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Abstract. We reviewed 27 cases of tibial bone defectda durée du traitement et de prévenir toute récidive de
treated by internal bone transport using the llizarov fracture ou de non-consolidation.
method. The causes of the bone defects were open
fractures in 14 segments and infected non-unions in
13. The average length of the defects was 8.3 cm
(range, 3-20 cm). There were 21 one-level tibiallntroduction
transports, 3 two-level tibial transports, 1 one-level
tibial transport with fibular transport, and 2 fibular Segmental bone defects have been treated by various
transports. At the docking site, 25 segments underwenmnethods including cancellous bone grafting [7, 10,
bone grafting. Eleven of the 25 were Papineau-typell]. Papineau-type open cancellous bone grafting
open cancellous bone grafts. Acute shortening of12, 20, 21, 23, 24] vascularised fibular grafts [2, 25,
docking was performed in 10 segments. Bone unio28] and internal bone transport with an external fix-
was obtained in every instance. The average time adtor [1, 13, 14, 15].
external fixation was 8 months and the average time Autologous bone autografting is limited primarily by
to union was 7.1 months. Bone grafting at the dockinghe quantity which can be harvested from the donor site.
site is recommended in order to shorten the durationWhile vascularised osseous transfer has been successful
of treatment and to prevent refracture and non-union. in bridging large bone defects in the forearm [27], there

are disadvantages in using this method in the lower
Résumé.Nous avons passé en revue 27 cas de pertémb [2, 6, 8, 17, 28]. These problems include length
de substance du tibia traités par «transport osseux inlimitations of the transfer, a high incidence of refrac-
terne» conformément a la méthode llizarov. Cedure, pseudoarthrosis, and difference in size between the
anormalies provenaient de fractures ouvertes dans 13donor site and the graft mass, which could produce a
La longeur moyenne des defect osseux était de 8,3 cpotential stress concentration during weight bearing.
(entre 3 et 20 cm). On a effectué 21 «transports tibia- Soft tissue transfixation by the crossed wires used
ux» de niveau 1, 3 «transports tibiaux» de niveau 2, With the llizarov apparatus precludes the combination
«transport tibial» avec «transport du péroné», ainsi of soft tissue surgical procedures such as free or rota-
que 2 «transport du péronéx». Dans 25 cas une grefféonal flaps in the treatment of open fractures [16].
osseuse a été pratiquée sur le site de réduction. 11 cdséowever, a combined procedure is possible using
des 25 greffes pratiquées étaitent du type Papinaumonolateral fixators. The modified lIlizarov system,
D'importances réduction ont di étre effectuées dansiamely an llizarov ring and half-pin fixation, permits
10 cas. Des fusions ont été obtenues dans tous les cartain orthopaedic approaches for associated soft tis-
Le temps moyen de fixation externe était de 8 mois etue defects. Simultaneous transport of soft tissue and
celui de fusion de 7,1 mois. La greffe osseuse est rdone with the llizarov apparatus has distinct advanta-
commandée sur le site de réduction afin de raccourciges in these circumstances.

The purpose of this study is to evaluate the results

Reprint requests toH.-R. Song, Department of Orthopaedic @nd complications of internal bone transport for large
Surgery, School of Medicine, Gyeong-Sang National Universi-bone defects, with or without soft tissue loss, using
ty, 92 Chilam-dong, Chinju 660-702, Republic of Kc "ea the llizarov method.
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Patients and methods males with ges mangng from 15 to 63 gais (average 42
yeas). The causes of the bone defs were open factues in
Thirty-one paients with tibial bone defcts vere treaed by in- 14 and inécted non-unions in 13.hE& aerage length of the

temal bone t@anspot using the llizaov method betwen Mach defects vas 8.3 cm @nge 3-20 cm). Burteen sgments had
1991 and Jly 1995. Twenty-six pdients with 27 sgments open factues with bone lossangng from 3 to 20 cm (eer-
were available for follow-up. There were 24 males and 2f age 8.3 cm). Tie open factues were gade IlIA in 3 paients,

