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Abstract

Objective: The aim was to investigate the changes in gait-related parameters and the distribution
pattern of dynamic plantar pressure during walking in patients with knee contracture after radial
extracorporeal shockwave therapy. Methods: Forty cases of unilateral knee contracture patients
treated in the Second Affiliated Hospital of Anhui Medical University from September 2022 to
February 2024 were selected as the study subjects, and the 40 patients with knee contracture
were randomly divided into 2 groups, 20 cases with conventional rehabilitation therapy (Group A),
and 20 cases with radial extracorporeal shockwave therapy on the basis of conventional rehabili-
tation therapy (Group B). Another 20 healthy people with natural gait were selected (Group C).
The plantar pressure system and active knee flexion mobility were measured 1 day before and 1
and 2 weeks after the rehabilitation treatment, respectively. The plantar pressure system was also
measured in the normal group. Results: The active flexion activity of the knee joint in both the
shock wave group and the conventional treatment group was significantly improved after treat-
ment, and the difference was statistically significant (P < 0.05). Compared with the conventional
group, the active flexion activity of the knee joint in the shockwave group was more advantageous
after treatment, and the difference was statistically significant (P < 0.05). The step length and step
speed of patients with knee contracture in the shockwave group were significantly improved after
treatment, and the difference was statistically significant (P < 0.05). There was no significant dif-
ference in the plantar zonal pressure percentage of patients in the shockwave group after treat-
ment compared to before treatment. In patients with knee joint contracture, the ratio of plantar
pressure in the T2 and MF zones on the affected side was mildly increased compared with that of
normal people, the ratio of plantar pressure in the M4 and M5 zones was significantly increased
compared with that of normal people, the ratio of plantar pressure in the M1 and M2 zones was
mildly decreased compared with that of normal people, and the ratio of plantar pressure in the
MH and LH zones was significantly decreased compared with that of normal people, and the dif-
ferences were statistically significant (P < 0.05). Conclusion: Rehabilitation therapy can signifi-
cantly improve the loss of active flexion mobility of the knee joint, and extracorporeal shock wave
therapy has certain advantages over conventional therapy in improving active mobility of the
knee joint. The combination of extracorporeal shock wave therapy and conventional rehabilita-
tion therapy can significantly improve the stride length and stride speed of patients with knee
joint contracture, and improve their gait, so it has a high value and application prospect in clinical
practice.
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1. 3l

KATZEL (joint contracture) & — i UL G R, HIEAKFAELE T A [8] i D] 51 i 1 4 4 Ak 1 2
ST IE B B0 7 E R A [L] [2] AENGIR T, SRR (1) R A A 2 M R R 2R S AR BRI 30 [3] [4]+
KATFREEIE[S] WLRITE S LA B A4 Th e e i (anmese oz 22) [3] [6]55 « MR ST E v A\ A B K (13 s G
AN ERE OC, RIS B AR R ) S B 51RO RS , kT 3 BB O 2R 46 [ 7] [8].
IXHE T VY S VR B B T B BT AR 2 I 77, SRS T DhBE I A T MR E B E (9] HETR UL, SeTiEE
ARRYT R EAFEME R FRIT . B3TE. XRAMAYMELEE RERTMFARIGIT . HaRTIRIT
JEAKERT T BRCRA TR, FARBIT SRS A, HARPRERA X R, KR K. FiFi
[10]R M, fRAM T2 —Mma. B0l ARG T 730, BERSMENE IRE R B S TR E R R 1)
BEZM. BER, BT REE DB ARMZEERM LA, HOMHIESE/E &4 A 12 487
T A% 2 AR [11], 1T LA —SRIE 30 S50k I 77 TS 3 2 o0 BRI o AR ST IR B 22 R BER
MR PE 2022 4 9 H % 2024 4= 2 Hi21E 10 40 ) BRI 2B 40 B E N AU R, BRI G
ARG A AT R RSN IR TR, AT AE I S A AR S AR AN BN A R SRR D B AR, A
RIGIT IR .

