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ABSTRACT Objective To explore weight-bearing stability of Pilon fracture fixed by external fixator. Methods Six ankle
bone models (right side) and 4 pairs (8 ankle cadaver specimens) were selected. Pilon fracture model was prepared by us-
ing the preset osteotomy line based on Ruedi Allgower Pilon fracture type. Pilon fracture model was built by using a mini-
mally invasive osteotomy. After ankle bone model and cadaver specimen model were fixed with external fixator,axial load
was carried out on mechanical loading machine. After ankle bone model and cadaver specimen model were fixed with exter-
nal fixator,axial load was carried out on mechanical loading machine. Axial loads of 150,300 and 450 N were applied to
ankle bone model,and displacements of fibula fracture blocks, lateral tibia fracture blocks and medial tibia fracture blocks
in three-dimensional space (X,Y and Z axes) were recorded by dynamic capture instrument. Axial loads of 300,600 and
900 N were applied to ankle cadaver model fixed by external fixator. X-ray films of Pilon fracture cadaver model fixed by
external fixator under different loading conditions were taken. The anterior tibial angle,tibial malleolar point angle,talus
shift value,talus tilt angle,lateral malleolar shift value,lateral malleolar shift value,medial malleolar separation shift value
and articular surface step displacement value were measured under different loads by digimizer software. Results After
150,300 and 450 N axial loads were applied to Pilon fracture models fixed by external fixator, no loosening or fracture of exter-
nal fixator was observed,and no loosening, fracture or irreversible plastic deformation of Kirschner needle were observed. The
displacement values of fibular fracture pieces on X-axis (around) were 0.032 (-0.022,0.269),0.061 (-0.002,0.427),0.212
(-0.016,1.223) mm, and the displacement values on Y-axis (above and below) were 0.002 (-0.031,0.103),0.051 (-1.133,
0.376),0.128 (-1.394,0.516) mm, and displacement values on Z-axis (front and rear) were —0.003 (-0.130,0.171),0.137
(-0.076,0.433),0.030 (-0.487,0.478) mm ;the displacement values of lateral tibial fractures on X-axis were 0.000 (-0.108,
0.027),0.083 (-0.364,0.050), -0.121 (-0.289,0.165) mm,and displacement values on Y -axis were —0.009 (-0.200,
0.025),-0.179 (-0.710,0.084), -0.257 (-0.799,0.027) mm,and displacement values on Z-axis were 0.112 (-0.024,
0.256),0.157(-0.068,0.293) ,-0.210(-0.035,0.430) mm ;the displacement values of medial tibial fracture block on X-axis
were —0.010 (-0.060,0.013),-0.165 (-0.289,0.056) , -0.181 (-0.395,0.013) mm,and the displacement values on Y-axis
were —0.036(-0.156,0.007),-0.104(-0.269,0.178 ) ,-0.245(-0.380,-0.011) mm,and displacement values on Z-axis were
-0.005(-0.372,0.189),-0.012 (-1.774,0.380),0.200 (-1.963,-0.540) mm. After 300,600 and 900 N axial loads were ap-
plied to Pilon fracture cadaverous models fixed with external fixators, there were no significant difference in anterior tibial an-
gles,angles of malleolar points of tibia,oblique angles of talus,fracture steps,shift values of talus, lateral shift values of lateral
malleolus, lateral shift values of medial malleolus, lateral shift values of medial malleolus between under different loading con-
ditions and those without loading  (P>0.05). No loosening or fracture of external fixator as a whole ,loosening, fracture or irre-
versible deformation of Kirschner needle at the local fixed fracture end occurred. Conclusion The early weight-bearing external
fixator could maintain stability of fracture end and ankle joint,and the maximum weight is not more than 300 N. In clinical
practical application , material characteristics of the implant and type of fracture should be selected.

KEYWORDS External fixator; Biomechanics

Pilon fracture; Load-bearing stability ;

5 RE A 103 1) Pilon B 37, SR ATANE E BB R A7 AR T S RS A A W 2R XU

-1197-

1M H i

455 BRI E B IR YT T 58 e e K AR B2 /0 1) H1 gk
Yo FERRIRE B8R S O RE I R A R, S
[ 4% B 2% (Chinese osteosynthesis,CO) 3l §f 2% & . 1ifi
BT E AR AN E e R, B AL AR
Fe Ve SE A AL, HAE Pilon B 4367 5 B A 84
I RIT R0 SR, BT AR AR B T, AT 3 ok A
HIAEA BB @A B D) AR A 45 I A&
M5 AE B AT AR S0 B R R AT A D /b gk 2
FAE I R o BT @G MR, R G Rt A
FI T T B 5 P AR A 52, 35 5 [ ot T 240 il
(mesenchymal stem cells, MSCs) [ % 4l g 431k 5 18
CIE R Eiy e N e = NI AT S
U, 0 0 R A TN SR RT DR R R PR AC , st s 3
FRGE N ST RE , DA 8/ (5 A R e I A DGy
fELRE AR Sl 98 H e 55 0 RAE & AR 25 (H AR
Pk ST WIEw N RS G =T 8= e N e R 37

A E ZEAR 5 R UG S S R b IR, AR
AF 5 30 e A TR 3 B AR G 4% I ] 4 ]
Pilon B 47 J5 5 11 1 5 (9 e 1, R A0 2R R )5
WA YN SR LA W 0 2 AR e SR HE

