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A study of stability of closed reduction and frame external fixation in the treatment of pronation-abduction-
type trimalleolar fractures combined with distal tibiofibular syndesmosis separation

ZHANG Qi,CHENG Yongzhong, HUANG Xiaoyu, CHEN Yili, WEN Jianmin, CAI Jingyi, CHENG Hao, LI Yongyao,
XU Jingjing,HE Da

Wangjing Hospital of China Academy of Chinese Medical Sciences,Beijing 100102, China

ABSTRACT Objective:To evaluate the stability of closed reduction and frame external fixation in treatment of pronation-abduction-type
trimalleolar fractures combined with distal tibiofibular syndesmosis separation. Methods ;: The pronation-abduction-type trimalleolar fracture
models( 14 ankles) were made by applying violent force to ankle specimens(7 pairs) according to injury mechanism after intermittent bone
drilling was performed,and distal tibiofibular syndesmosis separation was found in 3 pairs(6 ankles) of ankle specimens. One of a pair of
ankle specimens was treated with closed reduction and frame external fixation,and then the treatment was replaced by open reduction and
bone plate internal fixation;while the other one of a pair of ankle specimens was treated by the reversed sequence. After reduction and fixa-
tion, 10,15 and 20 Nm-torques were applied to the models respectively to rotate the ankles outward,and then the stability was determined
through measuring the distal tibiofibular syndesmosis interspaces on X-ray films. The two fixation methods were compared with each other in
their effect on distal tibiofibular syndesmosis interspace under different torques. Results ; There was no statistical difference in distal tibiofib-
ular syndesmosis interspace between bilateral ankles after the modeling(6.29 +/-2.93 vs 4.28 +/-1.69 mm,z =0.378,P =0.540) . For
ankle specimens with pronation-abduction-type trimalleolar fracture and distal tibiofibular syndesmosis separation, there was no statistical
difference in distal tibiofibular syndesmosis interspace between therapy of closed reduction and frame external fixation and therapy of open
reduction and bone plate internal fixation after 10,15 and 20 Nm-torques were exerted on them respectively (5. 72 +/-=2.46 vs 5.29 +/—
3.58 mm,t=0.246,P =0.811;5.69 +/-2.72 vs 6.98 +/-3.05 mm,t = —0.773,P =0.458;5.70 +/-2.95 vs 6. 80 +/-3.20 mm,

t=-0.618,P=0.551). Conclusion ; Closed reduction and frame external fixation is similar to open reduction and bone plate internal
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fixation in stability in treatment of pronation-abduction-type trimalleolar fractures combined with distal tibiofibular syndesmosis separation.

Keywords ankle joint;external fixators;fracture fixation,internal ;distal tibiofibular syndesmosis ; dissection

G IF IR A2 B e T - A1 R R = A T,
BABL LT % CRE R ™ 527 R i AR .
Il R 222K DI S AL P [ 1697, ABAR i 5 B P [
SEYY, 5 LR A SR D) R A O e
VA5 B2 AN A1 B i 2 TR 7 R OG TY ﬁﬂ?%i%ﬁ
K —  HTEREZE B b B I A e = A 1 1 Al
8GRI 22 8] T — @ Bl . ik, B E R
TG AT ANE AR R YT AT T IR G A B
MIBERT — Fh R = BB A i AR M, B A A i
mr.

1 E5E

7 X N 6 B BROC AR A, H A T A
SRt U2 WA % B E ¥ T - 20 °C yk AR
WL IRFFRE o W R e FFA R E 2R (T 1) |
TENEFL A 2 (ZE M T T BT B T & A R
Al) , FATBO IR A [ 5, Y [ #e AR (6 L AO
FHRmERAR 3.5 mm 7B RET 3.5 mm i E 2
£T 4.0 mm PR 8075 . hr S IR 4T, SYNTHES A #])

Kodak 7100 X £k #% A #L ( Kodak 7y %] ), Digimizer
v4.2.6. OSZAR Al BB (AL st B A SR A RS
) ,8 L )% R (TeKscan 4 7]) o
Syt .

