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Abstract

Limb-lengthening surgery can be outlined back to the 19th Century. Since that time, the orthopedic
community has made remarkable progress in performing successful lengthening procedures. Dr. Gavril
Ilizarov is one of the leading physicians among the important contributors to the field of lengthening
surgery. Because of advancements over the past century, limb lengthening has become a viable method of
treating severe bony deformities and defects. The aim of this article is to reviews the principles of
deformity correction in limb lengthening surgery for distraction osteosynthesis and its evaluation including
a thorough discussion of indications, instrumentation, and surgical technique.
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Introduction

In the 1950s, Prof. Gavriil Abramovich llizarov
started his career giving treatment to some
patients in Western Siberia, who had been
suffering sustained fractures happened from the
Second World War. In 1954 he began his
assignment experimenting with external fixation
designs and successfully treated his first patient, a
factory worker with a tibial non-union. His
outstanding results significantly reduced healing
time. He also discovered distraction osteogenesis
for bone lengthening, observed callus formation of
a patient who mistakenly distracted his frame
rather than compressing. In 1968, Valery Brumel,
an Olympic champion high jumper of 1964
games, visited llizarov in Kurgan. He had been
suffered a compound fracture of his distal tibia
from1965. Despite 20 operations over 3 years, he

infected a significant non-union leg-length
discrepancy. His successful surgery widely
publicized and gained llizarov recognition within
the Soviet Union. In 1980, Carlo Mauri, a well-
known Italian journalist, suffered a distal tibial
fracture of 10 years, by a mountain accident,
successfully treated in Kurgan. On his return to
Italy, the surgeons were amazed by the treatments
of Ilizarov. His findings were presented at the AO
Conference in Bellagio. Since Ilizarov’s
significant steps have been made in motivating the
advancing biology of limb lengthening. His
initiated works confirmed with further studies
across the United States and Europe. In a study, it
has been found that the ligaments and capsule
stretched gradually tension to improve joint
contractures, while nerves, vessels, and muscles
have been shown to stretch by local neogenesis.*
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Distraction osteogenesis is a term which describes
the de novo production of bone between
corticotomy surfaces. New bone forms by a
process resembling intramembranous
ossification."® Endochondral ossifications may
also be present within the normal
intramembranous.” Whether these areas of
endochondral ossification within the regenerate
are normal or not is controversial. Some
investigators argue that its occurrence is inherent
to the normal process of regenerate formation.>*
However llizarov and others have argued that its
presence is indicative of instability or of localized
ischemia.® The site where the transported
segment meets the target segment at the end of
bone transport is termed the “docking site”®*°
which is histologically different from that of the
regenerate. There is a progressive increase in the
quantity of bony tissue with concomitant decrease,
which finally disappearance of necrotic tissue and
hematoma. Ilizarov and others describe “zone
growth”.*®" Zone growth argues that the
process of regenerate ossification occurs
simultaneously in the regions adjacent to the
osteotomies surfaces. The fibrous inter-zone, a
collagen-rich central region, is the last zone to
ossify. Under optimal conditions, this growth zone
is hardly visible during distraction. During the
neutral fixation period following a distraction, the
central growth zone gradually ossifies. Fibroblast-
like cells become metabolically active and secrete
collagen. The collagen eventually forms fibers
that align parallel to the distraction force.
Osteoblast activity results in osteoid and
eventually new bone formation.

Basic science and principles of distraction
osteogenesis

A chain of experiments was conducted over 10
years, using 65 dogs to comprehend better the
process of distraction osteogenesis.'> These
experiments found that ideal conditions included
stable obsession, a low energy osteotomy
followed by 5-7-day latency and a distraction rate
of Imm/day in 3 or 4 divided increments.**
These findings were paralleled clinically in human

studies.”® Prior to these studies, the rate, and
rhythm of distraction were not considered
important.*® *” New bone trabeculae form directly
from this central collagen zone extending to both
bone surfaces.” It is orientated parallel to the
distraction force and surrounded by blood vessels.
Following distraction, these micro columns
consolidate and rapidly remodel to form a
structure similar in composition to that of the host
bone, a process called consolidation. Up to 10%
lengthening is well-tolerated by muscle, but
substantial histopathological changes occur after
lengthening of 30%.'**!Nerves, arteries, and
veins had histological evidence of temporary
degenerative changes but these disappeared 2
months after lengthening.”*?* Short-term changes
in articular cartilage of the knee in the tibial
lengthening of rabbits showed that the cartilage
underwent histopathological changes, including
the reduced thickness of the hypertrophic and
proliferative zones.?*

