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Abstract
Bone loss and sequestration are the two difficult situations in infected nonunion of Tibia, which poses
many challenges in its treatment. Evaluation of functional recovery and bone healing in infected nonunion of tibial diaphysis treated by Ilizarov method.
20 patients with infected nonunion of tibial shaft fractures. All patients had undergone previous surgeries
and they were treated by sequestrectomy, soft tissue debridement and stabilization by Ilizarov. Those had
bone defect were treated by corticotomy and bone lengthening as well. Functional evaluation was
performed by the timed performance tests of walking speed, sit-to-stand, stair climbing and Toronto
Extremity Salvage Score (TESS). Union achieved in all cases. Functional recovery could be achieved
over short time after the Ilizarov ring removal. The improvements were faster and statistically very much
significant (p value 0.0001). Infected non-unions of tibia can be effectively treated by Ilizarov ring
fixation. The observation of delayed recovery is valued for advising similar patients about the expected
period of functional recovery and to continue the stretching and strengthening exercises during this
period.
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1. Introduction
Fractures of tibia are very common in patients with trauma; many of them are open and
complex type because of its subcutaneous position. The nonunion is often associated with
infections, shortening, deformity, and poor condition of the skin. The deformities are also
often complex and may include translation, angulation, and rotation of the components [1].
Ilizarov fixator is a recommended surgical procedure to correct the angular deformities,
shortening and to achieve union at the infected non-union site [2]. The advantage of early
weight bearing follows Ilizarov fixator, consider as a best surgical indicator in such cases [3].
The own disadvantages like the unusual cosmetic look, cumbersome and the prolonged periods
in the frame are very well outweighed by its advantages [4].
The most important factor in the successful treatment is not only the eradication of infection
or the bony union, but the restoration of the function as well. Of the existing many methods
that measures physical function from the patient's perspective follows the limb salvage
surgeries, Toronto Extremity Salvage Score is the most useful one [5]. TESS is a diseasespecific questionnaire basically designed to assess physical disability in limb-salvage surgery
patients.
There are only few studies are available on functional assessment after limb salvage surgeries
by the Ilizarov method. This prospective, longitudinal study documents the functional abilities
of 20 patients with infected nonunion of tibia treated by Ilizarov technique.
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Materials and Methods: We conducted a prospective study of patients who presented to
our unit with infected nonunion of unilateral tibia. Between July 2009 and April 2015, 20
patients underwent thorough soft tissue and bony debridement followed by stabilization
with Ilizarov frame.
2.2. Inclusion Criteria: Adult patients (aged 20-60), capable of providing consent and
complying with the outcome instruments who had infected non union of unilateral tibia at
the diaphysis.
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2.3. Exclusion Criteria:
Patients with bilateral involvement, neurological or vascular
deficit, uncontrolled diabetes mellitus, spinal deformities,
cardiac failure and any other diseases of the legs. Patients
were not excluded on the basis of previous surgeries or
duration of the present problem.
All cases were already treated previously before referral, with
various treatment modalities like plaster of paris (POP) cast,
functional brace, external fixators, internal fixation with
plates, K nail, interlocking nail etc. We assessed them in
detail preoperatively for knee and ankle instabilities and range
of motion. They were also evaluated radiologically according
to the standard work up for Ilizarov technique. Before
proceeding to the procedure, they were counseled, worked up
and pre-operative functional assessments were also completed
by the performance tests. Figure 1 provides an outline of the
study design.
All patients were operated by a single surgeon as per the
standard protocols. All were subject to standard preoperative
optimization, postoperative care and physiotherapy. Cases
were followed up to a period of at least 24 months.
Patients were allowed to sit and stand on the day one itself.
Walking (full weight bearing) with or without the aid of
axillary crutches is allowed. Pin site cleaning is taught to
every patient and he/she was also allowed to take bath.
Distraction was started on 7-10 th post-operative day. Close
follow up was given with radiographs to assess the regenerate
at corticotomy site and the status of union. Functional
capability of the subjects was evaluated by the TESS at 6
weeks 3, 6, and 12 months post operatively (Figure 1).

