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Abstract: Objective To evaluate the comfort and safety of footwear for the elderly males wearing experimentally
modified shoes during fast walking, so as to provide data references for footwear of the elderly. Methods A total
of 16 male subjects aged 55-65 years old were required to wear three different types of sports shoes. The visual
analogue scale (VAS) and plantar pressure parameters were used to comprehensively evaluate the sports shoes
in terms of subjective comfort and biomechanics. Vertical ground reaction force (vGRF), center of pressure
(COP) displacement and friction coefficient were used to evaluate the safety of sports shoes in terms of
attenuation characteristics, gait stability and slip resistance. Results In the 2"-5" phalangeal region, the average
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and peak pressures of B shoes were significantly lower than those of A shoes. In the 2™-4" metatarsal region,

the peak pressure of B shoes was lower than that of C shoes. In the 5" metatarsal region, the average and peak

pressures of C shoes were significantly lower than those of A shoes and B shoes. In the medial area of foot arch,

the average pressure of C shoes was significantly higher than that of A shoes and B shoes. On the outside of the

arch area, the average pressure of B shoes was significantly lower than that of C shoes, and the peak pressure

was significantly lower than that of A shoes. The 1* peak of vGRF between three pairs of shoes was significantly

different. The 2™ peak of VGRF of B shoes was significantly lower than that of C shoes. COPX-LR displacement

of C shoes was significantly larger than that of A shoes and B shoes, COPXD displacement of C shoes was

significantly larger than that of B shoes. The peak friction coefficient of B shoes during push-off stage of the foot

was significantly higher than that of A shoes and C shoes, and the peak time of C shoes at landing stage was

significantly slower than that of B shoes. Conclusions

B shoes have a good safety performance. However,

further improvement is needed to reduce plantar pressure in the 5" phalangeal region. In designing footwear for

the elderly, if the thick sole design is merely adopted to achieve the effect of shock absorption and cushioning, it

may bring negative influences on gait stability of the elderly.

Key words: comfort; safety; sports shoes; fast walking
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Tab.1 Basic parameters of shoes for test

S8 A B B C ¥t
Hit/g 259. 60 364. 01 231.47
fifi g 54 58 46
BRE/(grem™) 0.23 0.27 0.22
[FI 3R /9% 49 35 44
R/ mm 18 25 12
HEIR B/ mm 28 39 24

T A8 R Shore C 8 B2 M5 10075
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Tab.2 Comparison of subjective comfort ratings for subjects

wearing different shoes

LD A HE B #E C ¥
SARETIE 8.41x1.60  8.94x+1.11" 7.42+1.75
R 2% v 8.94+1.11% 8.3620.79 " 6.32+2.08
TR ZE 7.40+2. 63 8.04=1.32 6.88+1.78
HEIR TR 7.97+1.52 7.98+1.37 7.62+1. 04
R 7.40£2.20  7.57+1.82 7.33%1.52
HOE % 8.03x1.21 7.91x1.32 6.79+1. 58
R 8.04+0.90  8.47+0.83 7.95£1. 05
IR Y 6.89+2. 57 7.47£2.12 6.27£2.30
AN ] 8.29+1.13 8.52+0. 64 7.93+0. 97
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Tab.3 Comparison of average pressure in each plantar area for

subjects wearing different shoes during fast walking

AN
IrIX A HE B (of
5 IX 47.31x14.64  48.23+8.44 45.31£12.07
% 2~5 BEEIX 70.29+22. 15" 56.14+14.41°  61.64+19.83
W51 BREIX 60.64£16.38  66.64+17.05  68.07+14.90
5 2~4 BiEIX 95.40+33.19  95.67£34.24  93.53£26.96
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Tab.4 Comparison of peak pressure in each plantar area for

subjects wearing different shoes during fast walking
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B 2~4 BHEIX 91.27£20.17  90.27+23.55°  96.27+25.60"
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Tab.5 Comparison of vGRF for subjects wearing different shoes

