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Abstract

Bone nonunion and bone defect is a difficult problem for every orthopedic surgeon in the long-term
orthopedic treatment. The Ilizarov osteogenesis technique has been used worldwide to treat many
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orthopedic diseases. Although successful, the absence or delay of callus formation in stretch spaces
leads to significant morbidity. There was a desperate need for a technique that could shorten the
treatment time, and an accordion technique of alternate stretch and compression was born. The
“accordion technique” (AT) based on distraction osteogenesis is effective in shortening the time of
nonunion, large bone defect and deformity correction. In addition, “accordion technology” also ac-
tivates osteogenic signaling pathways to further promote bone growth and healing. Some litera-
tures have reported the effectiveness of this technique in accelerating mineralization, but there is
no unified standard for the timing and specific operation methods of “accordion technology”, and
the related mechanism of action is also worth further discussion. Therefore, this paper will review
the source, mechanism, operation method, indications, related signal pathway and development of
“accordion technology”, so as to provide reference for the clinical research of this technology in the
orthopedic treatment of bone nonunion, bone defect and deformity.
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1. Hl

“FREH A (accordion technique, AT)&7EIE M AL B JEREAT 229K - K45 - P A= 9K 3 b ik
HRE AR, HEBETNERUTFRER LN “FHAEHAR” o “FASHEHR” KHREEATTEIE
KW, FEKBEARETANE. FERB007ET B0 T HAE S ERHARER R RITIK. dHEK
Beo WAXERIESA R BFAEE & H T ES)ZRE R BRI — AR KR BEEEKEARIK
J&, MITZoa R EARIGIT AT, R FEF ARG TR R E N B F B A oAU “F K5
FR” 32 izarov FH AR AXTT “FREHA” AL BAEIETE M Z 5i—hnidE, X
PIVERALIAE AR — ARV [1], AR T “FHEHA” i B KE AT R & “F
REHAR” KRN, BIERNTRERARTENGIRN A EAE B S 5L

2. llizarov FAR(BEKHEAR) 4 R

HEKEARCH B ZHEMP L, Bk FREE, iTorEae MR Z IR a8 % B A,
B R AT AR B 51 . 20 A 50 AR Wi BLHEE AR Mlizarov 7E BAT E R AN R N R T A
R 2 B [ e EAME R 28 . B — AT IR ST IR il B AR 5 (R B3 — IR R A B M) s 2 1T R I
HERKEAR, ZIRLINYSLE 20 e 70 FARIRH “Tk 1 - NIBEN” FH0ER 2R 28 141 e 42, i
H K ARER 2], kT - BAENGR DAL e RS, faoe . SRI8aR FRell i 2. Ak
YL, WIS E AR A PR . MOX — RIS 5 — TR A HE I SR AR G K I KR AN e L 20% % BL7E
TRIE BB R D 10%~110%, HEH EK 130%~140%(F R GG, 7T Nizarov b8 %E K DK 6
HEFME T ERKTTER. lizarov [314 1 P AR GE KT 2 5 T B e R 2% A, FEAF T e K #E
B KA AR, TEREIRE BT T — RVIEL, XL ALK, TEARE 1 & 25 A B
B AL AR B BE R R L VR S AR AR AR AT, B R O R

llizarov i O HARF B BB, BEAEAE D BONTEE Prim i Nizarov FRTEAR ] 5E [ € 5, 7E
AT i BSZE v A5 FH A 2R A TR R — A A B R B, 0 7~12 REERIE, JFURTEIE 1 mmid R
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RIS W, 17 53— MBS SRS B SR IX A TR 77 IR F R 1 SR8 DB sl i H
HWBBARM TR XREAR . AT E. BRBXERERLEEEEZARER.