SEI T
LR R AR B

Bl A EES
2 71 iR
2.1 BINER SHICIRI3 T HT5k, R E SR e
B — SNET = BREIT FIIE F R OCTT X &R B
TR RS RBERT — SN =B I

TEMIAE X 2R B35 I s SR ER A1 g SMER N g L A
RTINS R ARSI N ABR N R i R T R
JERRECE 2) o BROCHIESL A B ANBR B Fr R S L v Al

N s B SMERIS A v B2, B AR ER S e ASRER I o 5 )
PR BN P LA T S FS L s RO A 2 B
S, BIAMER R e A AN ERR o BROCTY IEAZ B R
PRSI 3 PR BR R 1 o T, RID PR SR 7 e A AR P
o BRSO A L e B P B R oA B D e B
HPTHIREE . IR BRI IENL X & EIEN Sh
BRAR B e B 1Y 1 PR (181 3) o

()IERIX S QWX
a MHNERINET b MM N R, ¢ HINBRSN T, d A INERIN R e
AN L ONANRIE S, g N e PR R
B2 A SRR ERE S UM

i |
i

ST IR, b Oy AR A R d

a NHMERIREN S B
KA YR
B3 EERXTSHNEREE

FRHE Lauge — Hansen 336 ) 75t () 45 5%, TERT -
HP A = BRE T I SR B AT 2 AR I B G o OGS T B



- 16 +( 4 096)

HEEE 2020 £ 2 Fl % 32 %% 2 #1 ] Trad Chin Orthop Trauma,2020, Vol. 32, No. 2

20 ~30 mm, AJ 5T ARER B HT ECRJE B 44. 03 ~
55.03 mm , PERE 3T A8 IR T AR G 15K g BT
T 5 RIS R — 2, SO IR A
B AT

FRRBRICTTRAS B AR Ak v e M 3l 00 2 45 2R 1 E 1Y
BITRALE, bRic i HARGE R . 15 B R L
HCE - A E AR 3.0 mm 1Lk Ko IREHR AU
PRICEHL. BHALEHUR , 4 IR AR 3 mm 38K
FERFBROC Y ARAS [ € FERRAS [ 5 F- 15 109 A 780 o E i
Horp e 710 L1 AR S AT 2 @B e B XUZ BT, K-
Jrrafalfe 1 LA 3 AR RCER DTS B R [ o [
JERE REARAS BT RE AT L, 1A A TR i B,
FEFARAE LB ER , S g R — Sy T AL D
I s 7, [ ERF I I it o — > S0 e 2% 7, 3 SO AT —
SMER =R ERATRE , SRR IEMIA X
2R AT IE . 200, I 3 XEROCTTARA A
il £ R 1 T IR R A 23 B A AT — AP L = 2R
BT (& 4) .

l" \ » gl
lll:\‘ L i

i d
B4 SERERXT X&KR

22 SREERRBEEME K3 XERCW AR

— MRS Se AT P & S LA M RE 2R I 5 , PR AT YD

(DA S LA e 5 B ] 2

\ 4
1
\ﬁ e .

TR AL AR P B 5 55— e AT V) 52 A BBl
P TR, PR T A5 52 0 A e R 1 o B A2 Ao [
FE JE AR AT R M . FRAT 58 — b i Ty X
FAa e PEIES  BAR AR [ A2 Y A1 31 5 Rl P [ 5
Yot 2 FBR IR BROCTTARASK &2 %2 52 A0 181 7 Hir AR
A IRIG AT o — ] 7 RS E P

2.2.1 HEEMSMEEREE BT REMYIEE
WAL, WERG R M EMmwEE U 2 MER
2.0 mm HMEIRSCEPATIE E o AMERR /DD 1 T
LB, A0 RS HAMERRIE A E AR 3.0 mm
SO X HEE A TRE P [, dE R e Bk . A AMER |
3.5 em AL PATHRE I b 0T 1 H AN ZE A 1 ACE AR
2.5 mm MRS EF BT 2R IR HEB, B2 R IRIER G i
WAL G LRI EE 4L, DL 1 B AR 4.5 mm (1)
AT B MR E A v OC 1 I 4 em &b, DA
W Il J5 S SR B R 15° ~ 20° [ i, ins A1 E
EIRFEE . [ R 58 AU Sz RPFAFR OGR4 X
LRIES(1) ],

2.2.2 YIHEMEERAEE  ZHEESMIABZE
JEUIE W E AR T, B iR Y. AR
PG 38 6 £l AO T-#iwi kAR , BUIRIE 5 18 T
SMNER BB T B, B hiE SO A [ E AR . &
WERRTIUE A 3%, B2 V1T, 288 & Prim, 52000 5
Je, A2 fLEAR 4.0 mm (75 0o R0 S RET [ 7 o R i
A FE AR 2 S, SR IR B N [ AR AN I
THEHECA BRET [ o [ 58 B0UG S7 RRFA 4R 5 4y
EMAE X &R TES5(2) 1,

2.2.3 FEMME D1 MCERR 3.0 mm [ 5 R4
55 LA B 305 2R AR — B BRI, 3l ot v [ e

M E R A I T om AR o A 18] 5 2 G
Sh1 AALAO Nm JF4R, A5 Nm - S‘IE’JiJ“iJl]%JiE

S
» “
.