2. BRFTA
2.1. —fRBER

EHUT 2022 4 9 H 2 2024 4 2 7 HE 22 BB RL R 22 26 I IR B e 276 1 40 151 5000 1 5 5 22 45 £
BAVENTEFRA R, BEHL> 9GS (A H)MphtBaasT 4B 41), B4 20 #). AL 2 T
JA R E RSN TT, ERIEAL b, B 280 N A # R Ah b el iy, FRERm . IEH4H(C 4H)
M 5 B A B, RE SRR ZAHULAC HAPAS F ORI R NBER A, 20 . ARHFST A 4.
B A C ALAE N LGt 7 B 2 (K 1) AW E b [ 2R R8P et 2 2% 51 o it
HEHEHES . SL-YX2023-196).

N 1) FFE ISR B gE ) B, HOWBMRAE . 2) ERe7E 18~60 A5 . 3) AEWEIR
Z PR AR D= AR SO R EC & BT, I BAFFAE NI T BERERS « 4) f5 8 75 B R T2 2 M R A A 15 o

HeBrbraE: 1) SR AR BITRIVPA, BN A REIN 2 R EIRYT, ST RE N FEERREE
() AR & EEVRIT I T . 2) BEAREAGIRIT. 3) BINTERETIEAZMEIHAN. 4 GIFEFL
M WA RS EFE R EE . AT L B DR i — TN 2, WITEVE I IR 7T

Table 1. General information about the subjects

%1 BE—RAN

S 5 R g5 A 531l
(5i1%) ¥) (m) (kg) (KlH)
A 9/11 36.85 + 11.30 1.67 £0.08 66.80 £ 16.21 11/9
M & 10/10 35.85+11.81 1.65 £ 0.08 61.20 + 11.86 9/11
EEA 10/10 35.3+12.75 1.67£0.10 64.3+13.2
F 0.08619 0.5739 0.8175
P 0.9175 0.5666 0.4467
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22. B
221 MRAMBFSEE

WA IR 0T R G, W RGUR AR —HL 600 x 600 mm (K x ), R{FEEEN 2.25 fifem’
M AR IS SREEIIFN 100 Hzo h25 R IRIE 1700 R 48 th =P & IR IR 1 Wride s s ma, %
T B TR AT R DX B AT I, e AT OE R SN, MR I A AR I S AR N R EAT
WeHE o ZBEPE . BRSSP R A B S AR R AR S e 2 5 AR R S BRI U= AT A (4 1)

Figurel. Plantar pressure detectiondevice
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2.2.2. Bk

ARIGAEAT BERIRITHT L RUASIRIT S 28 1. 2 Ji 20 it B 34T 7 R IRIE I RGN RN XS
E R IS AT R IR R & . BIASMETE, 06w B ORS00 Sl e B AR PR AL E, R
KBS e A AR . e, 2N TR B A I A S — MR B, B RS R S X . 7R RN
BT, IHFHERREARKEE, PR QBRI AE, SRR, WU RIES,  [FE
Tk O R AR EEAR EAT R . S4h, N TR ERIR R, S T EAE N E R AT TS SR . Ml
BT 3K, FEECFIIE.

SRMEATRREIGITHT LR, JRITIEEE 1. 2 JAX Sl b AT IR 0% 71T i Hh 3% 20 BE (ROM) I £ o TR oG T
JE S B (ROM) Bl & e 1 ZR A T EM L35, R IO IR OGS . AR E K B M 2 il T
T HEE 3k, s S RE KT, BalES5HE KT FibEEERE s REE, s
F AT IR IR % R MRS i S B