Liu Y'Y 25[4] 38 {18 kA 86 58 A B sk 10 B H IR R Bk, Horh 5 BB 8K 33 plled BaE R . K5
1T BB HAR, SRS R BREAE BRI, HHI 3 HIEREXREAR, 17 fliiAEs, 5
18 8% X E 3T o U 8% BOAR T IR TR A T » 9 1 2 [5]WCEE 16 Bl B % 14 6 3 Ja kAT 3
REEEAR” I ARG AL AT e BB B B ARG B AR &S,

3. “FREEKR” BIKIE

Nizarov FHA )12 W LB RHIUIRERAT BRI, (HARRTTEE IR ARG R TAR R B UG T 4
MK BRAERG. BIT@aMESIFRAE. BB 2R USRS A R AATTHE 5 25— R AU RE
AEFEIG YT IR REANE AT A8 S S I BOR . R - 1 Nikolaos Giotakis #d%4i i Jf-fiv 44 04
“FRET HR[E]. “CTREAR” WAPEATTEEKEAR, AT “ FREFAR” RHEKEARK
T3S0 RIEAW B (SSRGS 7 B KD LA T 22 51 R AR ZET 225K - R4 - AR
B P REFER” A ANEBCE KBRS IR T T R . DRI A 77 S A1 e sh 25
TIAF RS2 ROR 7 MU PN B A R A A DR (0 A A T 8 I s AL AN R s, R BOR AT O
ARG EEA, HREEK. WA, “FPREEAR” B WEERE M RE T, kit — Dt itk
. XM RIIE AR SO RE R, AR XSS, A AR ATy B AR AR R — R s

4. “FREFREAR” BXRHH

CTFREHR” Lk ) - BRI, 85 225K - H4i - B2RAE B PraiiB o e gt — MR TF
EF IR o XA I G s N e, S 38 o S A5 1K 200 -3 1 17 1 o B P 20
oo B i 32 5 5 B P RS SN A A>T B ram it 8es slE i ik AP 5 il (e st R
K45 S A T-1a (hypoxia inducible factor 1a, HIF-1a) 425, HIF-1a AT Y5 R 97 A0 008 A i A KPR
(vascular endothelial growth factor, VEGF). RZf- 44 A=+ [K -+ (fibroblast growth factor, FGF)%% X+, VEGF
A ME A AR 2, B AR AL R WS K E TR U BT B N AR ERCE 7] [8]. FEZETK B E I A2
B AT R4 A AR T (DFGF) BT (i P AR R0 g, FLAB ) B 1) 78 0T 200 x5 B AR ) 1 A
B AW . Hulth [9]45HH, REKMSA B E e ol A B WEE S, st aadie, Jf
PARCARRE B SE KA LI . TRAR[10]55 “FHEHR” 09T B AR KU LT 4EH 2R RO IERSE, fE3h
RYERBL, AERREALHANEE, TSI, AEHAZ AL B EESE YRR

5. “FREBRAR” £MARMEBRIESE
5.1. SMEIERE S

HAE E K BRI, HRIEEE BT M T ER QR E KRR RS, “F
WEEREAR” AN E SRS B E KR HR2 “FREEAR” 51 € S 5 R H % 225K A 46 D)
REo Z RGBT G LW %07 A o0 IRAET s 41 8L 45 [ € T IMEAPE E 28, 225K - J548 - #F
SR AT W R B H AR 8 T RSN A E E A, S AR . KRNI E L S EREH
BT ETKTT 50 R RHBATOR . P IV R IR ARG AR i LR By 1k B L sk 7 51 e A
RATITE[11] . FCE AN 5E a5 I RN BT Z 18] Bt 2 JROR R 28], DAE RS AT RE A R AA A ik

AN e A LB R, BFEA R R ALER . IR AR ORRINITE . H B E A H 5T X
FEHORANE € B AR ECE AN E 2L e IRAET S g JERAT () FTIREHAT AL ANE [ e SRET L AT
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FEIEEH(ILIE] 1) Danilkin, M. Y. [12]60fF 192 BRSO [ 8 SR it 1 SE i A (B2 MIRZ, FF8isb 1 i 220t 4
HHINTT o TR KA B RS 5 (I F HAS I 228