without any special reconstructive procedures. The
commonest deformity found in them was ankle equinus; in
about 18 patients (90%) which was also completely corrected
by an additional foot assembly.
Table 1: The demographic details of the study group
Total
male
female
20
18
2
No of patients
20 – 30 years
20 %
4
0
30 – 40 years
25 %
3
2
40 – 50 years
35 %
7
0
50 – 60 years
20 %
4
0
Previous treatments taken
WD & POP cast alone
10 %
02
0
WD & POP
5%
01
0
45 %
07
2
WD & Exfix  POP cast
5%
01
0
WD & Exfix  Plating
25 %
05
0
WD & Exfix  Nailing
WD & Nailing
5%
01
0
5%
01
0
WD &  Plating  Nailing
WD- Wound debridement, POP – Plaster of paris, Exfix - External
Fixator

The individual details in relation to the corticotomy
distraction is summarized and shown in Table 2. Average
duration of Ilizarov fixator application was 108 days (range
60-182 days). The bone gap was ranged from 0 – 8.2 cms
(mean 3.9 cms) and amount lengthening as percentage of limb
segment was an average of 9.3 cms (range 4.3-2.2 cms). The
mean lengthening index and fixation Index were 22.2 and 68
respectively (ranges 5.9-82 and 23.6-280). Bony union
achieved in all patients at variable time segment depending on
the bone defect (mean 86 days).
Table 2: Summary of details in relation to the corticotomy
distraction.
Age (Years)
Amount Lengthened/gap (cm)
Amount Lengthened as % of limb segment
Lengthening index (Days of
lengthening/Amount lengthened)
Fixation Index (Days in fixator/ Amount
lengthened)
Total length of time in External fixator
(Days)

Mean
38.5
3.9
9.3

Range
25 -52
0- 8.2
4.3-2.2

22.2

5.9-82

68

23.6280

108

60-180

Table 3: Summery of the functions at various intervals.
Mean recovery ratios
6 months
Pre op- 3
3-6
–1 Yr
M
months

Fig 1: The detailed descriptive outline of the study design, which
shows the schematic pathway through which the patient being
selected, evaluated, intervened and functionally evaluated finally.

2.4. Statistical Analysis: The outcome data was analyzed by
a Bio statistician using the SPSS Statistics version II.
3. Results
The demographic details, including the age and the previous
treatments are shown in Table 1. Of the 20 patients, 90 % are
male (18/20), and all of them were victims of road traffic
accidents. Majority were managed by wound debridement and
external fixator stabilization, followed by POP casting (45 %)
before referral to us. Fifty percentages of them had an
infected wound over the fracture area (10/20), all were healed

TESS score
1.06(1.07(%)
1.23) x
Walking
0.5. (0.3-1)
x
speed(m/s)
Sit to stand
1.08(0(NO. in 60
1.09)
S)
Stair
climbing
1 (0-2)
(No. in 60 S)
x
p 0.05 yp 0.0001

1 –2 Yrs

1.15(1.071.30) x
1 (8.101.21) x

1.70(1.121.84)y
1. 2(1.061.50) y

1.98(1.062.20) y
1.9 (1.091.99) y

1. 7(1.002)

2 (1. -3) y

4 (3-6) x

2(1 -3)

