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Abstract

Objective: To investigate the clinical efficacy of antibiotic-loaded polymethyl methacrylate (PMMA)
bone cement combined with a self-made double-tube irrigation technique in the treatment of dia-
betic foot ulcer (DFU). Methods: A total of 32 DFU patients admitted to our hospital were divided
into a control group (n = 16) and an experimental group (n = 16). The control group received nega-
tive-pressure wound drainage (VSD) after debridement, along with basic treatments including sys-
temic anti-infection and glycemic control. On the basis of basic treatment and debridement, the ex-
perimental group received self-made adjustable embedded double-tube irrigation and drainage
combined with antibiotic-loaded PMMA bone cement coverage. The clinical efficacy and overall re-
sponse rate, inflammatory markers (CRP, ESR, procalcitonin, WBC at baseline and 4 weeks after
treatment), Visual Analog Scale (VAS) score, SF-36 quality of life score, bacterial detection rate, post-
operative recovery outcomes (number of operations, length of hospital stay, wound healing status),
and incidence of complications (postoperative bleeding, infection, ulcer aggravation, osteomyelitis,
amputation, etc.) were compared between the two groups. Results: The length of hospital stay and
wound healing time in the experimental group were significantly shorter than those in the control
group (P < 0.05). After 4 weeks of treatment, the VAS score of the affected foot in the experimental
group was significantly lower than that before treatment in the same group and that in the control
group at the same time point (P < 0.05); the SF-36 scores in all dimensions in the experimental group
were significantly higher than those in the control group at the same time point (P < 0.05). The over-
all response rate in the experimental group was 93.8% (15/16), significantly higher than 50.0%
(8/16) in the control group (% = 7.58, P < 0.05). The number of operations and bacterial detection
rate in the experimental group were lower than those in the control group, with statistical signifi-
cance (P < 0.05). The wound healing time in the experimental group was shorter, the thickness of
granulation tissue was greater, and the wound area was smaller than those in the control group (P
<0.05). The incidence of complications in the experimental group was lower than that in the control
group (P < 0.05). Conclusion: The combination of self-made adjustable embedded double-tube irri-
gation and antibiotic-loaded PMMA bone cement shows favorable clinical effects in the treatment
of DFU, including shortened hospital stay, reduced foot pain, promoted ulcer healing, and superior
overall response rate compared with VSD alone. It is an optimized limb-salvage strategy worthy of
further validation.
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LU EIRIE, B KR BRI A ) 51 A . SEURBIERIA RS STk, A
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VRN 2021 5 4 H % 2025 4 4 A T B KF M@ 5 — R BTl B B s 1 32 1577 A N AR e DFU
B, AR TT TR A IR AT GRTT RS VSD, 16 BRI SZEG 4L (47 B XU R e 5 1R IR &9t
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PNFrdE: O DFU iZWi I O R 2 BB =697 & X 3L [5]; @ Wagner 732 I~ 25 B
XA FIRIT 7RI 32, @ KM IER, WIETICREERS . HEAaE: O ANARTCRHMTIE A GEIT S ©
FAEA S REERRE; © I, BEEEFRIERES; @ 5HEENRE; © LHimhit
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2.4. RIgALE

KIGARERHRENKE NI EEK 500 mL, BkebX50R, #2811 KR TR E
2 JAJEHUTEKTE, T 0.05%BE RS g rhe i, ARG TEL, 2R4%E. RJE3d AR, X
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B RIS R RV 25 8 J B35, R A WUE S B ik 2R & 5
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RAERPL: VRITHT AT 4 JG, A48 2(WBC), R S b b2k M B 45 22 )5 (PCT) C
SN H(CRP) K.
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PIRFERE : JRITHTIRTT 4 B, RAVSERUCP I (VAS) VAL, 1Pk s T P i ARl 2
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2.6. GitFEH*®

