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= Abstract =
Tibia Shaft Fractures Treated with the Hoffmann External Fixation
Myung Chul Yoo, M.D., Dae Kyung Bae, M.D,, Il Hyung Cho, M.D. and Bang Sub Lee, M.D.

Department of Orthopaedic Surgery, College of Medicine, Kyung Hee University, Seoul, Korea

The anatomical characteristics of the tibia, which is covered by subcutaneous tissue anteriorly, emphasize
the vulnerability of the tibia to trauma and frequently result in open comminuted fracture. Open fractures
add to the risk of infection and nonunion and require treatment that prevent infection, provide skin cover-
age, and maintaine reasonable fixation during the early healing phase.

50 cases of tibia shaft fractures were reviewed from May 1978 to December 1983, managed with the
modified Vidal-Adrey frame of Hoffmann external fixator, at the Orthopaedic Department of Kyung Hee
University Hospital.

The results obtained were as follows ;

1. In 50 cases of tibia fractures, 46 cases are open injuries and 43 cases (86.0%) among them were Gr-

ade I and I open fractures.

2. 31 operative procedures were performed for the coverage of soft tissue injury ; 13 cases of rotation
and crossleg pedicle flaps were effective aids, but futher good results could be expected with the
microvascular free flap.

3. 17 operative procedures for acceleration of bony union and reconstruction of bone defect were per-
formed. In cases of massive bone defect, vascularized fibular transplantation and free vascularized fibular
graft should be employed, and additional bone shortening and electric stimulation would contribute to
the enhancement of the bony union process.

4. The mean period of external immobilization with the frame was 15.4 weeks and that of bone union
was 31.7 weeks. The periods of bone union were markedly delayed in cases of Grade II andIll open
fracture than those of closed and Grade I open fractures.

5. Nonunion developed in 17 cases (34.0%) ; 4 cases in Grade I and 13 cases in Grade Il injury.

6. 12 cases of wound infection developed.

7. 12 cases of pin tract infection happened. More careful pin tract management could diminish this trou-
blesome complication.
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Ao qdl AN BEH 3
=, %3 H3-¢d 244 (pin and plaster method)
j{l_%]_—i 4,13,23) Xg%i 7]_ ‘]».:ﬁl./"_,,]_ E_\— _TLAZ& 1,19, 22)
DR EE T EAEEE P L
of chobgt AT wol Bso] FOouk A7 uhy
¢] whalo] Hslslx] Rala gek. o] FolA Hoff-
mann 8| 2% 227t FH 3 w4 L Folm wm
A AR Yo Buslm g,

AzHE-L 1978w 5Y B 1983w 129742 32
59 7AYZ A e aue 4
dajell A vl Mg F2o2 o A4
AdA4dE d€¢ 4 A& Hoffmann ¥ oz 2=z &
B33}t Vidal-Adrey Frame & o] 43l 2182% 914
FA7F 7hs sk R 508 9] A 2 E-T AL ojale
2 A8 A3 9 A4 A Aol st =3ln
A g,

o. xtgEy
L oy % My

date] AL 34 5H04 HA 6542 HF
29.641 512 20410l A 404 74 7} 249 2 % 509
T 48.0%%Ack. ¢=ls}t 467 H=l7t 4 Holgw 2}
& AFES 2280, 3 AEEA 289 A0

=47

RFALT R Q1EF £4bo] 40¥.2 A& 9 o) Hto]
o 2% 53 AdedlA F4stdn, E71u
T3 Al doll oat £4ko] 9a, TaAmE QlE £
Aol 1 ek,

3. 22X EF o 2xER9

% 50% F 46%) (92,0%) 7} Muk4d T4 =2 Holza-
ch™ 9} Matter 8] 2-F¢] o}& dRZALEAL Hx
+ Grade 1 33, Grade I 87, Grade I 353
2 Grade 9} M7} 433, 86.0%F x=x13}4ct. o
A4 FAo] 43 gom o]EL Alg EQAL B
o Fglc}(Table 1).

