -0. 13£4.29% -4.73+4.79* 0.61x3. 76" -1.89+5.27
O,/ (%) 17.48+4.76 16.92+4.78 15.91%2. 51 16. 58+3. 38
w/[ (°)+s71] 289. 57+85. 81 332.77+103. 51 259.22+34. 13 267. 83+67. 03
w,/[(°)+s7"] -269. 34+90. 64 -245. 0060. 65 -231. 46+66. 38 -213.37+44. 05
i 0o/ (°) -13.56+5. 60 —14.2425. 11 -14.17+4. 01 -11.80+3.76
O’ (%) -34.46+2. 08 -35.4124.75 -35.47+2.93 -36.15%4. 62
wo/[(°)+s7!] -96. 83+35. 33 -85.96+51.95 -85. 80+39. 66 -83.61+57.09
w,/[(°)s"] 103. 52+34. 96 109. 2126. 37 90. 68+40. 83 74.21+22. 57
8o/ (°) 25.50+5. 04 27.36+8.23 29.36%5.36 28.25+7.28
% B’ (%) -11.06+6. 59 -10.74+7.30 -7.926.03 -9.73+6.71
wo/[(°)+s7!] -82.08+29. 88 -60.34+15. 15 -64. 37+43. 64 -62.22+21. 88
w,/[(°)s7"] 95.49+39. 13* 109. 99+26. 54 100. 45+26. 82* 125.73+28. 51

T A LB & )< 2 AT RS A, P<0. 005 ; * %] 55 R, 4 A AE7E B 51 25 5, P<0. 005



7 % BEBIINGEIREN TREYHZRNENZN
YANG Yang, et al. Effects of Gait Retraining on Impact Forces, Lower Limb Biomechanics and Leg Stiffness 669

2.4 BAFHER

FI ) Xof R OG5 I {3 ( P<0. 001 ) B G i
fH 1 (P=0.004) M 5CT7IEA(H Y] 2 (P<0. 001) £
TES3E TRV, WIZRe , PR T i ) 55 5
21 S E] S () e WA N s 0 A R 21 B3 26 11 % S
XFER I WA 4R 0 2 28 B2 (P=0.024) ,
GRZH I %5 J5 BROC 7 M {i J7 4 W 3 Jm (P =
0.001) , T Xf BRI 2 s 1A 22 55 (LIE 4)

~
1

—_

o
1

= - AL =
2 -@ GR41 2
m s l = 2 i
el + R x z s:21iIlllg
& Zhidedni &
LS R 8
a2} ol
# ‘ N , .
Ik kE e s
=30 -mexEa = 8
P -@ GRY] B
B E 5 = +
% Z 21 itliie.g 2,0 WEeeee
g TR ¢
R R
a1} ol
§ , . , ,
S WE 3 WE
~ 2y -4l _ s
22 @GR o 8
i E g ‘\ *
* £ *-'---"-u: <y T"~-I‘ .
¥ OB o T el
N R
ol ol
g #

YIZRHT Wekja ’ YIZRHT Wkja
(2) FIFEIEAE (b) ThREME

B4 NEEEH. B BREZXTHNESEIL

Fig.4 Comparison of dynamic parameters for hip, knee and ankle

before and after training (a) Peak torque, (b) Peak power

2.5 THENE
WG, GR H(+17.2% ) SXHHRLH (+7. 1% ) HY
BRI RN (P<0.05) , WL 5, {H2 2

O meshmgal
60 -@ GR4L l

WIS /(BW -m 1)
5 ¢
N
—a

W
(=3
T

YIZRAT YEkE
B 5 NEaamaT RN ES
Fig.5 Comparison of lower limb stiffness between two groups

before and after training

L% F 0 2 LA RIS B, GRF BT 235 1Y

ERO, IR A FE SRR (LR S)

£5 ISHEECEBELE (0 URRRAEHMERE
A%

Tab.5 Displacement of center of gravity (Ay) and maximum verti-

cal ground reaction force before and after training

4 A5 4]
sy - ORAL AL
I R LR R
GRF,/BW  2.61+0. 30 2.71+0. 31 2.55+0.28 2.60+0.27
Ay/cm 5.96+0.90 5.42+0.99 6.21+1.43 5.67+1.47

