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Analysis of Plantar Pressure before and after Occurrence of
Neurogenic Intermittent Claudication in Patients with Central
Lumbar Spinal Stenosis
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Abstract: Objective To investigate the changes of plantar pressure distributions and risk of falling before and
after the occurrence of neurogenic intermittent claudication (NIC) in patients with central lumbar spinal stenosis
(LSS), so as to provide theoretical and data references for the application of plantar pressure analysis in judg-
ment of walking abilities for LSS patients. Methods Twelve patients with LSS at the L4-5 segment were selected
as the LSS group, while twelve healthy adults at the same age were selected as the control group. Footscan®
system was used to measure plantar pressure of these subjects during walking. Contact area percentage of the
total foot contact area ( CA%), pressure-time integral ( PTl), foot progression angle ( FPA), contact time
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percentage of the stance time (CT%) and total stance time (CT) in both LSS group and control group were

compared to evaluate changes of plantar pressures during walking. Results

Before the occurrence of NIC,

compared with the control group, the LSS group had lower CT% during the forefoot push-off phase ( FFPOP)
and higher CT% during the initial contact phase (ICP), the total CT and FPA also increased, and the PTI of the
1*-3“metatarsals and the CA% of the 2™ and 3™ metatarsals were higher. After the NIC occurred, for LSS group,
CT% during ICP and forefoot contact phase (FFCP) decreased, CT% during the foot flat phase ( FFP) and
FFPOP as well as total CT and FPA increased, the PTI and CA% increased in 1%-4" metatarsals. Moreover, the

CA% also increased in toe zone, both the PTI and CA% decreased in heel zone. Conclusions In patients with

central LSS during walking, the distribution of plantar pressure shifts forward, with abnormal phase of the stance

time occurring. Such abnormality will be further aggravated by NIC, indicating a higher risk of falling.

Key words: lumbar spinal stenosis (LSS) ; neurogenic intermittent claudication ( NIC) ; plantar pressure; gait

analysis; biomechanics
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HEBAPE S 5 L IR IR ™ E AR B 0 R DG Mt 32 3] o
BEUO L MIATEDIRE AR LSS MRE Ol B H
I HAZ W SO BB IR — B DUOR AR Bl = 2 WL i
HEOR AR 75 1% . ARk, A iy B S AT
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D O N s i || I O T =i s
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B T R e R R T o0 A L A R LA X
A7 2 RS AH 559 1 IR 43 A 2 W, D) fig SIT K
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H 5 A AR BEOE W AATE IR IS B 2
SO, AR A HT T LSS BE AT E )
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R 8, EHUR AR B R AHE 12 44 X IRA
ANAFM R TR L, T F AL, Rz s RS
PR, LSS 415 X B Z [ AR IE | B v AR
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& T {H ( T-score ) %5 J5 1 JC i & 22 5% (P>0.05) , WL
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F1 LSS BESWRAFEANLZREMRILE

Tab.1 Comparison of the main demographic parameters in LSS

group and control group

Bty LSS 41 Xf R ZH P1{H
AR 60. 00=7. 27 59.3327.40 0.755
B85 /cm 168.50+7.48  169.25+8.54 0.932
i/ kg 71.58+7.01 72.50+9. 10 0.977
JEK/mm 252.50+16.45  255.00+17.19 0. 843
BML/(kg-m™2) 25.18+1.02 25.22+1.15 0. 843
T8 -0.33+0. 07 -0.27+0. 19 0.932

1.3 SKHE
1 i Footscan®3D & JiEJE 13 2 4t ( RSscan®

International , [t A1 B ) SR 48 B0, I J7 ~F- A K/
2.00 mx0. 40 mx0. 02 m, 347 16 384 LY B
/NI TEFL 0. 25 em® , SREESIF N 125 Hz, BRI
SN R G AT RE, W7 AR & T b e
JE I RBCEAR R 1 m H 500 7 55 T A s 0 A
A JERUEK 4 m A7 RO E R L ordli tha
B, DLBE G ) Y (LI 1) TR A2
PEATAE N Z5 > o LSS 4l 43 44 32 4K 3 A I i Ay
AN B, 430 R EL 2 min J5 2RI RS Bl
FREAR A S AT I A X B2 R AR B2 min 5 i

