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Efficacy analysis of a new three-dimensional external fixator system combined with internal fixation in the
treatment of Gustilo IIl type open tibiofibular fractures

He Jie, Ren Hongfeng, Li Huanle, Li Yining, Wang Shen, Wang Haofeng, Chang Qi. The 989 Hospital of Joint
Service Support Force of Chinese PLA, Military Training Medical Research Institute of the Whole Army, Luoyang
Henan, 471031, China

[Abstract] Objective To investigate the clinical effect of a new three-dimensional trauma external fixator system in phase
I combined with phase Il internal fixation in the treatment of open tibiofibular fractures of Gustilo III type. Methods Forty
patients with Gustilo III tibiofibular open fractures admitted to our department from June 2018 to January 2020 were
collected as study subjects and randomly divided into observation and control groups. The observation group (20
cases) was treated with a three-dimensional trauma external fixation frame system to fix the fracture in the first stage
and appropriate internal fixation in the second stage. The control group (20 cases) was treated with plaster or brace
assisted fixation after the first stage of debridement, and the second stage was treated with appropriate internal fixation.
The postoperative complications, fracture healing and functional rehabilitation of lower limbs were compared between
the two groups. Results The fracture healing rate was 95.0% in the observation group and 90.0% in the control group,
and the difference between the two groups was not statistically significant (P>0.05). The mean fracture healing time was
(16.50+0.68) weeks in the observation group and (18.78+4.60) weeks in the control group, and the difference was
statistically significant between the two groups (P<0.05). The mean postoperative hospital stay was (30.20+4.67) days
in the observation group and (33.35+3.88) days in the control group, and the difference was statistically significant between
the two groups (P<0.05). There were 2 cases of postoperative complications in the observation group and 9 cases of
postoperative complications in the control group with the statistical difference between the two groups (P<0.05). The
excellent rate of functional rehabilitation assessment of lower limbs in the observation group was 85%, and the excellent

rate of functional rehabilitation assessment of lower
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limbs in the control group was 55% in the comparison
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between the two groups (P<0.05). All of the above data analysis showed that the differences were statistically significant.

Conclusion A new three-dimensional external fixation frame system combined with internal fixation in the treatment of

Gustilo type [1] open tibiofibular fractures is a definitive surgical approach with short average fracture healing time, short

hospitalization period, and good functional rehabilitation of the lower extremity.

[Key words] New three-dimensional external fixation frame system; Open fracture of tibiofibular; Gustilo III type;

Staged surgery

TR FE B A R DU WL T, 20 4 B i 13.7%",
[FE BB T SRR T, R T
P T R ) 4 B T S B B 1 o S TR L R R R
LE D, SRRSO BT, R A
SRR A0 P45 K B T 7 B YT G, DR TR AR VR TT
F FITEBHEE. RYE Gustilo-Anderson FFRUEH H7 47
2 B, Gustilo TR AEA ™ 5 BE kR L0105, #3&9
MG, SIEiE™E, —HESBRERMER, BEE
e HIEE o HFRIGIT, ZIBIT Gustilo T RHEEFF
R EE T Y. 2018 4E 6 H ~ 2020 4F 1 H AT
BB S L B T 7 2 ) B, Ao BB 38— 1R Pl —Fol
FH 4 ZE ZE S| R 2200 7 B 5 DU TR A PR 2 =) S [R5
RS = AN HME 8 2R R S8 (LG SCH Gepkgi B = 4 A1 ]
EHRGD [Eeagdr, “HIRAEYNEEEYT, B8 T
EEIT AR, BT,

11—k

EHE 2018 4F 6 H & 2020 4F 1 H Ia AR 64518 BHIA 1)
40 15 Gustilo TR HE& TR B 3T B3, RABENLEEE
8 40 R BENL N 2 4. WERASE 20 4, 5 16 1,
LA, R 26~ 62 %, TH (40.0£3.4) . B EK:
B 15 B, mAbEAVEAG 4 B, EAATEAG 1B
Gustilo ITTA %Y 17 f], Gustilo ITIB % 2 5], Gustilo ITIC %! 1
Bl o —HHR A = 4R 0045 S0 E E 28 RS [ e B 4, AR A&
LNEEEIT . SIEASL 2060, B 1741, 236, FHE
31 ~ 58 %, Py (42.0+2.6) . BGHEE: EHEHAL
16 15, fEAbEAYES 3 4, BEYMI AL 1 4. Gustilo ITTA &
16 1, Gustilo TTIB & 3 %1, Gustilo ITIC &Y 1 f5l. —HAF%H
EOIARSE, BT Rsia B AME &, RN E TR
J7. MABRFEETRILKRER LGB (P>0.05, A
Al b,