Fig. 1. aShotening andibular hypettrophy due to an irécted non-union of the left tibil. Proximal tibial coticotomy and distal
tibiofibular coticotomy were perbrmed to corect the shdening and the bone dadt.c Radiggraph & final follow-up

Fig. 2. a Tibial bone deéct of 15 cm after dgidement. distal fibula was gadually transpoted with the llizaov appa
b Proximal and distal tibial cdicotomies vere perbrmed br ratus and iiked with a plée and saws. A nomal ankle mor
intemal bone tanspot. ¢ Valgus dedrmity of the ankle which tise was estoed after distal ainspotation of the fbula
resulted fom pioximal migration of the distal ibula. d The
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Table 1. Classifcation of the esults

Functional esult

accoding to the modied ASAMI Bone
classifcation . .
Excellent  Bone union, no irgction
deformity <7°
LLD <2.5cm
Good Bone union
Failure to meet one
of the other dteria
Fair Bone union
Failure to meet
two of the other dteria
Poor Nonunion or efractue

Failure to meet
three of the other @eria

Ability to perform previous actvities

of daily living (ADL), no pain or mild pain
No limp, no soft tissue symgizetic d/strophy
Knee or ankle joint conéictule <5°

Loss of ankle or knee motion <15°

Almost all ADL with minimal dificulty
No pain or mild pain

Failure to meet one of the otheiiteria
Most ADL with minimal dificulty

No pain or mild pain

Failure to meet tw of the other dteria
Significantly limited ADL

Significant pain equiing nacotics
Failure to meet thee of the other @eria

grade IIIB in 8, and tade IlIC in 3. All paients had nanal
sens#on in the soleArteriography was perbrmed in the open
grade llIC fractues bebre gplication of the llizaov appase-
tus. Eleren of 13 sgments with inécted non-union had ae#
purulent deinage. At the time of the llizaov treament, after
radical déridement, the erage length of the bone deft in
the infected non-union @s 8.2 cm @nge 3-17 cm).

Of 27 sgments, 16 had undgne pevious sugical inter
vention. The arerage rumber of pior opegtions was 6 (ange
1-9). In 27 intemal bone tanspots, one-leel tibial coticoto-
my was perbrmed in 20, tw-level tibial coticotony in 3,
two-level tibial coticotomy with fibular coticotony in 1 (Fg.
1), fibular transpot in 2, and one-kgel tibial coticotony with
fibular transpot in 1. The average length of tanspot was 7.1
cm (ange 2—-20 cm).

Three fbulae were transpoted when the tibiae ere not
available for transpot because of inadeqiea residual tibial
length. The tanspoted lengths of the 3dulae were 12 cm, 15
cm, and 21 cm. Of the ipstkxal fibulag two were transpoted
acutey and one s tanspoted gaduall, using the llizaov
appaitus (Ag. 2).

Twenty-five of 27 sgments vere treaed for eaty union or
infection contol with cancellous bonergfting & the do&ing
site after bone émspot. Of 25 bone maftings, 11 vere per
formed with a Bpineau-type open cancellousopedue for
the teament of inkction and soft tissue loss. Mgiimeth
aclylate, mixed with antibiotics, \as inseted d the site of the
defect in 7 sgments in ader to pevent recurence of inéction
and to &oid soft tissue obstiction duing intemal bone tans
port. The cement beads, strg along glon sutue theads,
were removed gadually through a small skin incision.

Sixteen lage soft tissue losequired secondgropetion.
Six s@gments underent soft tissue arage with a ptational
muscular fap in 3 and a fee fap of the ldissimus dosi mus
cle in the other 3 to obtain werage of xposed boneThe e
maining 10 sgments with soft tissue losseve treaed by soft
tissue tanspot using a tanswerse ing system. Skin i@fts
were perbrmed on 12 sgments. €n sgments had acute
doding or shotening of the site of the deft in oder to e-
duce or cwer the soft tissueap. Acute shdening povided
soft tissue eduncang which covered the gposed bon area.
In these sgments, a one-sg@ opestion involving coticoto-
my, acute doking, and cancellous bonerafting was per
formed

