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Induced membrane technique combined with internal fixation for the treatment of chronic haematogenous osteo-
myelitis of long bones of extremities in children

ZHANG Hu',XU Yong-qing' ,CHEN Xing-yu' , YANG Xiao-yong' ,ZHANG Xi-jiao' , YUE Zheng-hua',HE Xiao-qing',
LI Jun' , CAI Dong—hui2 , SHI Jian' (1. Institute of Orthopedic and Trauma,920th Hospital of PLA Joint Logistic Support Force,
Kunming Yunan 650032, China;2. Department of Orthopedics, Traditional Yi Medicine Hospital of Yunnan Province/Traditional Chinese
Medicine Hospitial of Chuxiong Yi Autonomous Prefecture, ChuxiongYunan 675000, China)

Abstract: Objective To investigate the clinical effect of induced membrane technique combined with internal fixation for the treatment
of children with chronic haematogenous osteomyelitis of long bones of extremities. Methods The clinical data of 17 pediatric patients with
chronic haematogenous osteomyelitis of long bones of extremities treated by induced membrane technique combined with internal fixation were
retrospectively analyzed. All the pediatric patients underwent two-stage operation. The stage [ operation included debridement and implanta-
tion of antibiotic bone cement in the bone defect area,and the stage Il operation included bone cement removal and morselized autogenous
cancellous bone and/or allogeneic bone implantation in the induced membrane. The wound and bone defect healing were observed after opera-
tion, the infection control and complications were observed at the last follow-up,and the clinical efficacy was evaluated according to the Paley
score. Results Al the pediatric patients were followed up for 26 to 47 months,with an average of 31.6 months. All wounds of the pediatric
patients healed in one stage after operation. The bone defects of 16 pediatric patients healed 3 to 6 months after operation, and the total weight-
bearing time of the affected limb was 4 to 8 months. In 1 patients, the plate broken occurred 3 months after operation, and the bone healed
after replacement of the plate. At the last follow-up, there was no recurrence of infection,1 case had osteogenesis insufficiency in the bone
defect area,and 1 case had varus deformity of ankle joint on the affected side. Paley score was excellent in 15 cases and good in 2 cases.
Conclusion The application of induced membrane technique combined with internal fixation in the treatment of chronic hematogenous
osteomyelitis of long bones of extremities in children can achieve good clinical outcomes,which can effectively control infection,achieve bone
healing,,and promote the recovery of children.

Keywords: chronic haematogenous osteomyelitis ; bone defect;internal fixation ;children;induced membrane technique

JLZE UK B2 IR B RER — BRI RIGYT BN A BB I A 0T R A R SR
HYMERE AR IT R A Y, s B PR VS . BAK, SEURIARRTE O ERE, 52 L B Kk
B BT, PARIGT L PR e e PR
[ELTA] 28400058 FHR K b0 (ZX20191000) s HE B 9 F LB FAE S8 10 T 51 187 J7 1 i F I B35

SRR WO 920 BEBE BHEH R & BT H (2019YGBO7) B B, P JCIAAID R TR o B Bl A 1 A AR 285
[BE1EE] A1 f#, E-mail ; doctorshijian920@ sina. com ’ :




404 Y EP T

J REG ANAT OPER SU88RG 2022,31(5)

http : //www. jjssxzz. cn

AIEOR T , 2y it U R AR, T B R LA L
R o AT GO T R A S B, SR 1T A 756
g 2R VE ], 2238 MR B it , A LS i
e R A ] W B P oAbt R AR S 2 R, H
I ¥ 5 = — o B R EL I AR B T AR TT AR
JLHE DU K o b R I PR R I
AR TS S BRI TR YT RN RGP B
H5E % T B BAT A 1] B L i O S A A
i ELA A B B R R R TE G, A R
AL BB AR o T IR el
B IR Ty AU I ) AR, 1B 5 N T
TEA M T ORI R AE , (e B A H A B i 5
SR O EFIE T o E B A LR A AR 1R
B A E VR YT L RS 1 I 5 B A8 A0 , TR
AIASITH o ASBIRFE [0 B S A7 D AR e a5
B2 EL AR PRBTRE, 38 1 WL R il 00 B
BRI LK I RAE K AR 1 DU A T b , PRI IS R
HRAr PR T2 T ) L2 DY S e P e 0 B 2 1
R BRI R