:i l‘.
p

QUITF SN AR A 8 2

BS SMEERRXT X&H



HEIEF2020 F£2 A% 32 %% 2# ] Trad Chin Orthop Trauma,2020,Vol. 32, No. 2

( % 097) 17 -

10 Nm i/ , 28 5 R AR TR 9 744351 3715 Nm
20 Nm 110" SNGE LB, 43 CHM 7 4k 52 e I 3 57 /P
o8k X &, M SR A HIBR (B 6) o R 8 A
VLIRS ) A TRt (BT 7 ) MR 42 o 552 36 3 7 v it o )
7.
2.3 HUESit R I SPSS21. 0 Bffxf i 15 Kk 4 it
PG e AR XU R 56 35 7T I JHE B & 0] Bt i)
FeAen 2 Fpoy X 2 S5 R IR BEIE A (RD B A EL A 35 R
e K88 . RS0 /K o =0.05,
3 &5 B

TR AU B OG5 B I A5 TRI B LAt , 25 576

(D& E ArAhE 2 R E E

St X [(6.29 +2.93)mm, (4.28 +1.69) mm, ¢
=0.378,P =0.540] . P45 1o A0 s 22 1 i Fd) T
B AR BEE A IF T IR R G 43 25 e A -
S = BREPT BN 10 Nm (15 Nm 20 Nm #1%5
PIZH T IR HEBR S T B i 22 R ege it L (FR 1) o
4 it it

BROCT R AR R R E G, AR 1 N 3 M X)
IEHE Sy TS BRI MR E IR T T
JEHERR G R AR, IG5 4 EE R HERT ) R HEE )
A BRI LR o 50% LI iR SE LA
KAETERTE S, Hd 1% ~ 1% il kAT

QUIFFRAEER N 2
Bo6 ShhmETERRXT X &R

B7 HRENERR
F1 2HMAXEENESH TREMEKS S BHIER - SNREZRENEMAE AR T BEHEE S BB

T NAS [R5 1 A HERE 5 AT B (« + s, mm )

A ey 3 FEAR (B

10 Nm 15 Nm 20 Nm

S [ S 5.72 +2.46 5.69 £2.72 5.70 £2.95

B R 6 5.29 +3.58 6.98 £3.05 6.80 £3.20
tfH 0.246 -0.773 -0.618
P 0.811 0.458 0.551




- 18 «( 4 098)

HEEE 2020 £ 2 Fl % 32 %% 2 #1 ] Trad Chin Orthop Trauma,2020, Vol. 32, No. 2

FR RS A5 53 DT B MR B e 1, S 38U
 BUHE R Z 18] Ay AR 8 A A g o XA T IR
RGP B T HEAT B A 5 I 5, T By Ak
BB R R

P RT - SMEE = BB I i A FROTSER R,
AT LT T RS 1 HE R N S T AT
LT J I 408 1 2, BR R PRI AS I S5
P s 7 e AR T AMBR P9 S T, BRI R A T
¥, UL B R & 45 15 I =, R R R PR IR I 5
AT L B R ABL G A5 T RIS o , 156 B B i 0
B3 TR B A2 AR R T Ak A
BERTIL 455 IR HERK &0 B B BE R — A1 R B — BB
PrEABBHLERNE e AER™E S BRI

AR SEREREBR S AT AR AS AR 00 S AR AT A I s
AT IR Wl L o L [ 2 e 4 B 2 A AL £
BT ERT AL, [ IS I 18] 205t — > S R 5 g, 3 e
B — SMNEI =BT IR T ik Al E A R, PR AT
a7 AL, ANAFAE TR 4T 2R A A B A 7 28 1 2
i 22 52

