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Biomechanical Analysis of Translucent Hexagonal External Fixator

Duk Yong Lee, M.D., In Ho Choi, M.D., Chin Youb Chung, M.D.,
Tae-Joon Cho, M.D. and Yoon Keun Park, M.D.

Department of Orthopaedic Surgery, Seoul National University College of Medicine, Seoul, Korea

The mechanical stiffness of 4 configurations of the Translucent Hexagonal External Fi
xator(THEF) was analyzed and compared with conventional Ilizarov system in vitro. The advantage
of the THEF was that it is less expensive, radio-translucent because it was made of carbon fiber-
epoxy. Stiffness in axial compression, torsion, A-P bending and lateral bending were measured in
both fixators. The fixators were assembled into 90° -90° and 45° -135° configurations, respectively. In
each configurations, two types of pin, smooth pins and olive pins, were used for transfixion. As
compared with the Ilizarov fixator, the THEF was less stiff in axial compression when the two
smooth pins were used for transfixion regardless of configuration, but was also less stiff in A-P and
lateral bending except A-P bending when the smooth wires were assembled in 90" -90° configuration,
and lateral bending when the olive wires were assembled in 45° -135° configuration. However, the
THEF was more stiff in torsion regardiess of configuration and type of wires used. When the olive
wires were used, the THEF was more stiff than the Ilizarov fixator regardless of wire configuration in
ali loading mode except AP bending. Changing the pin configuration from 90°-90° to 45° -135°
decreased all stiffness of the Llizarov fixator. However, lateral bending and axial compression
stiffness with smooth wire and A-P bending stiffness regardless of types of wires were decreased in
the THEF. Changing the smooth wires to olive wires increased the A-P and lateral bending stiffness
in the Tlizarov fixator, while it increased all stiffnesses in the THEF. We believe that the results
originated from the weakness of the material used. THEF may be an effective aliernative for
osteosynthesis, deformity correction in complex construct because of its radiolucency in spite of less
favorable biomechanical properties in some loading mode.
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xagonal External Fixator : THEF)

12002 Ze] 3le V¥ plated AZH X o5
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o plain weaves yarn interlocking W32 2

Fig. 1. Clinical use of Translucent Hexagonal! External Fixator. The radiograph of 44 year old patient demonstrates
transiucency of the external fixator used in the deformity correction of the tibia.
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Fig. 3. Assembled THEF. Notice the adjustability of the
internal diameter using only one size of V
shaped plates.
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9] 2A TomrH-E SmtA o2 HAHFig. 2. 3
7hel V¥ plate® AfsIe UE 4 WE B
st 127 geld mke} 120melA 142m7HAl 2 o
Fat ot (Fig. 3), ol dde A% M7l 120
w7} S =F 0Pt olF 3749 300om rodE
ol g8t 49 R & dAPoEN Ty &
03 FNE SAFA) old, FU¥e F
Abe] TFAL 127TmE wAIIE T, 2 ol#je] F Ab
o] AL Gem7t HEF ATt A daH
bolt, nut® rodv lizarov 717 5% (Richards,
Texas, USA) & A&t

1-2 Ilizarov 2|3
~H9ld A 2€dE AR g H=(Richards,

Fig. 4-A. Axial compression test of Ilizarov system.
B. The radiograph of the experimental fixator-
acryl pylon complex model.
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x38mm o}2E HI|15& AmY F3e IFUe A
A Y715 FYRNA 6, 4B PA B EH
A& DEAGD. 449 g F 2744, 3 8719
18w A& Z& R o] HANEE 3o ofaE §
A15ol BBA F B4 A F¥7) (dynometric
wire tensioner) & AH&3ld 130kgFd FHeE=
galol mAsidch{Fig. 4). Hel¥ THEF ¢jn3
AAE ARLE, llizarov 8174 FXE BTre=
ek 2z & A 13 geel olive A4 4}
& f7o wa |, I, I, ¥ 2% 471 =9
gz Aot [ FolMe 90°-90°2 smooth
AL olgdld pAEden, I ZdMes 45°-
135°82 smooth #4E, 1 ZME 90°-90°=2
olive & ol gatden), N TlMe 45135 =

XS ®S
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Fig. 8. Schematic drawings of experimental groups.
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AP bending

1

A

Fig. 6. Schematic drawings of A-P
and lateral bending in the
experiment.