EFAY w4y 3 29 1738 24 109, 37

1/3% 24 193, 9911/3 % TAo] 218 Yt} (Ta

Table 1. Level of injury

Level No.
Proximal 1/3 10
Middle 1/3 19
Distal 1/3 21

Total 50

ble 2).
Table 2. Type of fracture

Type No.

Closed fractur 4
Open fracture 46
Grade 1 3
Grade I 8
Grade 1M 35

4 A =8

AEEEE S 3 DA gl
et 3A 3=l Z vpe] 2 mEgic}.

1) =7|ctA (Initial Stage)

FAAE 93] Wed2A A A (surgical debride-
ment) ¥ | nAHA2 2 A28 1A (rigid synthesis)
< 9t A2 A AudTAye FEQ AF
+422A9 Y AAY WAZAL AAR
A qunAYL 27 AR P 910 =2} 2}
ol7b et ArdstnA} st AEE FAL 4bs)
ol 2709 F(group) &2 o] BE 2Fo 37
9] }A 3 (threaded pin)$ pin guide & o] &3}
T H sl A Az WU WAE 2HsAA
ARl 9189 AL Fols] slal A oF1emd
59 38450 & 53 Hoffmann hand brace & o)
$oted AAFoA L AIFS Gl A A4
% 1 44 (pin loosening) &2 213t 3 A 7+l
(pin tract infection) & o u}gte}, ofaf =3)o] Lo}
v Al Aela dxE F9 ok, Alal=El el
Hoffmann 3.7 7t 2} (Hoffmann fixation clamp, Uni-
versal ball joint) & 7153 & AT 7% F34 o
HAA ATHL FAFES o +EF F4
Hel R 4FE Todsho] 3I¥2 Yol F2~3em
Holz) 52 31get. 4709 o A (adjustable con-
necting rod) & $-i3le 0| F A E (double frame
mounting) & 74.1_1-{1— AL A8 + 9or 7
ZA0] F4s 89, 24 &4 YR el HE
4+ oi4 w3l 73-!—?1' o] o] Fof AEE o]
At =29 oku} gl Hg](compression and distrac-
tion) = AAEE 5 AR (threaded adju-
stable connecting rod) & Fztsle] 7+ wpgre 2 3
43 % 2cm 9 o]0 HEHES s UAlA} U
AR-A9 Fbel A2 319, Sz
% (segmental fracture fragment) .2 <qlg§} T4 1 9]
Al EAAl e 824 lag screw ¥ Kirschner's
wire 5.2 2 HE 37 (complementary fixation) 3}7

U 2L 33 335

(triple-flame mounting )-&- A&}
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o] Ang AL ol FF Uddch.

2) SZick|

oA 38 22y 35, YA e, &
obxA e wick ¥ FAAE ARde AR F¢
% o 3F7t Hoffmann $xA 2§ balanced
suspension o] §-3A 7] A vk, o} wpy o2 £abs
BAE o $F3 559 ghidgas gn g4
FH AHY 27 FEFEFFLE FAAAE oulal
o o mAaz|d ehed YAl LA A w3k (foot sup-
porting plate) 2.2 FalH¢ A F W3 (equinus de-
formity) o] 4A-& whxisla=t dhgick. mel Akl
A I 3E ARl £53d HAYEY F4E  (pin
tract infection) ] WA & o u}slgce}, 13y 2
229 AL AT g4 E LN 44
42 A4 ] A} A (continuous Irrigation), =] 44
A7+ 2 2] (occulusive proinflammatory dressing) ¥
W AAHAE 58 B A ztedE dut
Fx xEH o AxE o} gk A4 KoL 2
Ao H4AL FEE AU ZAZ(bony perfora-
tion), 4 4% 29 ulE 3} (osseous and soft tis-
sue scarification) 7} o] &0} <] £& 39},

