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FEE.HE 8T 00 2 O B S 1Y R (knee osteoarthritis , KOA ) #3452 52 AN FF OB 18 B v 6 B AR
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medial opening wedge high tibial osteotomy (MOWHTO), so as to provide biomechanical references for the
surgical treatment and rehabilitation of patients. Methods A total of 31 patients with medial single compartmental
KOA after unilateral MOWHTO treatment were selected as the experimental group, and 35 healthy subjects at the
same age were selected as the control group. The Pedomedic 402 pressure measuring system was used to test
dynamic plantar pressure. By comparing the maximum pressure ( p,..,), force-time integral ( FTI) and contact
area (CA) of different plantar zones between the experimental group ( operative side and unoperated side) and
the control group during walking, the changes of plantar pressure in patients with medial single compartmental
KOA after MOWHTO were evaluated. Results Compared with the unoperated side and the control group, the
CA and FTI of the 1* metatarsal head (MH1) were higher ( P<0.05) , the CA of the 4" metatarsal head ( MH4)
was smaller ( P<0.001) , the p,., and FTI of the 5" metatarsal head (MH5) were smaller ( P<0.05) , the CA of
the lateral middle foot (MF-L) was smaller ( P<0.001), and the CA of the medial rear foot (RF-M) was larger
(P<0.05). Compared with the control group, the p,., of MH1 and MH2 was smaller ( P<0.05) , the CA and FTI
of MH5 were larger ( P<0.05), the p,,, of MF-L was larger ( P<0.001), and the FTI of lateral rear foot ( RF-L)

was larger ( P<0.05). Conclusions

KOA have abnormal plantar pressure residual after MOWHTO.

Compared with healthy people, patients with medial single compartmental

In clinical practice, targeted intensive

rehabilitation therapy is necessary to restore the normal plantar distributions of patients.

Key words: medial opening wedge high tibial osteotomy (MOWHTO) ;

pressure; rehabilitation

T B 52T R (knee osteoarthritis, KOA ) &
— P AP SRR AN G T D RE A2 FR O = 1l R 3%
B IRAT M., MO T H A IR 5B E sh Rk
i R ARG AR KOA T8 56 AT 2 al;
GIFR T A 3 A E, BT O R 2R
I Stoddart S B 5 A B, B % TR IT
KOA B Huji) % KOA Fiflh R 2k 50% , 5
il e ] % KOA S R i 27% |, T4 52 42
KT B AR (total knee arthroplasty, TKA ) J&¥7 Y L
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B B BT X BB MR YT TR AR
JEREE,
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knee osteoarthritis (KOA); plantar
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JEF T BYHF L, ARG AR I6 Y7 S BB )
AR

1 HARMKERZE

1.1 ERER
W SLR A (MOW 41) FIXFREAL . AAFIE 22704



EREMAE $£38% F2H 2023£4A
312 Journal of Medical Biomechanics, Vol. 38 No.2, Apr. 2023

LML BE BT BE AR PR 51 o3t JRal A 2019 4
6 A ~2020 4F 11 H T P42 2023 PR Be R 51 IX 4
FIl MOWHTO Y677 B A 58] %8 KOA S5 31 441
(22 5], 5 o ), BEVFIHE] A (12.67+1.32) A,
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BT F R B MOWHTO 4 Hifh oA s, R4k
B RBT A AR KBTI X LR (W
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a) AREG
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Fig. 1  Full-length weight-bearing knee radiograph

before and after MOWHTO (a) Before

operation, (b) Final follow-up

®1 WMAZTHEERER

Tab.1 Basic information of the subjects in two groups

B MOW 21 papitekiil P
W % 61.41£3.26  62.95+2.71  >0.05
B/ cm 157.4£6.9  161.17.7  >0.05
AT/ kg 63.98+8.15  62.4423.69  >0.05
RFREEE (kg m™?)  24.7+2.1 23.9£3.7  >0.05
PRI (B 2Z) 9/22 11/24
NIC VoY) 12/19