Figure 1. 1-full ring external fixing frame, 2-half ring external
fixing frame, 3-connecting pipe, 4-rod rod clamp
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Figure 2. Application of “Accordion technique” external fix-
ator in unequal length of lower limbs
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52. BEARM “FRF” BERZE

5.2.1. @BAR

PV AR B AR 1 SR AT, T DA LR, R e B )4 o R AR TSR A AR AR B AR (22
BEH B JFYITTAR) o BRONTT IS AR X 8 LA 175K, &k, SR Ja D etk i 5 5%
JEH, FOAREMA . e RA ISR BB s M BRI M T
PUBCE R FAS, RUOSAERE LT IEH Y . B AR R E R EZE RSB RHNACR, RIARRIE
CE DT I R R W IR RCREE T . BB, WRIR ARG A 6 i AR S AR A (R

F RGBSR B2 (8 U 0 B SRR SRR A A T o X e RIERHE R RN B
BAT IR EE A EXEAERE TN TF AR BRBANRASOFERE 57 . DRI EIRZ
[B] R SE AR A I AR S DR DT, JRRBNE AN B . RERETYENE, &) bR sl fL BT T RE 5
BRI A SR 28 8 PP R USRI AR S N, SR 781 T B 3B A 45 i AR R OK T AR 1 R i e 0 T3 B
B HEIR A BOHT B AT R ANEAT O R B AT PRI

522. “FREER” EXBRESR

RPN IARSCHR, FREFIEER TR B R 25 A& CLACE MR, (RO 225K 5 0 & (128 B it
]S AR AT Bk = e — BV I R R R . R, EA e SO ARVR YT B I R T R i R v, A
MNEHAEERTEI &S, HEARENSG—HEDR.

WRPIRANN, ER AN E B B AL A E 2 0 AR 5 AN e 22 ] e A AL 5~7 K,
TERIAE J5 LA 0.5 22oK/12 /N IR FE AR TR 7 RN A SRS 7R U A A A “ FIREE R .
“FRET HAERRSE 1A, DL 0.5 mm/12h [ R4 3.5 K, FELA 0.5 mm/12h [ AEK 3.5 K. “F
WEFAR” — AT 1~2 RGN E . A8 FH A1 ] E SCAEE E BB R I AR, RIS T8
LA (R T 1E HAR IR IE R A . AT “FREHR” JEE R A X 27 WS b B i T2 %
BB E B R B B FRAE A “FRERAR” o Ui i BT E 2 B, R 5 g ) =)
S, BAEX LM T, e, 7RIS IRBRANE 2 S,

Thidy MR EE13] “FREHAR” 1697 13 B A EEHR, LL0.25 =K/1 RIFHE K 7 READ
. BT “FRE” BRAER S K BIBAR IEH KA, L 0.25 mm/d B R 40, E4EBE KK
—2JE L 0.25 mm/d FEEE RE K BB AAIE R K. B)5 13 BIEAERESTEE. SRHE. kKOs
[141“ FREHEAR7IRIT 11 BB B I IR A AN B i 5 4 s 2215 PR Rk, 485 LA 0.85 mm/d
03 B 55 W AT 4 1 R, 2 5 FELL 0.85 mm/d I E A 2~3 A, B DIAHFLEE R4E 2 R0, &
G S B 1 ARSI, &5 11 REEREREEHES.

523. “FREER” REFERY

FEIE AL J5 LA 0.5 mm/12h R FEIE K 7 RJGEAT I 5 5 A0 B (a5 1-2
J) WA SAERE ARG 3~4 )R I(#E ARG 5~6 ). BTCEIRAT “CFRE” BRI R
SRR B R KRR, X IR A T RS RO BER T AR X RS I L 2 % . T A AT < F
EEHAR” BA] WA AR EEA A R 3 /b . B 4 BRI AN I IS 0 B AT T RE R A AN