3) %/ &t (Final Stage)

s 2 8z QA T2 AL 3
23t RAZ oY ¥ @¥zs A4 AAL 2
23 Al Stz A 8 A o] o) oA F A3ty

Lx 2 WgoRE 3| Xo|4 (skin graft) 84, 3|
A 2] 4 (rotation flap) 9 8l , 3|22} §730]4! (cross-
leg pedicle graft) 43, § & 31d|, 62.0%14 3]
5 2 d¥-FAol] vigt M2 E Algs-% ch(Table3),

AL P FREE A g ey om:
th4-Zo] 4| (simple bone graft) 7@, 213 (bone
shortening) 5], A )& x| %4 (vascularized fibular
transplantation) 3 @, 2] 4 ¢]-F¢] 4l (free vasculari-
zed fibular graft) 1@, {24 AT o] 0}A (free vas
cularized iliac osteocutaneous flap) 1 #l, =©]4A 7|
2} (electrode insertion) 4 #% & 17# 34.0%¢l|
A FHE 229 FAEY AL Sl HAE
Al &) 3191 e} (Table 4).

m. 2

AA S04F 3eA JYF 4449 Ay
A o HEFoR a4 A
oo 4% AL AAE W 475k Ao
FRE AFY4E 29 A dAEE AA s
A Y4 BAatd 3% P4l AL
+ Hoffmann#} 14 22| & A As32 PTB 4

Table 4. Osseous procedure

Operative procedure No.

Table 3. Soft tissue procedure Simple bone graft 7
= 5 N Pone shortening 5
O?emtlve procedure o Vascularized fibular transplantation 3
Skin graft 18 Free vascularized fibular graft 1
Rotation flap 9 Free vascularized iliac osteocutane- 1
Closs-leg pedicle flap 4 ous flap
Total 31/50 Total 17/50
Table 5. Result of treatment
Mean
p Mean
[1:1 o. of t.:ase?vlof k No. of g g:;’_ga?f period No. of No. of
one union(Mean, wks) ampu-  Total .= -5 of bone wound  pin tract
tation lization Lmon infection infection
=20wks 20wks< nonunion (whks) {wks)
3 1
Closed fracture (14.7) (28) 4 15.0 18.0
Grade 3
1 (14.0) 3 10.3 14.0
Open Grade 2 2 4
fracture I (14.0) (14.0) (41.8) 8 14.0 34.4 1 !
Grade 8 11 13
m (14.5) (33.3) (47.7) 3 % 16.2 34.4 1 1

Mean 154 Mean31.7
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Y g §3 AAAq ¥-FalF4-3F P.T.B. (Gra-
dual partial weight bearing) & 3|4 3lglcl. Hoff-
mann 9] LA A2 &) A& A12E-E =4 F A (closed
fracture) ol 4 = HF 155, Huk4) T d4-24
£4 A5 & EF Grade 1-& 3T 10.3F,
Grade 0= 3 14.0%, Grade &= 3 16.2 F
2 A9 HF Y7 2-L 15.45 % v} (Table 5).
ZFAREANE dAHeR 34 F W 5
1259 £ds 4R FHAAE A F
Z(bony trabeculae) 7} ¥4« 7tz 9 slzke 2 A
aglon AdfFL FAE 30F ol4 AR
Tire] o] oA Gv AS, EHEL 444
Bl g A4 FHY FHEY Aol 9
o FRTE FAA77] H8led] FrMHQl 237 &
e A$-%5 Leach™ 7} A9 g u}& uje} B73
ek, AT 48 F AAdFEe 1@, B/
T gged HF 18.0F9 FHE7IZHE BYL
o Auk4d ZA 4608 F dY2AEY AEA HE
EF AT 38 FeldE Ad =2 2L W
god, A 27 8auF 2ddA NAHE, ERT
o] 4# g, Al 3¢ 35dF A sF-ARE A
#g 335 Aldg 32dF AR 118, EFT
1338 & #+39 HF F /¢4 A1TE 14.05
A 2F 34.4%, Al 3F 3445904 AAY HH
Z #7170 31.7F Q. AR A4 FdE
M2F geHlF 14, A3F BAF 1A2 A
1281, 24.0%ol A Adstdeh, AAYE9] Ay
F4d5Y wPNEE B Al 2F 8 F 18, Al
3F 3535 118 2 A A 508 F 128, 24.0%00 A
AArel Y ztd =3 44 (loosening) & B32n 11
At A AL 9 2EA SRR AfEHgR, 1
#loll A= ring sequestrectomy & 4| 8}-9lt}.

