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Abstract; Objective To analyze plantar pressure features of patients in injured and healthy sides of the lower
limbs under different walking conditions after the trimalleolar fracture surgery, and compare these characteristics
with healthy subjects. Methods Twelve Trimalleolar fracture patients and twenty-three healthy subjects were
recruited and their plantar pressure characteristics under different walking conditions were tested, including peak
pressure, contact area and contact time percentage. Results Comparison between injured and healthy sides .
during level walking, peak pressure of the 3"-5" toe in the injured feet were smaller than those in the healthy
sides; in inversion position, peak pressure and contact area of the 3“-5" toe area in the injured feet were smaller
than those in the healthy side; in eversion position, peak pressure, contact area and contact time of the 3 -5"
toe in the injured feet were smaller than those in the healthy sides, and peak pressures of the hindfoot area were
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larger than those in the healthy sides. Comparison between patients and healthy subjects. under three kinds of

walking conditions, peak pressures of the 2™ and 3™ metatarsus bones, the 2™ toe, the 3-5" toe, contact area

of the 1¥-5" toe and contact time percentage of the 2™ toe, the 3-5" toe area were all smaller than those of

healthy subjects, while contact time of the hindfoot and mid-foot area were all smaller than those of healthy

subjects. Conclusions The plantar pressure characteristics of Trimalleolar fracture patients were asymmetrical.

Compared with healthy subjects, the plantar pressure features of patients were abnormal during stance phase.

Compared with healthy subjects, the motor control ability and stability of patients in eversion positions were

decreased. The plantar pressure characteristics at ankle eversion can be used to evaluate ankle joint function.

Key words: trimalleolar fracture; plantar pressure; ankle inversion; ankle eversion
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Tab.1 Basic characteristics of subjects

2R YW (n=12) XMW (n=23) P

WS 2 41.2+10.2 34.9£13.7 0. 195

B /em 164.3+7. 4 167.127.8  0.424

W/ ke 63.9+8.6 65.8+7.9 0.614

BMI/ (kg-m™2) 23.6+2.3 23.4£1.3 0. 887

PERI(FB/ L) 6/6 13/10 0.736
A/ DEAR (A7 72) 7/5 23/0

N Vs 4.8(3~17)

7 : BMI( body mass index) , BIRFEIES.
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Fig.1  Custom-designed walkways (a) Custom-designed

inclined board, ( b ) Custom-designed platform,

(c¢) Custom-designed walkways
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Fig.2 Plantar pressure test of ankle and division of plantar regions (a) Level walking, (b) Ankle inversion, (c¢) Ankle

eversion, (d) Plantar region division
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Tab.2 Comparison of plantar pressure features between affected and unaffected limbs during level walking

B A T3/ kPa FEf T L/ cm? T fuh st ia] 5 b/ %
i Ry il oL fet ) oYl e
HF 283.72+57. 69 294. 54+55. 69 28.48+3.07 28.81+2.98 71.06+7. 18 67.11£9. 17
MF 132. 36+33. 86 131. 18+36. 35 22.60+5. 64* 25.87+7.90 72.18+7.22 73.69+6. 68
M1 221.18+199.73 219.36+102. 21 11.20+2. 24 11.85+3. 31 79.97+9. 04 85.47+5.67
M2 281.72+152. 60 427.45+181. 50 9.05+1.23 9.72+2.17 85.32+6.57 88.34+4. 88
M3 289.63+138.24 409. 81+187. 48 9.97+1.40 10.42+1. 89 86. 76+6. 68 89.02+4. 62
M4 198. 00+95. 62 229. 72+86. 82 7.97+1.04 8.25+1.21 83. 40+6. 60 86.90+4. 96
M5 137.54+74.07 143.90+68. 72 5.03+0. 58 5.13+0.73 76. 60+6. 32 78.36+5.20
T1 303. 00+295. 53 402.90+192. 98 7.45+2.31 9.20+2.07 75.26+20. 24 79.97+14. 81
T2 84.09+80. 38 139.81+110. 40 2.25+1.37 2.87+1.09 43.78+20.71 61.17+£21.76
T3~5 44.63+32. 18 112.27+79. 12 2.81+£2.17 4.68+2.83 42.57+26.22 60.22+28. 32