PNFRHE: OFFEET: OFfFEIREEE B bsiE ¥,
MR AR T Wi, B OEEE AT, O/ S
Gustilo TII# ® iz Wikritk; @FEEE: 18 ~ 75%; OT™
HIFRRE, WSO ZFAR:; ©EHEITARIHE,

Wi sE 4 REATARIE, AEZEFATFARBIT KR FF
BATFAREIT . HEbbrdE: ORHEEFHAEEET: QN
Gustilo 1. A ¥ @& I ™ E MM Mm%, ik
ity 52 F- AR @FELEAT FARIATT BUT A SRR 2RI I B
1.2 FARI

W ZZ A 5 % AL 40 191 B SRR 58 3 R B R AT IG5 K
g, BFEEBOEMAL X 2 (LR BB 4B Ar =4k
CT EH&, &% FHEE Gk M. BAERD, ™%
R R H AL, HERRfE A I A . g% &R A7
RGO, AR GIENL, FRAT NS ER Ik L E R,
HERR T ol R i IS AU
1.2.1 X

KA—IHEAR G, R NEERTT. O— g
AR BRI 7 2R T & A A AR AIE 126 436 4 By AR sl Ao 5L
AN BRI, BFEBUMEML, FAREEERT, [ H K ERPEBRE
AR B ER K K S, G A O SR e, 223 )R R
HLR BB ", AR TEhEsd. BuRkEE, W
B, REREFARXIR. EERGRIRTE G B K 50 1A 2 &
SIS, BB . TEHE R, ARG RAER
18y A 38 R K Bk b et S 2 s I T i i o » 402 R %
AL BN, TGN —H TS tEAEIN, 4
MR E VSD RN G2 B, fF —HHF RN — I LFRrEEA .
T 7 B8R0 By et AL BT ™ W BUAR G AR A T S Bl
BAMNEE. @ ZHINEE " R 10 ~14d, KEEKK
MK RVFE, W7 W IEDE RS E 3. XA 20 4
B, CHINEREFEARS, 12 BERASENEEE, 7 61R
AR PN 5, 1SR R AR B 2SO T Y L E o
1.2.2 WEEH

KA — R = 4R AhE E R R G [ e BT, RN
[ Eiayr e O—HIWiR = 4EANE E R R G BRI T
AR B S T A AR AE, SR 4 B BRI SR LA M RR IR, I
BIRJG, CE X LHHBL N EfigfE. &Il18060, 4
2.0 mm 57 PRI I [ 5 B Frify, BN AT LB i B AL R
. fEEYrmin B, REmIT — B8 E W E e 2 8 WA
B, Tilim i =4 AMNE e R G, WAE A B X
FZFTNFIMC 2.0 mm 55 FCAF, C B EVLHL T & 0B 3 Bt
PR ST LG, TR LREER, A 2 42 R G AR



20214 08 A
HE18% H4il

kR MR 5 0 R B
ORTHOPAEDIC BIOMECHANICS MATERIALS AND CLINICAL STUDY Sl

AR I KAT, 22 [ ] 5 B A v S A R A AR R v, FRIRGE
P AT LB i Xof 7 B o 8 P AR B R K R 4 Tk AT v
Ve, [FRIRE, AR K R SR A L, WA I — T DLgE
A PEAEBBY, G ATE VSD fUEWR G128, £F 3
FAREF—IELBREES . BRI AAIH . 5K
EMEHIRAbF IR 2D A L . @ A 52, — AN
BEET ~10d )G, ZERAMEESR, TAEEFR. 0
420 IR, AN EFAS, 15 BIR A EE A A,
4 R PR Y I 5, 1 BSR FHARAR B 2 o] Y 5
1.3 R4

