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Analysis of plantar pressure characteristics of flat-footed
amateur runners running on different sports surfaces
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Abstract ; Objective To explore the plantar pressure characteristics of flat-footed amateur runners when
running on different sports surfaces. Methods We selected 15 individuals using the foot print method
and Novel emed® Amateur runners with flat feet diagnosed by 3D foot scanning ( arch index=0.6) and

15 normal foot controls. Using the Pedar-X 1.0 plantar pressure testing system, the maximum plantar
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pressure, contact area, peak pressure, pressure time integral, and total force impulse were synchronously
collected while the subjects completed multiple straight-line running tests on three surfaces at a self-paced
speed (4-6 m/s). The differences between the groups were compared through repeated measurement vari-
ance analysis. Results The pressure in the heel area (M3) and midfoot area (M2) of the flat-foot group
was significantly higher than that of normal feet (P <0.05) , and the pressure in the anterior lateral area
(T3) was significantly lower than that of normal feet (P <0.05). The contact area of the entire sole of
flat feet was larger than that of normal feet (P <0.05) , with the most significant difference in the midfoot
area (M2) (P <0.01). The difference in elastic surface was slightly reduced but still significant. The
normal foot in the forefoot area (T1 —T3) was significantly higher than that in the flat foot area (P <
0.05) , and the pressure on the flat foot in the middle area (M2) of the plastic track was nearly 4 times
higher than that of the normal foot (P <0.01). The pressure time integral and total impulse of flat foot
M2 were significantly higher than those of normal foot (P <0.01), while the anterior lateral area (T3)
was significantly lower than that of normal foot (P <0.05). Conclusion When running with flat feet, the
plantar pressure shows the characteristics of “overload in the midfoot area and insufficient force on the an-
terior lateral side”. The hard ground intensifies the instantaneous impact, and the elastic surface amplifies

the accumulated load. It is suggested that flat-footed runners prioritize choosing a moderately elastic sur-

Fa

face and pairing it with arch support equipment to reduce the risk of injury.

Key words:flat foot; amateur; running; moving surface; plantar pressure
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Tab.1 Basic information of the subjects
265 NBUA i/ % B/ cm R/ kg BT (kg - m™?)
Jit - 20 15 26.48 £3.71 175.16 +3.12 65.26 £4.11 23.27 £3.62
EH R 15 27.22 £2.03 176.08 +2.43 66.57 £3.21 23.49 £3.07
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Fig. 1 Foot pressure measurement system
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Fig.2 Schematic diagram of Mark reflection spot paste position
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Fig.3 Test site of plantar scanner

2 MIRFAE

2.1 KIGHIE

RETEARIE 1 S iz 3 e S & i AT, I 3
AN X 8 7K e b (A R AF 9% C35) (N TR (55
SRR R ) | YA ML E ( EPDM 5Ok, JE
13 mm) AN 4 PR, 2R E 5FE % — bk i
(CRERRIE B 5 ) | DL A Lol + 5% 56 4% 2 1 I
R N BE AL 23 BC LA B G 25 7

R : hitps -/ cjam. xjtu. edu. en  AFART N 12425 4)k



1432 A I == ]

a2t

(a) 7KJEHh

Z 3 B o0 A b R AE I B S E AT
10 mindf B (P + ShAPL) , 2G& 3 Fhiz sh
Hy R, 1E ST, 3208 DL [ BT I8 o R
(294 ~6 m/s) FERFFNRIA L LB 3 Ik, B EF
2230 s, [A]BE 5 min AR, 4478 A )i 3 2 i -
I R K Je (5.2 £0.3) m/s, A T EH1(5.0 =
0.4) m/s, ¥AJKHIIE (5.1 £0.3) m/s, £ [A) 3 i 25 53
TG E (P >0.05), Mg, RIKET)
TRIES = HE iz S R A ) & R 25 R B,
RRARCESRBI (=5 ) A0, B3 it
SERE LA DA AR 2 R

