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Abstract Complex tibial plateau
fractures are a challenge in trauma
surgery. In these fractures it is nec-
essary to anatomically reduce the
articular part of the fracture and to
obtain stable fixation. The aim of
this study is to review the results of
a surgical technique consisting of
fluoroscopic closed reduction and
combined percutaneous internal and
external fixation. Thirty-two com-
plex tibial plateau fractures in 32
patients were included. Twenty-one
fractures were closed, 4 were open
Gustilo grade I, 3 were Gustilo
grade II and 4 were Gustilo grade
III. The mean age was 37.8 years
(range 21–64 years). Surgery was
performed with patients in transcal-
caneal traction and the knee flexed
at 30° was used. Through a 1-cm
incision centred over the tibial
metaphysis of the tibia, a 3.2-mm
hole was drilled in the antero-medi-
al tibial aspect. The tibial plateau
fracture fragments were elevated
using either 1 or 2 curved
Kirschner wires under fluoroscopy
to control the reduction. Then the
fragments were fixed with 2 cannu-
lated AO screws inserted through
small incisions into the medial
aspect of the tibial plateau. Knee
rehabilitation started postoperative-
ly. Weight bearing started after
8–12 weeks depending upon the
radiographic appearance. All exter-
nal fixators were removed in out-
patient facilities. All patients were

clinically and radiographically eval-
uated at a mean follow-up of 48
months (range 38–57 months).
Clinical results were evaluated
according to the Knee Society clin-
ical score. Average healing time
was 24 weeks (range 18–29 weeks).
In 1 patient a non-union occurred.
This patient was treated with open
reduction and plate fixation. In 2
patients a varus knee deformity
occurred and a surgical correction
was performed. There were no sur-
gical complications. Mean knee
range of motion was 105° (range
75–125°) and mean Knee Society
clinical score was 89. Twenty-five
results were scored as excellent, 4
good, 2 fair and 1 poor. Using this
technique there is limited soft tis-
sue damage and virtually no perios-
teum damage to the fracture frag-
ments. However anatomical recon-
struction of the joint can be
obtained. Furthermore knee rehabil-
itation can be started immediately
after surgery. We think that these
factors were responsible for the
optimal clinical long-term results.
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Introduction

Complex tibial plateau fractures consist in interruption of
one or two tibial condyls, associated with fracture of the
proximal metaphysis of the tibia. These complex fractures
were classified as C3 by Muller in 1970 [1] or type VI by
Schatzkler in 1979 [2]. They are usually caused by high-
energy trauma, which often induces soft tissue damage
and the surgical strategy may be complicated by the pres-
ence of other injuries. For these reasons tibial plateau
fractures remains a challenge in trauma surgery and a
debated topic.

Conservative treatment by traction, bracing and cast-
ing of complex tibial plateau fractures rarely permits an
accurate reduction of the articular surface of the tibial
plateau. In fact many authors report unsatisfactory results
with loss of reduction, mechanical deformities and sec-
ondary arthritis [3–8]. In complex tibial plateau fractures,
it is necessary to anatomically reduce the articular part of
the fracture in order to avoid secondary arthritis, and to
obtain a stable articular and metaphyseal fixation promot-
ing fracture healing [1]. These two goals should be
obtained with as least an invasive technique as possible
[9–11]. Open reduction and internal fixation with plates
and screws as described by several authors permits an
accurate reduction of the articular surface involved in the
trauma, but with a high rate of deep infection, wound
dehiscence and soft tissue problems [12, 13]. The use of
closed reduction and percutaneous fixation techniques
have reduced the incidence of wound complications [6, 8,
11, 14–17]. This technique is usually sufficient to stabilise
the articular fragments after fluoroscopic or arthroscopic
reduction, but it is not adequate to control the metaphyseal
fragments. For these reasons some authors have suggested
surgical techniques based on closed internal fixation of
the articular fracture, and circular external fixation of the
metaphyseal fracture [17–21].

The aim of this study is to review the results of fluoro-
scopic closed reduction combined with percutaneous
internal and hybrid external fixation of complex tibial
plateau fractures.

Materials and methods

Thirty-two complex tibial plateau fractures in 32 patients were
included. All the fractures resulted from high-energy trauma.
Twenty-one fractures were closed, 4 were open Gustilo grade I,
3 were Gustilo grade II and 4 were Gustilo grade III [22]. The
mean age was 37.8 years (range 21–64 years). Nineteen patients
sustained fractures of other bones and 9 had abdominal or neu-

rological involvement. All patients were studied with standard 2
projection radiographs of the entire leg, while the knee was
examined with 2 oblique projections. Two fractures were also
studied with CT scan. The injured legs were initially treated with
transcalcaneal traction. Surgery was performed immediately
after admission to the hospital in 18 cases, while in the other 14
cases it was delayed for 7–12 days after trauma, depending on
the general condition of the patient.

Surgery was performed under general or spinal anaesthesia.
The patient was positioned on the operating table with the knee
flexed at 30° and the leg in transcalcaneal traction. A tourniquet is
not a significant advantage in closed reduction, but if used, should
be deflated as soon as possible. The fracture was checked with an
image intensifier.

Through a small skin incision over the antero-medial aspect
of the tibial metaphysis, a small hole was made in the tibial cor-
tex. A blunt tipped curved 3-mm Kirschner wire was inserted
through the hole up to the articular fragments (Fig. 1), which
were elevated under image intensifier control (Fig. 2). In some
cases, more than one Kirschner wire was required to reduce the
articular fracture.