vV, 1 -y

AE AL AREFFT LNES} AL L F
Az g T4 AR 1/30) gL d¥24
22 soglel Ay TAHY wES} F PHES
22 AR, 4T % AR ] £3] HH
o vhokgl 2 ado] AIEE o Sk, AT M4
23, Ad =& 24T, FTAYY d4 HuS
5ol 5L wol el 53 dRxH
Eatol v Aol A Mupd TAHANA = FTH L
AHo) WA elrt, LA E-L 1853101 Malgaigne
o] clamp(claw-like device) & iLgkéled 4T F
A G 24 =283 o] 2 18973 ** Parkhill, 1902
W Lambotte o] Sl o8 wjay w1 7}
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Ak A AudE3dE 3¢ 5 A3, &
olgt 1A AAY FAHY JHFzte] sHgaln
FANY Aslel H1A% B 27150 7H5E
e AH S JxE AL 44385 2
2 19500 -] 19700 A 7hx] & A4S
9 zZd, duyAgae FAA, EFAE AAY
L2 g8 EggAde 454 F ke FAA
ZFAY AL g F27t Y AdFgel T
F7) &% (early ambulation)o] A «dulgF 23] A
&= Edve A FoR Qd dy AHEHA
Zatdcl. 2% AdlslE 99 e, Add 4
HY 7y =4, TE HdalA Ay A F
£ o] BT UEE AMAS] B Fgk A=, ol &
FAq dz Y= MY W qnyYgx) e 279
2okl Wiz}, Y slEs FE4EFo g A
49 Z7F Fo® ol 19707 5 AnF 3
2 (rigid external fixation)®] X7} Az S5
Ax, 53 g o] o d8xA £43 Fubg
MutAd ZHA HZEd ZAo v A% vko.2:
d¥za g Az BEEEA, gd 9¥
Aol Fobio s Y Fig XA A b5 B
Ao A" nAY Y {7 sk Agde zs
Hql dly} o d8-ZA 2-foll HA 2AE QS
T e dxAH e sHY FE Yo ¥y
et ey whdo e gAY FdE whAIE
Al g3 ¥ 9 99 XA HAdg FHE
239, Sa52 X 45 A3k Y59 J1AA
Zgo] ol Ha qAtY A Az A
o] HlH Fo] Slth.

Mebd AF FAY A A2 BE Y
MAs b7t Fag 128942 279 Aw
g 23 @ sdAE A A uk Y (staged recons-
tructive approach) ¢| 9-%1 2|8y o8 ST
deb. =AY A wye FA 3=kAR o Wi
27| Ad AL 934 HadzAe A A Y Ay
Wiid, F7ttAld A 4358 =] 3,3
A2 fe), ot A9 wiok o FAA
B, FHFHAA Y Q d8zAL AR YW £
ARl F2A9 AA] o] FolA wHAlE TEYF
drt. 827 A Ang vHYg s A
d= B4 =oF W T, AR] ek ® AL A] o
d, FdALs) ATFEI9 A=, A7 Ald
AE7 A, P EY B, AUz F744
WAg Haso] 85 aqlos myse]of i},
Mubd AT FAHA Fubstey Gz Ay dF
229 AAE2E FA4Y 45 AP 42 A
AW Ygny F 27 = A5, AAdRE