2.2 MXIERR

AR YR IR G AL IS e 00 25 48, B I &) oy
R 3 A FEEEE XL R ATIX (ML) 2 H X (M2) Fl
JEERIX (M3) T o T IX g — 2 4ok 3 A4
F X3 B —BAEEIX R RTPIIIX, T1) 55 — 5 =
BRI (RETHR R, T2) 565 7O K 55 T ik X (2 i
HMIIX,T3) o LAZE SR ], 4% XS ELR A & an 1Al 5

Ji7s
1 1
sl
{ (& fil
JET T
i) 4
1 1 |
- by e e -
) A
LA ®v
JEER
X M3

5 2R RIR X

Fig.5 Distribution of left foot sole area
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Tab.2 Comparison of maximum plantar pressure in the plantar area during running on different sports surfaces (x +s)

7K e AT H 9 J

KoUEmE4 R4 EWRA R g EWEA TR

W RIEET RIRES F P REREH, REEH,OF P R, REEH,OF P
/kPa /kPa kPa kPa kPa

TI  87.52% 79.73+  5.782  0.045 67.18 % 55.38+  5.65 0.047 71.61+ 66.98 +  4.324  0.028
3.16 4.32% 7.26 4.06* 9.23 8.02*

T2 110.06 + 103.52+ 1.334 0.121 71.22= 65.56+ 1.135 0.213 81.75+ 78.42+  0.767 0.315
8.33 7.83 8.03 8.78 9.69

T3  122.75+  83.62+  6.421 0.028 93.67= 76.08+  4.221 0.045 108.77+  88.42+  8.658  0.027
10.76 8.08* 5.58 5.45* 9.48 6.38"

M2 52.84%  153.62+ 28.562 <0.001 43.66x  125.00 = <0.001 188.18+  225.17+ 4.133  0.025
3.72 11.28* 5.58 22.13* ' 14.81 13.32*

M3 213.76+  256.63+ 6.121 0.043 187.44x  227.08= 7.711 0.031 167.13x  208.46+  6.332  0.043
13.35 17.25* 10.32 21.18° 14.25 20.08 *

P <001, AR B EZER, " P<0.05, Al A B EEER,

3.2 RBIREfER
3 AL R FE, 25 1Ew 2l i

A T U E A AN (R A2 Bl T B A5 5 ) 2 42 S T R
FEW 2 XM 2SS RS IEA LR MR EH )
LSS

®3 FAREHREHSE BEEMERELE (v +5)

Tab.3 Comparison of plantar contact area during running on different sports surfaces (x +s)

K AT HH BA) B
Ko EmEM RTR4 EREH TR EHEH  RWTRA
B ORUEHEA R F P JAiE e LY i F P Jo ik S LY ok 73 F P
HA/em® TR em? A/ em® B em? A em® Y em?

TI  22.65% 31.08+  3.288  0.041  33.52% 38.68 =  4.442  0.036  30.33 = 35.78 = 3.221  0.038
3.82 7.62* 7.38 3.54* 5.06 6.32"

T2 30.13 % 38.85+  4.121 0.036  35.13 % 42,35+  6.864 0.028 33.76 43.75+  3.757 0.042
7.98 3.72* 8.74 4.13" 4.23 3.31*%

™ 18.62+ 21,14 7.652 0.024 22.92: 27.26+  3.626 0.040 19.26 28.16+  7.445  0.035
5.78 2.52° 5.11 4.747 4.33 5.78*

M2 1212 48.17 + 0.008  14.65 + 4111+  28.622 0.006 11.74« 33.03+  32.852  0.003
3.45 8.85 ™ 33165 2.42 3127 3.29 1.27*

M3 42.73% 52,12+  5.251 0.034 46.13 % 56.73+  8.652 0.013  41.32% 55.13+  8.332  0.037
2.55 3.45* 2.73 2.77 1.29*

TE: ™ P<0.01 A IR BEMZES; " P <0.05, HNA &2,

it A AL R AT P X (T ) AR R X
(T2) JERTAMUIX (T2) M R HRIX (M3) #E 4538 3 3
T b A fk i AR A R FIE W B4 (P <0.05)

