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ABSTRACT

Objective: To determine the functional and radiological outcome of Ilizarov ring
fixator for nonunion of femur and tibia in pediatrics and adolescent.

Methods: This descriptive study was conducted in Bolan Medical Complex
Hospital Quetta, from 3™ February 2016 to 24" February 2019.All paediatrics
and adolescent patients with non union femur and tibia meeting the inclusion
criteria were operated for Ilizarov ring fixator. Post operative functional and
radiological outcome was assessed through AASAMI(Association For The Study
And Application Of Methods Of Ilizarov) scoring system at final follow up and
graded as Excellent, Good, Fair and Poor.

Results: We included 30 patients with mean age 12.7+ 2.16years(range 8 to
15 years).Male children were 25(83.33%) and female 5 (16.67%).Among the
participants infected non-union of femur was present in 11 (36.7%), infected
non union tibia in 8 (26.7 %), non union femur 9 (30.0 %) and non union tibia
in 2 (6.7%).A total of 8 patients (26.7%) had no previous surgeries, 9 (30.0%)
patients had only one surgery and 13 (43.3%) had two previous surgeries.
Excellent results were achieved in 8(40%) good in 6(20%) and fair in 6(20%)
patients with femur Ilizarov. Tibial Ilizarov produced excellent results in 8(80% )
and good results in 2(20% ) patients.

Conclusion: Non union femur and tibia in children and adolescent treated with
Ilizarov produced excellent and good results in majority of patients. We
therefore recommend Ilizarov ring fixator as a first line treatment modality to
treat non union of femur and tibia in children.
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INTRODUCTION

Paediatric femur and tibia shaft fractures usually heal
within 8 to 12 weeks in majority of patientst
However studies have reported 12% non union rates
in femoral fractures and 60% non union in tibial shaft
fractures in children.>* A number of devices and
techniques are available to treat paediatric non
unions of femur and tibia. These include open
reduction internal fixation and bone grafting, external
fixation and bone grafting, the Masquelet technique
of Induced-Membrane formation. Each procedure has
merits and demerits. Distorted local anatomy,
recipient site complication, graft failure, two stage
surgery and re-fracture are the possible
complications of Induced-Membrane technique.®

Ilizarov method has been reported in multiple
studies to have been used successfully for the
treatment of wide range of orthopaedic problems like
congenital short stature, deformity correction caused
by traumatic injuries, infections, metabolic bone
diseases and limb length discrepancy, non unions
and bone defects.®

The method of Ilizarov segmental bone
transport has several advantages like limited surgical
exposure and less blood loss. These factors make
this approach especially applicable to patients with
pre existing soft tissue and bone infections and poor
skin condition. Femoral and tibial reconstructions
using the ilizarov method offers the surgeon a
comprehensive way to avoid a \variety of
complications and address many femoral pathologies
to the ability to perform limb lengthening, deformity
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correction and bone transport at the same time.” The
technique of segmental bone transport with Ilizarov
method offers a safe and effective method to combat
one of the most difficult orthopaedic problems of non
union long bones.

The objective of our study was to determine the
functional and radiological outcome of Ilizarov ring
fixator for nonunion of femur and tibia in pediatrics
and adolescent. Paediatric non unions referred to our
center for treatment were managed with Ilizarov ring
fixator. The publications of our results will gave
confidence, trust and satisfaction not only to the
referring doctors but to the parents as well that
optimal treatment has been given to them. Moreover
our results will help in the formulation of standard
guidelines to treat these difficult non unions in our
set up.

METHODS

We conducted this descriptive study at Bolan Medical
Complex Hospital Quetta, from 3™ February 2016 to
24" February 2019.All non unions of femur and tibial
shafts in pediatric and adolescents age group
presented or referred to our department during the
study period were included. Femur and tibial shaft
fractures due to some pathological condition, like
tumor, bone cyst or any metabolic bone condition
and patients that were lost in follow up were
excluded from our study. The Ethical Committee of
our hospital approved our study protocols before the
commencement of our study. Informed consents
were taken from parents of children. In the included
subjects history and clinical examination was done.
Relevant radiological and serological investigations
were done to classify the non union as infective or
non infective and proper planning for surgery was
done.