2.2.3. MENSHRENX

1) M. BEIS, R F MR R OLOE MRS, 2R SFIEE 2 Bki L) 5 a7
BRI e f, B N2 A P A8 et A I I e . S <7 Fon. IEW AR RMALN 6.75°, 2)
A BTN R] P9 AT A D B AL, DRIy B RoR, TR 5 NP B AR IZ R 95~125 51434 3) 25
W B R P AEAT HE T ) B RS BhRE B, B IEH NATERD IR AN 1-1.5 mis. 4) AIE A
SR A 1F) SRR At B, R T — (0 A B v St ) [0 A 8 M BT 5 (OB ) o AR X 7 0 P fh
MK BEAT AR, LASRAS G fulctth e K B ﬁf@%%ﬁﬁﬁ*ﬁﬁ’]ﬁ%?ﬁﬁz— 5) B B RAE NI
BERRE R —, W R ES. @, ST TSRS . D lmERRE DA
MRS eV 2 . 6) SPIRKCEE: MBS, Falml— M E BR AT 5 % e AU B A ) LR FE B, 1B
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2974 100~160 cm. 7) K S350 A 1EE B> EISE R H A b, BF T R R T X K 4y, SR A
TANXI(E 2). BEEEX(TL X), B2 AMEX (T2 X), F—HEFXML X), F EXM2 X),
F=EEX(M3 X)), FHIUHEX (M4 X)), FTEEXMS X), ERFPEHXMFX), &5RNMNXMH
X), 2JEERAMUX(LH X).

SRENELGE) [ PeER(Cm) | EAAT | SRENAHS) | SREAERCmY | EOAdGT
T1 10.6 139 5313 I:I T1 3.8 54 1424
H

T2 49 8.9 8852 i T2 73 11.3 2713
M1 15.6 177 5564 i M1 18.2 203 7141
M2 9.8 122 6058 : M2 14.8 13.5 5507
M3 10.7 125 6281 1 |M3 16.3 14.2 6061

n .
M4 11.1 127 2573 1 [M4: 10.5 10.9 3893

n .
M5 4.5 8.5 6991 M5! 0.7 1.6 277

n .
MH 11 20.1 6252 | H 76 15.6 2833

n .
LH 94 15.8 5994 ! |LH 2.5 54 937

| .
MF 123 30.2 2769 I |MF; 171 26.6 6331

n .

Figure 2. Plantar pressure zones
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23. BITAH%E

AW ATHEMBERRIT . 1) AT A ARG T B SRS AL, TR RIER
BIT, R 2R, BRI 25 4r8h. 1205 RT DL L AIE 55 AN i MVBAE 3R . 2) SRRaslR: AT HAIH
FERATHAT — KRB, RRIRFREE 40 4350, A7 HE 14 K, HRHE 8 AR R AR FIERIT. 3) 2
A P EAEMBRITT, BR LR, BRI 20 4350, 4) A7 BRIGTT G HKES MR 5~10
o3P 5) MEDUSKWIAEIAR : REALASANEM, V677 I A F- 1 R, 5 — RFE T/
U RT T G T, RS IR R 4ERE. 6) WLJ1NZR. ATARR R EM PR IIZR, BHPEIR, &K
15 min. LA EIRIT 2 A LANTRE, JL 1A 497

B ZH: 1EWIIGITARIERE I, R A EGR i 2% B [Swiss Dolorclast Smart (FT-203)], H[F—47
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WIERYETT T BN A8 DX AT PR R AT o AR SRR FEHT, AEE ST IS B R T E
MIERAE 7% o JRITHE I R R FE R R L. B DY SR 9. © BB AUV Rl % SRR B
Sk T LRI AL R Z R, 2 g B BB i 7 7 v 1) DX 3 BT VLRI H TR L S v o I s 2
—o @ VUKL . 15 DY Sk LR S i 1 s 7 o B %%, SORBUEE B IX I RIRITIE S —. @ %
. R RS 6~7 em, AT DY Sk U S R BT T 2 (6], ESEBRERAE i - AN DY SR T
FAE—ENESXIR. @ W . L THRES5REE 20, ERTNEMESIREZER, ok
BHAENBITI R Z — o R RS, Bk Bk, X AU AT T Fil. rESWT 230
A% 10 Hz, 58J%4 1.5~3.0 bar, fFANX 1K 500 ¥, KIKEL 2000 IR, 2 RIE, #EERAIT 2 . RIEEE
X I RN SZ R RS o YRIT SERUS, SRS AT UK, DART 1R R0 B T H IR A