1 #ZRETE

L1 s RFH

NN 2017 4F 1 A 5 2019 4 1 H b 25K B s
HRBAES 920 PE e 2 2015 B BHIT IS FroR IR S 50K
R N T2 YT A 17 (51 I B 0 P o 90 P 8
UL I R SR, Horp 55 11 B, 46 Bl A ik 3 ~
16 % ,2F-179.4 % e 3 ~ 16 T, P49 5.9 T 5 B
TERERE I 1B, PRSI 9 Bl G IR Ak
Ui, RUE 1A, BB S 90, BB 8 481, ik 2 48] ; Cinery-
Mader 4374 . TN %Y 8 5], IV 74 9 #5249 Abmif: DAF %
2~16% ;@MUK & ML IRV B BE R, s =3 A H
(3)Cinery-Mader Il 72 k35 Bl 42 2o - B2 Jo ol A =
Z— ;@R AP FEARMN T ARIGST , DT AR
PN 52 @ ARG BT ] =18 A4S H o HEBR b o -
OF I HE I REA 4 I E TIREA4x . A B et
P HLV b R I 55 50 5 @ AR i Bl 15 B8 8HA 58
B AWIFETT 5 G0 Mk 25 1k B DR e B BA 25 920 % e
BRop A Bl 2 51 At iE[ 2019-091 (B) 01 ], FART; A K
A JE T RE HH B I K AE B A BLAR DA T E 5 UL
4R /AN
1.2 Fik

ABEIR 98 R KA, QA B AR A X G2k
FiCT AR AR S B R 3R B 1, 26 2 A I 45 100
YL bR (4032, C-Bo b 3 B 200 240 Tt 0 e

) HEBRFARZE Bk, ARRTERISUAER 2 AL, B
Ja o PR TP AR

T3 < SR T 4 B PRI, S MR 30 i ek P AL a7
TR BRI IR I A AL 21, ARG AR X 20 7
CT MR ICIR B A4 B0 R 38 (IS ) =1y Bed:
(IVEY) DIERAEA F0 R FER UL 14 B2 i, B2 W A
MUIRTB L (BRABULE ) , B B /D 3 A b Jo] T 2H 4R itk A7
20 T B SR 2 B0 AR B A I . XUAEUK R, 1 1
i BE BRI LS 11 10 min, Jikom b PE AR BF . 6B Bk
Y1128 3T S A R U AR, AR B B, O L X Gk
g/ RUIRIN S A R WA A R L L 7 e SR 2 O
(78EHERAEUS) , 4 40 ¢ KRN E 2 ¢ THER
CHAALR) , % T VR BE I A e 9 8L, B 7 2t
Bl e (X S RB N 247, e e it B i) , &
2 1.2 mm (45 BB AR A R BT AR R R K TR
BV MG IEERE I . PUA: BB KA T A
SRAG AL, HF A B 0B i BRI, o B K R A A
I vIOK il . 58 B 32 2 Ef B 1T, B D 5 |
W 2 MR, A GRS A B I, WU R8T A B A I B
WeT A . ARG @I A =AU IR R bk
T 155 A0 B 15 7 M 2 B0 6 58 10 18 P BT AR 3R
E2 FL MG Ak 4 JH . SR A T ~ 14 d, fFfrsk
3 dEERGIHE DT 20 mL JERPLIE IR FFSE N R IR
Bro SUNOR AT, g 2 R A A — YR AR, i
22 WL EIER I alAy TR,

TR — A T I F ARG 6 ~8 JHZ 5 #EAT .
SR AR, W I U0 DD TT Bk BN 8L, AT B
PEUIIFF IR B K K e, W B K Je e/ Oop 2, bk
G55 05, B T R KR RO BB AN AR A
BERE N R B KRR . IR sk, S 450 B 9 S P
BT I E MBI , S8 5 K T 50 B R EOBRIBUC T AOHE A
JRE BTN 2 ~3 mm R/ OB B XN, A R
BN, AT SE T [ B S5 (A B (P A ) o S A
Hellir ik 10 1) AT IRE 2 iR, REERFET
J5% B2 G A o AR S RS N BURHT AR 1A,
AJE BB R E, RS 1.2.3.6.9 .12 4 H 2 A B
XS8R MR XS 2R O 4 20 2R 1 S8 O T
[E1) ] sl A A D SR AR
1.3 K5 BT 20

