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Combined limited interna
l fixation and multiplanar
external fixation for immediate weight bearing
of fractures around the foot and ankle
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Abstract
Treatment of fractures around the foot and ankle can be challenging in patients who are unable to remain non weight bearing on
their lower extremity. Traditional implants are not sufficient to resist loads incurred during weight bearing and can also lead to
complications related to wound healing and infection. We describe a technique for fracture fixation of the foot and ankle that uses
low profile implants to minimize soft tissue insult combined with multiplanar external fixation to allow for immediate weight bearing.
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1. Introduction

Internal fixation of injuries around the foot and ankle can be
fraught with complications related to wound healing and
infection[1] due to the relative paucity of soft tissue in this area.
This applies not only to high energy fractures, but also to low
energy injuries because of the disproportionate impact of
comorbidities such as diabetes and peripheral vascular disease
on perfusion of the lower extremity,[2] and changes associated
with aging.[3]

Inaddition,many injuries in the footandanklearenotamenable
to internal fixation strategies that allow for immediate weight
bearing. This becomes a problemwhen treating patientswhohave
bilateral injuries. It is also an issue in patients who have unilateral
injuries but are unable to be non-weight bearing on their lower
limb due to[1] weakness or frailty,[4] or[2] noncompliance. In the
former, it isoftencritical that theyareallowedtobeginearlyweight
bearing to prevent complications related to immobility, which
have been well described in relation to hip fractures.[5–7] In lower
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extremity fractures around the hip and knee, emphasis has been
placed on employing fixation strategies that allow for immediate
weight bearing—but these same principles have been difficult to
apply to the foot and ankle. For noncompliance due to psychiatric
or behavioral issues, the patient is often not considered to be a
surgical candidate because of the higher risk of complications.[8]

However, nonsurgical treatment also requires adherent behavior
tobe successful. Employing this strategy inanoncompliantpatient
will avoid surgical complications, but deformity and either
malunion or nonunion are likely and can result in soft tissue
compromise that jeopardizes limb survival.
To address the limitations of internal fixation in the foot and

ankle and to allow for immediate weight bearing in the
aforementionedpatientpopulations,wehavedevelopeda strategy
involving static multiplanar external fixation. The fractures are
initially treated with limited open reduction and internal fixation
using low profile implants to restore alignment and articular
congruity with less soft tissue disturbance. Amultiplanar external
fixator is then used as an adjunct to protect the fixation and allow
for early weight bearing by neutralizing the axial load that would
otherwise result in fracture displacement and hardware failure. It
also has the advantage of providing stability necessary for soft
tissue healing. In this article we describe our indications and
technique with some case examples.

2. Technique

Depending on the energy of the injury and the severity of the
insult to the soft tissues, patients are either immobilized in a well-
padded splint or placed in an external fixator—standard delta
frame or a “hybrid” type construct as shown in Figure 1A. In
unstable periarticular injuries, especially those with acute
shortening, or in situations requiring more stability to aid soft
tissue recovery, external fixation is preferred. Once the soft tissue
swelling has subsided, open reduction and internal fixation of the
articular injury is performed.
The preoperative plan must take into consideration not only

the bony injury, but also the associated injuries, condition of the
soft tissues, medical comorbidities, and behavioral conditions
that may impact compliance. Our most common indications for
use of limited internal fixation combined with multiplanar
external fixation are listed in Table 1.
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Figure 1. Technique. (A) “Hybrid” uniplanar external fixator. (B) Limited internal fixation with low profile Implants. (C) Clinical photo of limb alignment In the
multiplanar external fixator. (D) AP x-ray of final fixation construct.
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Specific examples of the strategies employed for different
fracture types are illustrated in the case examples, but the
following general principles apply regardless of the location in
the distal tibia, ankle, or foot. The first step is limited internal
fixation of the articular injury. Surgical approaches that allow
for reduction and fragment specific fixation while minimizing
soft tissue dissection are used. Fixation needs to be sufficient to
maintain reduction, but will not need to withstand loading, and
typically lower profile implants (1/3 tubular or 2.7 and 2.4mm
plates, and screws) are used in favor of the larger anatomic
periarticular plates (Fig. 1B).
Once the limited internal fixation is complete, the wounds

should be closed and any additional soft tissue management
completed. The patient is then positioned supine with a bump
under the ipsilateral buttock and the leg supported by blankets or
foam to facilitate lateral fluoroscopic imaging. A frame can be
preassembled based on measurements taken from the CT
(computed tomography) scan and sterilized before the case to
save time. Our standard construct for distal tibia and ankle
fractures is 2 full proximal rings, 1 full distal ring, and the foot
plate. For hindfoot andmidfoot injuries the distal tibial ring canbe
left out. Since length, alignment, and rotation are obtained before
frame placement, this is a static frame and hexapod struts are not
necessary. Instead, 4 threaded rods can be used to assemble the
frame, which provide excellent stability and are also more cost
effective. The frame is then placed over the leg. Folded towels
placed under the calf, distal tibia, and heel are used to support and
center the leg within the frame. Care must be taken to ensure the
proximal ringswill not touch the calf once the towels are removed.
Table 1

Common indications for limited internal fixation and multiplanar
external fixation.

