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Abstract
Purpose Complex ankle fractures accompanied with infection and segmental bone loss are a worrying issue. This prospective
study was conducted to explore the effectiveness of using Ilizarov concepts in achieving salvage arthrodesis and reconstructing
post-debridement defects in such complicated scenarios.
Methods A total of 44 consecutive patients (mean age 35.61 ± 8.57 years, 30 males, 44 feet) of post-traumatic infected ankle
fractures, who met our selection criteria, were enrolled and subjected to radical debridement and salvage arthrodesis using
the bifocal bone transport concepts of Ilizarov. All patients were treated between 2012 and 2017 either by acute shortening
compression of the arthrodesis site with re-lengthening (ASRL) through the created proximal metaphyseal osteotomy (group I,
n = 20) or by gradual bone transport (BT) through the proximal osteotomy with gradual closure of the distal ankle defect (group
II, n = 24). Plain-radiographs were used for radiological assessment. Clinically, the outcomes were objectively graded according
to the Hawkins criteria, while subjectively the patients reported their satisfaction on a 1–5 points acceptance scale.
Results The mean follow-up was 37.16 ± 5.31 (30–48 months). Successful fusion was achieved in 43/44 patients, with a
significantly (P < 0.05) lesser needs for bone-grafting in favour of group II. The results were good in 32 cases, fair in 11, and
poor in a single case with no significant difference between the two groups. The acceptance scores were significantly (P <
0.05) superior in group II (3.08 ± 1.1 points) than that group I (2.25 ± 1.4 points).
Conclusions Bifocal bone transport is effective in salvaging troublesome infected ankle fractures with bone loss. BT is more
comprehensive and acceptable than ASRL with lesser needs for bone grafting.
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Introduction

Ankle injuries involving the distal tibia and/or talus associated
with infection and bone loss are a matter of concern and have
limited treatment options. The main technical difficulties are
the existence of infection, soft-tissue loss, bone defects, and
leg shortening. The shortening is due either to the initial vio-
lent event or to the subsequent debridement procedures [1–3].
The goals of treatment are essentially directed for controlling
infection, having a plantigrade and painless foot, and promot-
ing rapid recovery to previous activities. It is difficult to obtain
the above-mentioned goals by methods other than arthrodesis.
In this concern, the internal fixation modalities, which could

provide better patients’ compliance after ankle arthrodesis, is
not appropriate in the settings of complicated scenarios, which
makes external fixation a more applicable alternative [4–6].
One of the traditional techniques in ankle arthrodesis is the use
of simple external fixator around the ankle to stabilize and to
compress the arthrodesis site. The drawback of such technique
is the residual limb shortening with high failure rates [7, 8].
The rational of the present study was to evaluate the results of
bifocal bone transport concepts using the Ilizarov external
fixator to achieve reasonable union rates and to compensate
the resultant shortening after through radical debridement of
the infected tissues.

Patients and methods

This prospective study included 44 consecutive patients of
infected post-traumatic ankle defects, who met our selection
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criteria and were treated in the authors’ institution between
2012 and 2017 (Table 1). Inclusion criteria involved isolated
ankle fractures complicated by deep infection, while exclusion
criteria included any debilitating comorbidity, smoking, associ-
ated neurovascular injuries, and ipsilateral lower limb fractures.
There were 30 males and 14 females with a mean age 35.61 ±
8.57 years. Patients were subjected to two to three debridement
settings before they presented to our institute. Informed con-
sents were obtained from all the patients before surgery.

Operative technique

All procedures were performed under general or epidural an-
aesthesia in supine position. A tourniquet was applied routine-
ly until completion of debridement and deflated thereafter. All
cases were subjected to removal of the existing implants and
radical debridement of all infected bone and soft-tissues
through either anterior or transmalleolar approaches. The ar-
ticular surface of the distal tibia and talus (or calcaneus in
cases of talectomy) was thoroughly debrided. The procedure
was then completed by applying a bridging Ilizarov frame and
creating proximal tibial metaphyseal osteotomy. Two differ-
ent techniques were used to achieve arthrodesis and to com-
pensate the resulting post-debridement shortening. The first
technique (group I, n = 20 cases) consisted of acute shortening
of the arthrodesis site and re-lengthening (ASRL) through the
proximal metaphyseal osteotomy. The second technique
(group II, n = 24 cases) was gradual bone transport (BT)
through the proximal osteotomy with gradual closure of the
resultant distal ankle defect (Fig.1). The wound over the defect
in group II was primarily sutured over a wide-bore suction
drain which was left for ten days. The use of either methods

depended on the size of the intra-operative post-debridement
defect. ASRL was used for defects not more than 3 cm, while
BT was reserved for larger defects (i.e., > 3 cm). The mean
bone defects in group I was 2.45 ± 0.51, while those in group
II was 5.17 ± 0.76.

