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Elongation of Legs: llizarov Methods — Our Experience

S. Bozinovski

Special Hospital for Orthopaedlc Surgery and Traumatology, Republic of Macedonia, Ohrid.

Ml ucnonb3yem metod Mimzaposa WUt yUTMHEHHS HHKHHX xoHeuynoctei ¢ 1984. B nepuoz ¢ 1984 no 1994 rox
nposiedeH 521 MaUMeHT U BBIMOTHEHO 611 onepaumii. Bo Beex ciyuasix HCMOb30BAJICs TOILKO BHeWHUH pukcaTop
Wnusaposa. Bbiv MONHOCTbIO COOMIOICHEI OCHOBHDbIE MPHHLIMIIBI METOA Wmszaposa.

KimoueBbie c10oBa: METOA l/lnmapona, YAJIMHEHHE, AUCT QaKgHOHHblﬁ OCTEOCHHTE3.
ETIOLOGY the biggest firmness is attained with crossing

The most of the patients were children with
chondrodistrophio, poliomyelitis, developmental
disease etc. There were been used methods of
monolocal and polylocal, monosegmental and
polysegmental distraction osteosynthesis. We
succeeded to realise elongation of one segment
15 cm. And of the whole leg — 28 c¢cm. In our
work we had no petty number of complications:
joint contracture, superficial wire Infection,
foreign body reaction to wires, secondary
equinus contracture, possibly requiring Achilles
tendon lengthening. We are pleased by our
results up to now.

GENERAL PRINCIPLES
Classification. Distraction osteosynthesis:

— polysegmental;

— monosegmental;

-~ monolocal;

— bi-polylocal.

Combinatory distraction / compression
osteosynthesis.

METHODS
Tactics of treatment: individual, depends on

etiology, tissue condition and function of the

adjacent joints.

Firmness affixation. Depends on:

— Diameter of a ring or a half-ring. Optimal
diameter of the ring or the half-ring is the
one, where the distance between the inside of
the ring and all area of the skin is 2-2,5 cm.

— Distance of ring to the bone segment. Bone
segment should take central position in the
ring or in a half-ring.

— The degree of tension of Kirschner wires.
Kirschner wires are Inserted with speed no
more than 800 - 850 revolutions in a minute,
with axial pressure on the wire of 2 - 2,5 kG.
The drilling operation should be stopped
routinely during the insertion process. The
mechanical resistance of the wires can be in-
creased for about 1 5 - 40% by putting the
wires under tension. The final tension of the
wires should be calibrated from 80 - 125 kG.
The diameter of the wires. 1,2; 1,5; 1,8 and
2,0 mm are available. With taking into con-
sideration anatomo - topographical relations,
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the wires under 30 - 45 degrees.

— Angles relation in insertion of the wires:
proximal metaphysis of the femur — 40 - 45
degrees (in sagittal plane i.e. angle open for-
ward and backward); distal metaphysis of
femur, proximal metaphysis of tibia (lower
leg) and distal metaphysis of tibia (lower leg):
50 - 60 degrees (in frontal plane i.e. angle
open laterally and medially).

— Additional wires: Through proximal meta-
physis of the femur 2 - 4 cm lower than basic
couple of wires, exclusively sagittal, from
forward to backward (with stopper).
Through other metaphysis: in frontal plane.
Advisable with stopper. Distraction threaded
rods.

— Basic rings, or the half-ring with the ring are
connected with distraction threaded rods,
exclusively parallel with the longitudinal axis
of the bone and mutual.

Basic consideration: dosage elongation and
simultaneous correction of possible deformation.
INDICATIONS AND
CONTRAINDICATIONS
Indications:

— In adults: (shortening) more than 2 cm.

— In children: if it is impossible to elongate with
distraction epiphysiolisis (closed area of
growth, deformity of epiphysis or diaphysis,
etc.) Indications for elongation are any con-
genital or acquired shortening , regardless of
the age of the disease and size of shortening.

— Principle rule: In first stage it should be elon-
gated (femur).

— Elongation of tibia in first stage is indicated
in: (i) presence of foot deformity; (ii) presence
of metadiaphysis deformation.

— Always, first perform elongation to the seg-
ment with deformation which should be cor-
rected.

— Pause between elongation of one and other
segment, should not be less than 6 months.

Contraindication: '

— Somatic and mental disease.

PREOPERATIVE CARE

Psychilogical preparation. Physical preparation.
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Specific physiotherapy:

— to improve the movement coordination;

— training for walk with compensated lining;

— training for walking with support.