W BEARGFOGLATT, 10, 8, HEHNA
TR, RGN, ARJGRE S, A Sk
WRERNPURGLIRTT e T D aRIRIT R A . IRk
P RSN S, SREEFA S, KRR EEITR
KATV BRI DR R B, (R B TR R kA
EMIEBER X &, RAFTESHEN, JEANEY &
HINREERBIGE L, TR, FETESE, 1TE
PrvE ERE BB A, B A E .
1.4 WELHEFR KT E bRtk

OIRIFRRSH M. IR EE FARE N (PR
TE) A — 3+ B T AR TR)ERD AR S5 3  Bk 18] DA R B 3
B0 HIr AR FHrim )RR, T
W RIIEREES) X & R EITREN, FES
P BT R BRI . @ F BB A)
REVPAL . 2 Enneking ARk PPl A DRE e @G FFAAE
T, ARSI CERYL, SSTTERE . Bk AR S A
1.5 ZRil%¥Hik

K H SPSS 23.0 4t i | 28X B AT S b, IR ERE
S EbrE 2 RoR, WA R LEBCRA ¢ 158, P<0.05 A%
L ENES-9'8
2 #R
2.1 HHEAHER

MELHIL 20 ], BT @G RATF 19 1, BT Y&

G 1. XTRRZEIL 20 ], BATEA R 18 B, BT
a1 6, BIEIR &S 16l WA B & 4R 95.0%;
W HE A E 90.0%, HAMELKER LS F¥E X
(’=0.360, P=0.560). MELHFARE . ASSFERBER T
W5t SF 1) 6045 3y B A B 1)) R 7 8 e ) 35 /8 5 R
H, ZRHAESRII¥EL (P<0.05, L& D.

XK1 HHEERIT RS L @ £

FREE  ARFERERE B RGN (E

AL i (h (@ J&
WA 20 435£0.67  30.20+4.67 16.50+0.68
pupiceich 20 497+0.88  33.35+3.88 18.78+4.60

t{H - 2.489 2.318 2.191

Pl — 0.017 0.026 0.035

22 N AAThREVENG
WA J5 K H Enneking W47 R GG T RE, WELL
REREEmTXEA, ERAEERII¥E X (P<0.05,
W& 2),
% 2 B A S T I I REVPASG X B (n)

Hu % R R = RKEEW
WMEH 20 11 6 3 0 85.0
MHEAE 20 7 4 5 4 55.0

X E 4.286

P1fE 0.015

2.3 RIEIHRERFR
MR A J5 FH RORE KA RAR T XA, ZRAGSRI %
E X (P<0.05, WF3).
R 3 B EFE ARG I RAER L ()
HAl B PO SAERE FRERNKMmAE RAER (%)

MEEH 20 1 1 0 10.0
YRR 20 4 2 1 35.0
1 E 3.584
PE 0.044

ARG EBE, &, 39 %, FEWMBUE PR TR E T, IR SRS E e R G E AT, HIRAIBE A £
WIEEIRTT, WIE 1 Frs s Ss AN — BRI AME E R S8 E B 3 AR S 6 77 3 R AR 2 Bk




20 F AL ERBR 2021 4 08 H

52. ORTHOPAEDIC BIOMECHANICS MATERIALS AND CLINICAL STUDY

18 % 543

R B DAL A s B WS RUAR TG BT =

HHME BB ARG EE SN F —WISNEE ARG 3 d EMIREMEE EA R G —WISMEEARE 3 d ZIEHEE AL s H. —HINEZEAR)E 3 d
EMEER EALR 1 —NEEAR)E 3 d EMEMEE AR 1. —HIABEARE 3 M HAEMIEHE B K A EEARE 3 A EMTE

JHER AL

B T B 3T 2 DU BT IR 3 mh R A R e I
ZNFEREEI, ORI H, 26 IF SR B AL i
Bt TSYE, R G  HRAE R R SR U A
SRTT B e — VRN 1) PO A R R = AN e SR R G
W EHHT, —BoN T~ 10d, I HIIBEN EFEBUE N
BB, RARGERERNORE, G, TR, BE
R "