AT AGE S 5 min J5 pEF T AR W0 A2
HRRE  HHTTT, LA RO P S B LATE
52 AR B U/ R 0 R DS T g Bl AT o3 i Ak
P E AT LRI D ORI R 3 4
RO

E1 EBEENSHEFTEXEREE
Fig.1 Schematic diagram for walking area of plantar pressure

analysis system

1.4 WETIEIERR

W 77 FHr BLE /Y Scientific Footscan® 1 14 4 #i&
JE IR F A5 K S 43 R 10 AN DB 5 1 2 Bk
(toe 1, T1) %5 2~5 /£t (toe 2~5, T2~5), 54 1~5
i H ( metatarsal 1 ~5, M1 ~MS5), # & ( midfoot,
MF), /& I8 N Ml ( medial heel, MH), & R~
(lateral heel, LH) , BtAk, 8 T B oA, iR 4E
R BRI E S R 53 T T e 3 AR,
BiE(TL, T2~5,M1~5) F & (MF)  J5 & (MH,
LH) AR S ARF w5 2 4053 i AP~ 8R4
S35 AN (T, M1, M2, MH) FI4MIl (T2~5,M3 ~5,
LH) , WLl 2,

E2 EBEI10 MR REE

Fig.2 Schematic diagram for 10 partition zones of the foot

BRAPF ) IS AR A 2 TR A5 iR 1) 45 44 fh 3t B (1] 1 55
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(initial contact phase,ICP) ,@ Hij /2 fili 3] ( forefoot
contact phase, FFCP ) ; 3 4= /& fil #th 1 ( foot flat
phase , FFP) ;@ Fij /& 25 #13] ( forefoot push-off phase
FFPOP) , VLI 3,

wmEX  HEX
JE 5 Al E“Ykﬁﬁ!ﬂh oz L8 Y e g

;4

Eﬂﬁfﬁﬂlﬂﬂmﬂ *Tﬂﬁﬂ‘ﬂﬁ%] ﬁ;@ﬁﬁlﬂﬂﬂi *TE%ﬂEEi
(ICP) (FFCP) (FFP)  (FFPOP)

3 NS 4D HRER
Fig.3  Schematic diagram for 4 sub-phases of the

stance phase

F AR 10 3% 2 IR T ) 2800 45 T30 st
AR ( contact time, CT) , 4% 743 X 2 fi 1] FH ( contact
area, CA), 7% 7 X J& 5 B 8] FX 43 ( pressure-time
integral , PTI) , 5[5 /i ( foot progression angle,FPA)
,\EP CA LAAS DX IR AE AL I i LA A o L (CA% )

FPRGIE, CT LAAS I U375 B JE J t SAR Y o L
(CT% ) BEATHZIE,

1.5 HEGITLE
B 3 WA BB 25 Z BB BE AR 44

SARE B RS or Ty 4 41 . LSS Az B
LSS #Hizsh g x RAz sl KAz G, %
s 43 ) 5 A SPSS 23.0 B4, 4 Kolmogorov-
Smirnov FLREAS G 55 A1 AR 5, 52 50 AR A A
BIERS R, B LSS 4138 g i 5 % B 45z 3l
HiIJ& fE FPA [ CA% ,CT% \PTI 4545 45 b #9225 R

H Wilcoxon 55 Bk K6 56 £ 47 40 M7, LSS 2H 5 % B 21
o AAEIE BT 5 AR N 8 A5 ) 22 5k - Mann-Whit-
ney U KB 1T 90, P<0.05 £R2Z5 HA 51T
RN,
2 #R

