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Abstract

Background: Two different screw configurations for the fixation of juvenile Tillaux fractures have been reported. One technique, direct fixation involves
placement of one or two screws directly through the fragment, into the medial epiphysis or across the physis and into the metaphysis. The second
technique involves placement of one or two screws through the medial epiphysis and into the fragment. The purpose of the study was to retrospectively
study both techniques with regard to their effectiveness in maintaining an open anatomic reduction.

Methods: A review of all juvenile Tillaux fractures that had been operatively treated at our institution over a 5 year period was performed. A total of
thirty-eight fractures were identified with twenty-three fractures (61%) treated utilizing a direct fixation technique and fifteen fractures (39%) treated
utilizing an indirect fixation technique. All fractures were followed to union with a mean follow-up of twenty-one weeks.

Results: Thirty-four of the thirty-eight fractures were anatomically reduced on intraoperative radiographs with elimination of joint step-off on all
radiographs and a residual one-millimeter fracture gap noted in four fractures. No fracture displaced between the time of internal fixation and healing.
The mean healed fracture gap was Omm and the mean healed joint step-off was Omm. Four of the fifteen fractures stabilized with indirect fixation
required hardware removal. One of the twenty-three fractures stabilized using direct fixation required hardware removal.

Conclusion: Either direct or indirect fixation of juvenile Tillaux fractures is effective in maintaining an anatomic open reduction of the joint surface.

Introduction

The juvenile Tillaux fracture was first recognized by Paul Jules
Tillaux [1] but was not extensively described until the report of
Kleiger and Mankin [2]. The fracture occurs primarily in older
adolescents in whom closure of the distal tibial physis has begun
[3-7]. Early descriptions of the fracture reported successful treatment
with closed reduction and casting [2,8,9]. However, reports of early
degenerative changes in patients with displaced intraarticular distal
tibia fractures have led to recommendations for open reduction and
internal fixation in displaced intraarticular distal tibia fractures [10].
Some authors have advocated closed reduction with percutaneous
fixation [11] or arthroscopic reduction [12,13] but open reduction
is the standard of care [14-22]. The literature describes two different
fixation techniques. The first involves placement of one or two pins
or screws through the epiphyseal fragment and into the distal tibial
metaphysis [18,20,21,23-25] (figure 1). The second technique involves
placement of one or two screws through the medial malleolus and into
the Tillaux fragment [17] (figure 2). Both techniques have been used at
our institution. This study was performed to evaluate the effectiveness
of each technique at maintaining the anatomic reduction obtained at
the time of open reduction.
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Materials and Methods

After obtaining institutional review board approval, a review of
all distal tibial Tillaux fractures treated operatively at our institution
between over a five year period was performed. Patients successfully
treated with cast immobilization and without surgical intervention
were excluded. Charts were reviewed for demographic information,
operative details and postoperative complications and follow-up.
Radiographs were reviewed for confirmation of the fracture pattern,
the screw configuration used and intraoperative measurement of the
displacement after fixation. Follow-up radiographs were reviewed
to assess healing and measure displacement in both a transverse
direction (fracture gap) and a vertical direction (joint step off).

A total of forty-five patients with forty-five fractures were
identified. Seven patients had radiographs that could not be located
or inadequate follow-up for inclusion in the study. A total of thirty-
eight patients with thirty-eight fractures were identified that were
followed to union. A total of sixteen males and twenty-two females
were included. The mean age of the patients was thirteen years and
eight months (range eleven years and one month to sixteen years and
two months). The right ankle was involved in twenty-two fractures
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(58%) and the left in sixteen (42%). A total of twenty-three fractures
(61%) were stabilized using direct fixation while fifteen fractures
(39%) underwent indirect fixation. All patients were followed to
fracture union, which occurred in all fractures within six weeks after
the injury. The mean follow up was twenty-one weeks (range six to
124 weeks)

Surgical Technique

After the patient had been placed in the supine position with a
bump under the ipsilateral hip, the involved extremity was prepared
and draped free. Under tourniquet, in all patients, an anterior
longitudinal incision was made over the ankle and dissection was
performed down to the level of the anterior tibial tendon. Dissecting
either medial to the anterior tibial tendon or between the anterior
tibial tendon and the extensor hallicus longus tendon an arthrotomy
was then performed. The Tillaux fragment was then identified and
distracted by inserting a freer elevator into the fracture site. Hematoma
was then curetted from the fracture site and the ankle joint thoroughly
irrigated. The articular surface was then reduced under direct vision
using the elevator and held reduced using a large bone reduction

Figure 1a. Anteroposterior radiograph of the left ankle in a 13+0 year old female after a
twisting injury sustained after stepping into a hole showing a displaced Tillaux fracture.
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clamp. One of two fixation configurations was then used after open
reduction at the surgeon’s discretion. The first technique, designated
direct fixation, involved the placement of one or two cannulated
4.0mm, partially threaded, interfragmentary screws (Smith-Nephew-
Richards, Memphis, Tennessee, USA) angled proximally, medially
and posteriorly through the Tillaux fragment and into either the distal
tibial epiphysis or across the physis and into the metaphysis (Fig. 1a-f).
The second technique, designated indirect fixation!?, involved making
a small (3mm) incision over the medial aspect of the epiphysis and
placement of one or two cannulated interfragmentary screws through
the medial epiphysis between the physis and the joint surface using
image intensification (Fig. 2a-e). Closure of the incisions was carried
out after confirming anatomic reduction both visually by inspecting
the joint surface and by using image intensification. Regardless of
the screw configuration utilized, the ankle was immobilized in a
short leg cast or orthotic walker boot and the patient was requested
to be non-weight bearing for six weeks. Hardware removal was not
routinely performed after fracture healing but was performed if the
patent experienced significant discomfort with activity over the area
of screws.