Jii - R A AE R S X (M2) A T AR I R T IE
TR (P <0.01) , JuHJZ e 5T 2= 1 ( anoK e i)
b HEREONIHE FEAN TR b R LR
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JE(M2) Bl AL A & T IE R 241 (P <0.01) {0
SR ok 1T AR 25 S K U8 L 45 /N2 10% 5 11 A B8 i
T I T R 2 e R fo e AR At 2 T T
% B & TIER L4 (P <0.05)

3.3 BIREEER

R 4 MR E, IEH 25 R R kA
W T b ANz Bl 2 T A 2 U (R TR A 7 i 2
£5(P<0.05),

BARLIA - TL/T2 (CHT A/ v B X)) g ~F 2

SR WA T IE# (P <0.05) 5 EETAMINIX (T3) 7
ARG N TR b 5 T () W (1 iR 34 S A
REBEETRFELE(P<0.05) ; BHFIX (M2) £ A
TR 2 22 5, Horbok e b 5 N TR 3R 81
R e~V 2 7 £ v DRI e T R e R S 3
WEAEK, T 9 f S PR P J2 M2 TR 7 BRI L Al
TR IR AT B, oM BCIE # 35 (P < 0. 05) 5 Jm T /2
ZHARIE L 2H B R X (M3) 75 4% 36 1 2 G . 3 22
S (P>0.05) , /B2 B A7 A 57 2 J8Y 52 1) 55 b 1
ERE

F4 FREHREHLHRES R ERIEEEE (xx5)

Tab.4 Comparison of peak pressure in plantar zone during running on different sports surfaces (x+5)

7K e Hh NI 5 SR i E
X EmEH TR EHRA TR EHREA WTEH
W R, HORIE(E/ F P JERRUE(E,  FRSRIE(E/ F P JERRUE(E,  FRSRIE(E/ F P
W - cm 2 W - cm 2 W-em™2 W-em™? W-em™2 W-em™?

T1 38.64 + 25.65 £ 4.652 0.034 20.04 = 14.32 = 5.665 0.038 23.61 = 18.72 = 10.323  0.015
6.89 3.12° 3.21 2.11°" 4.52 3.25"

T2 36.53 26.65 £ 8.465 0.013 20.28 = 15.47 = 11.326  0.028 24.22 + 18.53 = 5.368 0.032
4.87 4.32" 3.78 3.23*% 3.12 4.11*%

T3 66.03 = 39.55 5.324 0.032 40.87 = 27.91 = 6.335 0.041 56.47 = 31.39 + 4.659 0.033
8.92 5.21° 4.12 4.32* 7.11 3.22*

M2 43.60 = 36.43 + 3.128 0.045 29.79 + 27.73 0.654 0.372 16.02 + 64.28 + 38.652  0.008
4.12 5.11°% 4.32 6.18 2.89 5.36™

M3 50.02 + 49.23 + 1.852  0.364 40.63 + 40.02 + 0.823 0.252 40.45 + 37.81 = 1.369 0.131
3.11 4.56 3.25 5.11 4.78 3.29

. P<0.01, A AIER B EMN2ER, " P<0.05, AiFA B EEER,

AR 2D 5 e AR AN [R]85l 3 T A R IR T g - ]