ARJE WS EILA 11 B st 18 00, AU Bl
] W IR 2 1) S I e e R ARG DL, FF AR Paley 3
ST RS T K. AR Blum Bafe ™ Bedst X 1 )
fi X B ERIHA 3 BB E LB B A
Tk SRt BRLL i e R R S TE Y AR A B



BB F K% 4E ]REG ANAT OPER SURG  2022,31(5)

http://www. jjssxzz. cn 405

e 1) ORA e QAN 1) DRV | O R A= DA M= e & S
YIF %z o 4R Paley 25 PEAMRIEVE N B B IA T L
R BTG, B R, RAWIE <7°, B
SR <205 em; B FITEA, R LR)E = P
T REPI ;] T A, I ER S = i —
I 5 2 TR AL A BT, 8BRS = E R

2 &R

2.1 MImsER

PIrf LY R U5 26 ~ 47 A~ F ¥ 31,6 4 H .
LIATARSE 3 4] 8L PRI )5 BB SR AR T A ol
ZUE IR RO 52 B EULB S K, FRRATIE BT A
R REE R . A BIL LT ARG PRI ALY
—Wf e BEVIHIE 1 BIEILARIS 3 A4S A A EER,
SPEUNH L, AT PR NS s 2 AR
AR AN, HAb L6 f] LA BRI 7E R JR3 ~ 64

AEma, RSk &R E &, R REE i H
a4 ~8 AN A o RWKEEVTI, TR LB ICET b
JRELSEIETE B, 1) L0 B Bt X A 4 2 T
EARBAE BRI s 16 30RO Py Y, o
PRAEAR , BOR T AL . Paley P43 40 15 B, R 2 4,
2.2 A A

BIL, 5,13 2, A /N BOAm 20 e
ENZIR S DA ABE. 2W A e T Bk i
HHER I BT, ABCE EE R, T UAIKTE
B, BE B B Bl 8 em, T A E AN B [E 2
Wi , HUAE 2R B K U8 B TS B W AL, O R AN AR R
1 T RIS 5T B K R A S AR b T
SO JEL 70 A X B, IR DUANAR IR 22 5T N [ . AR5
BILGOEA R, ARG 4 MH BB M E, ARG
26 MAEERWBRE K, 584 R, R HER
U, T UPRBR N E , W 1,

a: RATA) &S b RAT X AR A e meUE B 8AE olsd: L AR XHE N e LF Ao iF 5B A 0L L F KT S
Holsg: MMFAE XHEA h: TMFRE4AMAXHE;:THFRE 4 AAXHE Ak THFRE20 MAREART

J& X A& ;1 N5 ARG 26 A A 9L

Bl ARE TR MR A



406 ABRFRERE

J REG ANAT OPER SU88RG 2022,31(5)

http : //www. jjssxzz. cn

3 it

D0 T R 1) K 2 o D e
HBER MR LR 15.98% ~17.9% " H kL
5 AL 5, R RS BT R R R AR
FRRTBE R A 1 DU PR R A 4 R TG
AR FEUUK B T, 28005 00 RAERE AL
B L UL B R B KRR, AN
T S g T R, R TR 5, ) S R SO O
INBE JE FEH o Tk it Gze 40 i M bo A e
PLEI R J 3, S BOm RE G 4T, MELLTE A, 200 i
TR 5 B kL A g 1 ) B Y. AR 4% Simpson
2By B SRR O SO T ) I o SRR e
5 mm IERAL % 2 mm 1E# AL RE W R A
YL (1) 5 % % MR R T A R ), A BF 5T X
Cinery-Mader Il % i #8 2 & LR 5 8 5 VI B, XF
IV BB 5 SO LNSEAT 5 Be kB VI B, 35 A5 3L
2 P e ) 3 5 5 R R 4L 4 Ak R e Ok, i
PR B, e e 19 281 T A R o X AL B
REBIL, KRB VIR AT LIs 8 i & 5%, BRI T
BEANMER . XTIV ELE S L, BT
N2, SR AT Bt VI AT RURIETE B , PR RS Y
BRH,