— Patient's position on the operative table:

— operative table adapted for lllzarov action;

— femur; support under the sacrum, living an
empty space under femur (30 - 35 c¢cm), sup-
porting stand under knee, with possibility for
movement of the knee; patient's position;

— light abduction of thigh (10 - 20 degrees),

— lower leg: support under knee and foot; living
an empty space under lower leg for free ma-
nipulation with wires (20 cm), possibility for
free movement of ankle.

Preparation of operative field. Anaesthesia.

ELONGATION OF FEMUR AT ONE LEVEL

— MONOLOCAL, MONOSEGMENTAL.

ELONGATION OF FEMUR WITHOUT

DEFORMATION. ELONGATION OF

FEMUR WITH DEFORMITY ON THE

DISTAL END (VARUS - VALGUS)

Insertion of the Kirschner wires. Wires are
inserted at angles same as the normal elongation,
with distal Insertion perpendicular to the
longitudinal axis of the bone. For varus
deformity, the angle between the two rings is
open laterally and for valgus deformity the angle
is open medially.

Assembling of the ring and half-ring, always
perpendicular to the longitudinal axis of the
segment (bone). Making small hypercorrection
when wires are inserted is obligatory, as well as
assembling of the ring, for 10 - 15 degrees more
than real deformity. Example — if deformity
angle is 30 degrees hypercorrection angle should
be at least 40 degrees.

Osteotomy (corticotomy, compactotomy).
The same like the normal elongation, with the
level at the point of maximal deformity.

Assembling of the apparatus. Distraction
threaded rods must follow the curvature of the
bone, create the angle identical with that of the
bone. Threaded rods are connected with the
hinges.

The level of the application of the hinges
must be at the top of the maximal deformity (it is
the same level for corticotomy). The rule is strict
parallelism between the threaded rods mutually
and the bone.

ELONGATION OF FEMUR WITH

DEFORMITY ON THE PROXIMAL END

(VARUS — VALGUYS)

Insertion of the Kirschner wires: Under the
same angle relation like the normal elongation of
the femur, but in order to correct the deformity
at the same time, the angle between proximal
half-ring and the bone should be increased in
varus deformity (over 110 degrees) and
decreased in valgus deformity (under 90 degrees).
Corresponding that angle relation, assembling of
the proximal half-ring follows.
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OSTEOTOMY (CORTICOTOMY,
COMPACTOTOMY)

Specification of the osteotomy (corticotomy).
The choice of plane and the level of osteotomy
should neutralized action of the monojoint
muscles, i.e. muscles whose action will lead to
displacement of the bone fragments after
osteotomy.

At elongation of the femur. It Is desirable, for
the muscles that are acting to the hip, to stay at
the proximal fragment (especially adductors),
muscles which are acting on the knee to stay at
the distal fragment.

Consecutive: It is advisable to direct
osteotomy from forward and above, to
backward and down. The plane of the osteotomy
should be In the middle of sagittal and frontal
plane. At the lower leg: Just bellow the
tuberositas tibiae. In this way forces which tends
to produce varus of femur and antecurvation
and valgus of tibia should be neutralized.
ELONGATION OF THE FEMUR AT TWO
LEVELS

Indication: Great shortening of the femur.
Condition: Good quality of the bone. Good
function of the adjacent joint. Tempo of
distraction:

— 2mm adayi.e. | mm at each level;
— shortening of the time of distraction at half;
— various of stiffness and neurological lesions.

Technique of working: Additiopal pair of
Kirschner wires are inserted in the middle third
of femur, at diaphysis. One wire, which is
inserted from forward to backward is obligated
to be with stopper. Recommendation: use
"diaphyseal wires" with bayonet top. Osteotomy
should be 'made at distal and proximal
metaphysis of the femur.

Successiveness:

— distal osteotomy;
— connecting of distal and middle ring;
- proximal osteotomy;

connecting of proximal and middle ring.
ELONGATION OF LOWER LEG AT ONE
LEVEL

— monolocal, monosegmental.

Maximum angle of crossing the wires: at
proximal ring 80 degrees, at distal ring 90
degrees.

To prevent complications (antecurvatum and
valgus during elongation) proximal ring should
be assembled at angle of 100 - 110 degrees open
medially and forward.

One of distal wire makes tibiofibular
transfixation, to prevent normal anatomical
relation in ankle.

One additional wire is inserted 2 - 3 cm below
the proximal ring, and the other additional wire
is inserted 2 - 3 cm above distal ring.

When the wire is passing through the anterior
half of lower leg, distal, foot should be in
maximal plantar flexion, when it is passing
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through the posterior half, foot should be in

dorsiflexion. Assembling the rings:

— Assembling the proximal ring: to prevent
antecurvation and valgus deformity. Hug
should be placed under angle of 100 - 110
degrees to the longitudinal axis of the bone,
open medially and forward. This type of
assembling of the ring makes possible
asymmetrical distraction during elongation,
with more Intensive distraction at the
posterolateral threaded rod.