(advanced flap), &}2] 32187 o] 4] ¢ (crossleg pedi-
cle graft), W2 #]8-Z (medial head of Gastrocne-
mius) 3 7}=8]Z (Soleus) 5-& o1& FET KA
o] 4l % (local muscle pedicle flap, myocutaneous flap)
3 fel4l 5] € (free flap) Fo] o 53] T ¢
A= v F71E o] &7 dAldA FEF &
2] 4lu] <2 groin flap, latissimus dorsi flap, tensor
fascia lata flap, subscapular flap, saphenous flap, gr-
acilis flap, osteocutaneous groin flap 5& 5 UL
o] & latissimus dorsi flap, tensor fascia lata flap, gra-
cilais flap 52 #}2 d§-24 AR A3 st
A wjo g Rusglehe. £ F2AY AA
w0 2L w4 3] A8 gF]4] (closed cortico-
cancellous grafting, classic bone grafting), 7 u}-43 3}
w2 o] 4] (open cancellous grafting), =l Al &3k 7]
% olE% Fol4 (vascularized grafting), 7 F=5
(tibial shortening), v] 4l Z 71 2}-= (electric stimulation)
5ol .en o]F HAA A AFo| 4L vinA
Reksh ol 32 A0) BakabArh Al & £44
+ RAgsta AurA sl Fol4l L Papinau®™ 7}
1973 £4 % % 9 F2A& sdFo]4 (spong-
ious bone grafting) &2 x| 23} 72+g-E Fo| w4
v H4FAel £449 AAE BaEg oy o
o wimA o s ¢mA galy T
FE Holx o} A9 Agy IAFFAE +
ALR 9 wooven bone o] AEF oyl THRTOE
A3 AFAY sHsAel ke A o FH9
g ist AEHFAY T2A9 E£40| 4cmo s
£ 3=l 1739 £4AE vlay EakELe P A
€ Rovtm Bns g, HE ujAdg 5718 %
Ao g 2AEAE g o 8emAESY o
g FEA A4S Vol AFAA 24 AA
FBo} dlaA v}kl MRl ssg vl dg
71§ oI-8% ol (microvascularized graft)e] 44
Ha glon o]F AT T F4 ez 4
u] -2 9] (vascularized fibular transplant), 2] 4§ u] &
o] 4] (free vascularized fibular graft), -f2} 4 - =] o]
4] (free vascularized osteocutaneous iliac graft) %ol
8] H-Zo] 4] (cancellous graft) & RExH o2 A}&3}
o gt 28 Azg Bl AxEL 3
Holl 4 JulgAH, 14 R PulFel4, 1
dol A felAdgTsjo| g Agsigdosd REAo
2 34N A4 2 g H8 IREE 54
ol A Al st Adfg @ E/EE Bole AS
F 4@ A PR AFE 5 FHES FAAS
ERsted ukE28 3 AaE gt

