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Clinical Study for External Fixators of Open Tibial Fractures
Ik Yull Chang, M.D., Young Kee Chung, M.D., Kee Byoung Lee, M.D. and Byung Gu Yoo, M.D.
Department of Orthopaedic Surgery, Kang Nam Sacred Heart Hospital, Hallym College,

Seoul, Korea

From August, 1981 to November, 1985, the Hoffmann and Monofixateur apparatus were employed in
the treatment of thirty five open tibial fractures that we considered to have a poor prognosis with
mote conventional forms of treatment.

The results were obtained as follows;

1. Application of Monofixateur was minimum iatrogenic soft tissue injuries and easier, simpler than

Hoffmann and two external fixators were favorable device with rigidity in wound management.

2. Two external fixators could obtained sufficient stability when 3 or more pins were applied at ea-
ch fragment of fracture in Hoffmann and 2 or more pins in Monofixateur.

Monofixateur could obtained high stability with small number of fixation components and more
stronger against anterior-posterior bending and in Hoffmann more stronger against lateral ben-
ding.

3. External components of Monofixteur was located in anterior surface, therefore dynamization co-
nverted tensile force of anterior surface of tibia to compression force and then bone union was
activated.

4. After operation, in Hoffmann correction of compression, distraction and angular, rotational defor-
mity were possible and in Monofixateur correction of compression distraction, and anterior or po-
sterior angulation was possible.

5. Because of rigid stability of two external fixators, these allowed early movement, avoiding joint
stiffness and duration ambulation unilateral assembly of device in position biomechanically favorable.

6. The lateral view of fracture site could not be confirmed accurately due to overlapping of Hoff-
mann’s adjustable connecting rod and bony shadow. In Monofixateur A-P and lateral view of Fx.
site could be confirmed.

7. Accurate reduction and compression played a important role in bone union.

8. The time to fixation for all of the fractures averaged 20 weeks in Hoffmann and 16 weeks in
Monofixateur.

The time to union averaged 24 weeks in Hoffmann and 20 weeks in Monofixateur.
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Fig. 2-A) Application of Monofixateur in tibial
open Fx.

Fig. 2-B) Fixation components of Monofixateur.
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Fig. 3. Application of Monofixateur intibial op-
en segmental Fx.
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Azbgo| gt Mud AFEH 3AT Hoff-
mann#] A8 2} 83 183, Monofixateur2]
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ANl e R AR HAHA TS
A8 gl o drill guide & E3&le] drillingd ¥
pin FHHS e 43} 2AF o2 AF)shew Ho-
ffmann &} 2 A48 W% 7 Foll A4 full thre-
aded pin g S)Zol4 W202 AUsid 3ol 2
;4 Adx B glgion ol &, AL£aS H43s}

o a9 AREdel YES Fshsdel. Mo-
noﬁxateur&}_x_z* T AZAHA-P plane)dis] &4

K912 Azhgt AEF FHLE FALR HE 4
3ol z+zb F7) 2] half threaded ping 7-F¢] xy
o4 +x4o2 Astsh.

T dnAANE 5 FEEY Sl =) pin

& A& 4 Foll T4 pind
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fixation clamp)& A4z ¥ B3 msle )
22 He o 2~3emdolXEE o4y v
of 7 % (connecting rod)-2- H-aEln 24 o] TP E
(double frame system)o] k@ =|lo} A3 A& o
£ 4 ¢lglc} (Fig. 1), Monofixateur 2|33 %ol 4

+ ¥R 9 fixation bar ¢} At} Schanz-screw(ha-
If threaded pin)¢] 4ulZ9| clamping block3} fix-
ation clamping jaw 7} 2 8 3}9] 2 =] clamping bl-
ockel] fixation clamping jaw & H<4]¥| fixa-
tion barel] 7] $- ¥ fixation clamping jaw o]
Foll Schanz-screw-& 7]¢] s]¥z Ye] oF 2 ~

ol -
AT

Table 1. Age and sex distribution

Age Male Female Total
1~ 9 1 - 1
10~19 2 - 2
20~29 11 - 11
30~39 8 2 10
40~49 6 - 6
50~59 4 - 4
60~69 - 1
Total 32 3 35

Table 2. Mechanism of injury

Fig. 4. Application of Monofixateur in proximal
tibial open Fx.