Surgical Technique

We operated on all patient in the supine position on
radiolucent table. The entire lower limb for tibial
fractures and entire lower limb and abdomen for
femoral fractures was included in the sterile field. For
femur fracture, the fracture non union site was
opened and bone debridement was done up to the
appearance of “Paprika sign.” If the bone defect was
less then 2cm, docking was done initially. For larger
defects segmental bone transport was done. On
average 2-3 arches were applied for the proximal
femur. Complete rings were applied in the distal
femur. In some cases arches were also used in the
distal femur when needed. If the distal femoral
segment was short a complete ring was applied on

proximal metaphyseal area of the tibia and the knee
joint was spanned. About 2-3 half pins were used in
each arch. In each Ilizarov ring 2-3 wires were used.

Similarly for non union of the tibia fracture site
was opened and bone debridement was done upto
the appearance of “Paprika sign”. If the bone defect
was less than 2cm, docking was done initially. For
larger bone defects segmental bone transport was
done. Two complete rings were applied in the
proximal fragment and two complete rings were
applied in the distal fragment, with two to four
Ilizarov wires in each rings. If the distal fragment
was very short and stability was not achieved with
one ring in the distal fragment, the ankle was
spanned and a half ring was applied in the foot which
was removed after docking was achieved.

Patients were encouraged partial weight bearing
with assistive devices on the next day of operation.
Physiotherapy was advised for knee, hip and ankle
(range of motion exercises).Patients were instructed
to clean the pin sites with a mixture of Pyodine and
hydrogen peroxide solution daily. Intravenous
antibiotics were given according to the culture and
sensitivity tests in infected non union.

Bone transport was started on the 7™ post-
operative day. The rate was 1mm per day and the
rhythm was 0.25mm 4 times a day. If early
consolidation was suspected on the radiographs the
distraction rate was increased accordingly. When the
docking was achieved compression was done (0.25
twice weekly until union was achieved or patient
observed pain).

Patients were followed fortnightly initially in the
distraction phase and then monthly in the
consolidation phase. When radiological union was
achieved the frame was dynamized. The fixator was
removed under anaesthesia when xray AP and lateral
view revealed callous on three cortices at regenerator
and solid union at the docking site. Functional and
radiological results were assessed according
AASAMI(Association For The Study And Application
Of Methods Of Ilizarov).

Data was stored and analysed using IBM-SPSS
version 23-0. Descriptive anlaysis was done using
count, percentages of base line characteristics,
diagnosis, clinical characteristics, outcome and
complications. Data presented in table where
necessary.

RESULTS

In our study 30 patients with mean age 12.7+
2.16years(range 8 to 15 years) were included.
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Majority (83.3%,n=25)of children were male while
5(16.6%) patients were female. Patients were
presented to us as infected non-union of femur in 11
(36.7%), infected non union tibia in 8 (26.7 %), non
union femur in 9 (30.0 %) and non union tibia in 2
(6.7%) patients. Previous record of the patients
revealed that total of 8 patients (26.7%) had no

previous surgeries, 9 (30.0%) patients had only one
surgery and 13 (43.3%) had two previous surgeries.
The types of surgeries are shown in table I. Post
operatively union had been achieved in all patients.
Excellent results were achieved in 8(40%) good in
6(20%) and fair in 6(20%) patients with femur
Ilizarov.

Table I: Demographi and Clinical Characteristics of our study participants.

Variables Number of patients (%)
Type of Previous Fixation

Ex Fix(External Fixator) 7(23.3)
Ex Fix/ Ex Fix 1(3.3)
I/M Nail 1(3.3)
NA(Naseer Awais) Fixator 8 (26.7)
ORIF(open reduction & Internal fixation) with LCP/ Ex Fix 8 (26.7)
ORIF with NDCP/Ex Fix 2(6.7)
Rush Pin 1(3.3)
Rush Pin / Ex Fix 2(6.6)
Bone Defect

Yes 30(100.0)
Bone debridement and excision of scleroses bone

Yes 30(100.0)
Length of Bone defect

1cm 4(13.3)
2cm 7(23.3)
3 cm 9(30.0)
4 cm 6(20.0)
5cm 4(13.3)

Time frame in days

Mean % S.D 165.0 + 52.5

Infection Eradicated

Yes 29(96.7)
Union achieved
Yes 30(100)

Operative time(minutes)

Mean + S.D 116.50(20.13)

Fig IA: Ilizarove applied to femur nonunion. Fig IB:

Followup Xray. Fig IC: Follow up xray with union
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Ilizarov removal

after Ilizarov removal and fracture union.