3 g

3.1 EREAAN

i I8N 2 T B P s F R A
ARICHEFE R, GR BEA &k 3 vhf 71, I 4 SR 3 FF
CHR [ 2-4] B SS I, BARRIH . GR A (n=9)
A 7 NS A3 i, Lieberman %577 A K,
i 71 KN B T IR0 A5 B TR 2 ik
o AT DA A 9 R R ik st s A 5B S M T ) SR Ok
Pl /N T, AT R p R Al b R £ g e
o J3Ab, ECRIETE ML 35 M o O v
FIFEARY AT ST b, P4 B B R AR S
HBE NI, X GR M, ) R 2 P 2
oS, ftt 7y =X A AT sk O 1 e 05 1 U AE
HETT IR/ T B3R X 5 H AN AR S oY i 45 SR 2k
AL 1180923240 i ot BR 2 A A R AT M S 4 i
0T 3 RN Y B 2 R TR S N A A e A
)5 35 By s A O I ZRS , GR 410 17
FRORA He X HEZH T A, 2 B B o] L3 a3 Ny R 2%
PERIINZR T s/ MR 2805 (A WA« B AR /Y
GR VIR A 3 $7R GR AE T U e A b 7
TE AR G 2k R [ s G vty 7 048
3.2 EBEEH;EF

MIZ B K E, GR 24 1o 30 B 0T A2 i 2
(14 fictth, 7y =X, ELAAC SR IR Ay L 3 A b £y AR I 25 0 Dk
/NT 24 10. 3° fHAEXT BRLH 3o & A= 2SI 1 L
XF GR A LSS AT G il 2 fid b 3 — fioh 5 =X
AR R IR R B RO R B GR 4]
TEZ 12 JAMW I ZR)G , filkt 7 =05 2R A2 M A R o
I, Wi R 2t 12 FA S A Nl A
R B AR 111 2 A fik it SR BRAE . MeCarthy 2507 fF



EREMAE %358 F6H 202005128
670 Journal of Medical Biomechanics, Vol. 35 No.6, Dec. 2020

SRR, FTAT e B fioh i 7 52 33 70 SR RO 7 HE 1Y) 3k
PPV 2 JE AR R FE 1 A Je R o ot 1) fipk by 5, He v
ALFE R AN R il (EDR AR ST IR A B
FAUZER X AT RE R T HAR I B A2
P A SN [R) 04 i R T R A, BRAR R GR 4
() fi by X A T i 3 AR (LI 2R T L fh b
HR T A ) B bR . X GR 41T, B KA B
JEE A R Al Y SRR B D2 AR AR ST
H GR ZH 1R i AR B2 A8 AR ARG T kot £ B2 A A8 £k
FFAK(10.3° vs 4.8°) , F I GR A 323 vl GEIT:
AV 38 ) B A 0 B e £ R ST b, 25 G
fiok PH Y R 5 DG AR BE A B 5 AR 4R, $E R GR 415z
WA TEVNZRIEBR T 3G B O 1Y B LA AR, 7T BRI
Fisf 300 o TR A RS 9 b B X B AR ) 7 DA SR T
OTR (1 P73 e 8 8 TV | SR R a1y S A
A TR A R R R A WA B RS Y
IO, M A 23 B 400 A L Rl B A5 1 A
R S EN ST il = = € X NI BE R R Y A e =E2 g i iR
HEATAE N B R TR B — HAR”
3.3 BAFEMTERE

MBS IS, GR A7 I 4k I B 65 1
FEIGEAE 28 L TF % BB 4 7 I ki Jm AT e 35 22
5o X—HREET GR AEVIZ)5 i 77 20 % 4=
WAy ol P ol kb (1 0T A0 b T B2 AR
T F vy B AE T A ER, DA A A R
PEMAEAFER AT F1 48 BT, Warne 2572 098 & 31,
M AR GR IS BROCTS 7522 vh I B iy W B2 1A ik
AR AR, XU I AR B OCT BT 2R 32 Y ) AR i b
T AR N A4 38 258 7 fi b s B3 OG5 o Je 30 T 22 o
Wi B () RO 9 1 B0 71 B, DA T D57 55 1 T AH O 1Y)
KR, kG, GR 2 AR 8 41 ) g 56 35 16
JIFEER AW 5 T R, 5 SRR AR L, A AT A
B, BRI 1 77 S RTAI JE  2 0 /N B AR A
TEOL , B A IO S ) TR B i =X, A
AT I 25 PR A A 5 0C 9 IE L D R A 5
K%, Williams 289 8F 5% & B, 52 330 2R 2 Al 4
L FIRR AR LS 58 DG 79 DI 8 L 2 8 e B i Fsf 4 Sk
ETRE, X S AMRINGG R T8, X —
RIZIsE e 2RI AR IBRE S T R ok, ASBIESY & 21,
TCiE X AR & GR 41, T B W 7 I 25 I 40 i
FPE M BN EE WA 5 B 2D 28 5 RN RE 1 A