Determining of A-P direction
comes from that of fixation in
P vivo,
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Fig. 7. Axial compression stiffness in the fixator-pylon
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Fig. 8. Torsional stiffness in the fixator-pylon models.

Table 1. Axial compression stiffness

g2

1. &M Yt ZHM = (axial compression stiff-
ness) (Fig, 7

[, I #AMe= THEF 23 #A=x7F Ilizarov
omA Aol ulsl zz 29.1%, 30.1% sk
ol BAAHCE {oFgen, I ToMe #HAE
1.6% zovt BAles folstal ofstch I T
e THEF 913 FA7F B¢ 26.8% ey ¥
Axez Fesldvl(Table 1).

2 Y™ Z4MT (torsional stiffness) (Fig. 8)

| &€ THEF 2% 271 Nizarov &2
% Ao wis g 5,.0% Aot ole FAH
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BTHEF
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Fig. 9. A-P bending stiffness in the fixator-pylon models.

LoadingNo. Al Bl Al

Bf Al BE AN BUW

882 1248 735
833 1302 735
882 1183 784
882 1256 784
882 1325 784
882 1225 735
83.1 1252 1735
882 1161 784

W~ N R W N e

1102 1225 1206 1323 100.2
1104 1127 1203 1225 1105
100.2 1274 1156 1323 1003
112.6 1323 1208 1324 1042
110.7 1176 1162 1322 1015
105.6 1176 1183 1323 1004
1042 1127 1208 1322 988
116.5 1225 1178 122.6 104.1

Mean 882 1244 760
S.D. 2.3 55 2.6

108.8 120.7 1188 1300 1025
52 6.9 54 45 38
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Table 2. Torsional stiffness

LoadingNo. Al Bl AJ] BI A§ BE AN BVW
1 1029 (175 111.0 1157 1075 1051 1175 942
2 120.0 103.5 1045 1085 117.5 1015 1175 914
3 108.9 1014 1029 1045 1140 1025 1075 966
4 108.9 1065 1045 1065 1305 101.8 1175 90.3
5 926 111.4 1029 1035 1220 1042 107.5 100.8
6 1200 1046 1029 1042 1305 997 1075 927
7 108.9 1242 1045 1046 143.0 1075 1075 987
8 1029 1109 1028 117.6 1175 1025 1175 953
Mean 108.1 110.0 1045 108.1 1228 103.1 1125 950
S.D. 9.1 T.7 27 55 113 24 53 3.6

Table 3. AP bending stiffness

LoadingNo. A] BI Al BI AI BE AN BW
1 225 184 122 147 490 60.1 196 325

2 196 173 122 142 441 574 147 304

3 204 165 131 128 490 562 196 293

4 204 187 114 152 392 558 147 294

5 204 166 139 135 490 o604 196 307

6 204 166 147 128 441 584 196 328

7 196 174 147 137 490 586 196 315

8 204 185 122 135 490 579 196 282
Mean 205 175 131 138 466 581 184 306
5.D. 09 09 1.3 09 7 1.7 23 1.6

2 #estA gun, 1 FolMe B 3.3% At
2 BAXe= felatd, ¢4, I 2 IV 2
A THEF 9u3 #7t 2h2h 19.1%, 18.4%
en ol EAHez |o3dct(Table 2).

3. A% 2T ZMY=(AP bending stiffness)
{Fig. 9)

[ @M= THEF 2123 #a7 Nlizarov 22
Z ARl v HE 17.1% 23 ole Aoz
frelatd e, [ wlMe Ba 5.1% Zgket &
Adez Kojslxl gl €W, I 23 I 24
A THEF 33 &27F 42 19.8%, 39.8%
Akn FAH o2 fofdsicHTable 3).