Mechanism -~ No. of cases
Motor vehicle Pedestrian 19
accident Riding on motor cycle 3
In car 4
Riding on bicycle 3
Explosion 1
Penetrating injury 1
Others Direct trauma 4
Total 35

Table 3. The wound classification

of gustilo and anderson

Caused by the bone piercing from the inside outward

ength

Moderate amount of soft tissue damage

Type 1 Low energy Wd.
Less than lem long

Type II High energy Wd.
Greater than lcm in |

Type M High energy Wd.

Usual long than 10cm

Extensive muscle devitalization

Generally a widely displaced or comminuted Fx

The following factors
Shotgun Wd.

always make an open Fx a Type Tl

High velocity gunshot Wd.

Segmental Fx.

Fx. with diaphyseal segmental loss

Associated major vascular injury

Fx. occurring in a farmyard environment
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Table 4. Classification of open Fx. by Gustilo and
Anderson

Type Hoff. Mono. Comb. Total

I 2 3 - 5
Il 6 3 - 9
m 10 9 2 21
Total 18 15 2 35

Table 5. Associated injury

No. of case

Fibular Fx (ipsilateral) 26
Femur Fx

Deep laceration
Nerve injury

Skull Fx

Tibia Fx(contralateral)
Pelvis Fx

No. associated injury

W W kN

Table 6. Partial Wt. bearing

Hoff. Mono.
Stable Fx. 6Wks. 4Wks.
Unstable Fx. 8Wks. 8Wks.

3cm W o]

ol
d& +

A Aol AE B A nAS
A rHFig. 2). =g FHR2
overlapping #1F 73] 4 13 (angular deformity)-2-
tension clamp & A}-&3ld A& F et Mo-
nofixateur & A}-8-3} 28 9] 3434 "11: A 7 &}
Tl 7z FoH4 2| Schanz-screw & A4, &
o] 470 2] Schanz-screw & 44314 2 (Fig.3), &
A% ABBANAE 29EHE Dol7 wo} Fo
2 A o] 4] AR A oH &7, 3o
2 S48 4B e 2E2 Asile Fig.
4). A FAAHE Hole FTAHANHE K-241, v
AR, wire LA FE BERA o2 A},

widening,

B BM
1 oy 8 MYEXR

F 3BT sk ez Ay or gokow
ARLEACRE 200 F 3007t 21 R MR
gte} (Table 1).

2. =4 #el

Ay Bk gel o
shof el et

Hol ZHg A 9o
AEAF3 7 298 & sHR) gk

Fig. 6. After removal of pins in Hoffmann’s
method, application of pin and plaster.

Zubaba s} 19, 3FAre] 1@ Gk Table 2).

3.y 239 2R

Gustilo ¢} Anderson ] HFol w}gloe'? (Ta-
ble 3) & 3584 A M¥o| 212 7 ko
A OEo] 93, &l [8o] 589 FA4Z Jelge}
(Table 4).
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73 o] 3c}(Table 5),

5. =% XX
Hoffmann ¢} 7.4 72} Monofixateur ]34 F =}
2| ¥ 2] 8+ Béhler Braun, Balanced Suspensiong-
o] &3t 3lAE AAAZ oA s HALE YAl
A&l A AE A4 AlHs 425 5
| e | .
‘ d i R
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Fig. 8-C) Follow up(bone union state).