RIS B 5 2 ) B B % AT E . HA
Hizarov £ AR A Ky T LI YL B Bt (4 4 bt , 1)
FHAME & IR AT A SR, AU S 3 SRz &
A HEHA AR BRSBTS
K ETTEIER Y HE K X ALE AN KL I R B R R I R 7
2 AHIETE R R Wizarov $ A, 32 55 7 20 955 4]
BIRILEA & R 3 AR LE (<5 %) gy
AR AT EIRGE , 5 B FCE DI E 2 o B,
T GETT R BAM, X F A 5 18 4] Cinery-Mader
I 2B 58 2L, DIBRER 738 ot BV AT SE i i 1, #
Traiis, W7 23017 Btk i I BR, 2 m oK & gt
MERE

UTAER , IS5 S H R 3% 4 A T L 345 25 B dole
BUIAIT o Pannier 257 J Fitoussi 251 73 5 1 FH st
Vi s ¥ SEYIPIN Vw3 Cy =g - & M A e A i
A EILESIRTS T B @A, S i B S H AR =
TBIT X B 1 — Fh A 2 &, Canavese 250 %
Rousset 2 s 2 i F % S ARG T L BB BER,
Sh SRR B A B B A SR AR IR TR
BRSPS RE A5 AR AT A AT B I PR YT 85, I S5 B
SFERTT LU RO T )L B B 6 97, (H

AT 19 g B 15 1 B R R e B AN B, O AR
T PRI AR B BE R . Wang 2674 53 FIRGE SRR G
FORE B I R B A, T A R (P dE 6 %
MLER ) #RR1S T @G, IF HBcA e k.
AT Hh B 0 1] 32 D A e /N T 16 287 11 i R
PR AERE DT B R B A e, S T A
B R B SRR T L2 DU 18 1 1t DR
HHER A UT-B .

PATED A TR M 2 IO T PAY [ 7 ) 455 =R
AR O RV G R AT T BRI B, 5 2 A 5k
7 AT 10 200 T, L2 R T PR T i, R e A A
YIRS A A7, HLJGHE i 1 2 B o BT A 3R slmy i
e aE 7 A BRI BUR G S K o S ] DL
[ 5 £ 1 R A TR AL, JHE S 200 R ) R R B b iR &R
S, PRI AFE TR S S ] 2 A8 S S e P 468 T i )
BT (HAME E SRRV T 2 50 LG )
b2 S BRI D A f, IR, % 1 L3 8
BONEEAJE B R Ve [, 38 A 58 A BLAME
SEFTIE e 2 S EURS B e, M BUE S ARl T T
SH R EARE R, A SRR R R R A
AR B BRI IR R PR R B K I B
BIE R AR — 0 o P T, ol A B 3R i A 4 7K
e T AE—E I IR] N R TR S B R FE B A 3R, AR K
PR, 400 4] A ) R AR T B, DA T 3 T IR 14 52
K UG T RAFIRCR T . FERTIBET D, AT
PUAER /KT I BUE AR T B B IR YT, Ik
ST X IR AR AT BT L
TEWI A PR T T B B M N [ R e AR 1 W
i , FEL IS S R AR, BASE 10 12 50
MTFEEE, FINGER TARE B , LT
W42y, BEe S 5 PR 2] LLRGER 23 Ui 3k S At
2L AN TRILNESLEE

I HRAF ARG 7 ) L3 U IR A48 P i 5
BER ISR, 5 —SEBOR B 20 DA R IAR
YA TUURGE A5 45 SR A A Y LY TCH, D93t T A6
B, FEERIAMIR, U K QI E RZALT T
S 7 T A A PR 7 B, DR AP A 3 0 BB B0 R e R g
B Uit ; ST BIVIER G U5 45 B B R YIERE
Pl B PR ) =0 2 — , B W [ 5, LA 30
PEAT IR R D RE BB AR, i G O T LA, o] T 2 U e
JFiAR, LAS R LI R 4 7

