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The use of the knee spanning Ilizarov method as a treatment procedure
in infected nonunion of the distal femur with bone loss
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Background Infected nonunion of the distal femur is a very difficult entity to treat; it grossly affects daily living and adds
economic burden to the society. There is no consensus on which surgical technique of its management leads to the best
outcome. Materials and methods We reviewed 10 patients with infected nonunion of the distal femur and bone loss who
were treated by radical surgical debridement and application of the Ilizarov external fixator from January 2010 to December
2015. Results The mean follow-up after removal of the frame was 18.6 months (range, 14 to 30 months). No patient was
lost to follow-up. The mean external fixator time was 313.9 days (range, 275 to 362 days) which correlated with the final
lengthening achieved. According to Paley’s grading system, eight patients had excellent clinical and radiological results
and five excellent and good functional results. Bony union, ability to bear weight fully, and resolution of the infection were
achieved in all the patients. Conclusion Distal femoral nonunion is a complicated orthopedic entity as it may be associated
with nonunion, infection, bone loss, shortening, soft tissue scar, contracture, restriction of movement, disuse osteopenia.
Ilizarov external fixation is a definitive treatment modality in these cases as it gives stability, allows early weight-bearing,
compression/distraction at fracture site, helps to arrest infection and achieve union while corticotomy helps to regain length.
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Open distal femoral high-energy fractures with
bone loss and associated contamination, devitalisation
of metaphyseal bone fragments from extensive
surgical exposure [1] and the use of bulky internal
fixation may result in an infected nonunion. A short
distal fragment, poor bone quality and compromised
soft tissues are also associated with this outcome.
Union may be achieved with deformity and leg-length
discrepancy leading to posttraumatic osteoarthritis
and stiffness of the knee [2-5]. This may necessitate
arthrodesis as a salvage procedure [6], and in some
cases amputation may be required.

Although the Ilizarov external device has been
described for use in the management of infected
nonunion in general [7-9], to our knowledge there
have been few reports [10] regarding the treatment of
infected nonunion of the distal femur with bone loss.
In 2006, A. Krishnan published his work on treatment
of infected nonunion of the femur with the Ilizarov
method and showed impressive results [11]. In this
retrospective study we have analyzed the results of
treatment of this condition using the Ilizarov external
device in an attempt to salvage the limb and to
maximize its function.

PATIENTS AND METHODS

We reviewed the records of 10 adult patients who
were treated with the Ilizarov system for infected
nonunion of the distal femur and bone loss between
January 2010 and December 2015. The inclusion
criteria were the presence of such a problem with
bone loss of 3 cm or more at a maximum distance of
9 cm from the knee [4].

There were eight men and two women at a mean
age of 41.2 years (range, 22 to 75 years). Nonunion
resulted from open high-energy complex fractures
of the distal femur, type III B according to the

classification of Gustilo and Anderson in seven, and
closed fractures in three. Road-traffic accidents were
the cause in 9 patients and gunshot injury in one. The
left side was affected in seven patients. The mean
interval from the injury to application of the Ilizarov
fixator was 13.5 months (range, 9 to 23). The initial
treatment of fractures consisted of open reduction and
internal fixation (ORIF) in four patients, unilateral
transarticular external fixation in six (Table I). A
total of 43 operations had been performed before the
definitive treatment, including internal and external
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fixation, intramedullary nailing, bone grafting, and
wound debridement. The mean number of previous
surgical procedures was 4.3 (range, 3 to 6).

The mean bone defect length was 6.3 cm (range,
4 to 9 cm). In three patients, infection was active but
without drainage, and in the remaining seven there
was active purulent drainage.

Staphylococcus aureus was the responsible
organism in six patients, Pseudomonas aeruginosa
in three and Escherichia coli in one patient (Table I).

At the time of definitive treatment all patients had
very severe limitation of movement of the knee; the
joint was completely stiff in five. In three cases, it
was impossible to be certain whether the movement
clinically detected was occurring at the knee or at the
adjacent nonunion or in combination. Seven patients
had moderate or severe posttraumatic osteoarthritis

of the knee with radiologically identified irregularity
of the articular surface and a decreased joint space.
Moderate to severe disuse osteopenia of the distal
femoral fragment and extensive scarring were
present in every patient and none was able to bear
weight.

Pre-operatively, the location of sinus tracts, previous
scars, and the neurovascular condition were carefully
evaluated. Imaging included plain radiography and
sinography which were used to identify the severity
of the infection and the extent of infected and necrotic
bone. Intra-operatively, sinography with methylene
blue was used in seven patients with active infection
to delineate the extent of the infection and bone
destruction. In the metaphyseal area, the full extent of
the infection could be determined only by inspection at
operation [1].