RIS SE[15])55 0T 22 ) i B SR BB AT “ FRE” FIRKIL “ FE" BORAEW B RNt HAP ()14
KR, 4isn AR (e A i) SRS 62 ROKR a0 1b R .y B = 21347 F R AR, uCT
4 BVITV, BMD, #iE 11EEfe it — Ese R ieT “FRE” HEReis B E s B 501k, Ik
i, HRAE[13]45 ] 54 R 12 R MEYE SD (Sprague-Dawley) K B IR B 2ok i AL, 50 “ T EE
HAR” AR T AR KBS, HPm e T “FRE” SrEBYul ., A0 KR
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S ERE.
6. “FREZAR” B
6.1 BFE

1986 4, FDA Wi ANiEwE XN “ZthifaihEzalb oM, kit —Pa&gEHRE3I M7 « AR
PREFAREH TR E. KEEIEETERERE, &OE 6 MANMENARERE, o2
TE R R G S I AORERT, IRPR IS R B X i & 45 & Ldietk. sIREAENRERRZ, W&
AR, EPrmE A AR A 2, BRI Y, KB BRI SE  E AT IR B A E(E
Hr o F R G PORIELS, TR R S ERRE O, R I T R ) AT AR KA AE 1),
TR AN (T 2 I A Wrom AL, B BE R PRI 00, 2848 VB AN (B 7 Wi v 1, 28 446 72 240)
ERMEEAERALR ™ E, FEURGENAR) . 7ERR R W EAERB R RS A E. —H
RATHRERE, LUGEGREES, FELNHAFERTH, REIikE. 53k <F
EEHEAR” 18405 [lizarov 42 Hi >k 1A B A IE R DU ANRASHE I - A2 (1 i, Rk 02k, It ROA AR T fe .

Toit s MR fESE[13]14E 13 HIIE KB AR R EMH “TFHEHAR” Faias, JFEERAA “FR
B HARRIGIT IR R B AW 2057, JTRGHE . Qun Zhang ZF[16]%F 20 5168 St R K E
WY EANERE XA “FREFAR” 97, Hib 15 GUOVEFREBAE, 5 PIVEFRMEETAE. K& 19
ZEEFNESRET, 14EEEFTEBAEAR.

6.2. BERIRA

Bt 5 20 R A R R BB SR I R W RS . SRR IR 2 I . IRA R RE . B
ANETE B MR UIER DL S RAEE SREIAE[17]. X T B SV o R4 HERBi B BN ], i s aiide
HRVATAS MBS T T SR AR 50%E KR T 2 om (KB BT, BRAAE R A S I
WL, LB @& 1) F (18], A LR B SR & T A8 B A IER RGN, BRI E 2 T A
THERIBTT -

Khan Z£[1919A A, Hizarov £ C 4 K RONTR YT G AN K1 s (K b o 32 T i 452 [ 20]
Xt 22 B R B R R B AT B RS VR TR I T EF R A5 R AN URT DA R R A e 1]
RS RE ). TR, MR (2115 B 95 Bl B KBRS IR SR B 0 ) BEAT B A
B “FREFR” , Bl “FRESR” J697 RE KBOE S G I BH SR IR KT 22, RJEIF
PO, ARG B G @A I AR

6.3. ERBEXRMF BERTH

HHIE L PR . — MR e RIBARTE N, e RIEIRE BT e RIVERH S, SRk 5
WAL AR, R RIEMI, AREERER, WgeR D sh= SEIMER . &t
RERE, AR SRRGRAE R RGN SRR TR R BMEVETAE RS, AR RSFH R
VERE T ECEH B, LR DU EYEE T, 0 U A SR R T BRI I e A BN 2 3 B
R . — AR e B M SHEXUN BN EAT “ FREEBOR” HhEE B A E KA A &
FFOLE 2).