Li EITA R R S ORI & P [ 2 iR )7 L
V0SB P A % R A A SRR g,
B SE LR FFE M, AR T LR R A



BB F K% 4E ]REG ANAT OPER SURG  2022,31(5)

http : //www. jjssxzz. cn 407

3o (HRAHISE Ry [l B 5T , B =2 5 HABIR YT T5 12
O BEBITST s B KA R, i 5 S 647 2 oD v
BEAILS BEBIT IS , LA — 0 8 HLil AR Ao
[ &% 30K ]
[1] Beckles VL, Jones HW , Harrison WJ. Chronic haematogenous osteomye-
litis in children; a retrospective review of 167 patients in Malawi[ J].
J Bone Joint Surg Br,2010,92-B (8):1138 - 1143. doi: 10. 1302/
0301 -620X. 92B8.23413.
[2

[a

Jones HW ,Beckles VL, Akinola B, et al. Chronic haematogenous osteo-
myelitis in children; an unsolved problem[ J]. J Bone Joint Surg Br,
2011,93(8) :1005 - 1010. doi:10. 1302/0301 - 620X. 93B8.25951.
[3] Stevenson AJ,Jones HW ,Chokotho LC,et al. The Beit CURE classification
of childhood chronic haematogenous osteomyelitis :a guide to treatment[ J].
Orthop Surg Res,2015,10;144. doi;10. 1186/513018 - 015 —0282 -9.

[4] Masquelet AC. The induced membrane technique[ J]. Orthop Traumatol
Surg Res,2020,106(5) :785 —787. doi: 10. 1016/]. otsr. 2020. 06. 001.

[5] Masquelet A,Kanakaris NK, Obert L, et al. Bone repair using the Mas-
quelet technique[ J]. J Bone Joint Surg Am,2019,101 (11) ;1024 -
1036. doi:10.2106/JBJS. 18.00842.

[6] ML5LE TE/ME, EEFHE, 55 T FEARIT AR P& 3R
JE B ARYT AL LT ], AR B 1 2% ik, 2020, 36 (4) : 335 - 340.
doi:10.3760/cma. j. issn. 1001 —8050. 2020. 04. 010.

[7] Masquelet AC, Fitoussi F, Begue T, et al. Reconstruction of the long
bones by the induced membrane and spongy autograft[ J]. Ann Chir
Plast Esthet,2000,45(3) :346 - 353.

[8] Masquelet AC, Kishi T, Benko PE. Very long-term results of post-
traumatic bone defect reconstruction by the induced membrane tech-
nique[ J]. Orthop Traumatol Surg Res,2019,105(1) :159 - 166. doi:
10. 1016/j. otsr. 2018. 11.012.

[9] Jia C,Wang X,Yu S, et al. An antibiotic cement-coated locking plate as
a temporary fixation for treatment of infected bone defects;a new method
of stabilization[ J]. J Orthop Surg Res,2020,15(1) :44. doi.;10. 1186/
513018 —020 — 1574 -2.

[10] 2= ¥, 81 &, M lEmg, 4. B S HOR — W10 FAS ) [ 5 5K
TRIT IR 5 5 R BT B LT ] R R AR R,
2021,30(1) :35 -=39. doi:10. 11659/jjssx. 08 £020103.

[11] Gouron R. Surgical technique and indications of the induced membrane
procedure in children [ J ]. Orthop Traumatol Surg Res, 2016,
102 (Suppl 1) :S133 —S139. doi:10. 1016/j. otsr. 2015. 06. 027.

[12

[

Blum AL, Bongio Vanni JC,Morgan SJ, et al. Complications associated

with distraction osteogenesis for infected nonunion of the femoral shaft

in the presence of a bone defect : a retrospective series[ J]. ] Bone Joint

Surg Br,2010,92(4) :565 —570. doi: 10. 1302/0301 - 620X. 92B4.

23475.

[13] Paley D, Catagni MA, Argnani F, et al. Ilizarov treatment of tibial
nonunions with bone loss[ J]. Clin Orthop Relat Res, 1989 (241) .
146 - 165.