Bl S
1.2 BREAMRKTZE
FRJEE I | By A7 32 388 WK AR B LA

12.67+1.32

FPIE B A AT R RS Fe T B 8 A R B
Y 2P ) Pedomedic 40® &K JE 1 3F M
(Medi AW, FEE [ 44 emx62 em, & 1 600 ME
SRS SRR 400 Hz) AT REE[ WK 2(a) ], 1E
KA B AR Z AT, B A 52 B - 6 58 K
15 min PG YI L5, LUIE B AE - A7 7 18R,
W IR IEAUE  BEEL S AR R
PERN A SEME BRI TIC SR [ W 2(b) ], (A
=11 Freestep® A4 (Sensor Medica 23 ), 2 AKA])
XPEHEIEAT 4307, A e 2 i T R 43S 4R
X(T1) 55 2~5BEIX (T2~5) 55 1 B X (MH1) |
552 BE X (MH2) 55 3 BAi X (MH3) 46 4 B
X (MH4) %5 5 BB X (MHS) A2 ERR X ( MF-
M) R FRSMIN X (MF-L) | J& A2 & A X (RF-M)
K REERIMU X (RF-L) 48 11 A3 WLIE 2(ce) ],
TEFTIA A S G0 rp AL % 1) BT X5 45 1 AT
SEVE R AT SRR TR SY . 45 R KW, Pedomedic 40®
S 5 T N e S U AL P9 A DG R B TE 0. 85
PIb AR S R B 20% AR, k8] TR R 2R
JI A AT MR SE K

(c) RJEX & 5>

2 BEREAMK

Fig.2 Plantar pressure test

(a) Pressure platform, (b) Process

of plantar pressure test, (c) Plantar region division
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AT T2 BB FE bR o 25 JL 3 X ik 2 T AR
(contact area, CA) I {H JE 5% ( maximum pressure,
Puw) M I3 B} 8] X 43 (force-time integral, FTI) ,
MOW 4, AN S B IE SR A2 5 AR R PR 5
(- X508 0 R v, 30 s (B D2 RO (9 °F- 2416
R EWEAEPR A MOW 21 KSS 43l WBL L3
1.4 HHEFHE

i G = power B4 3. 1. 9. 7 X5 T s BEAS
R TIRE AT, R e AT AR R
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WE R 0.77, BEVRHEBLE N 0. 05, G0 i Dok &
0. 8, &0 AS B A FEA B WA D F 28 il 4
GV T L1 23 B BE g OC1 s X B 4F MOWHTO 1 F
R, ABEGE e LA S50 41 31 9], ik B X B
35 i,

AHE ST 8 ] SPSS19. 0 #4447 48 3 43 #r
18 3 f FH B FEAS Kolmogorov-Smirnov £ 55, BT A %2
AR IEAS N, RS Ee R E RN, BE
ARG RARMAE CA FTL I p, FRI2E 5L K
H ARG K KB DT HE KSS W43 Al WBL % |
(1) 22 52 38R FHBCXT ¢ Az 36147 43 B 5 1 A8 38 5UA) Jise
A 5 305 B 2 () A I 8 A 1) 22 S DR FH 9 ik 7 R
A KB AT 34T . R Bonferroni £ 1F 6 56 #E 1 7
HN W, P<0.05 Eox 225 BA S it

2 #R

MOW 4 i £ TE AR J5 28 AR Uk Bl 1 10 ) o 1
YT IR @A H A A U TR ST
MOW £H WBL HRAEARHFI N (19. 71+15.29) %,
KIKBEDTI 9 (60. 14+5. 66) % , W55 A0 HLAETE W
225 (P<0.001) , #&R ARG T RO IS s K ik
BEGIT KSS $F4r 4 89. 1+6. 5, B AT (57. 6+8.9)

WS T 3068 (P<0.001) .

EXFRAAALL , MOW ZHAMITE MF-M X p %
&, 1F MH4 . MH5 Fl RF-L X% ; MOW 41 A& Al
55t B 2H A b, MF-L X 2 7R 8w Y p,, , T TE
MH1 MH2 1 MH4 XA, FC A ) 43 DX 41 22 [i] G
10325 5 AR5 R AR LE B, AR E MH1 X
P T0 T AR, W7E MHS MF-L X3/ F AR AM
PR AWK p,, B9 LEER 22 7 o Ge 2% 3 L (L
#®2.K3).

F2 ZHWAMMNRA N ANERSXREEEELE
Tab.2 Comparison of maximum pressure in 11 plantar zones for
experimental group and control group A grom ™2

Jisyis MOW £

S A AAM

T1 1284.45+468.63 1098.29+372.26 1 133.42+204.91
T2~5 798.58 +210.97 703. 16+244. 00 818. 56+238. 26
MH1 1 264.26+202. 10 975. 16+308.28* 1 184. 74x271. 46"
MH2 1 506.68+410.78 1 465.06+285.58" 1 626.69+217. 62
MH3 1 582.19+392.35 1 543.23+258.08 1 624.84+189.97
MH4 1 210.35+292.06" 1 253.45+213.87" 1 382.68+196.45
MHS5 938.74+160.38* 1 144.39+227.84 1 120.48+241. 45%
MF-M  685.81+304.30"  653.29+456. 69 508. 19+301. 17
MF-L  595.16+274. 69 993.10£375.07"  665. 69+301. 07"
RF-M 1 064.77+£379.33 1099.13+443.17 1 130.60+332. 59
RF-L 1 083.19+469. 13" 1170.52+354.31 1 300.59+333.50