1 #R5FE

1.1 X5k

11,1 BislE BROCT a6 (4 ,ENOVO
o] HED

L1.2 JRFRA BROCT AR A 4 %5 (8 H), H
o2 X2 Lot (R db s T g P iR ) .
ARG B AR AS , B IABRAS B2 ke %, T A R & 2% b
ASNTCIIE s X 26 BB R e B e T,
BROCHT B B EAT X FR o PR BRAS IR R 1/3 4b
BT, PR /NER B R BE VBROCT MR . T RBRA T -
20 CUKFR NPT, IR TIE BT ff o AR BT 58 M o T 48 B
A F BN (LS . WIEC-KT-2023-006-P002)



-1198-

FEEA 2024 4 12 HE 37 %5 12 W] China J Orthop Traumatol , Dec.2024,Vol.37,No.12

1.2 REK&

BOSE ¥yt sh 25 Sy 24k pl 1 & (SYL-
Ladan 678, #2028 & & A A, P D shA i &R
%4 1 & (Optitirack 23 & 4 7=, 7= i 45 Prime 13, 1%
FAH 130 J7, B K A HE AT R 120 Hz) 5 5080 R 42 811
1 £ (Motive:Body1.10.1 Final % 4 & HoAth [7] 2 fip £
BAF);CO MBS R G (Fr A A e 2R I
B SRSCERSE)2 B (M ST R R A R A
ARG MRS 5 - T v T 2019041112)

1.3 Pilon 8 &

JIR B 2 . S ARG - T Dy SR vEM 1 45K
Lk HEK LR EE 2 em AbRSATECE (I 1a) .
DAREAT 0B e 0 bl Al 1 2% 5 1 B G- A7 i A i
2R, WRE LR G I O DR IR B v 43 KN R AR
S 2 AEH PATECE R IR S T 1/2,
W AT 1 4> R 3 3B (B 1b) o B R « e B ey
10 [ 3 em XFHES PEATREA T, WA La,

2 B b A A 2 SR R A R X R R A T R
([ 2a) ; T GBI AR B (22 M 1T AR RN A FRA )
W R R A TR BR A B AT R S
W, T i 7 3 AR T e O A
Pilon H 47451 (& 2b), Pilon H 4 7 A5
TRl s B 2 VR L 1
1.4 FRAHE &

1.4.1 BIRUFRY[E e HAHSRET AR &
K R AR b T T2
IR I 5 AT Ty 224k (K 3a) o i
JE K 6 bR Mark B30 55 00 78 AH D7 A B 47 B
(& 3b).

1.4.2 FPRfrAREE R4 HER
3.0 mm {9 v FCEF P I 38 M R bR A Gt
Uity S K L [ 22 7E 2 4k 072 D A ]
TR 22 4t J7 2 0 12 AN [ 7E X R AHLAR 11

specimen

B2 iR J5 (B 4)

1.4.3 ShEESRERAE  (DREZE . St b

T /3 AbZEA T RS B A B e IR 7RI
SEIREN N R IE RIS TR A R 2 Y
HiAh N ZE N TR S IR, FRAE S 2-4 BB A

}ii

B 1 Pilon {48 LE la. AR 1b. UL
Fig.1 Osteotomy diagram of Pilon fracture 1a. Positive view 1b. Lat-

eral View

B2 HyreiE 2a BAE 2b. KR4

Fig.2  Fracture molding

2b. Cadaveric

2a. Diagram for casting model skeleton

&1 Pilon B FERABERELZ TR

Tab.1 Baseline data of Pilon fracture cadaver specimen model

P 9]‘3%{5“77*5 V\]E%WU”T*Z V\]Eﬁfﬁ%ﬁ@ WERRIB,  HEE AL/ B B KA RETHT JiE B
{37/ mm f7/mm {7./mm mm mm A Br/mm ff1./° 1f1/°
1 6.47 0 12.48 10.62 8.26 5.31 2.02 91.91 95.09
2 3.62 0 11.41 10.63 0 13.45 0 85.03 79.06
3 3.65 2.81 10.68 3.61 20.32 1.44 6.76 90.00 104.04
4 0 9.91 0 2.89 0 2.96 248 99.93 83.38
5 10.75 11.54 12.24 22.77 18.16 25.85 6.20 81.43 85.76
6 3.25 0 11.22 245 9.89 6.26 1.94 78.50 90.64
7 7.40 8.53 747 5.34 29.67 26.19 1.40 93.09 106.70
8 7.90 6.37 13.61 8.28 32.01 18.96 2.96 98.22 109.42
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ON 92244476  86.78x14.51 0(0,625)  3.12+330 0(0,1.67) 2.74(0,3.98) 0(0,2.48) 2.730.76
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H: 5 0N Hd,u=-1.083,P=0.574;"1=-2.202,P=0.091 ;4=-1.564 , P=0.292 ;"1=-2.132, P=0.104 ;"'t=—1.504 , P=0.322;"%=0.093 , P=0.999 ;°Z=1.344,
P=0.179;"'72=1.411,P=0.158 ;°2=-0.202, P=0.84 ;1=0.548 , P=0.512;"1=-0.369 , P=0.865 ; "1=1.176 ,P=0.301 ;°Z=0.632 , P=0.527 ;"' 2=0.759 , P=0.443 ;
27=0.801,P=0.423;'7=0.394, P=0.694;"7=0.056 , P=0.955 ;°Z=0.900, P=0.368 ;:2=0.683 , P=0.494 ;+'2=0.473 , P=0.636 ;*2=1.016 ,P=0.31 ;"t=0.329,
P=0.837;"¢=0.032,P=0.971;"4=0.680,P=0.854
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