RAT BRI, TR BRI e R R
SoBiR . X — SRR R I SR AT RE 2 £ T B 2D i)
(s R, 5350, AW 5E A B, H0 0% R AR
M. vGRF FEYN AT I BeA W35 M i 281k, 4875 &
RPN BE 3 — £ 5 8 B 0 I I R 00CR B2 B s Y
U, D3 Oh, PILEL ] BRSNS B 22 i 25 AR
TR RO 1Y S BRI B B, 3k 5 AR S By 2 45
AP EANZRRCR AL, B GR 4R~ H
b e EAAT T A DI SRR T4

iR ENin IR NIER M E DN 2 G
FIRIZ . BARIGRR ] 2 v B W, (] i e
A HEIE R T HE A FUR R A PR = ~) BiE
TR, FEMNGRRATAE—E D2

4 £t

ARSI 3k SR TG 5 A 4 5 =G A W TR B ) 2
RIS T 12 A GR #iE gl T AL, ff J5iA
Jr R M B A O I 3 M (AR 78% ) .
HARKI N D GR REH AT At b G il Jy e (| [
B R TR BT AT LAl )N ol it 0 BT 5 1 )
AT BB s @ R BRI R B L B8 GR
AL 22 B 1k B AR N RE iR T 3R A4 4 T B 4 RTRE
@ GRETSR 1 H A1 fel Ao L 22800, (I 2 5 fe
R ) R

S

[ 1] BRAMBLE DM, LIEBERMAN DE. Endurance running and
the evolution of Homo [ J]. Nature, 2004, 432(7015) ; 345-
352.

[ 2] MILNER CE, FERBER R, POLLARD CD, et al. Biome-
chanical factors associated with tibial stress fracture in
female runners [ J]. Med Sci Sports Exerc, 2006, 38(2) :
323-328.

[3] POHL MB, HAMILL J, DAVIS IS. Biomechanical and
anatomic factors associated with a history of plantar
fasciitis in female runners [ J]. Clin J Sport Med, 2009, 19
(5): 372-376.

[ 4] GENT RN, SIEM D, MIDDELKOOP M, et al. Incidence
and determinants of lower extremity running injuries in long
distance runners: A systematic review [ J]. Br J Sports
Med, 2007, 41(8) : 469-430.

[5] FUW, LIUY, ZHANG S. Effects of footwear on impact
forces and soft tissue vibrations during drop jumps and
unanticipated drop landings [J]. Int J Sports Med, 2013,



[7]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

7 % BEBIINGEIREN TREYHZRNENZN
YANG Yang, et al. Effects of Gait Retraining on Impact Forces, Lower Limb Biomechanics and Leg Stiffness 671