[14] Wang X, Yu S, Sun D, et al. Current data on extremities chronic

osteomyelitis in southwest China; epidemiology , microbiology and thera-

peutic consequences| J]. Sci Rep,2017,7(1) :16251. doi:10. 1038/

s41598 —-017 - 16337 —x.

[15] Jiang N,Ma YF,Jiang Y et al. Clinical characteristics and treatment of
extremity chronic osteomyelitis in southern China: a retrospective
analysis of 394 consecutive patients[ J]. Medicine ( Baltimore ) ,2015,
94(42) :el1874. doi; 10. 1097/MD. 0000000000001874.

[16] Lew DP,Waldvogel FA. Osteomyelitis[ J ]. Lancet,2004,364 (9431) .
369 -379. doi:10.1016/50140 — 6736 (04 ) 16727 -5.

[17] Simpson AHRW , Tsang STJ. Non-union after plate fixation[ J]. Injury,
2018,49( Suppl 1) : S78 — S82. doi: 10. 1016/50020 — 1383 ( 18)
30309 -7.

[18] El-Alfy B, El-Mowafi H, El-Moghazy N. Distraction osteogenesis in
management of composite bone and soft tissue defects[ J]. Int Orthop,
2010,34(1) :115 —118. doi:10. 1007/500264 — 008 —0574 -3.

(197 fhakil , RER K, Ju8 57, 4. s B s 1697 I8 & T R BUK
ePE B Bl B F AL SUs A 1 FEA R LT . P A QB B 2R K,
2015,17 (10) : 850 — 853. doi: 10. 3760/ cma. j. issn. 1671 — 7600.
2015.10.005.

[20] Pannier S,Pejin Z,Dana C,et al. Induced membrane technique for the
treatment of congenital pseudarthrosis of the tibia; preliminary results of
five cases[ J].J Child Orthop,2013,7(6) :477 —485. doi:10. 1007/
s11832 -013 - 0535 -2.

[21] Fitoussi F, Ilharreborde B. Is the induced-membrane technique
successful for limb reconstruction after resecting large bone tumors in
children? [J]. Clin Orthop Relat Res,2015,473 (6) :2067 —2075.
doi:10. 1007/s11999 - 015 -4164 - 6.

[22

[

Canavese I, Corradin M, Khan A, et al. Successful treatment of chronic

osteomyelitis in children with debridement, antibiotic-laden cement

spacer and bone graft substitute [ J]. Eur J Orthop Surg Traumatol,

2017,27(2) ;221 —228. doi:10. 1007/s00590 - 016 - 1859 -7.

[23] Rousset M, Walle M, Cambou L, et al. Chronic infection and infected
non-union of the long bones in paediatric patients: preliminary results
of bone versus beta-tricalcium phosphate grafting after induced
membrane formation[ J]. Int Orthop,2018,42(2) ;385 —393. doi: 10.
1007/500264 — 017 —3693 - x.

[24] Wang X, Wang Z, Fu J, et al. Induced membrane technique for the
treatment of chronic hematogenous tibia osteomyelitis[ J ]. BMC Mus-
culoskelet Disord,2017,18 (1) :33. doi; 10. 1186/s12891 - 017 -
1395 -6.

[25

[

Yildirim A, Kapukaya A, Ati¢ R, et al. The use of an “internal fixator

technique” to stabilize pathologic fractures developing secondary to

osteomyelitis[ J]. J Pediatr Orthop,2017,37 (3) :222 —226. doi: 10.

1097/BP0. 0000000000000619.

[26] E fit, B %, BRET, 5. Masquelet £ AR 455 /INGE B RER T IR

SRR R P I A SR B T RO AT L] AR s

ﬂ’ﬂ:zu,ZOZI 23(1):62 —67. doi: 10. 3760/cma. j. cnl15530 —
20200422 -00279.

[27] E 2, T MR T, 45 A R BOR S & N I 40 J01VA YT Ik
TR AELT]. AR 4 A, 2021 ,37 (6) :555 - 561. doi:

10.3760/ cma. j. ¢cnS501098 —20210402 - 00218.

(92 W



