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38.1 Introduction

The term pilon fracture was first used in 1911 by
French radiologist Destot and comes from the
French for pestle. Tibia pilon fracture is a frac-
ture including the metaphysis section at the distal
part of the tibia (plafond roof). The tibia plafond
forms a roof over the talus bone and has a smooth
surface ensuring contact between the distal tibia
and the talus. The ankle is formed by the plafond
above and by the talus below and by the lateral,
medial, and posterior malleoli. In the sagittal
plane the plafond is concave, while in the coronal
plane it is convex. The anterior section of the pla-
fond is wider to tolerate axial loads.

There is a broad range in terms of surgical
treatment for tibia pilon fractures. There are sev-
eral treatment alternatives, especially for the
treatment of high-energy complex pilon frac-
tures. None of these methods can be claimed as
gold standard. Infection is commonly observed
after internal fixation. McFerran et al. (1992)
reported a 54% complication rate in treatment of
these types of fractures, while Helfet et al. (1994)
reported a complication rate of 70%. The final
result is arthrodesis in 26% of patients, with
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amputation in 16% of patients. Teeny and Wiss
(1993) reported complications like pseudoarthro-
sis, infection, and implant breakage in 50% of 60
patients operated on for tibia pilon fracture.
When selecting the fixation method for a tibia
pilon fracture, evaluation of the soft tissue condi-
tion and fracture fixation quality is important, to
prevent complications (Casstevens et al. 2012;
Newman et al. 2011). These complications are
more common with high-energy trauma
(Mauffrey et al. 2011). In addition to treatment
planning in high-energy trauma, careful monitor-
ing of soft tissue condition, and waiting 7-14 days
for reduction of soft tissue edema are necessary
to reduce the risk of complications (Yalcin et al.
2007).

Treatment of open fractures is difficult. To
decrease complication risk, several methods and
combinations have been described like minimally
invasive methods, two-stage procedures, unilat-
eral fixator applications, hybrid jointed ankle fix-
ators, and circular Ilizarov external fixator. No
matter which method is used, major skin inci-
sions should be avoided (Mauffrey et al. 2011).

A staged protocol is important in treatment of
tibia pilon fractures (Boraiah et al. 2010; Wyrsch
et al. 1996). To date there is no consensus on the
treatment of complications after pilon fractures
such as delayed or nonunion and pseudoarthrosis.
According to some studies, the infection risk dur-
ing pilon fracture treatment approaches 55%
(Joveniaux et al. 2010; Zelle et al. 20006).
Infection risk increases with longer duration of
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the surgical procedures and open fractures (Miller
et al. 2012). Hyperglycemia associated with dia-
betes is an additional serious risk factor for infec-
tion (Theuma and Fonseca 2003). This is related
to microvascular pathology that creates ischemia
in the extremities. These complications have also
increased the popularity of external fixation.
Until skin creases are clearly seen, patients
should rest with leg elevation. Temporary fixator
use may enable joint mobilization and thereby
assist with edema reduction (Yalgin et al. 2007).
A temporary fixator application means that the
patient must undergo two surgical procedures,
and treatment costs will be higher. Therefore, the
ultimate treatment should take place soon after
the trauma. The external circular ilizarov fixator
enables earlier surgery post-trauma and earlier
joint mobilization. Another advantage of the
Ilizarov external fixation method is that it allows
early ambulation with load bearing (Leung et al.
2004; McDonald et al. 1996).

38.2 Surgical Technique

Fifty-three patients with tibia pilon fractures
were treated at our clinic between 2010 and 2014
using the Ilizarov method. The patients included
40 males and 13 females. The mean age was
45.3 years (range = 23—-62 years). High-energy
trauma such as traffic accidents and falls from a
height was involved in more than 80% of the
patients. According to AO classification, four
fractures were type Al, four were type A2, four
were type A3, eight were type B1, five were type
B2, seven were type B3, six were type C1, seven
were type C2, and eight were type C3. The surgi-
cal procedure followed these stages:

1. External ring fixation, according to the frac-
ture shape.

2. Fracture continuity was ensured.

3. Fixation and compression of fracture frag-
ments with reduction and arrangement was
ensured using Kirschner (K) wires.

The location of Ilizarov rings was com-
pleted according to the fracture type in the AO
classification. A type fractures had the Ilizarov

apparatus planned and set with three full rings
used, B type fractures had two full rings and
one half ring, and C type fractures had three
full rings and one half ring. Patients were posi-
tioned in supine and transcalcaneal traction was
applied. Reduction after ligamentotaxis was
checked using fluoroscopy.