The mdiagraphic consolidéon index (RCI: months until
radiographic consoliddon per centimet of distaction), the
percentagye of transpot (percentaye of overall tibial length e
geneeted), etemal fixation time (EFT), and the time to
union, were calculded

The results vere divided into bone and functional tego-
ries, accading to the tassifcation of the Assocition for the
Study and Application of the Method of llizasv (ASAMI)
(Table 1). The bone esults vere based ondur ciiteria: union,
infection, debrmity and lg length disagpang. Functional e-
sults were based onive ciiteria: presence of a limp, sfifess
of the knee or the anklpain, soft-tissue sympeetic d/sfunc
tion, and the hility to perform previous actvities of dail liv-
ing (ADL).

Table 2. Complicdions and tea-

ment Complicdions (No.)

Treament (No.)

Valgus debrmity of ankle (2)

Malunion (5)

Residual tibial shaening (10)
Stress factue duing coticotormy (3)

Refractue (3)

Recurent osteorpelitis (1)

Delayed union (1)

Equirus or equninearus (4)

Ankle stiffness with plantigade bot (9)
Knee fexion contactuee (1)
Soft tissue imagination (3)

Distal fibular transpot (1), No teament (1)
No treagment (5)

Tibial lengthening (2), No &ament (8)

No treagment (3)

Consevative treament (2)

Closed eduction and inamedullay nailing (1)
Radical déridement and bonergfting (1)
No treagment (1)

Percutaneous tendocalcaneal lengthening
& extended dot frame (1), No eament (3)
No treagment (9)

Extended knee &me (1)

Elevation of soft tissue (3)
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Results

The aerage time of bllow-up was 2.5 yars (range
1.5 to 4 yars). Bone union &s obtained invery pa
tient. The aerage time to union w&s 7.1 months
(rangge 4-10 months). Qe aerage EFT was 8.0
months (ange 4-11.4 months). lle aerage radio-
graphic consolidédon index of the distaction gp was
1.3 months/cm énge 1-4 months/cm).fle EFT vas
related to the peod of radiographic consoliddon of
the distaction @p when the gp was moe than 7-8
cm because cancellous boneafting reduced the
EFT & the do&ing site The aerage pecentaye of
tibial distraction, eldive to the gerall tibial length,
was 27% (@nge 10-50%). e bone esults vere rat-
ed as rcellent in 14 sgments, god in 8, &ir in 2,
and poor in 3. e functional esults vere rated as -
cellent in 11 sgments, god in 11, &ir in 2, and poor
in 3. Pin tact infection was the most common cem
plication. Skin and soft tissue iaftions vere treaed
with oral antibiotics and antibiotic injectionscamd
the pin tact. Infection of either the soft tissue or pin
tracts did notesult in osteoiyelitis. Other complica
tions, which occured in 15 p#ents, ae listed in &
ble 2.

Discussion

The llizaonv method eercomes complicgons of
bone gafting by providing distiaction ostegenesis
which sewes as a asculaised cancellous boneajt
to fill bone deécts. Wth this method eaty full-

weight beaing is possike, and inkction can be &a-

ed with lover recurence because of ireased mod
flow during distraction [15].

Contioversy eists conceming the use of bone
grafting & the do&ing site & the contusion of bone
transpot with the Ilizaov method Paley etal. [19]
and Cataneo etl. [5] reported tha all their paients
(25 and 28, espectiely) who had tibial non-union
and bone loss obtained bone unidntlze do&ing
sites with compession onl, without bone tafts.
There was, hevever, delayed consolidaon & the
dodking sites vinich necessit@d a futher perod of 2
months to obtain union after consolida of the dis
traction site Several authos [9, 16, 26] Vo initially
used ony compession hee reported tha 5-67% of
their paients equird bone afts d@ the do&ing site
in order to obtain bone union aftailure to unite To
obtain union aithe do&ing site using oyl compes
sion, it is ecommended thaadical déridement to
the point of &posing the fesh cotical end andeste
ration of the medullay canal should be penfmed

In our seies, 25 of 27 sments had ebr bone
grafting & the do&ing site in oder to shaen the
length of teament and to widen the contactear
when the end of the gximal or distal fegments
were spial or odique. Bone union \as obtained in
all sgments athis site The average time in etemal
fixation was 8 months and thevexrage time to union
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was 7 months. On a basis of thessults, it is ppar

ent tha bone gafting & the doking site can deease
the time br extemal fixation and pevent delged

union or non-union.