Table I
Details of the patients at the time of definitive treatment
Age Type of T.l me. to Numk?er of Operations before application of the Ilizarov Infecting Bone
Case (years) | fracture [10] application of previous device* oreanism defect
Y fixator (months) | operations & (cm)
1 27 I B 15 5 TEF + WD > WD > IM nailing > BG > WD | Staph. aureus 6
TEF + WD > IM nailing > ORIF with plate >
2 28 I B 11 5 WD > WD Staph. aureus 7
3 47 111 B 9 3 IM nailing > BG > WD Pseudomonas 7
4 40 I B 14 4 TEF + WD > IM Nailing > WD > IR E. coli 6
5 65 Close 11 4 ORIF with plate > WD > BG > WD Staph. aureus 5
6 30 Close 9 3 ORIF with plate > WD > WD + BG Staph. aureus 4
7 75 Close 13 4 ORIF with plate > WD > WD > BG Pseudomonas 5
3 29 B 18 6 TEF + WD > WD > IM nailing > ORIF with Staph. aureus 3
plate > IR > ST
9 28 B 23 5 TEF + WD > WD > IM nailing > ORIF with Pseudomonas 9
plate > IR + WD
10 50 111 B 12 4 TEF + WD > ORIF with plate > BG > WD Staph. aureus 6

* ORIF- open reduction and internal fixation; IM - intramedullary; EF - external fixator; BG - bone grafting; WD - wound debridement;
TEF - transarticular external fixator; ST - skeletal traction; IR - implant removal

Table 11
Details of treatment in 10 patients
. . L Additional .
Case | Technique of osteosynthesis® Docking sitet proc«lecll?llrl:j: Lengthening (cm) EFT§ (days)
1 BFCC-DO AD NO 3 296
2 BFCC-DO AS NO 4 290
3 BFCC-DO AS Tliac grafts 4 295
4 BFCC-DO AD NO 3 332
5 BFCC-DO AD FM 2 330
BFCC-DO delayed corticotomy . .
6 (after 20 days) AD Iliac grafts, RD-1 2 284
7 BFCC-DO AD NO 3 275
BFCC-DO delayed corticotomy . -
8 (after 1 month) AS Iliac grafts, RD-1 5 331
BFCC-DO delayed corticotomy .
9 (after 3 months) AS Iliac grafts 7 344
10 | BFCC-DO AD NO 4 362

* BFCC-DO- bifocal combined compression-distraction osteosynthesis; T AD - acute docking; AS - acute shortening;  FM - frame
modification; RD - repeated debridement; § EFT - external fixation time
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OPERATIVE TECHNIQUE

The infected area was exposed in all 10 patients
by an extensive lateral approach through the less
damaged soft tissues in order to remove all loose
implants and all infected and non-viable tissues.
Samples thus obtained were sent for gram staining,
culture and sensitivity (aerobic/anaerobic).

The bone ends were freshened, the medullary canal
reconstituted and open reduction of the main fragments
was performed to achieve the best possible contact
between them. Impaction of the shaft of the femur into
the condylar area was attempted to increase internal
stability at the site of the defect in each case [9, 13].

Acute docking was possible in 6 patients, while
acute shortening of the site of the defect in order
to improve soft tissue cover and circulation was
performed in 4 with bone loss of more than 6 cm.

After the acute shortening or acute docking,

the Ilizarov external device was applied. Primary
performed in five cases
followed by adequate drainage. Technique of bifocal
osteosynthesis [7, 9] was used (Table II). In seven
patients, bifocal combined compression-distraction
osteosynthesis was undertaken from the beginning.

wound closure was

In three of these with extensive soft-tissue damage
and aggressive purulent infection, a second-stage
corticotomy was performed at twenty days, one month
and three months post-operatively, and conjugative
compression at nonunion site at distal femur and
distraction in proximal tibial corticotomy site done.
Proximal tibial corticotomy was performed in each to
restore limb length by filling in the bone defect.

A standard bifocal circular frame for infected
nonunion with distal femur bone loss consisted of four
or five rings and one proximal femoral arch (Fig. 1).

Fig. 1: a patient with long leg cast after removal of Ilizarov rings; b patient with Ilizarov frame; ¢ instruments set; d removed infected
implants; e surgical team; f x-ray of nonunion with intramedullary nail; g plate failure with infection; h preoperative x-ray; i-j immediate
postoperative x-ray; k postoperative follow up x-ray; I corticotomy and lengthening; m-p postoperative x-rays of different patients
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In all patients with short distal fragments and
considerable instability in the interfragmentary area,
three circular rings fixation on the tibia without
hinges was used to enhance stability, to protect the
distal femoral fixation and to lengthen the limb
by proximal tibial corticotomy [3, 14]. Additional
surgical procedures after the application of the

Ilizarov frame were required in several patients to
eradicate the infection and encourage union. These
included repeated debridement in two, modification
of the external fixator in one and freshening of the
bone ends and iliac bone grafting in four with sclerotic
avascular bone ends and no progress to union at the
docking site.

POST-OPERATIVE CARE

All patients received a course of antibiotics for
four to six days post-operatively. A course of strong
analgesics was required in two postoperative days.
The erythrocyte sedimentation rate and the level
of C-reactive protein were monitored on a regular
basis. The latency period before commencing
bone transportation was three to five days and the
rate of distraction at the site of the corticotomy
was 1mm per day. When docking was achieved,
interfragmentary compression continued at the
rate of 0.5 mm per day for five to seven days
and once consolidation commenced at a rate 0.25
to 0.5 mm per week. Patients were encouraged
to bear normal weight with crutches as soon as
they could tolerate it after surgery. Quadriceps
isometric exercises were started immediately
after the operation to maintain or train the muscle
strength.