2 2 TN R 45 A 3k ST A 45 S CT% K & C

() B 238 T | 4% 2 3 ST K 45 S0 300 o5 fih o 15 ) E’J
FUAB Y L% WL IR 4, LSS 2H 7835 3h i 5 %) R 4H iz
Zyﬁﬁﬁ*ﬁ ., ICP 1 CT% Hi B /N i FFPOP (1) CT%
W LSS diz 3h J5 5 X M4 iz 3h J5 AH EL, ICP Al
FFCP EI’J CT% 1% /N ,FFP 1 FFPOP ) CT% 4%
LSS @ iz ) J5 A %t T Hoiz g A, e i B ICP Al
FFCP (5 Heisi/N , FFP F1 FFPOP 5 He K, 78 B
CT J7 1, LSS 41z 3l i iz 3l i #B 50t Bl 40 1 25 1
i, LSS diz 3 J5 3 Haz S CT I 2 38 fin 5 X B
Hiz Zh H 5 M4 W CT% A CT ¥ 8 8 3%
25,

F2 FHEBAAETH & S i A i b (A R S it B ) BE 2 (¢ P<0. 05)
Tab.2 Comparison of CT% in the four sub-stance phases and total CT of the foot for each group

CT% /% P

AL AR LSS 41 X I ZH P, P,

B SR B B BT iz LSS 40 Xt HR 41 iz B iz G
IcP 7.65+2. 16 2.86+1.94 9.68+2. 11 9.44%1.89 0.002" 0.158 0.028 " <0.001*
FFCP 5.94+1.72 2.49+1.37 6.36+1. 65 6.20+1.78 0.002* 0.272 0.478 <0.001 *
FFP 45.96+3.22 49.36+2.96 46.28+3. 15 46.54%2. 61 0.002* 0. 146 0. 671 0.033"
FFPOP 40.45+3. 18 45.30+3.27 37.76+3.02 37.82+2. 60 0. 002 * 0.875 0.033 " <0.001
CT/ms 755.66+53.08  858.23+56.40  692.61+44.77  692.02+46.52 0.002 " 0.754 0.003 * <0.001 *

TE: P, R U RS s LSS 4 50 BREL ST HIAE 2 SRS 19 CT9% B CT, P, S F Wilcoxon A S LLEK LSS 4iz BTG 5 %) F4LIZ 5)

WG CT% M CT

% AHIisEHT LS 35 FPA B HLE4E 3% 3,
1SS 41 5%} FRLL A Lb , 7632 sl Ailiz 3 )5 # R B
FPA 380 ; LSS 41z i Ja A1 xf B 24H 12 i fs
) FPA YR BB 25,

P4 K E S RgE T 1SS 4 5%t A LH 43 S E 2 Bh
HJE R4S X PTT FL AR 25 5, X BRAE sl 4%
X3 PTI ) TCHI I 25 57 . LSS iz sl i Hent FEZH 13
B M1 ~3 X PTIHGIN, 7612 3 J5 B0 B2 M1 ~ 4
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55 s
- #*3 J[EBEALE( " P<0.05)
;\i 45t Tab.3 Comparison of FPA for each group
o - LSSALZZ R o
E 35} » LSSHIZEZ) 5 M)
%’ . % ﬁlg%%@%ﬂ LSS 2 X HEZH
L - MiRAHIes))E ——p o = g e
82 3% BT o) = BT EHE
ﬁ 151 22.96+5. 39 23.09+5.33 9.91+3.50 9.85+3.25
B v P
B l E—— =
& O u “ SR X HEZH BB BEJG
sl ICP FFCP FFP FFPOP 0.723 0. 906 <0.001" <0.001 "
AR L

B4 HHMLTHETHSSMbEELERES
Fig.4 Comparison of CT% in the four sub-stance phases of

the foot for each group

x4 BERXEEERBERSS LB P<0.05)

Hi: P, W UK AR LSS 414534 IR L5y BITE IS Sh TG 1Y
FPA, P, A fii F Wilcoxon BRFIE: S0 LLER LSS 432 21 J5 5 x4 B 432
IRTE R FPA