W PR A S B YRR AL . BRI AMRE L S R AR B BT BB B 1 BSOS 51 1 25 b i B T BN 2
Mo AR Nizarov $E A B il LI it EEAMRFROR 7 B4 i 1 gt I %7 (1 g ARSI AT e e - Mlizarov HEZE
NETT BTG BT REIF RO B T MBI EE RS HERGRGE CRRE . A LR AT
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PEANTHARENE, (6B RS AL SEOL L A 30 E 8 /1. Chang-Wug Oh [22]%5 At 13 A7 Jl i i i 3 BH I I
A5 FH I 58 BRI TT S ARG T R 2 A TSR RORE D o sk EZEAF[23]5% 3 R A Nizarov £ A% 243 4] &
JLEHATFARITT, BV 6~8 JG, LM ESIERIKE =R 6 MAE, BILKTUERE
Kk 91%.
7. “FREFAR HXESENE

llizarov AR BAMEF SE 7720, W 7 — R Fodr . (R BEEERRIIRA LR Z BT
MR AT T BRI EZHS, iRy A K. GRAERE. B a A%, BEMREARKK
JE AR IR 73 Ak A2 B 22 A AH DG AF 5380 5 TR 3008 A e s S o o T s T AR sk i 1 “ IR B BR 7
FEXPIZIR BT 7 RO« BRI A R I B Al ) Gl 46 I8 77/ FH 2 SISO 42 1L PN Rz 40 A
KR F A K 3 n oty IR HE R (R IEE G, FIRZEAR TSR EESEEED, BSEEK. It
Gb, CFREFER” IEWIERE S S, kit —PREFWERKEEG24]. “FHREHER” 21
AR SR BRI SR RIS INZE R - 4R - AR RE IR SE R . I T U A AR R R B
MIAHCAE 5B “ FREHEA” HHAFLE,

7.1. BESEZEER/Smad (BMP-Smad){5S 1@ %

BMP-Smad {5 ‘5B B AR S S G0k S SO K, ATFLRH], (AR B A B, BMPs fEy
AR T, RN ARG OE . AR I RE T, BMP {5 Sl 5 HAh 7 AR Y@ A
HEhE, BREFERAE. 24, DRSSO, #ahfS L FER TlcE L. BRI, wWatp-1E &
F(Wnt/A-catenin) {5 5 8 5 BMPs {5 53l % P AV BOYWI R, 32 ZLRBLAE -l 7] 78 51 T4 i (BMSCs)
A B, BMPs fEAR 5K BCH AL TAZ O, PA BMP Jyrfly, X455 4% Il i i 1L R 2R
JEITAMIBE T, AT T s A= K B HLA .

LOWERY JW [25]78 70 UEH] 13 24955 BMP {5 5 HUSREE . I IA) . A7 BRI RRE I [RI7E B i B AAa 2
P E N AT 2 - 48 - 2O TAVARZE R R 7 BMP (R, BEE A 4 3 b IR g
MR . BEFEANTEAEBRE T XS BOR T il A et B 2K i A R 4 S IR A

7.2. HIF-1la {5 218 &

TEHANEAFPRE TR SRR TREIRES, KA F B F-1a (hypoxia inducible factorla,
HIF-1a)J& T X A R AR B 1, X TEHARE. B AERERESHSCE ARG EEZERH. XU ],
SUNY Z5[26]7F “FREFAR” W7 RO HIF-1o 7845 FIFH0 VEGF. FGFs &5 K15 & ¥ E, [H
AT R AR AEIE ) HIF-1a, 327 VEGF [k . AT X} R VEGF [{IE A1 (e s34, Bt
A BRIVIRES, BoEseE i mis S e A k. 58h.

i, HHRefESE[27] 12 A SD KR ESL IR B 2K E AL, 151 “FREFHEAR” AR Ta5KE X
BETER, WA VEGF AKPRIATE “FRE” HEf5BE T, ELESENE—PHAE, £
A B N %, R BEAEE SE[2810 AR F 25 3 2 - B % HIF/VEGF @ % & HIF/Wnt 3@ 2% 2o
HIEAHRE, IEEEE.