3.4 EBIREN-AETRS o X
BUMFAE B E VR AR 225 (P <0.05) .
H15% 5 MR S5 R AT LU ) 1B 2 5 W F 2
RS AREHREHSHEREN-HERILLE (x £5)
Tab.5 Comparison of plantar pressure-time integral for running on different sports surfaces (x£5)
TR e b N LR 1 fige 0
x  EEREH  WFRE EFEH  WTFRHA EWEH  WTRH
" RNEIETI- RIEET- F P RNEIETI- RIRES- P p RIRIETT- RIRIET- p
N DN IEIE A S R 17 A0 R[] AR R[] RS> WPEFRSy I E AR
(N-S+cm~2) (N-S-cm~2) (N-S+cm~2) (N-S-cm~2) (N-S+cm~2) (N-S-em™2)
Tl 3.86 2.57 = 1.202 0.312 2.12 1.43 1.308 0.413 2.36 = 1.81 0.882 0.152
0.83 1.02 0.54 0.36 0.56 0.08
T2 3.65 + 2.67 = 1.843  0.075 2.03 = 1.55 2.212  0.083 2.42 + 1.62 + 0.717  0.139
1.11 0.88 0.86 0.18 0.47 0.19
T3 6.60 = 3.93 + 3.244  0.025 4.09 £ 2.79 4.658 0.043 5.65 + 3.14 + 4.556 0.038
2.32 0.75* 0.28 0.49" 1.02 0.14*
M2 8.36 + 3.82+ 85.623 <0.001 6.98 + 2.73 79.036 <0.001 11.72 3.07 £ 92.363 <0.001
0.68 0.14™ 0.93 0.06 ™ 0.51 0.25™
M3 5.01 £ 4.92 + 0.853 0.336 4.36 £ 4.10 = 0.934 0.412 4.38 + 3.78 + 1.336  0.753
0.37 0.42 0.37 0.24 0.37 0.45

™ P <0.01, AR BEM2ER, " P <0.05, 4104 BEELR,
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SERTAMI X (T3 ) 78 7K U Hn N T8 | 98 i 3
BRI E S -B R B Y R B IEH R B E ST
itV A2, H R A 22 5 B (P <0.05); & X
(M2) FEFT A R 2 BN 3% 25 57 (P <0.01) , H
R - TR AR A B 3 e T AR A, U R i T
iR M2 PR 8. 72 N - s/em’, M IE R T 4
5 R ETAMIX (TL) HTH X (T2) K2 BRIX (M3)
HIA 22 F G2 FR X (P >0.05) , [ BeRy i/ A
[i) 1 - DX 671 fp 3 BCAF R o

3.5 BEEAONE

1% 6 MR S5 R AT, IE 8 R 5 i F 2k
2L e fp B AR AN [RlE Bh 2 1 A AL IR T i R

AR 22 5 R RTAMUIX (T3) AE7K e, A T
T BRI Y R T i 4O TE R R T
TR (P <0.05), 515 2 8 i Er oMl 2 & T 4
i 2 R BT S O 2D AR IE — 3G R P X
(M2) FET A R FE A 25 22 57 (P <0.01) , Jd
FREFESIBE S M2 R EHER TIER 2,
JEHIK U M S M2 R R IE R R 2.9 £, H
BAMEREEE(P<0.05) ;L EIRX M3 &
Sy TR 2 (P <0.05) , {H2% 508 /N
T M2 S RTONIX (T1) ARG H ] X (T2 ) 20 18] 24 5
TG iHFE X (P >0.05) , 3 BH W6 & 78 5 P30 Az
[i) B Bk IX 1) SR AR TG ik 2 X

*6 AEEHREARSHEESEXBSHEILE (xxs)

Tab.6 Comparison of total force impulse in plantar zone during running on different sports surfaces (x £s)

K e T B U e B

Ko EwRa mTRda EREA TR ERR4 TR

B Sophits Bk, F P B, BhmiEs F P Bhwhis Bk, F P
(N-s) (N+s) (N-s)  (N-s) (N-s)  (N-s)

T1 21.88 = 19.93 = 1.069 0.156 16.79 = 13.85 = 0.473 0.267 17.90 = 16.75 = 0.786 0.162
0.79 1.08 1.82 2.31 2.01

T2 27.52 + 25.88 + 0.569 0.432 17.81 = 16.39 = 0.655 0.312 20.44 + 19.61 = 0.426 0.423
2.08 1.96 2.01 2.20 2.40
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3.34 4.31* 2.58 3.56 5.02°
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