Mechanical principles of the Ilizarov method
The success of the Ilizarov method trusts on the
presence and mutual function of several
biologic and mechanical factors. Ilizarov
observed that for bone to realize its full
osteogenic potential, a versatile fixation system
was needed that would provide stability, soft
tissue preservation, adjustability, and
functionality. Unique features of the llizarov
frame and method are the use of a stable yet
dynamic frame that allows the surgeon the
options of acute and gradual correction, frame
modularity to build as complex a frame as
needed, and the ability of the patient to bear
weight and move adjacent joints as tolerated.
Round fixators are contained of several
apparatuses with rings and connecting rods.
Full rings provide the principal rigidity; partial
rings and arches are particularly supportive
when working near joints of bone. Bony
firmness is important for osteogenesis and
depends on the steadiness of the external frame.
Frame stability is impressively impacted by the
ring properties; rings of huge diameter are less
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stable than smaller rings.”®> Reducing ring
diameter by 2 cm increases axial frame stiffness
by 70%;?® therefore, the smallest diameter ring
which fits the edge should be used. A general
guideline is to go away 2cm space between ring
and skin circumferentially to permit possible
limb swelling. Distance between the rings will
affect stability; rings that are far apart and
connected with long rods are will be less stable.
So to reduce the unsupported length between
rings, additional connecting rods or an
intermediate free ring secured within the mid-
portion of the long rods. The steadiness of the
ring is further increased by using two rings
rather than one for every bone segment for
controlling both near and much ends of every
bone segment. A minimum of four connecting
rods between the rings and a minimum of two
points of fixation or wires per ring are
required.?” Atrophic non-unions require double-
ring blocks to extend the steadiness of the
construct. In hypertrophic non-unions, one ring
block per segment would be sufficient as long
as no deformity correction is required.
Lengthening frames usually gain and sustain
additional stability from distraction forces
needed to beat the soft tissue envelope;
therefore, one ring per segment with multiple
wires in several planes would be used. The ring
frame supports and stabilizes the underlying
bone through the utilization of transfixion wires
and half pins. Frame stability increases with
increasing wire diameter and tension, the
utilization of more wires per ring, placing wires
on opposite sides of the ring and inserting wires
in several planes. Increasing crossing angles of
wires to 90° provides maximal stability and
crossing angles of but 60° may allow the bone
to slip along the wires requiring the utilization
of opposing olive wires or the addition of a half
pin.6 Olive wires provide a crucial buttress
effect within the correction of angular
deformity.?” Thorough knowledge of the cross-
sectional anatomy of the extremity is important
to avoid neurovascular injury. If under a

general anesthetic, the patient shouldn't receive
paralytic agents as this may mask the important
signs of muscle flickering when a nerve is
irritated. It’s important to attenuate the warmth
generated during wire drilling to stop bone and
soft tissue necrosis. Wire tensioning greatly
enhances the rigidity of the wire and stability of
the frame.®® Smooth wires are typically
tensioned to 130 Nm as tension beyond 155 Nm
will cause stretching and plastic deformity of
the wire.?® Wires crossing an angle of but 60°
should be tensioned simultaneously to make
sure equal tension across both wires. Studies
comparing wire only frames and combination
half-pin frames have shown that the utilization
of half-pins increased the bending and torsional
stiffness of the frame.>® Hydroxyapatite-coated
pins became increasingly popular, especially in
limb lengthening and deformity surgery where
the frames stay for several ~months.
Hydroxyapatite-coated pins are shown to
possess increased extraction torque, lower rates
of loosening and decreased infection rates.®! 32
Deformity correction is often achieved using
hinges on the connecting rods but this needs
very accurate frame construction®® to avoid
lengthening, compression or translation. As a
consequence, hexapod systems, like Taylor-
special frames, became popular. Readings on
six oblique struts and measurements taken from
post-operative radiographs are fed into a
computer virus to supply a protocol for daily
adjustments to correct a deformity.

Historical Overview

G.A. Ilizarov (1950’s)

— Lengthening limbs through gradual distraction of
fracture callus

— Rhythm and rate of distraction
— Minimal complications

Figure -1: Historical Overview of Prof. G.A.
Llizavo’s Lengthening Surgical Techniques
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Figure -2: Three types of distraction
osteogenesis: Monofocal, bifocal, and trifocal.