— Distal ring is assembled perpendicular to the
longitudinal axis of the bone.

— Osteotomy (corticotomy, compactotomy):

Fibula: open or closed osteotomy of fibula at
distal or middle third. Tibia: perpendicular or
oblique corticotomy at the level of upper
metaphysis. It Is possible to make corticotomy at
the diaphysis.

Lateral Incision of about 1 cm. Without
division of muscles layers and without
deperiosting.

Partial antero-lateral corticotomy with chisel.
Rotational osteoclasis at the postero-medial
surface of tibia. Check radiographs. Maximum
distance (diastase) between fragments should not
be more than 2 - 3 mm. AP and lateral
radiographs are obligatory. Caution: danger of
incomplete corticotomy. One or two sutures of
the skin. Compressive bandage of the wound,
which should be removed after 2 hours.

Assembling of the apparatus:

— Assembling of the threaded rods, solely
parallel mutually and with the longitudinal
axis of the bone.

— Assembling the hinges at the level of
corticotomy. When performing corticotomy,
hinges are loose and after finished
corticotomy they should be fixed.

Warning: to prevent equinus or equinovalgus
of the foot, during elongation, it is advisable
(especially in greater elongation) to make
subcutaneous, close, partial Achillotenotomy, or
to fix the foot with 2 Kirschner wires, through
calcaneus, fixed with half ring.

ELONGATION OF LOWER LEG AT TWO

LEVELS

— bilocal distraction osteosynthesis.

Insertion of the Kirschner wires:

Distal  metaphysis:  Perpendicular  of
longitudinal axis of the bone (tibia). One of wires
makes tibiofibular transfixation.

Proximal metaphysis: Insertion of the
bundles of wires at angle open medially and
forward in relation with the longitudinal axis of
the tibia.

Middle third of lower leg: Two wires: one of
them makes tibia-fibular transfixation, the angle
between them to be no more than 60 degrees,
angle with longitudinal axis of bone -
perpendicular.

Transfixation of the foot it is advisable - to
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avoid danger of stiffness of ankle. Assembling

the rings: Distal: at angle perpendicular to the

longitudinal axis of bone.

In the middle: at angle perpendicular to the
longitudinal axis of bone. Proxlmal: at angle
open forward and medially for about 10 - 15
degrees to the longitudinal axis of the bone.

Fixation of the foot with 2 wires, connected
with half-ring.

Osteotomy. Fibula: two osteotomy: distal —
between distal and middle rings, proximal —
between proximal and middle rings. Tibia: two
osteotomy: distal — between distal and middle
rings, proximal — between proximal and middle
rings.

Assembling the apparatus: Between middle
and distal rings straight distraction threaded
rods. Between middle and proximal rings:
threaded rods, connected with lunges.
Advantage: Shortening the time of distraction
for half (Elongation is performed at two levels
per | mm a day at each level.

Attention:

— Risk of joint stiffness (flexion at the knee and
equinovalgus at the foot). Prevention:
transfixatlon of the calcaneus and/or partial
Achillotenotomy.

— Risk of neurological lesions. Prevention:
dosaged distraction and every day
neurological assessment.

AFTER CARE

Immediate postoperative period (I - 5 postop-

erative day): Check radiographs. Second postop-

erative day, sterile bandage. Standing and walk-
ing: first postoperative day.

Period of distraction: Distraction is started on

the 5 - 6 postoperative day. Tempo of distrac-

tion: 0,25 - 2 mm / 24 hour depend of condition
of distraction regenerate. Rhythm of distraction:

usually 0,25 mm every 6 hour. That means a

quarter of circle of threaded rod. Tempo is re-

ducing in case of:

— poor quality of distraction regenerate;

— occurrence of neurological lesions;

— great pain;

— stiffness of joints.

Tempo of distraction is increased in case of .
creating abound and dense regenerate. Checking
the regenerate and the direction of the
fragments:

— First radiographs — 10 day after operation.

— Next radiographs every 3 - 5 weeks.

— Intensive physiotherapy: 4 times a day for |
hour.

— Sterile bandage. If there is no infection
around wires, once a week. Weight bearing
with support. !

Tune (period) affixation: Fixation period
starts with finishing the distraction. Periodical
tightening of the apparatus (monomoment
distraction of limn every 7-10 days) to prevent
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lax of the apparatus, which Is causing with local

osteoporosis around wires. Check radiographs

once a month.

Conditions for removing the apparatus:

— Free walk, without support with full weight
bearing.