N SPSS 23.0 Giit HAFEAT b o /3 T TORER (A 43 L) Rk, TR ELBCKH 2 feie: A
A PORER RIS B0 THRVORLR AR + bREE (X £5) MR, 756 EEMAH RAPIBSIREA ¢
WGk AT IR T 24041 BL P <0.05 HZERALITEE L.
3. &R
3.1. FHEE—MRBERIELR

4L KB 7 2 ) A W BRI  Wagner 432 S ) T IR 7 THI 25 3 T Ge 2 7% (P> 0.05),
AL Wk 1.
3.2. FHBERIER MR

1BIT 4 G, PI4LE A CRPVESR.PCT K& WBC /K P8R TT BT 525 N (4L gL, ) P<0.05).
L HRAAHEL, SRIRIRYT G LR S IUAIE SR bR EoN I, R IA g (AR, ¥ P <
0.05). MW.% 2.
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Table 1. Comparison of general data between the two groups (X +£s)

F 1. MEBRE-MREBER(X+s)

TiH SR 4 (n = 16) S (n = 16) GuitE PiA

(5 /20) 10/6 9/7 72=0.13 >0.05
() 58.4+8.7 60.1£7.9 t=0.53 >0.05

B PRI T AR (FF) 8.6+3.2 9.1+3.5 t=0.42 >0.05
Wagner 733 /4 ) 11/5 10/6 72=0.14 >0.05
BT TH AR (cm?) 184+6.7 17.9+7.1 t=0.20 >0.05

Table 2. Comparison of inflammatory indicators between the two groups before and after treatment (X +s)

2. MLABEIRTT AR RAEFEARELAB( X £5)

E{=gan HEEZH(n = 16) LIS (n = 16) t 18 P14
CRP (mg/L)

BITHT 456124 462+11.8 0.14 >0.05
BIT)E 4 H 183+6.2 9.4+4.1 4.69 <0.05
ESR (mm/h)

1BITHT 62.4+153 63.1+14.7 0.13 >0.05
wITE 4 A 28.7+9.6 162+6.8 4.13 <0.05

FAT 3 R (ng/L)

BITHT 1.24 +0.41 1.29 +0.38 0.36 >0.05

wITE 4 A 0.56 +0.22 0.23+0.12 5.22 <0.05
WBC (x10%/L)

YBITHT 143£3.1 146+2.9 0.28 >0.05

wITIE 4 92+23 6.9+1.7 3.15 <0.05

3.3. MEBREERAERELR

SCEGZH A A G I AN (35.6 = 8.4) d, A T X HRAAH)(58.3 £ 12.6) d (P < 0.05); SKIGH A ZFZH A
AKJERE N7+ 1.1) mm, & TXIRARGB.2£0.9) mm (P <0.05); JEI7)E 4 8, Scib4e)mmi ~(3.8
+2.1) em?, /NTXTHEZ)(6.5 +3.2) cm? (P < 0.05), SIS G451V (78.8 + 9.6)% R i 1% HEAH 1) (64.7
+12.3)% (P <0.05). W% 3,

34. IEKRITH. REtRERHFLIELR

SIS S RN 93.75% (15/16), 3 = T X REALT 50.0% (8/16) (> = 7.58, P<0.05). SIS P
BHAA(19.7£5.9)d, FARXECN(1.4£0.6)IK, /T XTREZHKI(32.4+8.6)d FI(2.4+0.9)ik(#4 P<0.05).
SEIGAH AN B G HHRA 25.0%, T HHRZH ) 62.5% (P<0.05); I RIERAEFRN 12.5%, TME T XK 31.3%
(P<0.05). PHZH#RR(E)ZF LA, ZRIEFTHFE LR 6.3% vs XTI 12.5%, P>0.05). W% 4.
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Table 3. Comparison of wound healing status between the two groups (X+s)

3. FEEEUEAAERLER(x+s)

4151 pEE A O éﬂfﬁiﬁg’g IR ‘(‘ﬁf;”?ﬂ@*ﬂ QT4 3(%)