Bilateral lower extremity articular fractures
Open fractures of the distal tibia, ankle, or foot
Inability to ambulate while being non weight bearing on the affected limb due to

frailty
Medical conditions that impact soft tissue healing (diabetes, peripheral vascular

disease)
Substance abuse
Psychiatric illness
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If necessary, additional reduction maneuvers to restore length,
alignment, and rotation can be obtained with in-line traction
and manipulation under fluoroscopy. Provisional fixation with
k-wires can be used if necessary. One must again verify that the
ring is not impinging on any soft tissues, and that the tibial crest
lines up with the markings for the front of the rings and the foot
rests within the “U” shape of the foot plate (Fig. 1C).
Fixation of the ring to the limb begins with fine wire

placement. We begin by lining up the distal ring with the distal
tibia, parallel to the articular surface on AP (anteroposterior)
and lateral fluoroscopy views. The first wire is then inserted in
the distal tibia from medial to lateral, parallel to the joint, and
capturing the fibula. Frame position is verified, and the wire
secured with 110kg of tension. A second and third wire can then
be inserted from medial to lateral and secured to the first and
second proximal rings, respectively. If satisfied with frame
positioning, the surgeonmay proceed to fixation of the calcaneus
and then the midfoot with medial to lateral wires at 90kg of
tension. It is important to attach the anterior half ring to the foot
plate before tensioning the midfoot wire.
The leg is now provisionally fixed to the frame. The surgeon

must verify satisfaction with the alignment, and with the position
of the limb relative to the frame. If at any point adjustments are
needed, it is easy to remove awire, readjust, and insert a newwire.
The final step is completing fixation. A posteromedial to
anterolateral wire is placed in the foot plate and all the rings. A
thirdwire is added to the proximal tibia rings,medial to lateral but
off axis from the first wire. Alternatively, a hydroxyapatite coated
4.5mm Schanz screw may be used in place of a third wire on 1 or
both of the proximal rings. Our preference is to use it only for the
second ring and avoid a stress riser at the proximal ring (Fig. 1C
and D). A rubber walking “ring” is attached to the foot plate and
the patient is allowed to be full weight bearing postoperatively.
3. Case 1: pilon fracture

A 19year old female involved in a motor vehicle collision
presented with an open intra-articular distal tibia fracture.
Initial AP x-ray and clinical photograph is seen in Figure 2A
and B, respectively. Selective CT cuts demonstrate the articular
injury (Fig. 2C and D). Patient was initially placed in a
uniplanar external fixator with a foot plate. Once soft tissues
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Figure 2. Case 1, pilon fracture. (A) AP x-ray of injury. (B) Clinical photo of soft tissue injury. (C) Axial CT image. (D) Coronal CT image. (E) AP fluoroscopic image of
final fixation construct. (F) Lateral fluoroscopic image of final fixation construct. (G) AP x-ray at 26months postoperatively. (H) Lateral x-ray at 26months
postoperatively.
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improved, she underwent open reduction and internal fixation
with low profile implants using posterolateral and anterolateral
approaches, followed by multiplanar external fixation (Fig. 2E
and F). Her wounds healed without any complications.
External fixation was removed at 12weeks postoperatively.
At 26months postoperatively she is ambulating without pain
Figure 3. Case 2, midfoot injury. (A) AP x-ray of injury. (B) Postoperative AP x-ray.

3

despite some radiographic evidence of osteoarthritis (Fig. 2G
and H).

4. Case 2: midfoot injury

A 22year old male with antisocial personality disorder presented
with a right Lisfranc fracture dislocation (Fig. 3A) and a left
(C) AP x-ray at 1year postoperatively. (D) Lateral x-ray at 1year postoperatively.
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distal tibial pilon fracture after jumping down a staircase at a
subway station. The left pilon fracture was treated in similar
fashion to Case 1. When soft tissues improved the right foot
Lisfranc injury was treated with open reduction and internal
fixation. Due to the patients nonadherent and defiant behavior a
multiplanar external fixator was applied to protect the internal
fixation during weight bearing (Fig. 3B). The external fixator
was well tolerated and was removed at 12weeks. One year
follow up x-rays are shown in Figure 3C and D.

5. Discussion

Historically, there has been a high complication rate associated
with open reduction and internal fixation of fractures of the
distal tibia, ankle, and foot in certain patient populations.[1] This
is especially true with high energy injuries, and in patients with
poor blood supply to the extremities due to medical conditions
such as diabetes and peripheral vascular disease. Traditional
fixation techniques cause further insult to the soft tissue
envelope, and wound complications and infection are common.
Patients who are unable to remain non weight bearing on the

extremity due to frailty or compliance issues, and those with
bilateral injuries, are also challenging to treat. Neither cast
treatment nor traditional internal fixation constructs can always
support early weight bearing, which leads to displacement,
malunion or nonunion, deformity, pain, and potentially soft
tissue breakdown and loss of the limb.
To address this, techniques of limited internal fixation

combined with uniplanar external fixation have been described
for injuries of the tibial pilon and calcaneus, which minimize soft
tissue complications and lower the infection rate.[9–11] Similar
results have been described with uniplanar external fixation of
open midfoot fractures and dislocations in adult trauma
patients.[12] Recently, authors have also shown good results
with multiplanar fixation of pilon fractures and partial weight
bearing in the elderly.[13] Our experience is that the use of limited
internal fixation with multiplanar external fixation provides the
same benefits as these other techniques, and allows for
immediate full weight bearing without compromising the
fragment specific fixation that is achieved with soft tissue
friendly low-profile implants. Pin site infections are managed
with local wound care and oral antibiotics, and deep infections
4

and osteomyelitis are rare.[9,10,12,14] This strategy can be used for
injuries of the distal tibia, ankle, hindfoot, or midfoot, and we
have also had good success in the elderly and in patients with
behavioral or mental health conditions.
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