Post-operative regimen and patient’s evaluation

Patients were discharged from the hospital after 48 hours and
they were educated how to clean the frame and how to deal
with wound dressing. They were instructed to attend the first
follow-up visit at the tenth post-operative day. At this visit,
gradual distraction at the proximal osteotomy site was started
at a rate of divided 1 mm per day among both groups, with an
additional step of compression at the distal post-debridement
defect in group II. Patients were then followed up radiologi-
cally every two weeks to evaluate the course of lengthening in
group I and to monitor the progress of the transport among
group II. Also, the quality of the newly formed bone at the
proximal distraction site was evaluated, frame stability was
checked, and pin tract infection, if any, was managed. Partial
weight-bearing was allowed as tolerated using walking aids.
Follow-up was conducted every two weeks until the expected
length was gained in group I and till the transported fragment
reached the docking site in group II. At this step, the arthrod-
esis site in group I was examined clinically and radiologically
for signs of fusion and for the need of iliac-rest bone grafting.
Also, the docking site among group II patients was routinely
refreshed in a second planned surgery with removal of all
interposed tissues to provide good contacting surfaces be-
tween the two opposing fragments. The quality of bone ends
was also evaluated for the need of bone grafting.

Table 1 Patients baseline demographics and procedure characteristics in both groups

44 patients (44 feet) Test P value

Parameter Group I (n = 20) Group II (n = 24)

Age Range 20–50 27–52 t = 1.365 0.179
Mean ± SD 33.70 ± 8.57 37.21 ± 8.42

Fixator index (days/cm) Range 32–40 32–40 t = 0.665 0.510
Mean ± SD 35.58 ± 2.95 36.7 ± 2.82

Follow-up (months) Range 30–48 30–46 t = 0.234 0.816
Mean ± SD 36.95 ± 6.09 37.33 ± 4.74

Parameter N % N %

Gender Male 13 65.0% 17 70.8% X2 = 0.171 0.679
Female 7 35.0% 7 29.2%

Type of injury Pilon 17 85.0% 15 62.5% X2 = 2.784 0.095
Talus 3 15% 9 37.5%

Side affected Right 12 60% 15 62.5% X2 = 0.031 0.865
Left 8 40% 9 37.5%

T, t test; X2 , chi-square test

*Significant at P < 0.05
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Patients were then followed every month to monitor the
consolidation of both the proximal regenerate site and the
arthrodesis site, and to manage any malalignment, if any.
Consolidation was confirmed clinically by the ability of the
patient to perform single-leg stance test on the operated side
and radiologically by complete ossification of at least three
cortices. Frame was then removed under sedation in an out-
patient basis and an above-knee weight-bearing cast was ap-
plied for additional four weeks.

The outcomes were graded as good, fair, or poor based on
the criteria described by Hawkins et al. [9]. A good outcome
indicted achieving solid ankle fusion with a plantigrade pain-
less foot with an acceptable function. A fair outcome was
considered in cases where the fusion site had achieved union
but in a deformed and/or painful state. A poor result was
resorted to cases with failure to attain ankle fusion or by per-
sistence of infection. In addition, patients were asked to fulfill
a subjective satisfaction scale between 1 and 5 points to pro-
vide their acceptance and tolerance to the whole procedure,
with higher scores indicated more acceptance.

Statistical analysis

The results were expressed as means and standard deviations.
The t test was used to compare two mean numerical values;
while the chi-square test was used for comparing categorical
variables. P value < 0.05 was considered significant.

Results

The mean follow-up was 36.95 ± 6.09 months in group I and
37.33 ± 4.74 in group II. All results are summarized in
Table 2. Successful fusion was achieved in 43 of the 44 pa-
tients (e.g. Figs. 2, 3). None of the cases ended up with mal-
union or had limb length discrepancy. Bone grafting was es-
sential in only 20.8% (5/24) of group II patients, which was
significantly lesser (P < 0.05) than those needed in group I
(55% (11/20) of cases). The mean external fixation index
which is the time needed to complete consolidation of the
regenerate divided by the length of the defect was 35.58 ±

Fig. 1 Illustrative line diagram
showing the 2 techniques of
bifocal bone transport used in the
study. a The ASRL technique. b
The BT technique

Table 2 Results among both
groups in the study Group A (n = 20) Group B (n = 24)

Resultant defect (cm) Range 2–3 4–6 t = 13.600 0.001
Mean ± SD 2.45 ± 0.41 5.17 ± 0.76