Through a small lateral incision, a Kirschner wire was inserted
across the tibial plateau to stabilise the reduced fragments and a
cannulated screw was introduced over it. Two cannulated screws
were usually inserted from the lateral condyle, but position and
number of the screws was determined by the fracture type. After
reduction of the articular fracture, an Orthofix hybrid external fix-
ator was applied (Fig. 3).

A ring of appropriate size was positioned at the level of the
fibular head. All wires were applied in the transversal plane, 2
from lateral to medial, and the remaining 2 from antero-lateral to
postero-medial. Each wire was tensioned at 1400 N and locked
to the frame. The metaphyseal fracture was reduced accurately
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Fig. 1 Through a small hole drilled on the tibial cortex, a blunt
tipped Kirschner wire was inserted to reduce the articular frag-
ments of the fracture



and the body of the external fixator was applied on the ring on
the antero-medial aspect of the tibia. Two pin guides were insert-

ed down to the skin, which was incised. The pin holes were
predrilled with a 4.8-mm drill bit, and two 5/6-mm tapered self-
tapping hydroxyapatite-coated pins were inserted [19, 20]. The
fixator was clamped to the pins. In 4 patients, 2 pins were also
inserted in the lateral femoral diaphysis and a second fixator was
applied across the knee to the tibial pins to permit immediate
weight bearing.

Postoperative care consisted of immediate passive range of
motion of the knee. Patients were discharged from the hospital
between the 3rd and 15th day (mean 6 days) after surgery depend-
ing on their general condition. The patients with Gustilo grades II
and III open fractures were checked weekly in the outpatient
department. The other patients were seen monthly. Progressive
weight bearing was allowed between the 8th and 12th week
depending on the radiographic appearance of the callus. The
external fixator was removed between 15 and 21 weeks after sur-
gery (mean 17 weeks). All patients were evaluated by the clinical
rating system of the Knee Society [21]. SPSS software package
(Version 9.0, SPSS Inc., Chicago, IL, USA) was used to perform
statistical analyses. All continuous data were expressed in terms
of mean minimum and maximum value. The Wilcoxon non para-
metric test was used to calculate the difference of clinical rating
system and range of motion over time.
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Fig. 3 The fracture was fixed with a hybrid external fixator

Fig. 2a, b The articular fragment of the fracture was reducted, and
(c, d) stabilised by a cannulated screw

a

c

b

d

Fig. 4 Mean range of motion of the knee joints at each follow-up.
No statistical differences were observed between the last available
follow-up and 2 years follow-up. (p n.s.)

Fig. 5 Mean Knee society clinical score of the affected knee joints
at each follow-up. No statistical differences were observed between
the last available follow-up and 2 years follow-up. (p n.s.)



Results

There were no intraoperative complications in the series.
The external fixation system was tolerated for the entire
treatment period in all cases. No pin or wire loosening or
deep infections were observed. Two fractures resulted
with angular deformity: one of 7° in varus and the other
one of 10° in valgus, but in both cases the tibial plateau
was adequately reducted and the axial deformity derived
by the alignment of the metaphysis. In all cases the reduc-
tion of the epiphysis was adequate to regain the proper
shape of tibial plateau. The average healing time was 24
weeks (range 18–29 weeks). In 1 patient a non-union
occurred. This patient was later treated with open reduc-
tion and plate fixation. Patients with Gustilo grades II and
III open fractures healed from both skeletal and soft tissue
damage in an average time of 19.8 weeks (range 19–21
weeks). Two patients with knee deformity were treated
with a second procedure consisting in tibial osteotomy 1
year after the trauma. Mean range of motion of the knee
joint was 105° (75–125°) and mean Knee Society clinical
score was 89, twenty-five results were scored as excellent,
4 as good, 2 as fair and 1 as poor at last available follow-
up of 48 month (range, 38–57 months) (Figs. 4, 5).

Conclusions

Closed reduction of tibial plateau fractures and fixation
with 1 or 2 screws associated to a hybrid external fixator
provides careful management of the soft tissue injury. The
presence of extensive subcutaneous haemorrhage and
bruising did not hinder percutaneous placement of the
wires: use of wires avoids additional devitalisation of the
bone as the periosteal and endosteal blood supply are not
further compromised (Fig. 6). Marsh et al. [23] reported
good results with a similar technique using monolateral
external fixators, but observed loosening and infection of
the proximal pins implanted in cancellous bone of the tib-
ial epiphysis. In our experience, this can be avoided by
using a hybrid frame. The use of a ring with tensioned
wires near the joint permits epiphysial fixation of the
tibia, reducing the risk of loosening and infection (Fig. 7).
The utilisation of hydroxyapatite-coated screws according
to Moroni et al. reduces the risk of both pin loosening and
infection in the diaphysis [24, 25].

A potential disadvantage of this technique is the
decreased accuracy of reduction of the articular surface
compared with that obtained during open reduction. Koval
et al. [15] demonstrated the difficulty in obtaining and
assessing accurate reduction of compressed fragments with
indirect techniques and fluoroscopic visualisation. We ob-

served inadequate reduction of the articular surface in 5 of
our patients, and only 2 developed a secondary varus defor-
mity that required surgical correction. This phenomenon
was seen particularly in highly comminuted fractures. We
believe that the disadvantage of a higher risk of insufficient
reduction compared to open reduction and fixation is out-
weighed by the low risk of wound problems and septic
arthritis. Furthermore, knee rehabilitation could be imple-
mented immediately after surgery. We believe that these fac-
tors are responsible for optimal clinical long-term results.
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Fig. 6a, b Complex tibial plateau fracture in a 64-year-old patient.
c Closed reduction with screws and hybrid external fixator. d, e
Excellent results at 4-year follow-up
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