— Radiograph optical density of regenerate
should be the same as the normal bone; con-
tinuity of cortical surface, the width of the
regenerate to be the same as the normal bone.
It Is not necessary to wait for appearance of
medullar canal.

To achieve faster compactisation of
regenerate G. A. Ilizarov recommends method
for “training of the regenerate™:

— a necessary condition: unfragmented cortl-
calis and disappearing of "growth zone" of

32%

68%

O Mens ElWomens

29%

the regenerate.

technically: gradual reducing of distraction
forces with lax the apparatus for about 1 mm
every 3-4 days, 4-5 times.

alternative: laxing the apparatus 1-2 time a
day for 0,25 mm, 7-10 days.

Period of full functional rehabilitation:

Starts with reinoving of the apparatus. It

contains 2 periods:
— period of gradual raising of weigh bearing,

which continues 1,5 - 2 months (gradual re-
lease of support);

— period of full functional rehabilitatioﬁ (active

and passive movement of joints).
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Fig. 1. Our materials.
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Fig. 1 (continued). Our materials.

POSSIBLE ADVERSE EFFECTS

1. Damage to nerves or vessels caused during

Insertion of the wires or during elongation of

an anatomical segment.

Superficial or deep wire infection.

Edema or swelling, possible compartment

syndrome.

Joint contracture. ;

Septic arthritis and osteomyelitis.

Premature consolidation during bone elon-

gation.

Loosening or breakage of the wires.

Poor result caused by patient noncompliance.

. Bone deformity.

10. Intractable pain.

11.Secondary equinus contracture, possibly
requiring Achilles tendon lengthening.

12. Failure of bone to regenerate satisfactorily,
development or persistence of nonunion or
pseudoarthrosis.

13. Fracture of regenerated bone.

14. Joint dislocation or subluxation.

15. Persistence or recurrence of the initial condi-

W

SN

O 00

Edema or swelling
14% .

Wire infection
32%

Intractable pain
8%

Abnormal growth

plate
1%

Foreign body reactio

tion requiring treatment.

16. Necessity for reparation to replace a compo-
nent of the entire apparatus.

17.Foreign body reaction to wires or other com-
ponents.

18. Abnormal growth plate development in pa-
tients that are not skeletally mature, includ-
ing premature fusion, and slowed or acceler-
ated growth.

19. Tissue necrosis occurring during wire inser-
tion.

20. Pressure necrosis at the wire-tissue Junction

21. Excessive operative bleeding.

22. Loss of bone mass due to "stress shielding".

23.Persistent drainage after wire removal,
chronic wire site osteomyelitis.

24.Skin pressure problems caused by external
components.

25.The Intrinsic uses associated with anesthesia.

26.Limb length discrepancy.

27.Inadvertent Injury to the patient or operating
room personal caused by the wire (e.g., pro-
jectile wire from tip cutting during surgery).

Join contracture
35%

Loosening of the
wire
3%

6% Equinus contracture
2%

Fig. 2. Possible adverse effects.
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OTtpen
HAYYHO - MeJHIMHCKOH
uHpOpMALHH
PHIL] “BTO”

npeonazaem

BUBJINOTPA®NYECKHHN YKA3ATEID
“B IMIOMOILb HAYYHOMY COTPY/THUKY”

1. O61ue BOpochl HAYKHU 54 6ubn. Ha3B.
2. ABTOMaTH3aLMs Hay4YHbIX UCCIETOBAHUM 20 6u0J1. Ha3B.
3. IloaroroBka 1 0HOpMIICHHE HAYYHO - KCCIIEAOBATENb-

CKO#t paboTBI - 28 6ubn. Ha3B.
4. Pabota Hax guccepTaLyen ' 22 6u0J1. Ha3B.
5. O Tpyae Hay4yHbIX paOOTHUKOB 26 6ubI. Ha3B.
6. DKCIEPTHBIE OLIEHKU TPY/a HAYYHBIX PAOOTHUKOB 12 6ubJ1. Ha3B.
7. PaGota ¢ Hay4YHOU IUTEPaTypOM 24 Gub. Ha3B.
8. XKaHpbl HayyHOU IUTEPATypHl: 0030, pedepat, aHHO-

tauug. CocraBieHuE. 13 6ub. Ha3B.
9. Bonmpockl H300peTaTenbCcKOi AeATEIbHOCTH 11 6ubn. Ha3s..
10.Bonpockl U30aTENbCKOM M PEKaMHOM HEITENbHOCTH 23 6ubi1. Ha3B.
11.HopMaTHUBHBIE aKThI 17 6ub1. Ha3B.

12.'0CTsi 5 6u0J1. Ha3B.
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