7.3. Wnt/g-Catenin {5 512§

Whnt/j-catenin 5 538 i OO A BT Y 4 & B TR 0 22 H ARig 42, JUHAE (g2t BMSCs fe 734
Jitn, ST N RCE AR SCHE R e ok, i DR E A, SEINE R, BE A, N RS
FAL E SR T SR B IR 12 [29]
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MICHIGAMI [30]#5H Wnt 155 14 $URTHE LR BUm B N AARCE 855 s TR 8RR P86 EERIER, A
FEEHEE, MEERTEHRESKE. WAL Wit (55188 T2k e R RERIE, HARK
HHE(Wntd. Wntl0A. S-catenin. K% & JIE &5 H 32 fA&AH K H 5/6 (low density lipoprotein receptor-related
protein 5/6, LRP5/6) [AIF£ B 58 RIE, LLLRSE5ER NG

8. RE

GREFTR, “FREEHAR” 4 FEREOR OIS — RIUR . 1 03U T S 5 B
AR Nizarov H SEARIE K HOR [ SIS AR IO IRCR e FOn TSR MR R AP .
RIGHIFLH T L4 BES A A4 SRR U HE 8 T U3 A A A B AT T 3
RS A5

KRB, DHVES FBHRESEMY 0 FREFRA” MK BB I EE, FRE
B TR SA Ge bt ATLE “FREHAR” OCRR T R B EEA KF TR “ FREHA” M5
AK TR MR LR 1) 5 B3 — R TIREE” S0BTS¢ R B B R A 3K - T - 3K
PR, TREEHAR” BT A R RS ORI S SR IGTHRE « TR A4
PR T AT B B SR L.
9. £

“CTFREBAR” WE THMOY B REEZSERNER, KRR G2 -1 FRE
FEFARZ RIS FHEFHAR M Hizarov 25K il B HOAR K TR (00T 5 BT BN IBT ik, “ T
WEEIIAR " AEZE SR AT R A A B i 34T 225K - 48 - AN, R R s B @Sl
i, BoRE AL, RUILHERRARE R “5KT) - AR o “FREBCR” BAERR. b,
AL Z RSN I, IR TR YL, RIS T 22 T AR 1 R 2. R A 25K - R4 fie
BRI A AN R BN R, e TSR E B G B A R o SR B A1 ] 8 B N
SPE R A AR B A AR 2 S AR ) DR S BN 2 B E AR TN 8], T RO R 4 B R TR .
7 HL S 25 AR i 3 AR 2 ST7 S s A i ] 52 2 1) B A

&5k

[1] Makhdom, A.M., Cartaleanu, A.S., Rendon, J.S., Villemure, I. and Hamdy, R.C. (2015) The Accordion Maneuver: A
Noninvasive Strategy for Absent or Delayed Callus Formation in Cases of Limb Lengthening. Advances in Orthoped-
ics, 2015, Article ID: 912790. https://doi.org/10.1155/2015/912790

[2] MNizarov, G.A. (1990) Clinical Application of the Tension-Stress Effect for Limb Lengthening. Clinical Orthopaedics
and Related Research, 250, 8-26. https://doi.org/10.1097/00003086-199001000-00003

[3] MNizarov, G.A. (1989) The Tension-Stress Effect on the Genesis and Growth of Tissues. Part I. The Influence of Stabil-
ity of Fixation and Soft-Tissue Preservation. Clinical orthopaedics and related research, 238, 249-281.
https://doi.org/10.1097/00003086-198901000-00038

[4] Liu, Y.Y., Lin, B.Y., Huang, K., Shen, L.F., Zhang, C. and Guo, Q.F. (2020) Progress on Complications of Chronic
Osteomyelitis with Bone Defect Treated by Bone Transportation. Chinese Journal of Traumatology, 33, 288-292.

[6] BEF. BAEETFREEARGST B &R G S E & R HANAED]: (L2 Ane ], R ILPaEE
FER A, 2020.