during fast walking

S8 A HE B #E C
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SEHINEE/(BW-s™') 1.97x0.66  2.23x0.78  2.26x0.54
BRI/ (BW-s™') 22.75£4.41  22.68+5.09 22.93+3.86
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P<0.05,
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Tab.6 COP displacement for subjects wearing different shoes

during fast walking B em
ZH A MR Bk C #E
COPX-LR 12.02+1.82%  11.71%£2.20" 13.70+2. 01
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Tab.7 Test results of non-slip soles for subjects wearing different

shoes during fast walking

2R A Bk B #k C %t

FHhZE v EERE R RO 0.28+0.03  0.28+0.03  0.27£0.04
I B A BE R PRI BUOE(E 0. 3440.07%  0.370.08  0.35+0.07 "

HH BRIRART 20/ %  14.41+3.37 13.50+3.26 15.6423.80"
PR BT %0/ %  92.77+1.80 92.90+1.33 92.61+1.81

. R B EEMIEL, P<0. 05,

3 e

3.1 BREA

SRR 45 R R 3 NUREAS X OSF- 24 7 #0943
AT 58 42— B B3 R 7 e K IX Bl IR
KR L B 5 /N %) DX R ] 01 i i R (B 3% ¢
PRAESE 1 BB X, X 55 Machado %% 6 F &4 A
TSI AT A RATW) G o A SCHED, S5 4R A M
Fb, S AE TR A R DX 34 i J R S 4
NS WFECE H B SR K, R, &

AENTERT A2 S AL 0 S50 R e, T A2 S BA K
JE S REAA Y B B & AR R M X 38T Stewart
SR, — SR R AT A TS SRR
B RNE S, A RE MR AT E R IR Sy, 1 2
JREAN [] X 8 2 S 94 D RS AR T] i A DX 0 2 222
SRR EIME LA g 52 e, R DX S ) B e
TIulisr P A, B AR N R B G A Y AR
b (LFE R GUVR . B A5 RS ) BT e,
B i e B R RS ST AT A IR, AR
2 5 5 IR = R a] LUK & 4R A5 A7 i
AT

TEFT I B, IR AT VAS 373 2 3L
TA—BGER . AU, A T2 AT i
JE 5 B ETIE FEAAE— B 22
3.2 vVGRF

ZAXE T C BT PGE R Z 3] vGRF % 1,
B2 W EHE A S T A B B, mIEEIE T
B RAEIZ Bhad B 28 i ook D, 3R O ol D0 e
G055 LA B B S5 A B B A A OG . &Ry AR
KR, il faEEC 280El 5 vGREF 55 1 NI
ERII A 2 vGRF g R F£om & A whis w1
VGRF ] £k i ARER 15 i B8 e i e
Pr RIS — RGN BB B A Y, A
SCHURARH, C BERIROR PR s sy T H AR
RUEE  HEM CE P IS R B 5 0 B AR BAE T, 45
C ¥ FAR ELA L HC At 79 U BT R 1Y s 7 e (L, {HL
PRV REJRE e K, S B4 A 1 1) e A 80NN 203 B i
BAS A B EERI B EME2E R, CRETERK
B A B KRS T R RIS A B K
A 220, E 2 2 Sk I [B) 1S 0 2 R B T 32 ik I 1]
IR
3.3 COP i

— kU, Pk SR coP i, A
SGE A AT D7 ) b SR B COP B K 3 A4
LB B COP B8 % 245 AN [R) iz sl I 1) 20 25
FOEMEHE AT PEAL . A SCEEFELL vGRF IE{H /) COP
W Bed) o3 J7 ik D PRSP B B AN [R) I B B S A
[l REAT: 45 AHOCERTS 2 BRA) 46 5 b 1] (loading
response, LR) , 77 2 RO CRIF RS M 22 vp iE 5 5
PAE YA (single support stance, SPS) , fi 45 3 %
AR AN SR I 5 J2 AT 22 B 23 (preswing, PS) |, 7K