Fig. 8B. Postop.
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4] 4 g-o} 2 A 2] AL {53 st om 7a oA se-
questrectomy 5, 14# ol 4 & 3| Hol A £S Hggt
A7 el A@agct. FEHA L Aaste] B &
A AT 2 ATARE A3 F 4
Adrt. 2d§4+S el 72 9= Hoffmanne] 43,
Monofixateur 7} 33 & 25 784 Vet Fo)

Table 7. Complications

Hoff. Mono. Total

Deep Wd. inf. 4 5 9

Pin tract inf. 4 3 7
Delayed union 4 3 7
Osteomyelitis 2 1 3
Cellulitis - 1 1
Massive skin necrosis . =~ —: 1 1
Expire 1 - 1

15 14 29

Table 8. Fixation and bone union period

Hoff. Mono. ~
Fixation 20 16
Bone union 24 20

A& AgslgdL Tado] dd s 38 oA EPa-
Al atedch. ukakd Asle 3l
4574 250t 22 o[ Fx 4Fuel A3 Ekel
o}, B2 g FHele vl TEAgle]l Aeolsl oA
v} (undisplaced) 8245 4 Td=2 Y
7 Hoffmannol| 4 65, Monofixateuro] 4 4 F
o] A ztstd s wlFFAHo] 9l on &p4AHZA (obli-
que Fx)o| 7} A3 24 FHE Botd 22 B
ol A% ¥ dunAgs] =¥ FF 8 Fol A Fs}
gt} (Table 6). a3 F§-5}2F %-4]cl] dynamizationg-
A 38 819 e} (Fig. 5).

AFH o] FRHEHL FTAFo] P& d4Y
(connecting rod)-& MAEF AL L A4ty o
= HolAg 79 oA ¥ (connecting rod)-L t}A]
24 skgiet. Pin F27cde] Adwd AS A EY
A5 Ee pinAAE F8 AL 24Y 5+ Uddd
i Hoffmann 2|33 A=2]E & 2#ddlde 7=
ping A A& % pin and plaster 2 #-&3}9c}(Fig.
6). Hoffmann 924 <& A3 A+ HATF 20
Z  Monofixateur 8] 7] -$ 3 16Fe] PTB 4]
IENEA Ee delbetd i nAE 53 A
A FH5HE 3183 T T2 HEHE FHo| Fukd

pineau procedure &

Fig. 9-A) Pre-op (Type II).

Fig. 9-B) Post-op.
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of|ol] 4] knee hinge cast brace & 4§ B335
& 3kl (Fig. 7).

6. B9 E

ddyzd gtde] 9AE s ggtes pinF
siztedo] 7o, Aol T, Bhdol 39
FANT oA, B o034, AA4 2
o o) Akgpel 77 1al 7k 919leHTable 7).

7. 2 A BREA

Hoffmann 9] 2.3 7-2] 739 5044 2udol 4,
Monofixateur 2] .3 7] ¢ 374 Yol A 1|4
AAZA 7 Asstdd £ A § $4% A5 9
T o] 93 A7) 7+-& Hoffmann 9 24 7& 34
F 203, Monofixateur &} 24 7 79 HF 165
2 Monofixateur 2] 4 T2 235 o7} o 457
o] mAszke] Bon, FRHYIZE AT Z
2) F4e Wy TR JgpeE A

1} Hoffmann 2] 3372} 7-¢ 1654 1d7
22 B 24393, Monofixateur 9} L4 72} 7

$ 15%04 33572 2 3 205 ch(Table 8).
g
3 1

AR Fegatz g 2q9el4 dexe At

Fig. 10-A) Pre-op (Type III).
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Fig. 10-B) Post-op(Hoffmann apparatus).



Fig. 10-C) Removal of Hoffmann apparatus(non
-union).
of APEFAL T 5 AT U Fel A WY
Aubd T2 Wdste, 5L AAg ¥ Hd
A A <3F Monofixateur 2] 1.3 2}x] 9} interfragmen-
tal screw fixationg #}¢j.en}, 5FF n| YA £
W 3] Fol 4 AWt AR EFFL T4
F 2 %o, BEAFHe FAFE 85 A1 %EA
i, 1630 FHT4A B AATE AMATL
% delbet 48 P2 A FHE &
P, s FRHEL 205 depitet
(Fig. 8).

ol 2

2745 224 HAE elnsRF Hen ¥
£9 &, 2 AFTUH N Al T Mg &
AFAL wgton Astd g Fubsley 4 25 F
Hoffmann o] 2.4 2% & Aastged +£3F F
2w uxo] gisixgs 27 FHEFE A
AT AT 15F] FTHFLAS B A
A2 B AAF PTBHIEY A3} bl 5%
e & gslydet. WA EA FHEE 2650
ebybe} (Fig. 9).

s 3

AL ARZA BT AA FESS T3

Fig. 10-D) Reapplication of Monofixateur with
bone graft.