T BN (N L, P<0. 05,

x3 WNEBNESITREMFERMNEREDEER T

Tab.3 Comparison of plantar pressure features between affected and unaffected limbs at ankle inversion position

Zi WA JE 3/ kPa AT AL em? Hefimita] &5 /%
o Y e ey e s e
HF 290. 95+54. 45 288.72+63. 19 27.51£3.40 28.57+3.86 75.96+11.90 74.63+9. 35
MF 127. 68+39. 75 131.22+36. 50 19.43+7.90 22.87+12.90 75.50+9. 75 76.90+10. 14
M1 253.00+138. 61 284. 68+126. 17 11.43+2.03 12.06+2. 99 88.78+5. 04 90. 83+4. 54
M2 226.22+144. 40 321.90+155. 02 9.08+1. 44 9.41+1.69 88.22+5.02 91. 30+4. 60
M3 245.45+147. 56 329.27+160. 96 9.87+1.30 10.05«1. 54 88.91+4. 69 91.22+4. 41
M4 192.50+113. 27 197.22+72. 67 8.20+0.95 8.07x1.05 86.23+4. 66 88.47+5.54
M5 125.22+72. 11 127. 50+62. 06 5.04+0. 54 5.03+0. 63 76. 69+8. 86 80.98+7. 14
Tl 300. 18+286. 80 356. 68+166. 81 6.95+2.40 8.63x1.96 79.87+15.78 86.53+8.95
T2 79.27+81.91 148.40+119. 97 2.23+1.45 2.69+1.08 53.19+32. 38 69. 05+15. 82
T3~5 61. 09+£60. 13 129. 04+105. 73 2.86+2. 19 5.36+3.17 49.75+34. 83 64.50+31. 30

e BN S H A, P<0. 05,

BT AR AR T A AU RS e ) R AR Ak 4
Fis. Hodv, By T3 ~ 5 X Wl TR 5 (P =
0.024) 4% b 1 FL (P = 0.022) | 2 il i5F ] 7 49 L
(P=0.014) ¥ 58 F /NN, HE DX 38082 fil i+ (8] &
SH(P=0.011) S 25 K T, A IXChlR IR R T
FRIETC i E 2
2.2 5REZAENERENSMEL

PR L IV 45 DXl e {5 ) %o b5 SR L3R 5
TEARFREAPIRAS, B M2 M3, T2 T3~ 5 X iy
(B o X5 3 /N T B AL, FESF Hu i, B HF
(P=0.003) M2 (P<0.001) M3 (P=0.001), M4
(P=0.04) M5(P=0.027) . T2(P<0.001) . T3~5
X (P=0.001) AU {H R0 B2 /NT R4, 78
N BRI, B M1(P=0.001) M2(P=0.003) .

M3(P=0.015)  T2(P<0.001) . T3~5 X & (P =
0. 001 ) AYUEAE 58 . 2 /N T BR2H 740 BRI
Bf, B # M1(P=0.026) M2(P<0.001) M3(P<
0.001) M4 (P<0.001) M5(P=0.005) . T2(P=
0.001) .\ T3~5 X3k ( P<0.001) AY I {E JK 5% &k 25 /)
FXF R

PR 2L S DX S f T AR A X LR 25 SR L 6,
3 FILATIRAS IS B T1 T2 T3 ~5 DX I8 A 32 fi v 1
AR /N T B, 7 A AR A AR MY ik
TR /N T B, LR X A 3 22 7 %
VAL %) e ik T AR R A 7 % L 2 B, A6 S R Ak i B
ST AL (97.81+12.81) em® /N T X HE4H
(112.12£13.53) em?®, P=0.006; P4 H 4} If1 F1°F- Hb
AT R RS AR AR T 2
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Tab.4 Comparison of plantar pressure features between affected and unaffected limbs at ankle eversion position