2.4, GHESW

i1 H SPSS 21.0 Geit 3 AT 85 3t . B FE R AP EME(SD) s A7 B (Va L) . 7 (F 43 Eb) A
1B 2 57 (95% B 15 [X [A)) S bn R R ARG . T & IES /A M S AR 5 DA (1) RoR, 4L LR D
Xt A, LA LE AR P ML REAS AR SG, T = B A Bt R R A BT M, BRI b
KH RS FTA RS NSRS, Siit 2 UKFN 0.05.

3. R
3.1. BHATTIIEHETSEH

BTG B E B2 RITRIR S DA, Dl DR, SB5E. SPIRK I,
Horbbal, SRR ERIRIT RN, %o E~(0.72 + 0.2535) (m/fs), 55 k5% (0.8785 + 0.2591)
(m/s), FHE=UPHEN 1.01 £0.2986 (m/s), ZF5A G125 L (F = 5.716, P = 0.0055). H—UCPIRKE S
(0.715 £ 0.2031) (M), %5 KB IEKE }(0.82 +£0.1909) (m), 5 =VH 1R K ~(0.9045 + 0.2242) (m), 2
FAGIFE(F = 4.226, P = 0.0194). HARZHAITLHM() BICEI5 8 BRI TE(S). 5 (m)
WITHE LS 2R, o L% 2,

Table 2. Comparison of step phase angle, step frequency, step speed, step duration, step width and step length before and af-
ter shockwave treatment in group B

F 2. BUAMERIATrAIE£HE/A. S, SR, DiERtE. £, PIRKELER

S i B2l Lk 2 M ] 5 PR
(1534l (m/s) () (m) (m)
Bk 2281+11.26 60.29+13.10  0.72+0.25 1.05+0.20 0.18 +0.03 0.72+0.20
K 2225+874 64.73+1361  0.88+0.26 0974017  01775+0.03  0.82+0.19
B=IK 2267+9.97 67.89+1569  1.01+0.30 093+0.15  0.18+0.042  0.90+0.22
FE 0.01675 1.447 5.716 2.559 0.1189 4.226
PfE 0.9834 0.2437 0.0055 0.0863 0.8881 0.0194

3.2. BEATTHIRERREN S

PRI ZRG BBAE FE R pP IR YT A S BB R AN IR T L . IR ST R A R v R
JTHIS VBIT 1 BJG. 1697 2 G B &0 X s Ay 5 e kAT be e, 45 ] Wb e e 07 vl g R & X I
77 & e e B = R (P > 0.05), L& 3.
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Table 3. Comparison of the percentage of pressure in each region of the plantar foot before shockwave treatment, after 1
week of treatment, and after 2 weeks of treatment in group B

= 3. BRMERIATTRN. JATT 1 AR, AT 2 AR RREXEE SR

T1 X T2 X M1 [X M2 [X M3 [X. M4 [X M5 [X. MH [X. LH X MF [X.

BITHT 558+172 6.61+241 9.25+294 795+223 947+257 917+221 504+192 1829+3.87 1513+3.81 13.51+£5.32
BT LG 5514201 6.47+188 896+305 759+166 921+215 934+264 521+212 19.15+4.05 157+341 12.88+5.24
BIT 2 5 573+200 6.86+203 964+237 817+206 963+226 927+214 489+171 18.07+3.50 14.73+3.43 13.02 +5.40

FiE 0.07021 0.1712 0.2962 0.4398 0.1655 0.02627 0.1394 0.4485 0.3733 0.0775
P1E 0.9323 0.8431 0.7447 0.6463 0.8479 0.9741 0.8702 0.6408 0.6901 0.9255

33.B45 CARKEEHELLE

¥ B A EE BN XK CHIER AT . A T1 X, M3 X EJRE Sk, 254
TGt (P > 0.05), MEKHTZEGE HF HHBM T2 X MF X R A7 o5 HAHE T 0 B 42 T,
M4 X, M5 X 27D AR T B R & E, ML, M2 X MH X, LH X2 JEE 77 & R T %
WA, ZRWASI¥E (P <0.05), Wik4.