While applying the three-ring Ilizarov appara-
tus, K-wires linked to the proximal ring were
passed through the proximal metaphysis of the
tibia. Wires holding the central ring passed close
to the distal part of the proximal fragment of the
tibia. Changes in fragment location were noted
when placing the wires. Depending on fragment
location, they were inserted from inside to out-
side, or outside to inside, and wires with stops
and abutment points were used. The distal ring
was joined to the base rings without wires. A wire
with an abutment point (stop) was passed from
the calcaneus, and the half ring was fixed and ten-
sioned. Diastasis was created at the ankle joint,
and fragment displacement was roughly cor-
rected. The remaining fragment displacement
was reduced with an awl (Kirschner, hook) “joy-
stick” with 3—4 mm pointed tip and reduced per-
cutaneously under fluoroscopic control. Fragment
fixation was completed using 1.8-2.0 mm olive
wire. Using the distal tip of the tibia as a refer-
ence point, the fragments of the anterior and pos-
terior edges of the ankle joint surface were
reduced. It is important that reduction of the tibia
plafond forming the ankle joint surface be care-
fully performed. However, in situations where
this may not be possible especially in C type frac-
tures, reduction was attempted after a small inci-
sion was made, and the reduced fragments were
fixed with olive wires. To prevent supination and
drop foot, the foot was fixated with the ankle in
neutral alignment. The wire through the calca-
neus was generally removed after 1 month (40—
45 days for some type C2 and C3 fractures), and
ankle movement was allowed.

Patients were not allowed to bear weight until
the wire was removed. After the calcaneal wire
was removed, ankle movement and partial
weight-bearing were allowed. No bone grafts
were used. While surgery was completely closed
in 43 patients, in 10 patients a small incision was
made to ensure reduction.
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38.3 Results

Mean union duration was 14.6 months (12—
22 months). According to the Mazur’s criteria, 39
patients (74%) sustained very good or good
results. In ten patients (19%) sufficient results
were obtained, while in four patients (7%) the
results were poor. Sufficient and good results
were recorded for all type A (1, 2, 3) and type B
(1, 2) fractures. Poor results were observed for
type C2 and type C3 fractures.

No patient developed an infection or deep vein
thrombosis. In 11 patients superficial soft tissue
infections occurred around the K-wires. This sit-
uation was treated with oral antibiotics and dress-
ings. In four out of seven patients with open
fracture, skin necrosis was observed after surgery
(Fig. 38.1). In all patients wounds healed without
complications except for one patient that required
a skin graft. More than 80% of the patients had
full return of ankle range of motion. Ankle
arthrodesis was performed in two patients.

38.4 Discussion

The Ilizarov method is a minimally invasive
method allowing fixation of the bone with the aid
of K-wires, threaded rods, and a frame (Fig. 38.2).
It was described by Gavriil Abramovich Ilizarov at
the beginning of the 1950s. It gained global popu-
larity after an Italian reporter was treated with this

method. It provides satisfying results for open
fractures, pseudoarthrosis, lengthening extremi-
ties, and deformities. Among the advantages of
this method are that it is minimally invasive, the
patient may ambulate with early weight-bearing
and may return quickly to normal daily activities,
and the apparatus can be adjusted during recovery
to maintain ligamentotaxis effects.

Fig.38.1 Patient who sustained skin necrosis

.

Fig. 38.2 (a) Anteroposterior radiograph before operation, (b) lateral radiograph before operation, (¢) anteroposterior
radiograph after operation, (d) lateral radiograph after operation
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For a more stable fixation with the Ilizarov
method, three or four rings may be used. If the
fracture is closer than 3—4 cm from the joint level,
a fourth ring may be used as a foot ring for more
stable fixation including the foot. To shorten the
surgery duration, planning should be made before
surgery, and the rings preassembled. The rings
should be perpendicular to the mechanical axis
and parallel to each other. Full rings created by
joining two half rings should be placed at least
2 cm from the skin. The Ilizarov frame should be
at least 2 cm from the skin to reduce pressure on
the skin from the frame if edema develops in the
extremity and to reduce the necrosis risk. In prac-
tice, a distance of two fingers between the frame
and skin should be sufficient. However, leaving
more space between the frame and the skin to
reduce this risk may cause a biomechanically
weaker fixation. Leaving four rods between the
rings ensures better fixation. Carbon rings should
be used to be able to evaluate joint congruency on
postoperative radiographs.

If the fracture line is closer than 3—4 cm to the
joint level, the foot should be included in the
frame for more stable fixation. When including
the foot within the Ilizarov system, care should
be taken that it not be placed in a drop foot posi-
tion (Daglar 2016).