T RPN REAS ¢ K56 A R XU S % I p s
P<0. 05;* i FHEC KT ¢ 4656 tLAEAR MG R AM p, ., P<0. 05,

papiekiel

(a) MOWHTORJE AR

B3 HHZAEFEERRABRBIEEERS S

(b) MOWHTOAR J& RAM

(c) fet FEx R4

Fig. 3 Distribution of the maximum pressure in different plantar areas of subjects in each group

(a) Operative side of the patient after MOWHTO, (b) Unoperated side of the patient after

MOWHTO, ( ¢) Healthy control group
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FE MH1 MF-M X K FARARM, Ifii £ MH4 , MH5 Fl
RF-L X/NFARARM, 45 2H 8] HoAth X3 FTL B Ho 38
ZRIGIFE L (N3,

EXT A HE, MOW 1AM MHT RF-M X /Y
CA B 54, 7 MH4  MF-L X 5 CA 870 ; MOW

ARARM MHS X ) CA {HIE K, T RF-M X ) CA
Wb, AR CA 7E MH1 . RF-M XK TR ARM, i 7
MH4 MH5 MF-L 1 RF-L X/NFARAM(WLFE4) .,

3 g

PR T2 KOA B FoRIBIT I 2R N B
I T BURE A AT LA BB I st 5 R S
TR Z IR B Y IR E % KOA &
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®3 LKAMMEA 11 MERSX FTILLE
Tab.3 Comparison of FTI in 11 plantar zones for experimental

group and control group

eI MOW 4t xR
SrI% A0 AN

T1 73.53+33.24 56.02+38. 17 62.92+14.03
T2~5 21.74+15.31 21.74+13. 63 22.11+£15.59
MHI1 65.86+31.05" 37.86+23. 44 48.56+23. 29"
MH2 75. 15+£30. 06 76. 88+23. 80 81.48+23. 86
MH3 82.86+31.95 79.96+43. 47 86.52+19.29
MH4 66.92+15.98 95.87+54. 43" 71.15+23. 68"

MHS5 29.96+16.76"  63.70+£37.94"  44.48x24. 52%
MF-M 13.9629.27" 7.54+5.39 9.39+7. 32"
MF-L 29.21+15.37 31.32+19.83 25.96%19. 90
RF-M 81.69+55.70 78. 81+44. 17 76. 18+28. 01
RF-L 62. 14+41.09 97.13+49.58"  71.99+30. 88"
T AP ST REAS ¢ G50 LA AR BT B X A p

P<0. 05 ;" Nl FHECST ¢ 30 LA SR ARM p,.,. ,P<0. 05,

F4 ZTWHAMMRA 1 NERS REMERILER
Tab. 4  Comparison of contact area in 11 plantar zones for

experimental group and control group

SRR MOW 41

K A oA HIRE
Tl 7.64+1.99 7.45+2.09 7.53+1.27

T2~5 3.09+1.42 3.64+1.85 3.51£1.36
MHI1 8.26+1.96" 6.32+2.71 5.53+2. 06"
MH2 6.93+1.99 6.64x1.52 6.71x1.31
MH3 6.67+1.44 6.51£1.55 7.04+1.17
MH4 5.03+1.40" 6.41x1.61 7.01x1.13"
MH5 4.48+1.82 7.13+2.81" 5.24+1.51*
MF-M 2.54%1.76 1.93+1.52 2.04x1.38
MF-L 2.96x1.42° 6.03+2. 08 5.31+3. 02"
RF-M 12.03+2.41° 8.83x1.72" 10. 3242, 75%
RF-L 8.81+2. 11 10. 35+2. 41 9.63+2.07"

RESRI oK 2= L VA = 2 NI O e 2 G NS B D LR
P<0. 05; " Nl FFEE X ¢ 4656 HLAE AR S AR ARM p,.., P<0.05,

BATEMS, g Bk R, H g T 4K T e AR T
42 Sl I B, B 5C 55 N U 1 JE (external knee
adduction moment , EKAM) Ji /)N, MM 22 fift T 5T
VIR AR o AT I B R 3 N7 B
(i) FY A8 97 LR 3l 37 i () B 30 184, e 26 b T I
YEH 71 (ground reaction force , GRF ) 1 F 76 55 Tl i
ST AR [ g 20 A R R S A o A e
2 1 BRI M £ (toe-out angle ) 485 ] M ES 2 356 1
J1H0 (centre of pressure, COP') | M T I 20 i ¢ 75
Ab GRF FLAF 778 Ko EKAM, 2 1) 2% fi I 14 1
P 6 KOA BB I 2 R S R E B A

i, Kamenaga 25" &8, K52 FARIAIT I KOA
BE M T AAE RE-M 1Y p, B # PR, M
MH5 F1 RF-L 1 p,... W15 I HFT 2 A0 (MHT
MH2) #Milj( MH3 \MH4 MHS5)p, (# HAEF1 RF-M
5 RF-L ) Max-P U AE MK T X B4, £ 7R B 2
FEAFTESMEM . Palanisami %5 76— TR B 1
ST A 2 & B,