The adiantayes of perdbrming a one-sige opee-
tion, indude the ®oidance of secondgaropegtions
such as bone mfting and a &duced twament time
In our sefes, acute dddng and acute shtaning
were eat perbrmed in 5 sgments. Acute dddng
was possile for bone dedcts of less than 6 cm. A
bone deéct of moe than 7 cm mdudes acute dde
ing because of the possibility of kirde of wessels
which would result in \ascular insufcieny [3]. For
this reason, acute shening is peferable to acute
dodking.

Redundant soft tissue hich results fom acute
dodking or shotening is used to s@r the &posed
bory area. This tehnique impoves the ciculaion
when thee is aterial insuficiency due to aterial dis-
traction & the time of initial injuy. If an infected
non-union is assodied with equinis debrmity or
knee fexion contactue, these ma be manged ty
using the gstocnemius msde redundancewhich is
a consequence of acute dieoing In our seies, the
equirus debrmities associed with infected non-
union were corected ly acute shdening with or
without pecutaneous lengthening of thehdtes ten
don, while the ankle \as fxed with an gtended 6ot
frame which is needed because thelapred astioc-
nemius nusde causes wakness of push-of

Malunion or malalignmenttahe do&ing and dis
traction site occuwwr because of malalignment of the
llizarov assemly and nusde contactue. In our
study, 5 sgments with poximal to distal tanspot
had anteéor anguldion & the distaction site and pes
terior anguldion & the do&ing site These axial d&-
ations resulted fom tilting of the midlle bone sg
ment in the sgittal plane due to imbalance of ten
sion betveen the rasdes of the postéor and antdor
compatments. In the camnal plang this tilting can
produce medial anguiian a the do&ing site and Ia
eral anguléion & the distaction site as aesult of
musde contactue. Malalignment can be prented
with half-pin fixation of the midile sgment. Inser
tion of two half-pins &a 90° angle mvides moe sta
bility than llizaov wire fixation, which can esist
musde contactue. Bone tanspot over intamedu
lary nailing is another method of gwenting mal
alignment [4, 22].

Cornventional mangement is usuall successful in
the teament of bone defcts measimg less than 6
cm [18]. The functional esults ahieved in our sees
of paients with lager bone dedfcts ae of consider
able intelest. The arerage bone dedct in this goup
was 11.3 cm, and evobtainied 3 cellent, 8 g@od,
and 5 &ir or poor esults. &n of these geents deel-
oped a eduction in theange of masement in the an
kles, 3 had an equirs debrmity and tw had a pain
ful limp. Large bone dedfcts of this mgnitude ae
usually associted with seere soft tissue auma. Of
16 pdients with bone defcts lager than 6 cm, 5er
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quired free or potaional nmuscular faps and 7 needed 10.Freeland AE, Mutz SB (1976)dBteior bone-gafting for

skin gafts. Tanspot of the bone in these cum
stances indtably causes alang in the an@mical
relaionship of the msdes, often endemg them me
chanicaly disadiantayed This me lead to a educ
tion in the ange of motion of the distal joints, lvich
may be futher compomised ly the associazd \ascu
lar and ¥mphdic stasis asing from kinking and de
pendeny.

Complicdions in bone tnspot resulted mae fre-
quenty from nusde contactues duing transpot
than fom the pocess of bone healing itse®ur e
sults sugest tha the llizaov method is a useful pr
cedue for bone healingNevertheless, caful exami-
nation duiing follow-up is necessgrfor obtaining e
sults which ae better than caentional teament.

Bone gafting & the do&ing site is ecommended in

order to obtain edy union, to shden etemal fixa-
tion time and to &oid refractue.
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