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Summary: There are multiple options available for the management of large tibial
defects. The Ilizarov frame is one of the most widely used techniques due to the
physiological bone growth and the symmetrical distribution of axial forces permit-
ting adequate bone distribution. However, disadvantages still remain including ob-
taining additional soft-tissue access for defect coverage. We present our experience
with soft-tissue reconstruction for chronic infected tibial nonunions using free tis-
sue transfers simultaneously with Ilizarov device placement. A retrospective review
was performed from 2014 to 2016 of patients presenting with a chronically infected
tibia nonunion and treated by our senior orthopedic and plastic surgeons. De-
mographic data, comorbidities, intraoperative details and postoperative outcomes
were collected. A total of 6 patients were identified with a mean age of 46.2+11.6
years. Complete flap survival and resolved active infection were achieved in 5 of
our patients, 4 demonstrated body union on imaging, and all of them reached
complete ambulance. Flap revisions with allografting for partial flap loss were
performed in 1 patient. Preoperative planning is critical for immediate lower ex-
tremity reconstruction in the setting of an Ilizarov frame. From our institutional
experience, free tissue transfer can safely be placed after frame placement. (Plast
Reconstr Surg Glob Open 2019;7:¢2180; doi: 10.1097/GOX.0000000000002180; Pub-

lished online 13 March 2019.)

Exposed fractures of the tibia are common. The rate
of occurrence is approximately 4%, which is equivalent to
250,000 fractures/y in the United States.! Complications
often occur and are influenced by the severity of soft-tissue
damage and degree of fracture site contamination. Rates
for infections range around 5%-16% and for nonunions
between 5% and 30%.2

A number of surgical techniques have been devised
to manage fracture injuries of large tibial defects. One
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of the most widely used approach is the use of external
fixation with gradual limb lengthening by distraction os-
teogenesis, also known as the Ilizarov technique.** This
technique allows early weight bearing, decreasing the risk
of additional surgery for delayed unions, and is effective
in reconstruction of fractures with significant osseous
deficit.>® Despite the well-known advantages of this tech-
nique, it traditionally has not allowed appropriate imme-
diate soft-tissue coverage for large defects unless acute
shortening is performed.”

The goal of this study is to describe our experience
with soft-tissue reconstruction for limb salvage of chroni-
cally infected tibia nonunions in conjunction with the II-
izarov technique.

Patient Selection

We performed a retrospective chart review of patients
presenting with a chronically infected tibia nonunion
between 2014 and 2016. Patients were included if they
were treated with the Ilizarov technique, and if they re-
quired immediate soft-tissue reconstruction with free tis-
sue transfer.

Disclosure: The authors have no financial interest to de-
clare in relation to the content of this article.
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Table 1. Demographics and Clinical Characteristics
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Table 2. Primary Surgical Management

Variable (N=6) Value Variable (N=6) Value
Age,y (mean + SD) 46.2+11.6 Flap type
Gender Free rectus muscle flap 4 (66.7%)
Male 4 (66.7%) Free gracilis muscle flap 2 (33.3%)
Female 2 (33.3%) Cultured organisms
Body mass index, kg/m? (mean 26.7+5.3 Gram-positive bacteria 6 (100.0%)
+SD) Staphylococcus species 5 (83.3%)
Smoking Methicillin-resistant 0 (0.0%)
No 5 (83.3%) Staphylococcus aureus
Former 0 (0.0%) Enterococcus faecalis 1 (16.7%)
Active 1 (16.7%) Streptococcus species 1 (16.7%)
Diabetes 2 (33.3%) Gram-negative bacteria 4 (66.7%)
Hypertension 1 (16.7%) Pseudomonas aeruginosa 3 (50.0%)
Primary orthopedic diagnosis Enterobacter cloacae 1(16.7%)
Open distal tibia fracture and 1 (16.7%) Stenotrophomonas maltophilia 1 (16.7%)
nonunion Other 1 (16.7%)
Open pilon fracture and 3 (50.0%) Candida parapsilosis 1 (16.7%)
nonunion Culture negative 0 (0.0%)
Open tibial shaft fracture and 2 (33.3%)
nonunion
Chronic infection 6 (100.0%)
Table 3. Postoperative Outcomes
Variable (N=6) Value
For each case identified, demographic data, comorbid- - .
. X K . R X Complications
ties, primary dlagnOSlS, lntraoperatlve detalls, and pOStOp- Docking site nonunion 2 (333%)
erative outcomes were collected. Tissue invagination 0 (0.0%)
Partial flap loss 1 (16.7%)
Wire drainage requiring intrave- 0 (0.0%)
Statistics and Ethics nous antibiotics
IBM SPSS software (Version 25.0. Armonk, NY, None 3 (50.0)
IBM C'orp.) was used for all descriptive and statistical gi;lll)sglf;?:;le closure g 2222%;
analy51s. Partial flap loss 1 (16.7%)
Bone healing on radiographic imaging 4 (66.7%)
Amputation 0 (0.0%)
Satisfactory functionality (walking) 6 (100.0%)