Tab.4 Comparison of the PTI in various zones of the foot for each group

PTI/(N-s+cm™2) P
R X3, LSS 4 POt P, P,

12 i boyoi) e[ f B3E 1SS 44 Xof BEZH 12 Bl Z8)E
Tl 1.25+0. 64 1.27+0. 56 1.22+0. 83 1. 30=0. 80 0.785 0.234 0.478 0.755
T2~5 0.24=0. 13 0.31=0. 16 0.20+0. 10 0.230. 09 0.198 0.317 0.478 0. 101
M1 3.18%1.12 4.53+1.20 2.20+0.91 2.21£0.70 0.002* 0.633 0.045" <0.001*
M2 7.41%1. 66 8.72+1. 66 6.12+1. 66 5.98+1.69 0.002 " 0.251 0.033" <0.001*
M3 10.23+2. 62 11.49+2.45 8.22+3.13 7.83+2.67 0.013" 0. 142 0.045 " 0.001*
M4 5.85+2.08 7.75+1.77 5.27£2. 12 5.41x1.97 0.002* 0.325 0.378 0. 004
M5 2.58+1.54 2.63+1. 64 2.32£1. 19 2.35+1.50 0. 385 0.478 0.671 0.713
MF 1.06+0. 38 0. 84+0. 40 0.87+0. 41 0.97+0. 46 0. 090 0.277 0. 266 0.514
MH 4.43%1.22 1.92+1. 10 4.20+1.36 4.38+1.47 0.002" 0. 083 0. 590 <0.001*
LH 3.50£0. 94 1. 83+0. 94 3.65+0. 89 3.45£1.07 0.002 " 0.058 0. 630 0. 001

T P, A UK LB LSS 415 % BRALT IR Z SR (9 PTL, P,
PTI
X PTI & & 5 m, LA & MH LH X PTI & #/h,
LSS 4Lz S AT A Tz 3 J5 M1 ~4 X PTI i 31
i, MH LH X PTI &8/,
e DX A T AR 7 L 5 T, % BR 20 78 32 Sl i
JH G F 2R, 1SS dlis Al AT T4 i 41 7E

PTI/(N-s-cm™)
N

M5

Tos Ml M2 M3 M4 MF MH _LH
RS DX

E5 RREXEERMBERSLE
Fig.5 Comparison of the PTI in various zones of the foot for

each group

gt FH Wilcoxon BEFIASEY HL 4 LSS 203z 3 i 5 5 % BRALIE SRS

M2 M3 [X CA% 30, £z shj5 T1.T2~5 M1 ~4 [X
CA% 34N, MH . LH X CA% . /N, 1SS 4
BERTE 4 X CA% R BoR, TEis 3 T1 .
T2~5,M1~4 X CA% ‘2334 /N, MH LH [X. CA% &
FWUNLE 6.3 5)
30
25

20

CA%/%

M3 M4
RIEH X

Bl6 BEARKESXBEMEMILER

Fig.6 Comparison of CA% in various zones of the foot for

Tl T2~5 Ml MF MH

M2

M5 LH

each group
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®5 SHERKESXEEMERILE (" P<0.05)

Tab.5 Comparison of CA% in various zones of the foot for each group

CA% /% P
IR IX 3k LSS 41 Xof HE 44 P, P,
EFHT Z3E AT Z3)5 LSS 41 X B 24 ZFHT ZBIE

T1 9.99x1. 11 10. 88+1. 17 9.98+1.42 10. 06+1. 08 0.002" 0.583 0. 630 0.039*
T2~5 9.42+1.43 10.37+1.57 8.67+1.85 8.76x1. 64 0.002" 0. 388 0.319 0.039*
Ml 7.62+1.03 8.91x1.02 7.64x1. 04 7.63x0. 99 0.002* 0. 894 0. 671 0.002"
M2 8.05=0. 64 8. 76=0. 86 7.19+1.01 7.09:0. 88 0.010" 0.239 0.017* 0.001"
M3 7.170.75 8.190. 76 5.66=0.70 5.80+0. 73 0.002" 0. 099 <0.001*  <0.001"
M4 5.66=1.12 6.70=0. 98 5. 84x0.77 5.88+0. 77 0.002" 0. 875 0.178 0.012*
M5 6.64=1.38 6.78=1.52 7.07+1.33 7. 111,12 0. 084 0. 937 0.319 0.932
MF 23.47+1.88 23.88+1.59 24.29+3. 13 24.76£2. 53 0.724 0. 136 0. 160 0. 068
MH 12.22+1.92 8.20£1.73 12.68+1.47 12. 11:0. 85 0.002" 0. 060 0.410 <0.001 *
LH 9.97+1. 44 7.35+1.98 10.99+1. 01 10. 80<1. 14 0.003" 0. 424 0. 060 <0.001*