4(3 -5) y

10(6 -13) y

The functional recovery after leg-lengthening surgery at
various treatment intervals are shown in Table 3. The
performance tests of walking speed, sit-to-stand and stair
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climbing were used, since it represents the basic activities of
our daily life and it can easily accomplished in the hospital
settings as well. The TESS questionnaires had been provided
when the patients were came to the hospital for their follow
up checkup. Twenty patients were completed the timed tests
at a standardized interval from the date on which the Ilizarov
fixator was removed. Paired t-test was used on the absolute
score within each interval of recovery in order to compare the
significance between scores at the different intervals.
There was improvement in the performance tests between the
pre-operative evaluation periods to three months after the
Ilizarov frame removal. Thereafter, the functional
improvements were faster and statistically significant (p value
0.0001). The walking speed at one year was increased by 0.7
m/s and patients could complete 4 more sit-to-stand
repetitions, climb 10 more stairs and had improved their
TESS score by 1.98% points, compared with their initial
measurements. Such differences have been reported to be
clinically significant. During the mean follow-up of 24
months, none our patients were re-operated or died.
4. Discussion
Infected non-union is a challenging issue to both the patient
and surgeon. Most often the patient has undergone one or
more number of surgical procedures (mean of 1.8 operations
at the time of admission in our patients), has lost considerable
time and money for that. Moreover the mental and physical
trauma to the patient on repeated and prolonged treatment is
often underestimated. The bony union must be attained with
correction of axial and rotational mal-alignment for the
normal kinematics of the limb [6]. All of our cases where
referred from the secondary level orthopedic centers after one
or two procedures. It has been suggested by many authors that
early referral to the tertiary centers should be made, if the
results are not going in the good way [7].
We found, all our patients had definite radiological features
of chronic osteomyelitis at the time of their referral itself.
Magadum MP et al recommended about the management of
large tibial defects by acute docking followed by bone
transport [8], we also have the same opinion after this study.
Our data supports the use of Ilizarov technique as a good limb
salvage procedure for infected nonunion tibia with bone loss /
shortening.
In the past, the functional assessments were evaluated by
various ways such as the Short Form-36 (SF- 36) [9] or the
Reintegration into Normal Living Index [10]. Now, the TESS is
considered as the gold standard functional assessment tool
follows a limb salvage procedure [11]. The main advantage of
TESS is considered as, the surgeon-reported outcomes can be
subjected to bias while the patient-reported outcomes usually
never be so [11]. This study assessed the function using TESS,
where all of our patients showed almost similar pattern of
functional improvement. At three months after removal of the
frame, the functional scores showed no significant
improvement from the pre-operative score. The objective
measurements in the further follow up showed, a statistically
significant improvement usually seen after one year (p value
0.0001). The TESS score has improved by 7.5 % points
between one and 24 months, this change is both clinically and
statistically significant.
The work of Barker KL et al. [12] also showed the sluggish
recovery during the early period after frame removal and
greatest between 6 months and 12 months. He pointed out
that, significant improvement will continue only up to, but not
beyond two years. We believe, the reason for much earlier

functional recovery in our patients might be due to their early
involvements in some type of physical work after they were
discharged from the hospital, because all of them belonged to
low socioeconomic group. This encourages us to motivate our
patients to do some kind of work affordable to their physical
conditions.
Additionally our finding of significantly longer time taken for
recovery to occur is important (one year after the ring
removal). This significant improvement achieved after one
year has a very important implications in the treatment of
similar patients. Because this information helps to advise
similar patients in future about the expected period of
functional recovery, and to continue the stretching and
strengthening exercises during this period. We found some of
our patients had varying degrees of knee and ankle joint
stiffness. Though knee stiffness was usually reduced with
physiotherapy, foot and ankle stiffness persisted in few to a
certain degree, which could be reason for the moderate
functional results in some cases.
Few of our patients had minor complications in relation to the
Ilizarov assembly; the commonest was pin site infection. The
limitations of our study was the small sample size, hence we
recommend formulation of larger studies, so that our results
can be confirmed at a larger scale.
5.

Conclusion: Infected non-unions of tibia can be
effectively treated by Ilizarov ring fixation, which can
offer optimal functional results. Early weight bearing is
the key factor that separates it from other methods of
fixation; hence, it promotes an early functional recovery.
The functional scores show appreciable improvement
only after 3 months of Ilizarov ring removal. This
observation of delayed recovery is valued for advising
similar patients about the expected period of functional
recovery and to continue the stretching and strengthening
exercises during this period.
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