Figure 1b. Lateral radiograph of the left ankle in the same patient.
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Figure 1le. Anteroposterior intraoperative image of the ankle in the same patient obtained
using an image intensifier intraoperatively after open anatomic reduction and internal
fixation using direct fixation with one screw

Figure 1c. Coronal reconstruction of computed tomography of the distal tibia following
closed reduction showing significant gapping of the Tillaux fragment.

Figure 1f. Lateral image of the ankle in the same patient.
Figure 1d. Coronal reconstruction of computed tomography of the distal tibia in the mid
tibia following closed reduction showing mild displacement of the Tillaux fragment.
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Figure 2¢. Computed axial tomographic image of the left distal tibia showing displacement
of the Tillaux fragment.

Figure 2a. Anteroposterior radiograph of the left ankle in a 12+6 year old
female after an injury sustained while playing soccer. A displaced Tillaux
fracture is present

Figure 2d. Intraoperative anteroposterior image of the ankle in the same patient obtained
using an image intensifier intraoperatively after open anatomic reduction and internal
fixation using indirect fixation with two screws.

Figure 2b. Lateral radiograph of the left ankle in the same patient.
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Figure 2e. Intraoperative lateral image of the ankle in the same patient obtained using
an image intensifier intraoperatively after open anatomic reduction and internal fixation
using indirect fixation with two screws.

Results

Anatomic reduction was obtained in thirty-four of the thirty-eight
fractures at the time of operative fixation. Joint step off was eliminated
in all patients. Three of the twenty-three fractures treated by direct
fixation (13%) and one of the fifteen fractures treated by indirect
fixation (7%) were noted to have a residual one-millimeter fracture
gap intraoperatively that was felt to be acceptable. Measurements at the
time of bony union revealed that no fracture had displaced joint step
off (mean 0 mm). At the time of union, no patient had a measurable
fracture gap (mean 0 mm). One of the twenty-three patients who had
direct fixation (4%) requested hardware removal. Four of the fifteen
patients who had indirect fixation (29%) requested hardware removal.
No intraoperative or postoperative complications occurred although
transient tingling in the distribution of the superficial peroneal nerve
was noted postoperatively in a few patients. This had resolved by the
time of final follow-up in all patients. No patient developed other
neurovascular complications, wound problems or infection. Hardware
removal was uncomplicated in all patients who requested removal of
the screws.

Discussion

Juvenile Tillaux fractures are uncommon and most reports consist
of small series or case reports with the largest series in the literature
representing 10 patients [26,27] Here we report the operative
experience at our institution over an extended period of time with
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this uncommon fracture. Our routine during this time has been to
perform antero-posterior, lateral, and mortise radiographs as the
initial radiographic evaluation. Fractures that were displaced were
splinted and operative treatment recommended. Fractures that were
not clearly displaced were placed into long leg casts with the knee bent
45-90°. After cast placement, computed tomography with coronal and
sagittal reconstruction was performed to evaluate the joint surface
[19, 28-33]. Displacement with fracture gap or joint step-off of more
than 1Imm was considered to be significant and operative treatment
recommended. Operative treatment in each instance involved open
reduction with internal fixation using 4.0mm cannulated screws.
Closed reduction of these fractures, if attempted was performed
prior to definitive imaging and in our experience rarely achieved the
anatomic reduction of the joint surface that we believe is essential to
good long-term results.

The advantage of direct fixation is that it is technically slightly
easier, not requiring joint space visualization and image intensification
needed for indirect fixation. In addition, direct fixation does not require
additional incisions to be made in the area of the medial malleolus.
Crossing the physis typically involves little risk of late growth problems
because these fractures typically occur after closure of the posterior
and medial aspects of the distal tibial physis? 7. Indirect fixation has
the advantage of requiring a slightly smaller anterior incision because
drilling and screw placement is not performed through this incision.
Indirect fixation also has the advantage of simplified screw removal in
the event of painful hardware. Hardware removal was more frequently
requested in the patients who had been stabilized using indirect
fixation, possibly due to prominence of the screws at the medial
malleolus causing problems with shoe wear. Either technique seems
to be effective in maintaining an anatomic reduction that has been
achieved by open reduction.

In conclusion, both direct and indirect fixation of juvenile Tillaux
fractures are effective in maintaining an anatomic reduction of the
fracture when the limb is immobilized in a short leg, below knee cast
or orthotic walker boot when the patient is kept non-weight bearing.
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