Fig. 10, E. Follow up. (bone union).

AN A My M4 3§ 2o Hoff-
mann 9 LY & AASAL F5 H=F THL R



ut

S WP LS A3t AFEENE 5
AF 1250l 2 df3¢4£A¢ B Hoffmann 9|3
A 23] A AE Monofixateur 9] 24 % g Fo] 4%
AQEsch. 25F AR HEE, 6F Tl
+A FH-3HE Al sk, 2657wk F
T474-8 B JuyPAAAF delbets| 5o
A slol A '] F4-51& A9 35l (Fig. 10).

F 4z ap

ki

o a3t

T4 Jlad 9 FH KTl i 452
L 28N AP Rase] fheul 18534
Malgalgne o] £AF EH-E TAE}Y] %18k Claw

2]-& AF83+F419 1907w Lambotte 7} AZ-34
oﬂ transfixation pin-& -2 A}&slglon 2 o] F
Bohler (1929), Anderson(1934), Judet{1934), Hoff-
mann (1938), Stader(1942) 5] z}7] E-F9 93
Az & 39k3}9ict. Hoffmann ]33 Az = 1968
1] Vidal 3} Adreyoll ¢]& transfixation pinz} do-
uble frame S A}-€-3L2 24 w3t Hoffmann ¢
Haa vl ok 4o] 40814t FrHgheh R4l o]
Agabd ool sl HHAF @A o]2n
ek,

Brian T Briggsel 23} standard quadrilateral
Hoffmann system-$ 7 o] & 43l A3 A=
AT A4 (rigidity) 2 o}-& stel g F
etz R33kgic).

1) Ping #44ql 57t

2) & A7 (large diameter)2| full threaded pin
o g

3) & o4 7bA (side connecting rod distance)
9] 7‘}_4‘-_

4) Pin7t#d %7t

5) Pin groupzte| 7+A 4 zH4

6) Compression screw & & 02 FoF0 24

AT AnAe] EFrhsrctn rmslged A
-P bending stiffness = lateral bending stiffness$}
1/50]1319 2, 18052 full threaded pin& A &3
Lo Br} 9052 half threaded pin-g& &34 &
o stiffness 7} 7t 43} 0w FIFH o o3k FHof
FHAEL oF 55} Huatgch,

2 x5S Monofixateur ]34 S-oll A A Aol &
Schanz-screw & A]—-g—%}cl ARA e TR
t}. Monofixateur 2| 22 79 oA, Wk, 9
g 3] wAH ol o-]ai%l_o_v% Hoffmannﬁl:']é%ﬂl
719 A-P bending stiffness 7} <}gl ul= Monofix-

teur o] 4= Schanz screw & A3 o] o2

Aoz vagsl dEY TH2Y 502
T Aol w4 s= A9 (tensile force) L 3} & (com-
pression force) & 2 vlFo] Z-{ il TLo] HE
% sach.

Goran Karlstrom 58 2|33 o] A3}z 3=
FA) pin 29 2Ro) YA ARSI shsdch
AnA T cHgh AAe] gho] a5 o] fEul Dw-
yer (1973), Connes(1977) % & T4 ¥.9] Awzl oA
4oz &R Aol Ayitel AYEA $TL
ol Wikt EAloll BAH 250 7]"&‘3}'“1 HA 54 o
W AL FY 4+ AT Busgnen

2 dAdE, Jnyaa s g Fixw, 5%
14%, 27134 F ¥ AT 2R Fol4
So] 7Hsatsict.

Vidal, Adrey 4 Connes® %& A3} ot sl
dndee AFFebrt s od e
X 7Hedtek Z7ldl Ryg-g A AEEE §H4 ).