Kk W {1 R 58/ kPa Bef AL em? Hefphin ] 4 tb/%
feg 1] {2 bRl el bR el
HF 256. 42+52. 49 235.27+67.99 26.67+2.94 26.30+3.25 75.87+9. 80" 66.37+10. 33
MF 131.72+34. 11 123.04+43. 11 21.61+4. 41 23.13+7.86 77.22+6.27 73.34+12. 18
M1 160. 18+118. 90 200. 18+108. 99 9.19+2. 47 10. 60+4. 19 73.42+18.78 83.60x17. 86
M2 239.07+163. 44 364.31+169. 92 8.13+1. 14 8.97+2.25 86.50+7.74 89.59+6. 34
M3 239. 86+154. 50 328.68+147.39 8.88+2.01 9.53+1.93 90. 62+5. 04 90. 54+5. 60
M4 198. 77+120. 33 210. 18+61.22 7.39+1.44 7.55+1.31 89.35+6.21 88.86+6. 03
M5 181.07+131.90 162. 13+65. 01 4.73+0.97 4.72£0.72 81.99+7. 10 83.42+4.92
Tl 363.21+296. 64 439.95+270. 35 7.07+2.49 8.92+2.04 79.09+21.76 88.96+8. 18
T2 59. 87+61. 38 118.95+75. 89 1.78+1.02 3.01+1.50 38.61+18.77 61.58+22.33
T3~5 43.00+30. 83 124.95+93. 80 2.34+2.18* 4.86+2. 40 47.60+27. 69* 71.14+18. 56
TE: B (M L, P<0. 05,
®5 WABEEREIIE
Tab.5 Comparison of peak pressure for each plantar region in two groups HAf . kPa
K b PA TR AR T SMER T
FHH X HEZH SR X HRZH SEHeH X HRZH
HF 282. 40+60. 63° 395.55+103. 68 285. 05+53. 56 351.95+98. 97 258.36+54. 83 309.95+78. 90
MF 132. 10+35. 68 137. 71£52. 64 121. 70+36. 31 117.94+40. 10 131.65+35.96 148.91+69. 66
M1 216. 70+209. 95 318.04+142. 69 244.30+142.91° 561.48+264. 54 151.45+121. 56* 249. 65+106. 68
M2 265. 40+150. 39* 640. 84+272. 44 215.60+147. 61° 478.18+237.50 211.98+143.91*° 559. 08+240. 22
M3 269. 10+126. 80* 518.76+199. 47 230. 50+146. 49° 401. 40+186. 32 210. 60+126. 72° 502. 08+213. 27
M4 180.90+81. 15* 254.29+54. 18 178.25+108. 50 221.54+54.51 181.65+111. 82° 331.91+96. 34
M5 128.20+70.91* 216. 60+110. 09 113.75+64. 56 137.19+61. 68 169. 68+133.21° 349.78+163. 63
Tl 298.70+311. 16 424.89+168.73 299.20+302. 29 443.52+175. 10 359.78+417.92 485.52+186. 45
T2 64. 00+47. 39* 228.47+117.70 59.95+53.78* 244.36+127. 18 43.36+29. 23¢ 172.47+107. 48
T3~5 39.00+27. 61° 152. 61+89. 68 61.20+63. 38° 185.89+94. 31 37.55+26. 33" 184.69+111. 08
TE L SE IR 5 0 IRA L AR, P<0. 05,
F6 MAEMERAIILL
Tab.6 Comparison of contact area for each plantar region in two groups AR em?
Kk -4 A A PN
SEEH pagiic| SEHEH X BE2H SEHeH Xof B ZH
HF 28.48+3.07 29.94+3.39 27.51+3.40 29.08+3.29 26.67+2.94 27.50+3.52
MF 22.60+5. 64 22.59+8. 06 19.43+7.90 19. 03+9. 87 21.61+4.41 21.55+5.76
M1 11.20+2.24 11.77+1.51 11.43+2.03 12.14+1. 36 9.19+2.47* 11.20+1. 49
M2 9.05+1.23 8.98+1.29 9.08+1.44 8.75+1.24 8. 13+1. 14 8.79+1.05
M3 9.97+1.40 10.08+1. 16 9.87+1.30 9.45+1. 17 8.88+2.01 9.66x1. 30
M4 7.97£1.04 8.54+0. 81 8.20+0. 95 8.05+0. 84 7.39+1. 44 8.08+0. 74
M5 5.03+0.58 5.40+0. 64 5.04+0.54 5. 18+0. 66 4.73+0.97 5.26+0. 66
Tl 7.45£2.31* 9.53+1.39 6.95+2. 40" 9.27£1.35 7.07+2. 49* 10. 02+1. 31
T2 2.25+1.37* 3. 60+0. 69 2.23+1. 45° 3.60+0. 68 1.78+1.02* 3.24+0.78
T3~5 2.81+2. 17" 6.15+2.13 2.86+2. 19" 7.19+1.71 2.34+2. 18" 6.74+1.69