Xt HRZH (n = 16) 58.3+12.6 32+09 6.5+32 64.7+12.3

S (n = 16) 35.6+8.4 57+1.1 3.8+2.1 78.8+9.6
P1{H <0.05 <0.05 <0.05 <0.05

Table 4. Comparison of clinical efficacy, postoperative recovery and complications between the two groups (X +s)

T4 MEBERKTH, RERERFLELB(x+s)

415 Bk GEEQ Py IREIE JPOTCER R0
X4 (n = 16) 50.0 (8/16) 324+8.6 24+09 62.5 313 12.5
S H(n = 16) 93.75 (15/16) 19.7+5.9 1.4£0.6 25.0 12.5 6.3
P1H <0.05 <0.05 <0.05 <0.05 <0.05 >0.05
W BERR =758, P<0.05.

35 KERERBRELR

K
¥
5

73 N(83.5+6.8)7), FE T X IRALII(68.7 £ 7.4) 70 (t=5.88, P<0.05). W% 5.

Table 5. Comparison of VAS scores and total SF-36 scores between the two groups befo
after treatment (X £s)

5. MIABERITHIG VAS IED K SF-36 2 EEE(X+5)

RIT 4 S, W4 VAS W BBURITHTIEAS,  SF-36 4 SBUAYT i T (A A LU,
HIRITJG VAS VP4 N(2.2 £0.9) 7, SELT X REAMI(4.6 = 1.3)77(t = 6.83, P<0.05); SEZE04H SF-36
/4

1 P < 0.05).

re and

ing P VAS P43 (4)) SF-36 &E.43(47)
X HERZH(n = 16) 73+12 524+86
SLH4H(n = 16) 75+1.1 53.1+7.9
PiH >0.05 >0.05
wITIE 4 A
STHRZH(n = 16) 46+13 68.7+7.4
SERG4H(n = 16) 22+0.9 83.5+6.8
PiH <0.05 <0.05

VE: SEIRHVRITIE 4 J VAS iPr SARHARITRTILE, t=28.16, P<0.05,
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4. Wig

TRE W R B NIk 11242, BCAARRIE IR 35— KIE, DFU 285 R 5 0L 5™ H R Z
—[6]e 21 15%10E R 3 — A 2 R AR T, Ho S6% M e it i g, M RR G IR
ARG, EBER, RATRESEEINEIET. SRS R A OCHT | AT HRLN 5%, 5 FITIHRL
N A42% [ 7] FEVF 22 B 5, WH PRI AL A2 BBE 10 1 6 S IR, 85% DRI B P e 4B 1) B 2 4 A B 35 S [8]
DFU {E BB, BORBRAR T 3 A3 B A R T & 5 i . [RIL,  REAE ZURiR T x T
FkE i A AR RS E SO E R CEE,

7E DFU MG PRACEEH,  H AT 2 H ian T F R UIBR B YL 218 g 4141, FRAE R T R4 A4 G4t
AEFRIRIT[9]. X Wagner2 Z UL B, ol A=A R ISR, FARBE R RA
REFIFBe. SR, AT 2 i 25 R0, AURFES QA Lss Bl ol i, E v e s
2518 1R 548 R IR R CIBE DFU FIRaAia 7 R0, B IEYT ORI A BRI T2 )

DFU (13T 48 ¥ 1 5 R G P B AT 4 B AR I 1l S e 2 i 9IRS B DI A 0% - Masquelet 45
(10125 I, L2400 D SR TR R K Ve v 5 52— FhRe Ik 1 A= M0 i (Induced Membrane, IM)JE . ff 5536 B,
B AR, BRI A K -1 (TGE-A1) AL N 2 A KB F(VEGF), 2t s
(1170 PUA BB KVRTENS M QT A AT DUIE RS v R 8P es « T R PR P B TR 5 00 1) &4 1 2 A A
MITERL, OG5 R ORI AR A ZUE & .