34(6) ; 477-83. [17] WILLSON JD, BJORHUS JS, WILLIAMS DS, et al. Short-
FU W, WANG X, LIU Y. Impact-induced soft-tissue vibra- term changes in running mechanics and foot strike pattern
tions associate with muscle activation in human landing after introduction to minimalistic footwear [ J]. PM R,
movements: An accelerometry and EMG evaluation [ J]. 2014, 6(1) : 34-43.
Technol Health Care, 2015, 23(s2) . S179-S187. [18] BLACKMORE T, WILLY RW, CREABY MW. The high
DINATO RC, RIBEIRO AP, BUTUGAN MK, et al. Biome- frequency component of the vertical ground reaction force
chanical variables and perception of comfort in running is a valid surrogate measure of the impact peak [ J].
shoes with different cushioning technologies [ J]. J Sci J Biomech, 2016, 49(3) . 479-483.
Med Sport, 2015, 18(1) ; 93-97. [19] SAMAAN CD, RAINBOW MJ, DAVIS IS. Reduction in
THEISEN D, MALISOUX L, GENIN J, et al. Influence of ground reaction force variables with instructed barefoot
midsole hardness of standard cushioned shoes on running- running [J]. J Sport Health Sci, 2014, 3(2) . 143-151.
related injury risk [ J]. Br J Sports Med, 2014, 48(5) ; 371- [20] ZEpk, G4y, TES, A%k rb i i )l Bk R sl 1 F B
376. VR SCTT A 9 0 2 B OGTT RE RS2 [J]. ThIEE 3)
NIGG BM. The role of impact forces and foot pronation: A B, 2016, 35(6) ; 527-534.
new paradigm [J]. Clin J Sport Med, 2001, 11(1) : 9-2. [21] RUI X, ZHANG X, WANG X, et al. Effects of two fatigue
WANG X, ZHANG S, FU W. Changes in impact signals protocols on impact forces and lower extremity kinematics
and muscle activity in response to different shoe and during drop landings: Implications for non-contact anterior
landing conditions [J]. J Hum Kinet, 2017, 56(1) . 5-18. cruciate ligament injury [ J]. J Healthc Eng, 2017, doi:
FU W, FANG Y, GU Y, et al. Shoe cushioning reduces 10. 1155/2017/5690519.
impact and muscle activation during landings from unex- [22] LIUY, PENG CH, WEI SH, et al. Active leg stiffness and
pected, but not self-initiated, drops [ J]. J Sci Med Sport, energy stored in the muscles during maximal counter
2017, 20(10) : 915-920. movement jump in the aged [J]. J Electromyogr Kinesiol,
YL, X5, BB, BEREEXT 3 3 5 1 3 vg s s ) 2006, 16(4): 342-351.
FHERULR WA [J]. A S5, 2012, 27(3) . [23] WARNE JP, SMYTH BP, FAGAN JO, et al. Kinetic
317-323. changes during a six-week minimal footwear and gait-
FU WJ, LIU Y, WEI ST. Influence of basketball shoes on retraining intervention in runners [ J]. J Sports Sci, 2017,
impact force and muscle activation during active and 35(15) : 1538-1546.
passive landing [ J]. J Med Biomech, 2012, 27(3): 317- [24] i, B, MLEA. 258 fhdth 7 =018 e 2 337 0 4
323. TERISEIR [J]. BETAY )%, 2017, 32(2) : 154-160.
LIEBERMAN DE, VENKADESAN M, WERBEL WA, et al. YANG Y, WANG X, FU WJ. The influence of shoe condi-
Foot strike patterns and collision forces in habitually bare- tions and foot-strike patterns on foot force characteristic
foot versus shod runners [ J]. Nature, 2010, 463(7280) : during jogging [J]. J Med Biomech, 2017, 32(2): 154-
531-535. 160.
DAOUD Al, GEISSLER GJ, WANG F, et al. Foot strike [25] BONACCI J, SAUNDERS PU, HICKS A, et al. Running in
and injury rates in endurance runners: A retrospective a minimalist and lightweight shoe is not the same as
study [J]. Med Sci Sports Exerc, 2012, 44 (7). 1325- running barefoot: A biomechanical study [ J]. Br J Sports
1334. Med, 2013, 47(6) . 387-392.
MULLEN S, COTTON J, BECHTOLD M, et al. Barefoot [26] BLAISE WILLIAMS DS, GREEN DH, WURZINGER B.
running: The effects of an 8-week barefoot training Changes in lower extremity movement and power absorp-
program [ J]. Orthop J Sports Med, 2014, 2(3) . 1-5. tion during forefoot striking and barefoot running [ J ].
MCCARTHY C, FLEMING N, DONNE B, et al. 12 weeks Int J Sports Phys Ther, 2012, 7(5) : 525-532.
of simulated barefoot running changes foot-strike patterns [27] PERL DP, DAOUD Al, LIEBERMAN DE. Effects of foot-

in female runners [ J]. Int J Sports Med, 2014, 35(5):
443-450.

wear and strike type on running economy [ J]. Med Sci
Sports Exerc, 2012, 44(7) : 1335-1343.