Tibial Ilizarov gave excellent results in 8(80%) and
good results in 2(20%) patients. Pin tract infection
was the most common complication noted in
16(43.4%) with 5 patients (16.7%) had superficial
pin tract infection and 11 (36.7%) deep pin tract
infection. Loosening of wires were noted in 3 patients
(10.0%),loosening of Schanz screws in 6 patient
(20.0%). The loose wires and Schanz screws were
removed and replaced by new ones in 5 patients
(16.7.0%).No neurological injury was reported.

DISCUSSION

Based on the review of our 30 such cases we were
able to show that Ilizarov fixator yields good to
excellent functional and radiological results with a
minimal rate of complications. (Fig.I to III) This
conclusion is also supported by literature showing
successful results in other centers.”®*Radical
debridement including excision of necrotic soft tissue

— :
Fig IIA: Ilizarove applied to infected nonunion femur. Fig IIB: Follow up Xray. Fig IIC: Xray after union and

up Xray. Fig IIID: Xray

and sequestractomy usually results in bone and soft
tissue defects which increase the complexity of the
subsequent reconstruction. Several methods can be
adopted for the management of bone defects, such
as corticocancellous bone graft, vasucularised
autogenous bone graft, Masquelet-induced
membrane technique and Ilizarov bone transport.
Corticocancellous bone graft is ideal for patient with
a small defect and having no infection but there are
limited options for autogenous bone graft in
pediatrics and adolescents patients. Vascularized
autogenous bone graft (usually vascularized fibular
graft) is associated with high rate of refracture,
donor site morbidity, and complexity of the operation
and usually is not a good option for femoral and tibial
defects because of its thinner size.'* Masquelet-
induced membrane technique needs a large amount
of bone graft with consequent donor site morbidity
and at least 2 operating procedures are required for
a successful surgery. The other option to take a large
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amount of bone graft for Masquelet-induced
membrane technique is Reamer-Irrigator-Aspirator
but which is usually not available in most centers
including our center. Furthermore no
recommendations of reamer — irrigator-aspirator in
pediatrics and adolescents can be found in literature
as very few studies are available on Masquelet-
induced membrane technique in pediatrics and
adolescents patients.**Moreover in complex cases the
compromised soft tissues around the non union
usually do not allow these procedures without risking
infection and devascularization.*?

Ilizarov method has gained popularity for the
treating non-union femur and tibia because it can be
applied in cases where other techniques are
contraindicated. The technique involves gradual and
controlled distraction from an osteotomy site either
proximal or distal to the non union site with
simultaneous closing of the gap at the nonunion
site.** During the whole process of osteogenesis the
deformity is corrected, limb is lengthened to an
appropriate size with patient fully mobilized during
the procedure.**16

The Ilizarov ring fixator respects soft tissues,
involves less blood loss during application and do not
require routine post operative intensive care
support.'>8 In our study, the patients that were
included had multiple previous failed surgeries and
mostly complicated by non-union or infection. But we
achieved an overall excellent and good outcome in
most of our patients. Our results of tibial Ilizarov are
more encouraging and the probable reason being the
subcutaneous location of tibia and better compliance
of children to tibial Ilizarov than femur Ilizarov.
However the most frequent complication in our series
was pin tract infection(43.4%) but somewhat higher
infection rate has been reported in previous
studied,¥10-1419

Our study had a small sample size and
descriptive design. We recommend randomized trials
with larger sample size to confirm our results.

CONCLUSION

Non union femur and tibia in children and adolescent
treated with Ilizarov produced excellent and good
results in majority of patients. We therefore
recommend Ilizarov ring fixator as a first line
treatment modality to treat non union of femur and
tibia in children. It is a safe technique with low
complication rate.
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