1ER KOA Bk id 7 J7 Xz —, MOWHTO %
AR T T B B e B 728 5T W s T i R
112 ASCEEHE BR, MOWHTO 897 5 1Y 8 B
5T W6 2 0 PRES 5 WBL L1 Bl KSS P43
EGE XS DA RS R A, FRE, B
R MEE SN A J1 % /A BEVTPAL T MOWHTO
IBYT KOA BF MG IRZE A, 250 3R W, 5 AR AH
Eb, 232 MOWHTO J7 %3677 1) KOA B [ 45 |
AR A RN BRI 7 s [R) A5 2B A S OB $E T IE
FORT IR RN EKAM ™2 R S Pyl b i
(knee adduction angular impulse , KAAT) "' 2514 1
2EFR PR H T 1 IR SR, A AR
BRI, R BB ARG 145 i 2R 0143 3 0837
B T g R (HA AT LR R AR 22 R
o PR X MOWHTO A J5 9 AR 17 6
W IE BhRE AT 0] 5 | 25 R R R R IS T
RAFAIE RS H RO R vp 2 shig )1 ( BF
RS PR ) AN RER B 2R AT K F . Whatling
A — T T BE PRI 5T T R B, 7E MOWHTO A
i KOA F8 25 T OG5 IR T 7% 20 B2 W] db /)N T fit
XTHR

SRR 1 R GEAE N A A A A 1R 3T,
AT B AR A I 25 3k 37 R AT i 3 R e S S R X B
AT 7 5 B, , BEAE 4R U Hui ik 77 1) 2 28 B s
X MOWHTO A J& 0 8CAS A7 0 7 A0k
B, MOW 21 5 1 5 %:F HEZH A HE Y A7 7 R R R 1 1Y
R . MOW AR 5 X5 B TE p,,. FEFR FHY
25 FEATET MH4 MH5 MF-M il RF-L, ifid
it — 25 09 B oy B BB, R p. B IR P
(MH1 ,MH2 . MF-M A RF-M) 5 #Mll ( MH3  MH4 |
MHS MF-L il RF-L) FAf -5 %5 B A B, A9 2
JUE R 3 A o6t B2 Al 1) J2 N, 5 EL p. B R IR
Hifil ( MH1 ,MH2 ,MH3 MH4 F1 MH5) 5 )5l ( RF-
M RF-M) FUARL 3 /s AR 2 e 7 43 A1 5 0T i 4H A
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A ] A, FTLAE A RS 45 X ) A ) ) R R A%
V7 ) B, B J R GT 7 X 38 2 fi P[] A0 JEE DG R
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SRR DRI A5 B4 45 KUBS: , Iz B Sk I PR v s
MR XIS, EaRZ5 et RJEARM T i 146
P E B BT AE , SR T 00 o 45 1 (A5 AR A2 JEE 70 49
A N A 1) AN ] Bsf A g OG5 SR T F AT A7
FE—S6 2 R EUEER ISR S0 A5 /T o AR E
BT Xt MOW 2 AR A 5 Xt B 7E p,, .CA I FTI Y
225 ARSCHEN E AN T . @ Frig iR AR BT
JEIEH AR, 35K ] R PR R — 0 3 B 1R R AR e
KT @ X ARJE ARM A 2L 78, hii
P22 R GE X AR A AT HE AP R BE Y I 8, AT A
UEAT i b A o AL A P A

JUEPRAE N B BT o A TN R ) 2
A FAREE A R B MOWHTO #E7 167 B & 4,
{IZAR A R AR I AR AR AR BEAR . 76 R 5 AT g
S BLLAT s O 2o B IE S IR OC T BR
AR T, FECMIN 2 A P iR 1k ; @ TR B A4 B
TR U IR B 5 0 BTk B X R
SREZN , O UEHE B J5 (00 A 2 16 R R /)N
FNAE AV 403003 B XU 336 A 5600 (H TR
WU A A T B 25 Hh 28 ST Sl
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B R B s, SO BT ) ST LR B S T
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BE G IREE R4 N R, WO vE o T BB I IR
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A —E FIE
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