Bone graft Yes 11 55% 4 16.7% 7.134 0.008*
No 9 45% 20 83.3%%

Hawkins Good 15 75% 17 70% 1.593 0.451
Fair 4 20% 7 29.2%

Poor 1 5% 0 0%

Acceptance degree 1 3 15% 1 4.2% 8.327 0.040*
2 11 55% 6 25%

3 4 20% 7 29.2%

4 2 10% 10 41.7%

X2 , chi-square test

*Significant at P < 0.05
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2.95 and 36.7 ± 2.82 days/cm in groups I and II, respectively.
According to the Hawkins criteria, the results were good in 32
cases, fair in 11, and poor in a single case with no significant
difference (P > 0.05) between the two groups. The mean ac-
ceptance score was 2.25 ± 1.4 in group I and 3.08 ± 1.1 in
group II, and the difference between the two groups was sig-
nificant (P < 0.05). Regarding the effect of different variables
on the results, there was no significant effect (P > 0.05) of
either the age, gender, size of the post-debridement defect,
or the primary cause of injury on the final functional or radio-
logical end results.

A 50-year-old patient in group I showed aseptic nonunion
of the arthrodesis site during follow-up. Revision arthrodesis,
by internal fixation and iliac crest bone graft, was performed,
with a successful solid fusion. Refracture of the regenerate site
was recorded in one patient in group II at three months after
frame removal because of falling on the stairs, and an above-
knee casting for two months was enough to manage this issue.
During the process of transport, 15 patients needed further
unplanned procedures in the form of wires/pins exchanging
because of infection in six cases and further debridement of
the infection site in the other nine cases.

Fig. 2 a Clinical and radiographic photos of 34-year-old male presented
with an infected open fracture-dislocation of the right ankle after 2 un-
successful debridement settings. b Radical debridement and talectomy
was done resulting in 4-cm bone defect. c Gradual BT was done and

finally the docking site was explored and debrided with no need for bone
grafting. d Final clinical and radiological photos with fixator index
34 days/cm, good Hawkins result, and a satisfaction score of 4 points

236 International Orthopaedics (SICOT) (2021) 45:233–240



Discussion

Complex ankle fractures complicated by infection and bone
destruction are a worrying issue leaving sizeable defect either
from the original accident or after radical debridement of
devitalized bone and soft-tissue envelope [1, 2]. Ankle

arthrodesis is considered the method of choice in these com-
plicated scenarios. Many methods were introduced to achieve
sound successful arthrodesis across the ankle including inter-
nal fixation by screws, monolateral external fixators, and the
more applicable circular Ilizarov external fixator [3–19].
Principles of successful fusion across infected ankles are

Fig. 3 a Clinical and radiographic photos of 50-year-old female present-
ed with bimalleolar fracture and infected hardware after 2 unsuccessful
debridement settings. b Radical debridement was done with a resulting 3-

cm bone defect. cASRLwas performedwith no need for bone grafting. d
Final clinical and radiological photos with fixator index 36 days/cm, good
Hawkins result, and a satisfaction score of 2 points
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radical debridement of all infected and devitalized tissues,
adequate bone apposition, good blood supply to opposing
bone ends, and stable fixation [2, 3]. To achieve the above-
mentioned principles, residual limb shortening is inevitable
and should be compensated. The choices available to over-
come this dilemma and to reconstruct such defects are limited
and include the bone transport Ilizarov principles. In this pro-
spective study, radical debridement of all the infected bone
and soft-tissues was essentially performed in all included
cases. The resulting post-debridement defect was measured,
which was the basis for our choice of one of the two main
Ilizarov principles (i.e., ASRL or BT) to compensate such
defects. There is a general agreement that acute bone compres-
sion in the leg is allowed in no more than 3 cm to avoid
compressing neurovascular structures [20, 21]. Accordingly,
either ACRL (for ≤ 3 cm defects) or BT (more than 3 cm) was
selected in the present study depending on the post-
debridement defect.

In the literature, few studies focused on the bifocal method of
Ilizarov procedure with proximal osteotomy to achieve ankle
fusions. Hawkins et al. [9] reported solid fusion with satisfactory
results in 16 of their 20 patients with complex ankle pathology
treatedwith Ilizarov fixator. Salem et al. [14] used proximal tibial
lengthening in six of their 22 cases and stated that lengthening
allows debridement of all necrotic bone while overcoming the
resulting shortening. In a series of six cases, Sakurakichi et al.
[18] documented satisfactory results of ankle arthrodesis using
Ilizarov fixator (ASRL in three cases and BT in the other three).
Kotnis et al. [22] reported a single case of infected total ankle
arthroplasty successfully managed using the bone transport con-
cept. Katsenis et al. [23] described two cases of infected non-
union that were efficiently managed by removal of all dead bone,
acute compression, and deformity correction followed by proxi-
mal lengthening. Moreover, Kienast et al. [24] in his large series
including 133 cases of infected ankle fractures used a two-stage
technique; first radical debridement and antibiotic beads with
applying a simple fixator. This was followed by second grafting
setting after four weeks. They reported uncontrollable infection
in 4.5% of their cases which necessitated below knee amputa-
tions. Also, there was leg length discrepancy of 13 mm in aver-
age. Our results are comparable to the work of Mochocki et al.
[25] who reported satisfactory outcomes in all of their 18 patients
with ankle arthrosis managed by the bifocal concept. They stated
that patients appreciated the early undependable weight-bearing
of the operated limb through the course of treatment.