Thordarson %' B 7 LW, HE-H 4 41 2 mm  SPES
5 mm BRANE 5O XY AL GRS g W AR,
DRI PE R TR, AT R B S A T o
ARSI A SR 28 A A1 I A2 16 T BOR [ E 5 T IR
R & 2> B R BERT — SN I = B Prin ARy,
PR R T AR M2 5 PR 1 A 2k, A1 [ 78 A P
R L TSR AR [8] 5 1 [R) I s A3 in 4 Y, 2 FAE X
W T A RE TEAF o JR i 2 AT SO (8] 5 2 i 2 18
U8 1 221 i 2T 11 RSP e 8 1 7 v J 0] P T
S SB[ iy A A R AL T O
FARIRIHE L 9% FH A Xk 1 BB M 3 08 4 A0 B 2H 2 3R
i HAS X 2G> AR T RARKG A, S T
SR ASBETE M AR A 2 A E
BEE, AT 1) FURR 1) BIUE 5 £ P b AL ) el
(RIS T, 6 i 7 670 6 A5 81 01 - o o i s
IR A K Y i ) B e 5 2y i A B T8

BT RERAR R, PG S L5 7 2R [ E I T
AT IR 20 B R BT — SN R R = BRI, AR
TEVE S YD R AL AN B E A 4. B b T AR
AR ABRFER Rl —BpAS S e 2R AT 2 7 X 2
0, s AT Ak B2 S SR R AR O I RE
AR REHERR G BRET IR , X TP FE 4 R A — €

SORAS
S

(U] &P, S, F25)11, 45 Taylor 25 W] S8R IE Q47 /5 T
W SBR[ T]. e R RE,2012,32(3) 1205 - 210.

(2] fafse ). ANTe] (8 5 Jr sUTE AT R ORI & 20 i O BR OGS
BT P TR T L] W el 4 4 A 2019,
24(1):140 - 141.

(3] BHOMS, A &6, XU 4%, 45, PAT 5 [ W71 4l £L e 8 22
TR — AR = BRE AR ]. b [ R R
5%,2018,22(36) ;5828 —5832.

[4] RODRIGUEZ E K,KWON J K,HERDER L M, et al. Corre-
lation of AO and Lauge — Hansen classification systems for
ankle fractures to the mechanism of injury[ J]. Foot Ankle
Int,2013,34(11) :1516 — 1520.

[5] CHEN C,CHENG Y Z,CHENG H,et al. Finite element a-
nalysis of the stress concentration in pronation — abduction
ankle joint injuries[ J ]. International Journal of Clinical and
Experimental Medicine,2017,10(1) ;276 —284.

(6] FRUH, mthAc f5d TR, 45, RET BN [ R 8 52 ) B
Privd e LY ], b E A A TRASE, 2015, 19 (17) .
2735 -2740.

(7] Dokete Eakdn, 4R, 55, F B HEBC 5 1 13 19 1200
FERARGTT ). A E I E A ,2016,54(29) 1165 - 168.

(8] e, T M FHE i 520 00 M ) B o) S A= 9 g 2 LU [ D ]
A B EK,2014.

(9] B2, ¥ AVEE, IRoL, 55 HEE S NARIG T & 47 E A
S AL ] Wi LAIGishEE,2019,24(2) 1323 -324.

[10] JUTO H,NILSSON H,MORBERG P. Epidemiology of adult
ankle fractures:1756 cases identified in Norrbotten County
during 2009 - 2013 and classified according to AO/OTA
[J]. BMC Musculoskelet Disord,2018,19(1) :441.

[11] THORDARSON D B,MOTAMED S,HEDMAN T,et al. The
effect of fibular malreduction on contact pressures in an an-
kle fracture malunion model [ J]. J Bone Joint Surg Am,
1997,79(12) .1809 - 1815.

[12] W, REE, VFIg, 55 FIAL B o0 6 1 A2 S 2R BV )
PIDESORE @4 N baekina ) i DAY SIVASE IR SR =20 F P
2003,19(7) :401 —403.

[13] BARAE  HUE & KL, 25 MOREATE & 20 )L Tlizarov Ak
[ E fif T = BRE T 20 B[00 . e vp oy R 2 AR
Z%ik5,2017,23(2) . 171 —173.

(14 ] BUE, UK E B3, A5 RO NE ESATT C B kv
L] hEBTESMEERE ,2019,27(8) :682 —686.

[15] CORNELL C N,LANE J M. Newest factors in fracture heal-
ing[ J]. Clin Orthop Relat Res,1992,(277) :297 - 311.

CHAch F31:2019-08-27 A SCH4H : 45 IR IR )