Table 4. Comparison of the percentage of pressure in each region of the plantar foot between group B patients and group C
normal subjects

4. BHBES CHERBAEREXEBEN AL

2H 5 T1IX T2 X M1 X M2 [X M3 X M4 [X M5 [X MH [X LH [X MF X
B4 536+194 6.62+240 942+318 796+224 947+257 9.04+219 497+197 1854400 15.17+3.72 13.46+£553
c4 503+1.00 471+206 11.82+279 938+186 8.67+248 634+105 318x0.77 21.82+270 1937+1.77 9.7x284
t{E 0.682 2.708 2.542 2.185 0.9969 4.987 3.791 3.034 4.552 2.701

P& 0.4994 0.0101 0.0152 0.0351 0.3251 <0.0001 0.0005 0.0043 <0.0001 0.0103

3.4. BRRTEHBENERNEHENE

PRGBS BF M R G 30, Al b A B PRELINTRIT RIS, s din)ia
JTRI YRIT G I

B ZHyAYT B E S 50 Jm % ) % J9(71.80 + 22.839) (), VAIT 5 M 150 #0554 (104.45 +
17.987) (°), ZRA S0 E X (t=8.494, P <0.0001). B 4iGy7 5 BA 7 BB MRS 350 fhiG sh
T HRIRTHLIE 3).

A HIGYT RIS £ 3 T iE 3 J9(70.55 + 30.139) (), VAT G ST 150 E #hi% 5 & (88.80 +
24.124) (°), ZRA SR X (t=6.132, P <0.0001). % HG ST 4LIATT 5 BT B B g ¢ 35 5 i #hiE
HEA T HRRFAE 3).

B 45 A LLE, WLLIAYT RTINS 32 2 i ih s 2 B G B I 22 57 (t = 0.1478, P = 0.8833) (.4 5).

PIALYA T JE IR ST 50 dhis sh B A I B 25 5%, B 4L FR 5 £ e A ZHL I B 1 (t = 2.326, P = 0.0255)
(W3 5).

4. g

AR — A0 1 FORIE B0, SO 3 B A MRS RO DR [12], 7B HESLI P
BRI T T B R RO . ZER AR R SRR 18], 25 BT
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Figure 3. Comparison of active knee flexion angle before and after treatment
for each of the two groups
B 3. BERTTRIRERA T EREMAE BRI

Table 5. Comparison of knee angles between the two groups

5 MEBXTIREIL

41 TR AT RS
E R E () L A C)

A 70.55 + 30.14 88.80 + 24.12

B4 71.80 +22.84 104.45 £ 17.99

t1H 0.1478 2.326

P1E 0.8833 0.0255

F R P EOCIE SN ER A AT, T3 BUB AR D) RE RS [14]-[16]. KR4l fEd, %
T IELT YA SN BN B R 50715 D RE K B A [17] . 2RI T 50T 254 BEAL I A2 i TR 2 4L, 2R
1713 95719 il [l % A L AR A DL R AR T 5 R 2B A 0% HAT, IR YT R 2R B R T3 V5 B4R I8 3R T
PR T6YT . MBS R T ik L R ARG T4