Limb lengthening

Figure -3: Insight of Limb Lengthening Surgery
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Figure 4: Procedure of Limb Lengthening
Surgery

Figure-5: Wire tensioning with integrated load-
cell in the llizarov orthopedic external fixation
system

Clinical use of llizarov external fixators
Comprehensive anatomical alignment and rotation
knowledge requires for deformity assessment.
Usually, the contralateral limb is often used as a
reference and radiographs are a routine a part of
deformity and leg-length discrepancy
investigation. A full-length, standing,
anteroposterior radiograph of both lower limbs,
using blocks under the short leg to level the
pelvis, is taken. Anteroposterior and lateral
radiographs will guide management and supply a
template for pre-operative planning. To correct the
leg-length discrepancy, Acorticotomy is executed
to correct, the bone is exposed and therefore the
periosteum incised and elevated paying careful
attention to preserve its integrity. Using a 4.8-mm
drill, holes are made circumferentially through the
cortex and therefore the corticotomy is completed
using an osteotome. To correct angular deformity,
an awareness of the traditional mechanical axis is
required. This represents a line drawn from the
middle of the femoral head to the middle of the
ankle mortice. The situation of this line in
reference to the knee defines the mechanical axis
deviation, normally 0-8 mm medial to the middle
of the knee. The location of the deformity must be
identified and mid-diaphyseal lines are often
drawn on a radiograph on either side of a
deformity. A corrective osteotomy at this site will
allow angular correction without translation. In
cases where there are length discrepancy and
angular deformity, correction is often made at one
level, the CORA, if bone regeneration potential is
sweet. Alternatively, a double level osteotomy
could also be performed, one at CORA for
deformity correction and one at the advised level
for lengthening. Gradual correction and
lengthening use the principle of ‘distraction
osteogenesis’. Bone and soft tissue are gradually
distractedatarateoflmmperdayinfourdividedincre
ments. Bone growth within the distraction gap is
named regenerate. The interval between
osteotomy and lengthening is named the latency
stage and is typically 7-10 days. The correction
and lengthening are called the distraction phase.
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The time from the top of distraction until the bony
union is named the consolidation phase. Methods
of bone separation that disrupt the periosteum,
like  widely displaced corticotomies or
osteotomies, may result in  decreased
osteogenesis.** The optimum thanks to treating
hypertrophic  non-unions are via gradual
distraction to realize normal alignment. Only
modest lengthening of 1.5cm is often achieved
through the non-union. If additional lengthening is
required, an extra corticotomy will get to be
performed. In atrophic non-unions, the treatment
must be directed to enhance the biology and
mechanical environment of the union site.
Atrophic non-unions should be exposed and bone
ends contoured so there's healthy bleeding bone
on each side with good contact. Acute correction
of deformity should be followed by bone grafting
and stable fixation with compression. In infected
non-unions, the non-union must be exposed and
everyone infected bone removed by opening of
intramedullary canals with thorough washout. The
bone should be excised back to bleeding surfaces
and apposed with good contact and correction of
the deformity. The patient should ideally have
been receiving antibiotics for several weeks and
multiple intra-operative specimens for culture and
pathology should be sent. The bone graft shouldn't
be utilized in the first surgery if there's a niche
between the 2 bone ends antibiotic beads are often
used for dead-space management. Several weeks
later, the antibiotic beads are often removed and
therefore the non- union are often bone grafted.®

Figure -6: Clinical Procedure of Llizavo Limb
Lengthening Surgery (Arms)

Figure 7: Clinical Procedure of Llizavo Limb
Lengthening Surgery (Leg)

Complications

Early complications like pain, bleeding that can
result in hematoma or compartment syndrome.
Direct damage of neurovascular structures, deep
vein thrombosis, pulmonary embolism, and nerve
injury could happen of stretching. Infection,
especially of the pin sites, which almost 95%.
However with local pin care, with or without oral
administration of antibiotics for 5 days, resolved
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97%.% Soft tissue contractures, subluxation, and
contracture of the joint are more serious
complications. They can, however, be minimized
with preoperative planning, including protection
against subluxation by spanning of the joint with
the fixator and with intensive therapy and
splinting during the fixation period.*” Late
complications include chronic recurrent pin-site
infections, osteomyelitis, premature union if a
distraction is too slow or delayed or non-union,
hardware failure, reflex sympathetic dystrophy,
late bowing, and fracture. The rate of
complications decreases substantially as the
experience of the surgeon increases. In one study,
major complications followed 69% Ilizarov
lengthening performed in the first 6-month period
of experience, but only 35% in the third 6-month
period.® The rate of minor complications
remained constant independent of the experience
of the surgeon and the type of fixator.

Conclusion

Surgical limb lengthening and bone transportation
techniques have undertaken significant evolution
over the past century. While numerous potential
complications still exist, most complications are
now minor and simply treatable. Osteogenesis has
become a viable treatment option when applied
during a cooperative patient by a surgeon with
appropriate training. Advances in technique still
be made, and therefore the introduction of latest
devices has made ring external fixation a more
accessible treatment option. Ilizarov frames
provide a flexible fixation system that provides
stability, soft tissue preservation, adjustability,
and functionality. of these factors are vital for the
bone to understand its full osteogenic potential. A
pre-operative plan is important with careful
selection of patients who are going to be ready to
adhere to the strict postoperative regimen of
lengthening and angular correction to avoid late
complications
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