T SR S5 X IR A, P<0. 05,
PAZH JE RS 25 DX 3 422 i B 8] ' 43 B B9 X He & 2R S e LN I ET A N a0 B S A TP AT )

W T, AE3FMLAPRAE N, B T2.T3~5 XY ST N M DI s ) 23 L S /N T IR
FEfhS 1] 7T 73 LU 3/ T X IR B HF MF X 4, AR A BE R 25, AR
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BF[R] A0 LA BT R BT, 3 P2 A7 AR A B AR 25 A 4 flk
I B 47 2 T 0 RZH PNy B R T I A R0 TR
ZH b R0 9004 (1 285. 00+272.95) . (864. 00+
107. 13) ms(P<0.001) ; ZMEHAI T I, 28 28 Fnx) HRZH

x7 FAEMBEESIEIIL

S fb I ] 43 0 R (1 008. 80+£148.17) . (835.23+
110.73) ms(P=0.010) ; *FHubf, &2 HO IR S
FEfub B 18] 43 5] K (981.00 + 141.45) , (791. 14 +
111.05) ms(P=0.003),

Tab.7 Comparison of contact time for each plantar region in two groups A %
K b PA AR PN e
FHH X HEZH S X HEZH SEHeH X HRZH

HF 71.06+7. 18" 55.73+7. 60 75.96+11. 90" 60. 21+6. 34 75.87+9. 80" 57.82+8.98
MF 72. 18+7.22* 61.02+7.13 75.50+£9. 74* 63.95+10. 50 77.22+6.27* 66. 72+9. 08
M1 79.97+9. 04 80. 66+5. 81 88.78+5.04 86.91+4.79 73.42+18.78* 82.07+5.51
M2 85.32+6.57 84.15+3. 10 88.22+5.02 88.57+4.53 86.50+7. 74 86. 59+4. 66
M3 86.76+6. 68 85.25+2. 64 88.91+4. 69 89.19+3.98 90. 62+5. 04 88.11+4.07
M4 83. 40+6. 60 83.41+2.72 86.23+4. 66 85.93+4.90 89.35+6.21 87.98+3.87
M5 76. 60+6. 32 75.48+3.57 76.69+8. 86 76.65+8. 68 81.99+7. 10 83.41+4.77
Tl 75.26+20. 24 71.64+12.34 79.87+15.78 77.76+12. 08 79.09+21.76 78.98+12.38
T2 43.78+20.71* 64.29+13.20 53.19+32. 38* 72.02+11.93 38.61+18.77° 54.84+17.58

T3~5 42.57+£26.22° 62.53+13. 67 49.75+34. 83" 74.27+17.30 47.60+27. 69* 67.49+16. 31

L SR X IR A g, P<0. 05,

3 e
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