All patients returned for routine clinical and
radiological follow-up every month after surgery
until the Ilizarov device was removed, and every
three months in the following year. After the removal
of the external fixator, the patients were restricted to
partial weight-bearing for two weeks with plaster of
Paris long-leg cast. Full weight-bearing was allowed
with bi-valved detachable synthetic or thermoplastic
long-leg guard for 6 months.

Post-operative  radiographs were evaluated
for residual malalignment and evidence of union.
Radiological union was defined as the absence of a
radiolucent line at the site of the nonunion and filling
of the bone defect with new bone [15] at a minimum
of three cortices on standard anteroposterior and
lateral radiographs [16]. The results were assessed
using the functional and radiological scoring system

described by Paley and Maar [17].

RESULTS

The mean follow-up after removal of the frame
was 18.6 months (range, 14 to 30). No patient was
lost to follow-up.

The mean external fixator time was 313.9 days
(range, 275 to 362) which correlated with the final
lengthening achieved (Table II).

The number of previous operations was also of
some predictive value for external fixation duration.
When the patient had been subjected from one to three
operations before initiation of definitive treatment,
the external fixator time was 289.5 days (284 to 295)
but for four and five operations it was 320 days (275
to 362), an increase of 10.34 %.

Bone

Clinical and radiological union and elimination of
infection were achieved in all 10 patients. According
to Paley and Maar’s grading system [17], eight
patients had excellent, one good, and one a fair result.
Residual mean leg-length discrepancy was 2.6 cm.

Function

At the time of the latest follow-up, all 10 patients
were able to bear weight fully on the affected leg
without any walking aid or brace. They had only mild
pain when undertaking activities of daily living. The
functional result was excellent in three patients, good
in two, fair in three and poor in two cases. Although
seven patients had obvious limping, they were still
able to perform the normal activities of daily living.
After removal of braces patients had mean knee
flexion of 22 degrees (10-40 degree).

Complications

There were no neurovascular intra-operative
complications and no patient developed a
neurovascular deficit or a compartment syndrome.
The most common complication was pin-track
infection, especially in the distal segment as a result
of severe osteopenia and poor soft-tissue cover.

In nine patients with grade-3 infection according
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to Paley’s classification [18], the wires had to
be removed and replaced under local anesthesia.
Prevention of pin-track infection was attempted
by insertion of the wires through healthy skin, re-
tensioning of loose wires and the use of counter-
opposing olive wires, meticulous cleaning and,
occasionally, administration of oral antibiotics after
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tests for culture and sensitivity. Continuous mild
pain requiring analgesia was felt in all patients
during the distraction phase. One non-displaced
re-fracture at the docking site, which occurred two
months after premature removal of the external
fixator, was treated by re-application of the Ilizarov
frame for three months.

DISCUSSION

Infected nonunion of the distal femur with
associated bone loss represents one of the most
difficult problems in orthopedic practice [19]. Apart
from high-energy trauma, predisposing factors include
the proximity to the knee and the distracting pull of the
gastrocnemius, previous surgical interventions with
extensive dissection and inadequate initial fixation [5].
The presence of infection in this area makes treatment
even harder. Specific problems related to this condition
include lost bone with poor soft-tissue cover and
scarring, deformity, shortening, post-traumatic
osteoarthritis and stiffness in the knee [3, 5].

In our study, the cause of all the fractures was
high-energy trauma with extensive disruption of
the soft-tissue envelope and blood supply in seven.
Despite the fact that our series was relatively small, it
is noteworthy that the external fixator time reflected
the extent of bone restoration required, delay in
commencement of definitive treatment, number
of previous interventions and nature of the initial
stabilization of the fracture.

Unilateral temporary transarticular external
fixators can be applied easily and rapidly and

are popular for the initial management of high-

energy fractures of the femur [20]. They protect the
remaining blood supply, avoid shortening and gross
malalignment, while allowing adequate access for
wound care. However, because of eccentric loading
there is an increased risk of angular and shear
displacement at the site of the fracture [21].

A. Ebraheim in a systematic review showed that
the most common definitive treatment was fixed
angle plating combined with cancellous autografting,
resulted in a successful union rate of 97.4% and
average time to heal of 7.8 months [22]. But all
our patients had undergone several previous failed
surgeries, so the Ilizarov method worked better than
any other options in these patients.

The use of the Ilizarov external device for
definitive fixation of fractures of the distal femur
is the safest and most effective method since it
provides adequate fixation and stabilization at the
site of the fracture, thus increasing osseous healing
and infection arrest [14, 23, 24]. In the presence of
infection, aggressive debridement has been shown
to be the cornerstone of successful treatment [25,
26]. In our series, the use of the Ilizarov method
offered limb salvage with no need for amputation.
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