Charles M. Court-Brown%2] 7FEA o] 9|3}
o QRaHR B8R T2 4/E P4 o8 FH
o] o] AU FEal FEijol T nH L
3 A FH F AN &, T2 3 (medullary nailing)
Y Aeve EAW EFRANE A Esc.
A7 A4 4% 240 W 4] A
o] &-8-3-& medullary ossification % periosteal os-
sificationol] 2}8l o] Fo] Xt BT 3}dn}e.

Brian T. Briggs(1980) 5] ¢}s}= Hoffmann £
AT YFHY Al FAshut(axial compr-
ession)-& 7h3le FANY AL FrAsI=R
FHel EFE Foout AH4-E4 (oblique Fx.)o}
vA1F A (spiral Fx)oll A& ohahab=] *é 2] H=i7}
o Hctil B uEtg ow? Ruskin, B. 52 3jisld
s ghube] shdlddwl A$- %@717“] 3
5 Y, 29x Xadd A4 2T 8.2 =F

o) Az AEsl ghtte] TRl $ H3k
% ZE oz wusglny,

Gotzenell 2]3}=l Monofixateur £33 %ol A=
F2F 2] clamping block 9] YALE FojFo 4,
dynamic fixation ©. £ 2}-8-3}e] muscle contraction
3} pressureel| 2]3&} bending rotation §le] & func-
tional axial compression-% & 23284 Falxo
2 F85S FsHA 91k 819 e}, Monofixateur 9]
HLe=08x closed, open 1|3 infected Fx.
pseudarthrosis, osteotomy adaptation, arthrodesis,
joint transfixationo] ¢l o= Monofixateur 2|33
29 Ade 1 Ag g el A2
4=z}9] 7471—;:]_%.5 =0 ANAL Ho|w static
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£ dynamic fixation$ ¢4 + & YR

LaFgiete .
4 B

2 A sl B4 bt aE Y Ay
SetmAdd A 1981 8 ¥He 1985 114 7h=x)
A AFzAEA4S BT A AEEEAE
ol Hoffmann3s} Monofixateur 2|14 42 & o]-&
st oE3 e AAE A

1) Monofixateur= Hoffmann ]33 2}x| ¥ ¢} =
4o] folsldon Ayl F JuAAHE BF F
A4 AnG nAH oz P Y 5] Ho] A E
H 2] 5}4  Hoffmann )27 H 42 79 Mo-
nofixateur 4 £-4] Rc} oMz x4 bo] A},

2) Hoffmann 9|34 7% ping 4 8¢ 7 In}
of 37Ho]4 Agatgl el FEY AL L LS
1%L, Monofixateur= o} 3-8 2t Fcle] 27 o]
A& A gstd el olel A2 49 fixation com-
ponent 2 2. ok 4] (high stability) & o &4 9l
9125}, Hoffmann #2432 x|& lateral bending
stiffness 7} Monofixateur £J31% 242]&= A-P ben-
ding stiffness 7} 7-§i¢c}.

3) Monofixateur 923 F¢] 7% & (tensile
force) & b= A ES] Aol 4 ping ARlF=E4
dynamization #] 4}# (compression force) ©. 2 zt&
ETREE FAse A= 4w gl

o) Hoffmann 3T+ +4F TALY a4
olE A5 3A W FTIAYEFL vy &
o]dkAl mAE 4 23li Monofixateur = w4t
AF 234989 ;g @ o7 skt

5 F YL T AN +EF 2|
of Q13 AHY 5o 7H5slgd e &3 Mono-
fixateur £ Z7] AFH2 FTHEE FA3}.
23 BPF S A Eol AgL FAY
skem aAAR 7 b A 5 4 Ao

6) Hoffmann 9|27 akz]el| 4= o124 (connecting
rod)o] FHe} Fud4lo] A Melx 49t Mono-
fixateur& AF 9 24 25 o3y & w9,

7) YA E ALY o P YBa
of /¢l @& d3Fg Fgio.

8) A7 137 7-¢ Hoffmann 83 £e] 3
T 20%F, Monofixateur 7} H#F 16FH9 2, /%
7172 Hoffmanno| 33 243F, Monofixateur 9
2R Eo] HF 2059},

9) F AnAFEe AOY o4 A d¥zA
42 A AFFAA FL 44E Jelye.
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