Another advantage of Ilizarov external fixator
is ligamentotaxis (Bone et al. 1993; Lovisetti
et al. 2009). Ligamentotaxis is an important fac-
tor in functional healing of fractures. However,
the necessity of including the ankle may be con-
sidered a disadvantage (Mauffrey et al. 2011).
Foot fixation does not always result in decreased
ankle movement. Okcu and Aktuglu (2004)
stated that external fixator use ensured better
ankle movement. Additionally, there are reports
stating that external fixator application provides
worse results in terms of post-traumatic arthrosis
(White et al. 2010), while there are also reports
stating that it makes no difference (Davidovitch
et al. 2011). To prevent limited subtalar joint
movement, it is recommended that wires passing
through the ankle joint bypass the talus (Firat
et al. 2013). Another advantage of the Ilizarov
system is that it allows stable fixation in osteopo-
rotic bone.

While threaded rods may be used for fixation
of the frame proximal to the fracture line, for dis-
tal ring fixation at the distal tibia, we may use
K-wire and reduction (olive) wires. The threaded
rods should be inserted 90 degrees perpendicular
to each other. Kirschner (K) wires should be
inserted into the distal tibia at a minimum of 60
degrees apart (Aktuglu and Ozkaymn 2013).
Fracture fragment reduction may be easier with
olive wires (Yal¢in et al. 2007). With ligamento-
taxis, unreduced fragments may be reduced with
a pointed awl or K-wire “joystick.” The surgical
procedure should be performed on large bone
fragments (Mauffrey et al. 2011). Tension on the
wires reduces the infection risk.

While infection is a risk of every surgery,
Ilizarov apparatus application especially for high-
energy trauma reduces this risk (Yal¢in et al.
2007). The risk of deep infection is lower com-
pared with open surgery. The complication inci-
dence rate in patients with internal osteosynthesis
may approach 70% (Helfet et al. 1994). A com-
parative prospective randomized study of internal
osteosynthesis and external osteosynthesis by
Wyrsch et al. (1996) reported lower complication
rates in the group with external osteosynthesis.
Research by El-Mowafi et al. (2015) stated that
Ilizarov apparatus external fixator use reduced the
need for a large surgical incision and was a useful
method for pilon fracture treatment.

In retrospective research, Okcu and Aktuglu
(2004) reported that patients treated with the
Ilizarov method had better ankle joint mobility
than after open fixation. Firat et al. (2013) showed
that hinged Ilizarov external fixator use was an
effective treatment method for tibia pilon
fractures.

Pilon fracture treatment complication rates
are high (Helfet et al. 1994). While choosing
the fixation method, it is important to take note
of complication risks linked to the soft tissue
condition (Casstevens et al. 2012; Newman
et al. 2011).

Complication rates tend to be lower with
treatment methods involving external fixators
(Wyrsch et al. 1996). However, results may be
worse for multifragmented pilon fracture cases,
especially with central collapse. As fragments
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with no link to soft tissue cannot be reduced with
ligamentotaxis, they may require fixation with
minimally invasive methods (Yal¢in et al. 2007).
In these types of cases, additional fixation with
percutaneous cannula screws and grafting may
provide better results (Ersan et al. 2005). Early
ankle mobilization may prevent Sudeck’s atro-
phy and may improve cartilage healing (Ersan
et al. 2005). Following external fixation, mini-
mally invasive plates are useful to enable early
ankle movement. However, it should not be for-
gotten that good results strictly with external fix-
ator use have been reported (Aktuglu and
Ozkaym 2013; Pavolini et al. 2000; Vidyadhara
and Rao 20006).

Factors that limit the use of the Ilizarov appa-
ratus method are the difficulty in using the device
and complications related to its external pres-
ence. While reduction of fractures with ligamen-
totaxis is the aim of using external fixators, it is
difficult to ensure full repositioning of multifrag-
mented fractures of the distal joint surface of the
tibia (Bone et al. 1993; Lovisetti et al. 2009). For
better reduction of the fracture line, it may be
helpful to use arthroscopically assisted mini-
mally invasive methods (Fischer et al. 1991).
Opinions differ in terms of two-stage surgery
(Aktuglu and Ozkayin 2013; Pugh et al. 1999;
Sirkin et al. 1999).

38.5 Conclusion

The Ilizarov apparatus should be applied accord-
ing to the AO classification of fractures of the
tibial distal epiphysis. For closed reduction with
ligamentotaxis of fragments in distal tibial epiph-
ysis fractures, fixation should be performed with
wires. In the presence of multifragmented dis-
placed fractures, a pointed awl allows percutane-
ous fragment reduction without the need to open
the fracture. Percutaneous Ilizarov system use
does not disrupt endosteal and periosteal nutri-
tion, and fragments may be compressed with
olive wires (Vidyadhara and Rao 2006). When
closed reduction is not possible, reduction may
be performed using a small incision and olive
wire fixation.

Treatment of pilon fractures with a circular
external fixator without internal fixation (in
accordance with Ilizarov principles) appears to
require less soft tissue dissection. The Ilizarov
external fixator system is a reliable method for
treatment of fragmented pilon fractures with low
complication rates.
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