4 & 2= ZME(lateral bending stiffness)
(Fig. 10

1 #lM = THEF 23 #AA7} lizarov 92

60
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40

a0 36.6 T liizarov |
208 B THEF
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131

! I Iil Iv
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Fig. 10. Lateral bending stiffness in the fixator-pylon
models.
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Table 4. Lateral bending stiffness

LoadingNo. Al BI A1 BI Al BEI ANV BN
! 196 248 188 219 441 595 8313 526

2 245 256 212 207 441 572 882 516

3 27.0 186 212 224 392 551 830 472

4 243 246 163 204 394 562 934 461

5 247 172 188 205 390 588 833 497

6 245 182 195 223 402 572 980 467

7 270 257 188 21.7 333 568 885 474

8 245 253 180 206 343 594 879 492
Mean 245 225 191 213 392 575 882 488
5.D. 23 38 1.6 0.8 4.0 1.6 53 24

10.3%, 31.8% =#stxn $AHos Fosigen,
V 29M+t THEF o4 ZA7 B3 80.7% 3
2 ol AR %253 cHTable 4).

i E

Wolf“E 58 48% 58 a4 7178 ¢
# F21490 24 vl4 &5 4 A{ e
A7tz M8l n, Goodship® Kenwight”
= oA AL THGME Ze FAAE 2y
ol HEH oy 7179 A W] &4
(axial loading)el ©hale] 424 HIPE He,
Nlizarov 717 A% &4 ¥zg 2eaHy A5
Hoz FH ReolMe 24 o4 £5& 7153
of FTEYE UG, o8} Pol llizarov 717w
ARz &ido] Hu Iutge] Hoof, HGg F

2 Z A% 7170 A @A d8d e 5o
gozn TH B9 &4 uld E5E 7HeAs
TE4L 2334 dyd wYo) rigdte A
2 AAcp g8, SR HEe] mHe k-
zarov 7|78 AHE§ Aol 717l 7he] AN
HArely o < 27 & wE7)7F ks &
MAe| wa il

old| AAEL 71&9 llizarov 7| 7§ W¥sio
5 A9y 43S FAFY PAM RiEol
F2 A 2 {carbon fiber-epoxy)® #uy 7|7
£ Agsdn, 71Z9 llizarov 7178 v msle
N2E T4 A 717y 983 Y& detr
a2} st

B A R34 §7 913 7|7 (THEF) 9
AR EME Nizarov 717 ¥as] 28 A
A, &4 ghdbe] gle] olive Z24E AH83le A+
e 45°-135°248 A e ¥V F) A
26.8%2 & ZAEZE He, 908900 A4 2
A gel(A [ Dolre Zdes Zeol7 g
Olive 24 AME#A e AFMA 1, 1 B
e ¥ ZAEE Byed, oRE HAMY Iliza-
rov 7178 BAde] vido] £ o AN &7 1
A 7177 24 B9 24 o4 &5 Hr) &
oo § 4 gtk oRvt A7 dE5AQ 413
717l ¥lsled Nlizarov 7177} Goletd w2 &4
BA%E Aviol I 7P ol 4HIA o ¥
A2 gtk FE 2@ o FF oo qiF |
T7b Ald Agsolol § Aoz Bl

4, 94 Y= A% smooth 73 AHEA|
90°-90" 2 14 He(H [ DeMe AEEY
g o]z}t gidled, 45°-135° 724 2B e
A I FAME 3.3% ¥ H4=E B9gd. o
B}, olive 4 AMEAIE AL M, NV Dee
73 34 Yejel A FAF =] deg
Byt

AR, AF Y 20 FF A5 Aol 2N
2% ) 2 olive A AME {5l Awgle] ol
N2 @& HEE Byt ¢@A), 90903y
A Bl M smooth & AHER A5 [ &)
AMe] Ax 2T B 45°-135" 34 24 Yl
M olive ZHHE AHRE AL VO 2 =
= AEE FASA & oz veidtt o4
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o AR ¥ HelM Ilizarov 7I7el w3l Ee
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M3lel] glolA llizarov 7179 A% AF 2 F9
AN A=Y deE 2oy, THEF 7179
Aol e 2 YedA FAEY 5L BY
o} ole A dielMe A mF A27E 45°-
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Mg Bal oo g Hedo] €ad Aoz Mg
gk

a8v, THEF ¢ja3 FAe & 714 2719 V
2 plateTo.2 thkg 27|18 HRE e F€
g 5 dvke Fde] dokh =3 ddidoz 7HHq
Adsthe A BT 22 a3 43t €8
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M £349 5FE Akde FEE netsrd, b
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