TEFR,% EEETFEHNZEENEYNERR
WANG Xiangdong, et al. Biomechanical Study on Footwear Comfort and Safety for the Elderly 1125

& m ETHE A E . — O, 7R 3 MR B
Hi LR AT PS AN 9 AR F O T i DA — 0 i
RS E 7 —M R e, MO AR E A SPS, X 5
TSCHERE T RS 25 MR . MR R LT
AT E R, LR 1 PS (4 COP 1 B 8 k&5 T
SPS, TEAAMREEPEAN h LR F PS /Y15 3 48
SERER RS, DA R SER IR, AW
COPXD ,COPX-LR ,COPX-PS ] i 5 T4 A, &
VS SN B R T i e i3 PR RTIE IS TR DN
BERY COP {7 LI, COPX-PS 774k T B Ky v 7 748
1 SRR SR B, 3 RUEE COPXD Hl COPX-LR
ZRAGE X, 5 Barron 2 I 7T 45 SR AH
Pt BVZERER 23 7E COPX-LR 772k .3 1) COP iz
3,

3.4 EEEH

FE 1Ak 5 R R A A M % vh o B 1
T T £33 = A s b T Y BB B b
Ml JEiE 8l Akt M Bt vGRF 3 /Nik i (B
T B DB >, A SR B % e I B B 4 TR
VBRI 32 2k A1 IS 1) I MR 5 4 FH i 22 [
VIR EE AR S Al I 52 48 R B0 R 1A i
SIEEAN RS 1 HIT A 5 1 FH T 22 T 1 EE 4 R
SERIR |3 OBUEEE 45 b 5% vl B B i JBE 4 DR 00
LRGBS, 0.28 7247, {H C e
TR A MG i o B S 458 R 50068 1 1 B ) 22 Bk 2 1 T
B #E HEN S C BRI ) M gE vt A G, 24P
PRGN, vGRF F5Y U] Jyt 2s 8 m R 2
XT3 B AR R i AR G 3 BT, Y B 4R
15 29. 1% ,GRF 58U 33 1 6. 8% , 1fii vGRF 1
T 13% , e BEAE R A A T 6. 1% Y %4
SR 7 DU A 38R AT 5 B il ) R 4 TR 5K
AIRESHN,

AR RBREM T . © PR R, A
PSS TR S50 5 1 2 A 2 08 I I 7E 65 % LU
T, BORBER A E A 2 A AT A P AR IS T AR 2
KIARE; @ SHb AT EM L, M PLEA AR
AR ARG JE T 20 ML o 5 3k I A5 2 1
SRR S H R RGO T2 5

TEIZ B RER T b T B XHE B3 H R 5
R AEY 123 R X 2 3RS sl R 4 2
KBRS 204k 1 LR, H A Iz 3l EE Y 1 ) CREAT

SR R WA P, w2 8 AF N RE S 2 iz sl Y
B BEEAR A  ZBR T E] RS ) A g R AR S
FUEF R RGE IX — iz sh 100 H XF & 4718 sh gt 47 4] 48
R A EAR KBNS XS L4742 gl B TT e 5 4 1 %
AR

4 #i8

ABIFERY, S RS L, B A AR
NBEFT IR 12 Bl i B AN il 22 R B, (H
AT 2k — 20 ROtk A A 56 5 bk DX R R R T
AT NV, 35 by 305 3] 9 7 22 v 0CR T A3Re
BORREBET, AT REAH T2 BT EE, R, £
FERERLIN B T 25 SRS G TSN, BN T R
SR G AR A TP A R A

SE

[1] ZE EREPERRE R FE2FEAEETRRL BRI
INZRAR B 22243, 2020, 36(3) : 48-53.

[2] TRER PRENME B A a2 R BN R
WFE[D]. BWl: mFImER:, 2021.

[3] MR THEEFENEBREAT HEEELI]. hEBE¥,
2017, 37(1) : 238-241.

[4] #VRIG. LT 48 A d 2D 5k R B & i X 3 9 AT 41 45
[D]. 1. LBAE25E, 2020.