The cornerstone of our procedures was radical resection of
all devitalized infected bone/soft-tissues which is crucial for
eradicating the infection and achieving successful fusion.
Moreover, the proximal metaphyseal osteotomy provides
gradual distraction of the transporting bone with the benefit
of compensating the resultant post-debridement defect/short-
ening. This is beside the added theoretical benefits of increas-
ing blood flow of the affected limb as proposed previously by

Salem [14] and Sakurakichi [18]. All cases except one (group
I) have caught complete consolidation of the lengthening site
and fusion of the arthrodesis site. The only non-united case
among this group was a 50-year-old male with a 3-cm post-
debridement bone defect on top of infected pilon fracture. He
developed aseptic failure of the fusion after three months fol-
lowing frame removal and was successfully managed by re-
vision arthrodesis using internal fixation and iliac crest bone
grafting. In the present study, the final mean Hawkins clinical
scores were comparable (P > 0.05) between the two groups,
with 32 patients assigned good results, 11 cases of fair, and a
single case of poor results. Additionally, all patients were
subjected to a questioner to report their subjective satisfaction
and acceptance of the whole procedure which was significant-
ly superior (P < 0.05) in favor of the BT technique (group I).

Grafting of the arthrodesis site is reported as a chief step to
guarantee reasonable union. During the follow-up visits in the
current study, the fusion site in group I (ASRL) was evaluated
radiologically and clinically with 11 (55%) of the 20 cases
subjected to bone grafting. Regarding group II (i.e., BT cases),
the arthrodesis site was explored and refreshed as a routine
planned second stage at the end of the transport method.
Interestingly, the ends of the transported fragment and the
docking site were healthy with good blood supply and only
five (20.8%) of the included 24 cases in this group needed
bone grafting. The need for bone grafting of the arthrodesis
site, with its known donor site morbidity, was significantly
less in the BT group (P < 0.05).

Another attractive alternative for radical resection and re-
construction of such bone defects is the induced membrane
(Masquelet) technique [26]. This comprises filling the post-
debridement defect by cement spacer for about six weeks
followed by removal of the spacer, cancellous bone grafting,
and fixation. However, the benefits of this procedure are par-
tially outweighed by the need for a series of operative inter-
vention, started by the initial debridement setting, passing
through osteosynthesis procedure as a second planned stage,
and then removing the hardware later. This is in addition to the
reported issues that morbid reinfection, refracture, and graft
donor site commonly complicate this procedure [27].

The present study highlights the effectiveness of applying
Ilizarov principles in managing infected ankle fractures with bone
defects. Also, our results indicate the preference for BT technique
over the ASRL in these settings because of the following:

& The ability of BT to overcome any defect, whatever its
size, which is considered a shortage in the ASRL tech-
nique that is only applicable for ≤ 3 cm defects.

& More patients’ acceptance and satisfaction immediately
after surgery in group II as a result of not feeling crippled
by any limb discrepancy which is usually accompanying
the cases in group I until they complete the re-lengthening
period.
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& During bone transport, the gradual proximal distraction
with progressive closure of the post-debridement defect
propels any residual hidden infected tissues with subse-
quent lesser incidence of recurrence of infection at the
arthrodesis site.

& Gradual BT gives better chance to the operator to re-
evaluate the need for bone grafting at the docking site, if
any, after the completion of the transport. Hence, the need
to perform bone grafting is significantly less required.

This study has some shortcomings. First, the limited num-
ber of cases is the main shortcoming which is expected due to
our strict selection criteria because cases with debilitating co-
morbidity, smoking, associated neurovascular injuries, or ip-
silateral lower limb fractures were intently excluded to mini-
mize the known adverse impacts of these variables on the
outcomes. Second, we are likely to be criticized for our ap-
proach in comparing the efficiency of two different Ilizarov
techniques in the presence of a noticeable difference in the
size of the reconstructed bone defects between the two groups.
Nevertheless, it is worth noting that the fixator index used in
this study, which does not depend at all on the size of bone
defect, was comparable (P > 0.05) between the two studied
groups. This is in addition to that the results among group II,
which included more complicated injuries, were better than
the results in group I, which highlights the noticeable superi-
ority of the former. Therefore, it is self-evident that its use in
less-affected cases is more easy and effective.

Conclusions

Applying Ilizarov principles in managing infected ankle frac-
tures with bone loss is effective in overcoming all aspects of
the problem. BT is more comprehensive and acceptable than
ASRL with lesser rates of bone grafting.
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