FEWLGELH A8 T T 28 = 4R A1 [ 8 B R G, EARMELL N

Bl = i vl | VT R eoe S N O DS B S SN B e e 18

K BB A i B2, 407 AP S Kb 4 e S A
AR KA A ] s AR, T 3 3 A AT A KA S
DY E, TEAK. FEnBEAhAs. s
ML 7 e 2 it A B B A AT ABIK 2.0 mm
T ERAT [ 3 . WY = AN e JR L [ e o R e 2R 58, 41
FCH e T B, BREFSEMR . R ek ST, B %
FUAN ] 5 L KB R, 45T FRER, BT FARX
Ko IHAE—HAIRETRE s /b, mIE il 22 5 AL 1EF,
NIAFAREALERBE T RAF 2. Wi 8 = e S E 4 R 4t
PN 2 iR .

B2 A BT =Y SN 2 S0 AR TR 3, — SR e 3] B i A DA A R+ P 258 S B s B A B A S SR A 9 4R [ 2 P4 A 5

B. i = Yk M E R KT T R i 5 C. 3 T = 2k A1 e SR RO

FE DAAE IR ST B b, S0 SRIBCEMAR A 18] 7€ 7 518 52
I, WA AO [ RN, KGR & frim, |z

JB%, 3B HIR R . FARR RHE R, 806 £ 5

W], SN 7RG "o IR LIS B A SRR A A
T B ITE IR & A T RENE . 18 DU
ZHEANEE SRS, BT 2.0 mm 5y R E X



20214 08 A
HE18% H4il

2% EHAMA L ERR
ORTHOPAEDIC BIOMECHANICS MATERIALS AND CLINICAL STUDY 53.

€, RGN T AT M, RAZEAEF AR, A3
M T IFTENE BT WLIFF SO A AR, Aol ab g W
ET4E W BPTAERIEEN, RYRIEER, AU E
B, WAOEBER. BAEEEIRAE . [EE BT
Yo, TR T A EEFAREYIO . S0 7 A 28
R ILBAESR , SO EIrmiedt 7 iaE, AMTEhs
B A e EFNGESE = KR AL R
A1 E SR BRI BT, W RS, gERE
FHIERES 1], ITTFEAR B E TR 2, Jae 8 e ™
550 LA — 3 QAR 5 IR A 45 3 SR B B A1 [ 5 1) 75 A
BB, WA = RSN AR S ey T OEARE, WA
Gy, AR TR AL B . FFAE— T ARA S5 He2 R g i fs
e R E Bl T 5 0B AR 2 1 R ] Bk
A, B 7RGV R = fEXT IR, HBL
T BB GURTE R 4 41, 3 SR, T2 R i
AFEXS T BRI . AR5 A 8 EE )
VSD Fifk, WJRAAE BRI T LASE S, Bl RE sk
PAT R B o . AR FE o, SR T 53 a7 77
i FIRFE M NI % PRI i T LLAE 51 &2
B, I EE T ARG T RALR NS, AU AL
BUAN E E SRR N E R IE 58 (T AR Ty AL, 4k 1 F AR
8], FEAR 7 ARG I AR A RS, IF BT e R R A 4
T AT IRERE R B, AT A RIE RSB S, fedt 1B
IR, RFEEFRE, HingEEO. B8F YT
BEmf e B fr @G i), B5CT BRI K B B IR S
FEBIH MRS, I7 R =

EEWNN, W TR IR, — e
WIZREE =B TC Pl ) = 60475 S0 ] 2 42 &R 4, — I A
B 26T, BERE- T DL S s A 8] [ 7 , SRy @ i /g
Qe R HAIRAEMI R A, AR THITEa REEREL,
T RO T AR T 3.

SE Ak

(1] EhEsh, TRERR, M, & R R 3 2 a7 T AT 541
SE I SR 8] 52 (97 RO EL D). s Bk, 2014, 16(11):
930-934.

(2] kB4, FK REIR 5. S0 S ARBCA A IR P A 4 $1vay T I
RN FRREEAT BT R ) IHERER 544, 2019, 47(4): 75-78.

[3] Agrawal A. Unified classification of open fractures: Based on Gustilo and
OTA classification schemes[J]. Injury, 2018, 49(8): 1526-1531.

[4] PRI EITMERER RS RETEEI W SIHTINE F
RN PRI AR, 2015, 17(1): 3-7.