[6] Giotakis, N., Narayan, B. and Nayagam, S. (2007) Distraction Osteogenesis and Nonunion of the Docking Site: Is
There an Ideal Treatment Option? Injury, 38, S100-S107. https://doi.org/10.1016/j.injury.2007.02.015

[71 Wu, Y., Cao, H, Yang, Y., Zhou, Y., Gu, Y., Zhao, X., et al. (2013) Effects of VVascular Endothelial Cells on Osteo-
genic Differentiation of Noncontact Co-Cultured Periodontal Ligament Stem Cells under Hypoxia. Journal of Peri-
odontal Research, 48, 52-65. https://doi.org/10.1111/j.1600-0765.2012.01503.x

[81 Hamushan, M., Cai, W., Zhang, Y., Lou, T., Zhang, S., Zhang, X., et al. (2020) High-Purity Magnesium Pin Enhances

DOI: 10.12677/acm.2022.121021 138 I IR = =23t e


https://doi.org/10.12677/acm.2022.121021
https://doi.org/10.1155/2015/912790
https://doi.org/10.1097/00003086-199001000-00003
https://doi.org/10.1097/00003086-198901000-00038
https://doi.org/10.1016/j.injury.2007.02.015
https://doi.org/10.1111/j.1600-0765.2012.01503.x

IRHME RS, 05

[9]
[10]

[11]

[12]

[13]
[14]
[15]

[16]
[17]
[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]
[29]

[30]

Bone Consolidation in Distraction Osteogenesis Model through Activation of the VHL/HIF-1a/VEGF Signaling.
Journal of Biomaterials Applications, 35, 224-236. https://doi.org/10.1177/0885328220928550

Hulth, A. (1989) Current Concepts of Fracture Healing. Clinical Orthopaedics and Related Research, No. 249,
265-284.

A, TREE, AR, 5. & RCE Wm D14 E E S KINEARMENET TREFARER]. P E R,
2016, 18(12): 1028-1032.

llizarov, G.A. (1989) The Tension-Stress Effect on the Genesis and Growth of Tissues: Part Il. The Influence of the
Rate and Frequency of Distraction. Clinical Orthopaedics and Related Research, 239, 263-285.
https://doi.org/10.1097/00003086-198902000-00029

Danilkin, M.Y. (2016) Phalangeal Lengthening Techniques for Brachydactily and Posttraumatic Digital Stumps with
the Use of a Modified External Mini-Fixator. Techniques in Hand & Upper Extremity Surgery, 20, 61-66.
https://doi.org/10.1097/BTH.0000000000000116

TRV, HHeg. T REEHORTERE M B AN 1 B 7 3 [J). AR A R4+ R, 2018, 20(4): 318-22.
FRAE, KL, M, F FREERBTREEFTEREEEAEE[]. HHeERE, 2019(1): 30-35.
G, SRAKZL, EHR, 55 TS BRI E WA G K F BUR LR Im R ZE 0], h & 15, 2021, 34(2):
131-136.

Zhang, Q., Zhang, W., Zhang, Z., Tang, P., Zhang, L. and Chen, H. (2017) Accordion Technique Combined with Mi-
nimally Invasive Percutaneous Decortication for the Treatment of Bone Non-Union. Injury, 48, 2270-2275.
https://doi.org/10.1016/j.injury.2017.07.010

JEriia, HTk, 4, 5. lizarov BEARGETKEWR & &SRB R[], S sMERE, 2021, 23(2): 74-77.
Mauffrey, C., Barlow, B.T. and Smith, W. (2015) Management of Segmental Bone Defects. The Journal of the Ameri-
can Academy of Orthopaedic Surgeons, 23, 143-153. https://doi.org/10.5435/JAAQOS-D-14-00018

Khan, M.S., Rashid, H., Umer, M., Qadir, I., Hafeez, K. and Igbal, A. (2015) Salvage of Infected Non-Union of the
Tibia with an llizarov Ring Fixator. Journal of Orthopaedic Surgery (Hong Kong), 23, 52-55.
https://doi.org/10.1177/230949901502300112

@, T REER” T lizarov BOARG ST I BB SR A PRST 200 A [D]: [t 2 Ar i 5], R v EERER
2%, 2018.

