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A B S T R A C T

Tibial plateau fractures are a heterogeneous group of lesions with multiple fracture patterns. They are often
associated with soft tissue injuries, the lateral meniscus and the anterior cruciate ligament (ACL) being the most
common structures affected. The purpose of this article is to present a case series of an oftenmissed unusual injury
pattern that consists on the association of a large anteromedial tibial plateau fracture with a posterolateral (PL)
knee corner injury without involvement of the cruciate ligaments. The diagnosis of PL complex injury may go
unrecognized in a considerable number of cases and delay on the treatment decreases the success rate of soft
tissue repairing. The importance of a high index of suspicion and a proper early diagnosis with an MRI is of
paramount importance.We also describe the current surgical management used by the authors and review of the
current literature.

© 2016 Elsevier Ltd. All rights reserved.
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Introduction

Tibial plateau fractures represent approximately 1% of all fractures.
[1] In a number of cases in addition to the underlying fracture, the
injury sustained is associated with ligamentous damage. The com-
pressive forces applied during the traumatic event produce a complex
injury where meniscus, ligaments, tendons and other soft tissues may
be involved. The structures more frequently affected are the lateral
meniscus and the anterior cruciate ligament (ACL) [2,3]. Injuries to the
ACL and posterior cruciate ligament (PCL) are connected sometimes
with marginal fractures of the tibial plateau the so called “Segond
fracture” [4] or the “reversed Segond” fracture [5]. Noteworthy,
posterior lateral (PL) knee corner injuries are uncommon; their
incidence ranges from 5% to 9% of all injuries around the knee [6,7].
However, they can result in severe disability due to instability and
articular cartilage degeneration [8].Major stabilizers of the PL cornerof
the knee include the lateral collateral ligament (LCL), the biceps
femoris tendon, the arcuate ligament, the popliteus muscle and
tendon and the fabellofibular ligament. Their injury in association
with tibial plateau fractures is scarcely documented in the literature,

and most cases are related with small marginal fracture compres-
sions of the anteromedial tibial rim in association with injuries to the
PCL [9–11].

We report on a case series of an unusual injury pattern of large
anteromedial fracture compression of the tibial plateau associatedwith
PL corner injury without involvement of the cruciate ligaments. In
addition, we describe the current surgical management in one
procedure being used by the authors. A review of the existing literature
in regards to this injury pattern is also included.

Case presentation and surgical management

Three cases of a large anteromedial fracture compression of the
tibial plateau associated with PL corner injury without involvement of
the cruciate ligaments were treated in our center between 2010 and
2013. The cause of injury was a traffic accident in all cases and the
mechanism of injury was thought to be hyperextension and varus
displacement.

Case 1

A 40-year-old man sustained a motorcycle accident during January
2010. He was admitted in our center with pain and functional
restriction in the left knee. Plain radiographs (Figure 1a) and CT-scan
(Figure 2a) showed a large compression fracture of the anteromedial
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Fig. 1. Plain radiographs of the three cases.

Fig. 2. CT-scan images.

Fig. 3. MRI findings, with intact PCL in all cases.
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tibial plateau in association with an avulsion in the fibula head.
Magnetic resonance imaging (MRI) was ordered to complete the
investigations because of the suspicion of associated ligament injury.
The MRI scan demonstrated a complete rupture of the LCL and biceps
tendon in association with severe bone edema in the medial femoral
condyle (Figure 3a).

Case 2

A 67-year-old woman was hit by a car and admitted in our center
during January 2013 with pain and reduced functional capacity of the
right knee. Plain radiographs (Figure 1b) and CT-scan (Figure 2b)
showed a large compression fracture of the anteromedial tibial plateau
in association with a complete avulsion in the fibula head and a
marginal avulsion of the lateral tibial plateau. The MRI scan acquired
revealed a complex fracture-avulsion of the fibula head with complete
rupture of the biceps tendon and LCL. Fracture-avulsion of the iliotibial
band and a partial rupture of the popliteal muscle was also noted
(Figure 3b).

Case 3

A 30-year-old man sustained a motorbike accident during
September 2013. He was transferred to our center with pain, swelling
and reduced movement of the left knee. Plain radiographs (Figure 1c)
and CT-scan (Figure 2c) showed a large anteromedial tibial plateau
compression fracture. Fibula head was intact. The MRI showed a
subtotal avulsion of the peroneal insertion of the biceps tendon and the
LCL (Figure 3c).

The cruciate ligaments were not affected in any of the 3 cases.
However, a characteristic posterolateral hematoma was present after
the injury (Figure 4). Patients were immobilized in a cast until surgery

was performed. In all cases surgery was performed in the first two
weeks after the injury. The surgical steps in all cases were as follows:

Patients underwent surgery in a supine positionwithout the use of
a tourniquet. All patients received antibiotic prophylaxis, Cefazolin.
Knees were flexed around 50° using a bump. Injury was managed in
one stage through a double (anteromedial and lateral) approach
without parapatellar knee arthrotomy (Figure 5). The first step was
fracture reduction through an anteromedial tibial approach and
internal fixation with a T-shaped Periloc VLP© pre-contoured plate
(Smith & Nephew, Memphis. Tennessee) acting as a buttress plate. In
one case, additionally cannulated screws were used to support the
fixation (Figure 6). After fracture fixation, intraoperative fluoroscopic
knee varus stress views were done in order to assess varus instability.
Next step was the repair of the PL complex. A lateral curve approach
from Gerdy’s tubercle to supracondylar lateral femoral aspect and
dissection to iliotibial band layer was performed. Three windows were
open in the fascia to identify the injured structures: An inferior
window to identify and protect the external popliteal sciatic nerve, a
middlewindow twocentimeters proximal to the fibula head to identify
the LCL and a proximal window, centered on the lateral femoral
epicondyle, to identify the femoral attachment of the popliteal tendon
and the LCL (Figure 7). Ruptures of the LCL, biceps tendon and iliotibial
band without bone avulsions were repaired with primary sutures
(Figure 8) but injuries with bone avulsions were reattached by using
suture-anchors (Figure 9). In Cases 1 and 2, where soft tissue injury
was severe and complete, the primary suturewas supplementedwith a
peroneal tendon allograft plasty following the Larson’s method [12].
A 6-mm tunnel was created in the fibula head to locate the graft and
femoral graft fixation was carried out with a 9-mm reabsorbable
interference screw (Figure 10).

All patients had a good post-operative course without any
perioperative complications. They all receive thromboprophylaxis for
12 weeks. In the postoperative period no weight-bearing for 12 weeks
was instructed of the affected extremity. Moreover, flexion movement
was restricted by the application of a brace for 6 weeks. At 1 year of
follow-up, all patientswerewalkingwithout signs of instabilityand the
knee joint range of motion was 0 to 130 degrees (Figure 11). X-rays
showed complete bone healing without signs of subluxation
(Figure 12).

Discussion

The fixation and functional results of tibial plateau fractures
continue to attract great interest by both clinicians and scientists
[13–17]. PL corner injury in association with tibial plateau fracture is,
to our knowledge, a rare combinationwith very few cases documented
in the literature. Most cases are related to small marginal fracture
compressions of the anteromedial tibial rim in association with
cruciate ligament injuries, generally the PCL [9–11]. The largest series
documented to date by Chiba et al. include 12 cases of this injury
pattern [18]. Only 1 case of that series show the same injury pattern

Fig. 4. A characteristic posterolateral hematoma was present after the injury.

Fig. 5. Injury was managed in one stage through a double (anteromedial and lateral) approach.
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described by us: isolated PL corner injury with a large anteromedial
fracture of the tibial plateau without cruciate ligament injury. The
authors concluded that a compression fracture of the anterior part of
the medial tibial plateau indicates a coexistent PL injury, and that
especially a small compression fracture strongly suggests an accom-
panying PCL injury, as well. We can add, based on our findings and
according to the findings of other authors [18], that when the
anteromedial fragment is large (more than a quarter of the

anteroposterior length of the medial tibial plateau in the CT-scan
axial view) the PCL can be intact. This is possible because when the
mechanism of hyperextension and forced varus occurs with a
preserved PCL, the impact is produced at the weight-bearing area
and this leads to fracture of the anteromedial tibial plateauwith a large
anterior bone fragment. In contrast, if the PCL is disrupted the tibia
suffers a posterior translation reducing the impact on the anteromedial
weight-bearing area and producing only a small marginal avulsion.

Fig. 7. Lateral approach to identify disruption of the iliotibial band, biceps femoris tendon and LCL.

Fig. 8. Ruptures of the LCL, biceps tendon and iliotibial band without bone avulsions were repaired with primary sutures but injuries with bone avulsions were reattached by
using suture-anchors.

Fig. 6. Anteromedial tibial approach and internal fixation with a buttress plate.
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Fig. 9. Primary suture was supplemented with a peroneal tendon allograft plasty following the Larson’s method.

Fig. 10. A 6-mm tunnel was created in the fibula head to locate the graft and femoral graft fixation was carried out with a 9-mm reabsorbable interference screw.

Fig. 11. Radiological outcome with varus stress x-rays and clinical outcome.

Fig. 12. X-rays showed complete bone healing without signs of subluxation at 2 years.
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Regarding the diagnosis, we found that there was an excellent
correlation between the MRI and the operative findings as it has been
previously documented in other articles [10,19,20]. For this reason, if an
anteromedial tibial fracture compression is seen in the plain radio-
graphs, sometimes in association with avulsions in the fibula head
(“arcuate sign” [21,22]), the patient must be studied with an MRI scan
in order to clarify which structures of the PL corner are injured and
which ones must be repaired.

There is some discrepancy regarding the most appropriate ther-
apeutic approach for this type of injuries [23,24] (acute primary repair
versus delayed reconstruction) butwe obtained good functional results
by the application of one stage reconstruction of the fracture and the PL
corner injury in the acute phase (less than 3 weeks from the injury). In
the acute phase, the identification and the primary repairing of the soft
tissue injuries are easier because there is no adhesions between layers
or scar tissue and there is no soft tissue retraction. In conclusion we
believe that fractures of the anterior part of the medial plateau are
usually associated with ligament lesions being the PL corner and the
cruciate ligaments the structures most commonly affected [9,10,11,18].
If bone fragments are small avulsions the cruciate ligaments are usually
involved but if bone fragments are large the cruciate ligaments may be
intact especially ally the PCL. The MRI findings have a good correlation
with the operative findings and it is a mandatory investigation to
perform when a PL complex injury associated with an anteromedial
tibial fracture is suspected in order to plan the sequence of operative
reconstruction. Finally, acute repairing of the fracture and soft tissue
injury in one stage rather than delayed treatment provides good
functional outcomes in our hands. A supplementationwith an allograft
in addition to primary suture of the PL complex can be useful to
reinforce primary repairing in cases with complete disruption of the PL
structures [25].
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