2 AL AAl 508l A AAFA AT 35
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#E 34 (8.6%)A Fad ¥ HAYFE £
AslHol A Arrsled 1983 Etter” 7} .33 2.4
%Rt b4 L AAE Qdgon] A 5084 HHF
TR A12E 31.7%2 197549 Karlstrom™ 50|
Vidal-Adrey frame & ¢]§3}9 73 FAHL A8
F Ras FTRY7IZ HT 31.659 KA ER
ge] £4¢ Bg3, 19833 Lasson®o] 7AF Z
g 24402 AR F By FHYVI2 H
T 35.5F 8} o4 whg THA7IZE 2ok A
WwAZA A 27 8d%E 14, A 3F 354 F 119
9] & 508%F 128, 24.0%%] FHzdE B 19
524 Lottes™ 7} B 14 35%2.c} of4& A& 7o
< B9 o) 1979w Chapman® o] ]I A0 = 27
3 F Raug ged 7%Evhe od g e g
4 vebda A FA Al 1 EdAe 3de] ¢
gdot by 3 zA E4tbe] AN AFE 4t
o] Z7pEe] 1976\ Gustilo® ¢} Anderson, 1979
1l Champman® o] Bt 2 7o} fAlgr F4He B
dot. dnAE PP 5o 2 YA H2bdd (pintract
infection), MAFJ L2 Qg A4 B o +4ks)
2 A9 &4, 24 Axng YuYeET Qg
A4, s FHASFTY 44, 9uH A A
¥ AgAds gAY Ades FF Yo 2
Bote A 58 B4 el ol H4AYYY 44
(loosening) 3} 7+ (infection)-& 2J31A 28§ 4
HeA Heg FUdoR AT mkdde] AAYE
olH =g T Al Arstd FANY9 kA4
o] A4S A4S sty Az, HAYF
9 st o F9 A AL WA, 1
€ 714 23-7] (machine drill) 2 AFg] 4] wWrAsh= o
) A5o] AN Y2t W 449 dgloe 335
I ogleh. AR E whAlEA HE sAA
s 89 23 AMe} REAHQ s]HdAAANE 5]
e AL FolT 54 drll-g AHE3AY s
Are] A A¢ v}zl drilling (predrilling) 3024 £3|
9] 432 T3 W4l (threaded pin)-& AH&-5HA
Y 2Y2AE e & ATl WaAA g4k
3 g Fe WAL cug F e AAIE F
AL A5l4 (curettage) B X2 4 Uk B2
&4

2 A2EL Ax 50dF 128, 24.0%0) 4 ) At
¥zt g Bgow 134 o (ostitis) o2 Y
¥ 3-F A % (ring sequestrectomy) & A3 T 11
e A4 ay 2 REAH JIRE AR50 1983
] Karstrom® 3t Olerad 7} 2318} 9.9%X.t} vh4
ge U4 NEE B FEF AAY BT A
Ao Fvl ALY HAs ag A= A4RHSACL



4 £

2 AAEL T 5 7TAHYL 506 AF 7
22499 Hoffmann #3213 H gk Vidal-Adrey
frame ¢ 2 2| 23l v}g3 e AEE A

1. 509 AE TAF Mg FAe] 468l (92
% QL dRExAEAY L w2l B/ A2F
3Fo] 4382 A9 86.0%F A st

2. A 508% 318 (62.0%) 0l A Fubsl =89
A8z Ay & APsiden ol F 13 &
Az kg B A RARA R AL I
¥ oARzAL aaldoe ey + ddovt
#HZ Wl {249 % (free graft) 24 Fo F2
AFAE Zldg 5 Y% AR AnH,

3. 2R 2 ¥ BFLEHE FHYE A4
18] 174 (34.0%) ol A A A=E APstdct. P
Agr 9% 8 A3z, FAEFE 2ol A
5 oA ERF7IE o] &3 AulFA, Rl Y F
0|4 59 HFAq Feule] FEn Bnx Ao
2 EFo%, olAAdA2ATFEe] FREY R4 T
Al Wy o2 Az =g,

4. BF AT/ 15.4F0193 BT ZTHF
A7 31.7F R ik A8z AEAL AR o B
B M A3 Grade 1 &4kl ¥ Grade I
9} Grade M £4+4] &3 F-fito]l A= giet.

5. AA 50e]F B-FF-E 178 (34.0%)ol A B4
#9.9% Grade Mol 4 4# (41.8%), Grade Mol
A 138 (47.7%) 7F A s ol FAY T8 d92
A Eato] Agt M4 FAYTE BFEY =S}
S7haked et

6. FAE e 128 (24.0%) 2 Grade 1194
= w2l 13, Grade Il A= 113 7} w4y 514l c}.

7. A g2 Al 508 F 124 (24.0%) =
o4 = HANEE B 2F ALY AA
9 gaelol Fol AAYg FY 4F AR AR
= gl
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