AR, WA, J53C . izarov FORTEST EE R BUE BRI L), IRV PR R 454 4k &, 2019, 29(12): 161-162.

Oh, C.W.,, Kim, S.J., Park, S.K., Kyung, H.S., Cho, H.-S., Park, B.C., et al. (2011) Hemicallotasis for Correction of
Varus Deformity of the Proximal Tibia Using a Unilateral External Fixator. Journal of Orthopaedic Science, 16, 44-50.
https://doi.org/10.1007/s00776-010-0006-2

KEE, B, T, 5. Nizarov F8 b e 229697 5 5 58 A B1E B 243 5197 300 AT 9], E BT, 2015, 50(9):
52-55.

mEME, mE®K, AW, & FAEERBITEAESN PR RD] PES EAESRE, 2020,
28(14): 1288-1292.

Lowery, J.W. and Rosen, V. (2018) The BMP Pathway and Its Inhibitors in the Skeleton. Physiological Reviews, 98,
2431-2452. https://doi.org/10.1152/physrev.00028.2017

Xu, J., Sun, Y., Wu, T., Liu, Y., Shi, L., Zhang, J., et al. (2018) Enhancement of Bone Regeneration with the Accor-
dion Technique via HIF-1a/VEGF Activation in a Rat Distraction Osteogenesis Model. Journal of Tissue Engineering
and Regenerative Medicine, 12, e1268-e76. https://doi.org/10.1002/term.2534

POk, HmeAE. T R EORE A KR DOBT A B AP R ). P EE S AR &, 2018, 32(5):
558-567.

HEEF, BAEE. SVRE B T-la EEFTEEHHEMD] hEEF DEEE¥E, 2021, 19(3): 182-186.
Maeda, K. and Kobayashi, Y. (2019) The Regulation of Bone Metabolism and Disorders by Wnt Signaling. Interna-
tional Journal of Molecular Sciences, 20, Article ID: 5525.

Michigami, T. (2019) Wnt Signaling and Skeletal Dysplasias. Clinical Calcium, 29, 323-328.
https://doi.org/10.3390/ijms20225525

DOI: 10.12677/acm.2022.121021 139 Il R 125 23k i


https://doi.org/10.12677/acm.2022.121021
https://doi.org/10.1177/0885328220928550
https://doi.org/10.1097/00003086-198902000-00029
https://doi.org/10.1097/BTH.0000000000000116
https://doi.org/10.1016/j.injury.2017.07.010
https://doi.org/10.5435/JAAOS-D-14-00018
https://doi.org/10.1177/230949901502300112
https://doi.org/10.1007/s00776-010-0006-2
https://doi.org/10.1152/physrev.00028.2017
https://doi.org/10.1002/term.2534
https://doi.org/10.3390/ijms20225525

	关于“手风琴技术”的来源、机制、操作方法、应用以及相关信号通路
	摘  要
	关键词
	The Source, Mechanism, Operation Method and Application of “Accordion Technology” and Associated Signaling Pathways
	Abstract
	Keywords
	1. 前言
	2. Ilizarov技术(骨延长技术)发展
	3. “手风琴技术”的来源
	4. “手风琴技术”相关机制
	5. “手风琴技术”使用器械及操作方法
	5.1. 外固定架及克氏针
	5.2. 截骨术和“手风琴”操作方法
	5.2.1. 截骨术
	5.2.2. “手风琴技术”基本操作方案
	5.2.3. “手风琴技术”最佳使用期


	6. “手风琴技术”的应用
	6.1. 骨不连
	6.2. 骨缺损
	6.3. 先天或后天性骨骼畸形

	7. “手风琴技术”相关信号通路
	7.1. 骨形态发生蛋白/Smad (BMP-Smad)信号通路
	7.2. HIF-1α信号通路
	7.3. Wnt/β-Catenin信号通路

	8. 展望
	9. 结语
	参考文献