(5] ERE, Hhkh HISE, % BAEIHE R A E g8 &0 Tz
JHER AL, Fr E ISR, 2015, 15(10): 926-928.

(6] Hikis, AR, MR, SRS M B RHEARIE ™ B2 RO & IFE
HITHHRAD]. AEaI A, 2011, 27(5): 399-402.

(71 BERH, B S RAESNRHE G (L Bxt 2R KR
Wi [9). PR 22 42, 2013, 20(10): 1323-1324.

(8] EZKE, A RISH, 5. MEHISIS L& VSD YT Gustilo T2
JEHEE TS A B I]. SEAE RIS, 2015, 21(4): 355-358.

[9] RiT#H, #HE. VSD 44 4ME E X467 Gustilo LI R EE TFK
D] ScRERIZRE, 2016, 22(5): 475-477.

[10] FLKPE, RL K, FoHE, 5. — PN [l i JRALHE ¥R 9T AO/TO4-MT2-
NV 1 B HEE Sz i B 3T BRI 1], A8 B R 51 R 7L,
2019, 16(4): 59-62.

(1] #4k52, £ 7€, 5. SME SOESRTE Gustilo TITPRLHRRFE FFE B 3750
FARYT IR A D], ARG ERHRE, 2013, 15(4): 367-368.

[12] BeBR, hKiE, Y&, 5. SHEESCHEYT Gustilo I IR HFETT
R EARD]. Al E R, 2014, 16(11): 965 -970.

[13] BREHA, 1R7KIE, BREH, %5 Gustilo ITIB, TIIC R /N K /& BRES TR
PN — R SEED]. PRI EFIE, 2014, 16(11):939-945.

[14] BRENE, 1R B, R, & H-E 340 E 2 SCARETT IR HEE T
L. A BRI, 2013, 15 (1): 90-92.

[15] JLEE, 2RI, T4, 5. 3D #TENEAR A FRGNaTT IR HEE T im 2
FMEEAT G AERI]. A0 B BT RS I PRI 7T, 2021, 18(1): 31-35.

[16] Einhom TA, Gerstenfeld LC. Fracture healing: mechanisms and interventions
[J]. Nat Rev Rheumatol, 2015, 11(1): 45-54.

[17] Enneking WF, Dunham W, Gebhardt M C, et al. A system for the functional
evaluation of reconstructive procedures after surgical treatment of tumors
of the musculoskeletal system[J]. Clin Orthop Relat Res, 1993, (286):
241-246.

(18] ALAREE, RAN L, REHE. —WISME E L& A i [E 2 1R yT TR
PERRHEEE 7). o SRR 24 35, 2013, 28(5): 89-90.

(191 BRERAE. HER LA E vayT b 28R R MR AR R B (BTN B 23 T[],
T EE 5G4, 2010, 25(3): 215-217.

[20] Euk, D, 228, & FFBEE TR aIT . FReaE RS,
2015, 17(11): 1009-1012.

[21] Thomason K, Ramesh A, McGoldrick N, et al. Primary ankle arthrodesis
for neglected open weber B ankle fracture dislocation[J]. Foot Ankle
Surg, 2014, 53(4): 446-448.

[22] #h/NZg, A8, ZE00HE, 55 I FRAILE & 2040 ] 8 48 5] 8 58 VR YT
TEAE A FE D). & A 5 R4 &, 2018, 33(12): 87-89.

(23] T3, SR, kR, 5. HEE VIFF S AL B 8 S5 e & E A0 348
YRIT IR T o e B AT, A2 4B RO S IR AT, 2011, 8
(2): 47-49.

[24] >Z, dHkiE, 226046, 5. A B IR E 2 TP & AL B 2 vhy7
Pilon FHf[J]. o B 5K 8 &, 2018, 33(6): 639-640.

[25] ZE@F, BN, MR, 5. HME ERBA BE N AT I e 1R 9T e
T BT RORER]. R 24, 2020, 31(10): 1260-1262.

[PE& BN WA (1995-) B, ARk, (F R E I o BF 587 [ : G058 Rl B s e
HMEZFEL.
*GREEZ]EH 097205, 4, BIEEEN. AR 252 KETE
HNGG PR RIE R R,

e H3: 2021-03-15)