G REIRIT A —ENRIRIE, RGBT RARZR S, AR E R 2 RS BT
ANFESE AR [18] [19]. RSP TRB TIEIE A —FAMR AT, EREIURC I 6T 2 MULIA &
BEBIR[20]o AHXS TAEGEAETARIGST, MRS ey T VEAE 258 OG5 3 AR B B IR | AR RTE L 21
SEITTEA MRS . WO IR TR BRI N rR TIA IR AT 4EAL . SO AN T et i
Bl LRI E I DL R AR R A RO L AR [21]-[25] 0 MRSt 72 T ATE AN [R] 25 P 4H R 2 i) = A
REEMSEZEAME ST, I BAEH SWAL B SN LU B A & A — R IV BRN, XL RN AT
CARARERGE,  DLIEBETTH R 2% 1 H [26] -

AT R BRI TG EFH R PEAE R ARSI T BaR )T e M 5w, 51EH M
P WIS PR, SR iR 2R 48 SRl R N Ia s Dh B ARk . X S a5 /R 70 IR OCIT 2R 4 51 ke
(IR = 50 e 1A PR /NAT 2R [27] 1 AR AN e DY Sk UL D B8 Bt S D e R SR BRI A LR, AT
SECPHENEAR[28] . EF D RADE > 7T S T IBVLA R Ras « G105 SRR PR BE /I
PR VAL RATE B B S OIS . AW TT B AL E AR M phdnpin T e, B DI
DHEAM AT 2O B E R T, RURS s TG WO R IR T IR MR R R S B P K
A, AT R A H I R SO 0E.

H B ARSI 77 73 Wt 2R GEAE IR O M 2R 40 B VPAl L R AN L, R e e A3 KB T4 2 T R e
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TS U B OG5 2R 45 S SO R85 (R0 AR AR, VIR R AR 4R Bt L L PPAG KRR NS H M E . A
Wt B LB MM b thBaa T e, BE KRR X 77 o b2 RTE R 25, 558 3 %
5% 2 R REIRTI A, BEATE M LSBT R E R (A LA 1L, ABEFEXT L T B 4IRS 2544 &
H B C AIEH N Z IR 70 ORI AT 5 b, 25080 B 4L BN AT MU AL 1) 5 77 o5 LEARRS C 411k
WNAPTE, TR S A BT RE. 2R IR AT, AT RE RN L B SN Y TR
BIrdm, REMATEHE, ok, BONESEE b T HIZhsUB 0N R R, wrae e BUEM MR
=RAURER it L RE AR PE 2R 4R, AEDAT I R AL BRTEVE 78 7

BT HARREAEIR T T 58, Ml Ao — MR M AR R NG T T35, 18T IR OSTT ZE 4 A HA R 0
B AL RN AL B PHALEE BEEIRIT A, BRI 248 B8 KR O 1Y T2 30 v 3 B2 W 2 427t
T EEPIZRIRTT Ja IR R L i A B, B 45 A HE T

LT, BREEIRIT RENS A R IR B B M S S . ELAA SN R T i A R R 250
WA AR AT — €. P ATIIR], RO 2R B AR BT IR W N B AT MU 2 S 2
PRAN B IR R IR )T e RIS e TR R g B DR K D, WEE LA AT
TR Z AL EZREAERN, HIET 8 ORIFEA, RIS AT KR 7 .

=

Jlia iR Rt SR L RIS AR SRS s TN e G T R R AMEAT s dKIE . K
HBAT IR RS P arpinyT s kA de. TSI, AR, REXKBEAT WG N IR . S0 P e MR Yk s
S AN R AT B GE T A A LR R ST R A RCAEAT

B
R B R R 2 A S T AR 2 AR I S B SRR IE
E&UH

A A g BRI I H (AHWJ2022b063) ;22 3 2= LR 2% 58 — B J = e |1 B 4R 9% /& oF R i H
(2022GMFY05); 2 R R R 2 e e 2 B (I R = 272 2 R 0T H (2022GFXK-EFY08): 2 i F) K 2% 2023
SRR B H (2023lcxkEFY010); 22 8ds A HERMIT I H (AHWJ2023A30077)
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