AW, SZIH B EVRIT S 4 FK CRP. ESR. PCT } WBC 2 RAEFEFRIY B EIL T X HRAHP <
0.05), &7~ H HIXCE e 51 R & P4 ZE /K Ve REWS B8 A Rt il G TSR G . BRI 4 B ST fifar o 48 0%
VA S5 3] B ot B S [ 12] BRI 98 R BB AR 38 B /K T 7E = 3 T i i vk B R R U AE IR, e A B FH 4G TE
BRI ZHZ PR EEAS R R, 1 B — S @ S MH LB, RIS 22 T BRI AR

PUERBKEAMUEA R TIRE, R4 K R RS i T R AR, A et # el
ZUERKAMESE . AW SRR AN A A R E iR R R NN, 5 OCERRE A =K
P _Eifl VEGF. TGF-p @& N FRiA. ki BARSSBART13] [14]. EHES NS T
F KU T-WE R A2 It LA AR AR P BRI e R B, oAk i /K e nT R i DFU G120 208 A8 1 &
TR, AT S5 25 (8 HERE PRI K BR 422 Bk BT @ 4, Foh A B /KB AT i@t T4 Noteh {5 5@ #%
M4 = 6 i ZH 2t VEGFR2 SRS, Bk 3 /Kt nf Do #i] s b R B b i FE 0 ) Notch
G E S VEGFR2 S FRIA, (23 HUVEC U3G98 B AR, e 2 e it mp A s = i Bk
MIEEH .

DFU B 5 RO 258 . #2048 K% 5 QAR SZ R U, B ARG . AR, s
IAHIRTT IS 4 A VAS VR B T X IR 67 R, H SF-36 iy BT, $oRBEEIRTT WA MR
ik SR PRI B R AR TRIRAS . HNLHI T Re Bt O A s hlR G5 /il 2N (A0 PGE2. Z23UK)
A TRFE: @ EFIRE PR T R A RO TR PR ST, ek SOk B e R A 2 B AT LA ) 1
SR RS SRR A, (R T AR DI B E . FEARJEIKE T, SEE AT i R R R R E
PR EH DT XHBHEI P<0.05), 5 Chen %5[16]5% Dai Z5[17]fIRF 56—, (EIERAETTTH, 9256204
PR HH 2R SR I RORE R AR R A, SRS TR YT R R B . ek i 24 A 7= AR 7 T A R

VSD REFFEHE R OIS AR, PREFOIHE S, PR KRR OIS R 504
MPLA R HKIE P HIE RN, BRI IAER, ARORNKHE, —HEE 0 RERESPURE AR,
RRBEAZFEAK . AL, B O R A B HSUE P BE S B, IS R E R R R e, AN —
SRR R 79 . BEA AN T fder, 30 AT/ b B /KR 7 56 5 AT BB T I SR S U s AR, (I8 a3k 175 5 IS T ik
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5, SlthE &S .

KR FAFAELN T RIRYE, %—, ABFFOVIEREIIN IR B, S - B T I R SEPRt £%,  EREHL
SYBC,  RICRTREAFAELE R {51 s 7 A 0T 4 B 1 6 5 T REARE 20 3t 70 i A SE I 2 mox A, T2
W7 RPN M. S5, REARBRRUN, ATRESEGREE AN R, FB o AL IR 2 S (AL i ) B S
HERBEREGFE L WRRSFEAED/MI R FR, DAEARMIRG] T 4R AR SMEE.
=, BEVIR B, BRI TR BAEBEE AR KIIRIBCR . KRR & T B e
HEE . PRI, ASHTFEE R ALY — DD MR R SR, Ml KA. 2l BEHLI . XUE K
JARE S I FUIR ASGIE o

B H R PR AU R S PR PMMA HKYEIRTT DFU, 10 WS B RAE SN g ik
QI &G A AL BT 18] B> TR E. SR e IF S A0 R a3, B e (1 0 e PR T 2%
Mgz gtk (HZRT O AR, EIREGIR A E ™I vt hdt— PRk, B T4 RIER,
IR 7 SR BERCN DFU SRIBGE T — N IS DAL SR

A B

AT T R K I R 2R BBl PR e PR A1 B A ettt B AR Rt F R
E&mE

JTAREBEFRHEARORIE SR &I H (95 B2023328).
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