A total of 6 patients met the inclusion criteria with an
average age of 46.2+11.6 years and average body mass
index of 26.7+5.3. Pertinent history includes: history of
smoking (1 patient), hypertension (1 patient), and dia-
betes mellitus (2 patients). The most common primary
indication for surgery was an open Pilon fracture with
nonunion (Table 1).

All patients were exposed to serial debridements
7.3+£0.8 days before Ilizarov frame placement followed by
direct free tissue reconstruction. Flap types were free rec-
tus and gracilis muscle flaps (Table 2).

In regards complications and primary outcomes within
the follow-up time (21.3+4.1 months), 2 patients experi-
enced docking site nonunions that required operative in-
tervention by the orthopedic service and one partial flap
loss that was addressed by the plastic surgeon. Moreover,
5 patients demonstrate full flap survival, complete soft-
tissue closure, and no ongoing infection. Four showed full
bone healing based on radiographic evaluation and all pa-
tients demonstrated ambulation. None of the 6 patients
required amputation (Table 3).

This case series demonstrates our positive experience
of the optimization of soft-tissue reconstruction of the low-
er limb by performing free tissue transfer after the Ilizarov
frame placement for limb salvage.
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Follow-up time, mo (mean =+ SD, 21.3+4.1 (19.7)

median)

It has been suggested that the Ilizarov frame must be
placed after flap transfer when it is required, given that the
frame used in conjunction with free tissue transfer restricts
space and view, increases risk associated with the proce-
dure, and adds to the difficulty of performing microvascu-
lar anastomoses.”® However, by performing the flap after
the frame has been placed, the risk of inadvertent injury
to the flap is removed.? Here, we present our surgical tips
for free tissue transfer in the setting of an Ilizarov device.

Free Flap Selection

Muscle flaps are ideal for placement through the Il-
izarov frame, as they allow for rapid elevation, predictable
anatomy. The muscle flap can be partially split in either
parallel (3—4cm) or perpendicular (1cm) directions to
the muscle fibers in small increments. This allows flex-
ibility around olive wires and pins. The flap choices for
small-to-moderate-sized wounds are the rectus abdominis
muscle flap and the gracilis muscle flap.

Long Microsurgery Instruments

The use of long microsurgical instruments (18cm) is
critical when operating through the frame, because the
shorter instruments will not be able to reach the anasto-
mosis.
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Fig. 1. Space between the middle rings of the llizarov frame.

High Power Loupes

Loupes at magnification of 3.5x or 4.0x is necessary
for the surgery because a microscope will be able to po-
sitioned correctly to prevent poor posture or the instru-
ments hitting the bottom of the microscope.

Limited Help

The surgeon should feel comfortable in preparing the
vessels and performing the anastomosis without an assis-
tant because the frame will prevent a second set of hands
into the operating field.

Vessel Selection and Access

By being present during the initial surgery debride-
ment, the plastic surgeon can determine which vessels
will be optimal for the eventual free tissue transfer.
Also, adequate exposure of the vessels should be per-
formed before the frame being placed. Vessels should
be exposed between the 2 rings with the largest distance
separating them (ideally >10cm) as this will usually be
the middle 2 rings stabilizing the mid-shaft of the tibia
(Fig. 1).

Anastomosis Type

A continuous running suture on the anterior and pos-
terior sides is preferred because this limits the maneuvers
required through the frame by limiting the number of
knots needed per anastomosis. However, this is a second-
ary priority when there is only one major vessel, in which
case an end-to-side anastomosis should be performed to
preserve perfusion to the foot.

For the venous anastomosis, we use a venous coupler
device half size smaller than the smaller vessel to be anas-
tomosed. The surgeon holds both the coupler device and
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the pusher while performing the anastomosis indepen-
dently.

CONCLUSIONS
Performing a free tissue transfer after placement of an II-
izarov frame for bone transport can be challenging, but with
standardization of the approach using described tips, one
can achieve successful limb salvage with limited assistance.
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