TE: P, R U KL LS LSS 415 % BRALATSITEIZ SRR (1 CA% , P, 8 Wilcoxon BRANKEL Y LA LSS ULiZ Sl ifJ5 5 %) HUALIZ S i

B CA%
3 g

LSS JEZAE N v 3t i A7 7 F B8R 1 0 , L
o Bk R A R B A A R R A A
BURA I B AR 750 Tl B A PN b 22 A 7 4
Z I HE A — R ANIG RAEAR . LSS 83 Ff—
FRETTAS B AT Sy [ 7 0 R B A A 1 5 0 BURR
K T, 2RI AR K NIC™ | MRI 455
12K Ay B AT 0 5 B A A D A SRS - 7 i
P U0 380 A AR A | SR AN TS Ik e ke s 2 RE R
G B AR LR OR O DL I PR B ERR 2 T 1SS,
NIC 7B gAY 1SS () FZLREIR , 38 # 76 R E 17k
BA e & B, R 2 W B A B iRt B
SRV R — o XA 75 =X, S & W IEAG LSS A
MATAEBE I FTIF— BB KT, SR, EH X LSS
A RE A S EGA R B 58 4 X, BEAEF IR th 2 3]
BT B iz shtfsh #2350, A
i F Footscan ® 2 JiEHE IR A& 40, % Hp ge 7Y 1SS H
B SRS AS I R R, B HGE s e R R E
TI53 A AR B 55 i B N 2 S B AT X LAY, &
WEPEAL b o LSS S8 RIS S FE O, -1 LSS A&
HAED 1Mz g2 R R R, R R &
J153BTHE LSS W AR It EE 5%,

Garbelotti 25 3@ 5 %F 1SS & 14 84500 &
LSS FBE AR THat e A AT i) 2P iR A, 2P A
WU 3l 57 AH Bsf ] B S 2 K 25 BN fRE O AR R
ST AME R AR SCR R BN A R 4D A

SR AR fih B [R] 0 0 £ 25 SR L LSS iz sl
AFDT % R 5 fh b s 1) B dgb 2B K 32 B i I G
FRES SR LSS ME s s E T BT .
JPRAS B TG 7 SR IR A H B S BOH - A T B A T A
JIT TR B, 5 LB 2 il b B[] ke B B AR DL E AR —
AR A SCk T 40 Ak % 52454 30T A st
[B)5340 , I A B LSS 432 S mi AR XS F X fZ ICP %%
/N, FFPOP #56°K, LSS 414z 5 i Al Xt T Hiiz sl i LA
Kot B4 ¥ Y ¥ ICP , FFCP i 3% s /N #1 FFP |
FFPOP & 238K LSS 0 1] T PR R A if Je o7
77 AR P AR e 30 R 2D A RRAE B S B
FLORTE BB T ok F0 S 2B 1]
AL . VAR UL, LSS 21 15 32 s i 45 W 3 i+ 8] 43 A
R DR T R JE R X kD i e i
BN 5 PURHE SR R BH 8, R B LSS 3812 s ) 4R R AR
TR P P e PRSI 3 2248 S BT ROE R
WS, AR AR, R A UE— 2w e, EO A
XFRECRRTAS , e B o B o o b [ Bl 1 s o
o P A3 RS

ARCEE B, LB T IG , LSS 4t R4
) FPA fi K, B8 A, FPA 58— & <k 51
PR 1) B e i L 1) e s B B AT R I
“HNNFT A, BRAERFIEIESE, LSS A 1T ERT 2
GERALAS , TR R A B AT O =, B e
AR AR BT BB 1 SZ BRI ARAE 1
IEAN , KA BIFFEIE I | LSS % n] 52 0 £ 2 () P-4 1)
AEDY L DRI, AR SCHEIN LSS 4 B LA Ah N A
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BATHESEN T FAT 58 1) S A BE RS 1 T R 451
Wl A2 AT O T I R AT LSS AL AR IZ SR S
FPA JHJC i 35 25 57, 7w B 110 Y- Ay [ 4 v e Hp
TEAE AN NFEATE B R B 2 RS
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