[5] ZM. BENSIHBGP T AN RIEOIFE[ D] KM KM
K2, 2019.

[ 6] MACHADO AS, BOMBACH GD, DUYSENS J, etal.
Differences in foot sensitivity and plantar pressure between

ol

young adults and elderly [ J]. Arch Gerontol Ger, 2016,
63 67-71.

[ 7] PAIVA DE CASTRO A, REBELATTO JR, AURICHIO TR.
The relationship between foot pain, anthropometric
variables and footwear among older people [ J]. Appl
Ergon, 2010, 41(1): 93-97.

[ 8] STEWART S, DALBETH N, MCNAIR P, et al. The effect
of good and poor walking shoe characteristics on plantar
pressure and gait in people with gout [ J]. Clin Biomech,
2014, 29(10) ; 1158-1163.

[ 9] HESSERT MJ, VYAS M, LEACH J, et al. Foot pressure
distribution during walking in young and old adults [ J].
BMC Ger, 2005, 5. 8.

[10] &%, Wi, LmZR, % SFEFIE SR ZE A RIKINE
WoirzEsem [ J]. BRI 1%, 2022, 37(5) : 868-873.
JIN Z, FENG T, WANG XT, et al. Biomechanical effects
of different orthopedic insoles on foot soles in older adults
[J]. J Med Biomech, 2022, 37(5) . 868-873.



1126

EREMAE $£38% F6H 20235128
Journal of Medical Biomechanics, Vol. 38 No. 6, Dec. 2023

(11]

[12]

[13]

[14]

[15]

SRR L2 SRR [ ). BE R AR f12F, 2018, 33
(2): 1004-7220.

WANG X, YANG Y, ZHANG XN, et al. Comfort difference
in sports shoes and its effects on characteristics of foot
loading in typical basketball footwork [ J]. J Med
Biomech, 2018, 33(2): 1004-7220.

CREABY MW, MAY K, BENNELL KL. Insole effects on
impact loading during walking [ J ]. Ergonomics, 2011, 54
(7): 665-671.

LAW MHC, CHOI EMF, LAW SHY, etal
footwear midsole thickness on running biomechanics [ J].
J Sports Sci, 2017, 37(9) : 1004-1010.

ADDISON BJ, LIEBERMAN DE. Tradeoffs between

impact loading rate, vertical impulse and effective mass for

Effects of

walkers and heel strike runners wearing footwear of varying
stiffness [J]. J Biomech, 2015, 48(7) . 1318-1324.
THOMAS KS, VANLUNEN BL, MORRISON S. Changes
in postural sway as a function of prolonged walking [ J].
Eur J Appl Physiol, 2013, 113(2) : 497-508.

BIZOVSKA L, SVOBODA Z, KUTILEK P, et al. Variability of

[17]

(18]

[19]

[20]

[21]

centre of pressure movement during gait in young and middle-
aged women [J]. Gait Posture, 2014, 40(3) ; 399-402.
WOCHE, RWIRE, XIE, 5. SFRXTE® ABATI 2R
HLBLEREZ R [ J]. Y B 5 AL, 2018, 40(3)
174-178.

SVOBODA Z, BIZOVSKA L, JANURA M, et al. Variability
of spatial temporal gait parameters and center of pressure
displacements during gait in elderly fallers and nonfallers .
A 6-month prospective study [ J]. PLoS One, 2017, 12
(2): el71997.

BARRONS ZB, HEISE GD. The impact of shod vs unshod
walking on center of pressure variability [ J]. Gait Posture,
2020, 81: 116-119.

BLANCHETTE MG, BRAULT JR, POWERS CM. The
influence of heel height on utilized coefficient of friction
during walking [ J]. Gait Posture, 2011, 34(1) . 107-110.
ANDERSON DE, FRANCK CT, MADIGAN ML. Age
differences in the required coefficient of friction during level
walking do not exist when experimentally-controlling speed
and step length [J]. J Appl Biomech, 2014, 30(4) . 542-
546.



