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Abstract: The posterior cruciate ligament (PCL) is the primary structure responsible for limiting
posterior translation of the tibia relative to the femur. PCL injuries are associated with anteroposte-
rior instability of the knee joint. In the management of these injuries, increasing emphasis has been
placed on correcting coronal (varus or valgus) and sagittal (posterior tibial slope [PTS]) plane de-
formities. We present the case of an approximately 50-year-old patient with right-sided knee pain
localized to the medial compartment, associated with complaints of posterior instability. Imaging
studies demonstrated medial chondropathy in a varus knee with a chronic PCL injury. The patient
underwent a medial opening-wedge tibial osteotomy combined with an increase in the posterior
tibial slope. Postoperatively, the patient showed favorable clinical improvement, with resolution of
pain and no residual complaints of sagittal instability. Radiographic evaluation confirmed adequate
correction of both coronal and sagittal alignment. This case demonstrates the impact that biplanar
periarticular knee osteotomy can have on improving the clinical outcomes of patients with chronic
PCL injuries.
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1. Introduction

The knee is a bicondylar trochleomeniscoarthrodial joint stabilized by both intra- and
extracapsular ligaments. Among the intracapsular ligaments, the anterior and posterior
cruciate ligaments play a fundamental role in limiting tibial translation in the sagittal
plane and also act as secondary stabilizers of rotational movements. The anterior cruciate
ligament (ACL) originates from the lateral aspect of the femoral intercondylar notch and
inserts distally into the medial tubercle of the tibial eminence, preventing anterior tibial
translation. In contrast, the posterior cruciate ligament (PCL) extends from the posterior
meniscal insertions on the tibia to the medial aspect of the femoral intercondylar notch,
serving as the primary restraint against posterior tibial translation and as a secondary
stabilizer of external rotation [1-4].

PCL injuries occur more frequently in male patients, typically following high-energy
trauma, whereas isolated PCL injuries are relatively uncommon [5]. Consequently, par-
ticularly in chronic cases, these injuries are frequently underdiagnosed. On physical ex-
amination, patients commonly present with nonspecific symptoms of instability. The in-
tegrity of the PCL can be assessed using several specific clinical tests that induce posterior
tibial translation relative to the femur, including the posterior sag sign, posterior drawer
test, and quadriceps active test [6].

In patients with isolated PCL injuries, in addition to the findings on physical exami-
nation, a targeted radiographic assessment, including stress radiographs [7], is essential
for evaluating and, when indicated, planning surgical correction of coronal and sagittal
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knee alignment. Recent evidence has demonstrated that chronic PCL deficiency tends to
progress to a varus knee deformity due not only to excessive external tibial rotation and
hyperextension but also to disruption of the lateral tibiofemoral compartment. Con-
versely, a decreased posterior tibial slope (PTS) predisposes patients to PCL injury [8]. The
PTS refers to the morphology of the proximal tibial articular surface in the sagittal plane,
and variations in its angle are known to influence the tensile forces experienced by both
the ACL and the PCL under compressive loading [9].

Several methods have been described for measuring the posterior tibial slope, using
different anatomical landmarks, although none has demonstrated clear superiority over
the others. In the present case, the anterior tibial cortical line was used as the reference for
angle measurement [3,10]. In light of these considerations, corrective osteotomy has
gained increasing importance alongside ligament reconstruction procedures. Although
opening-wedge high tibial osteotomies for correction of coronal plane deformities are well
established, there remains limited experience and robust evidence regarding the im-
portance of sagittal plane anatomy in optimizing the correction of sagittal instability [3].

We present a case in which the surgical management of a chronic PCL injury was
based on correction of osseous malalignment rather than ligament reconstruction, using a
biplanar proximal valgus tibial osteotomy combined with an increase in the posterior tib-
ial slope.

2. Case Report

We present the case of a patient in his 50s with a history of right anterior cruciate
ligament (ACL) reconstruction during adolescence following a motor vehicle accident.
The patient presented with a 3-year history of persistent right knee pain without any as-
sociated trauma, predominantly localized to the medial compartment and accompanied
by gait limitation. Subjectively, the patient had a Knee Injury and Osteoarthritis Outcome
Score (KOQOS) of 32%. On physical examination, the right knee showed no joint effusion,
although tenderness was elicited along the medial joint line. The range of motion was
preserved, albeit with pain during resisted terminal extension.

Ligamentous examination revealed positive posterior sag sign and posterior drawer
test findings. Plain radiographs demonstrated a varus-aligned right knee with medial
compartment osteoarthritis characterized by joint space narrowing and subchondral scle-
rosis (Figures 1A-1D). Magnetic resonance imaging confirmed medial chondropathy and
demonstrated PCL laxity associated with posterior tibial subluxation (Figures 2A and 2B).
Based on the diagnosis of medial compartment osteoarthritis in a varus knee secondary
to chronic PCL insufficiency, the patient was indicated for a biplanar anteromedial open-
ing-wedge proximal tibial osteotomy with plate-and-screw fixation to correct the varus
deformity (Figures 3A and 3B). A distinctive feature of this procedure was that the oste-
otomy was performed more anteriorly than usual to increase the posterior tibial slope
(PTS).

The surgical approach consisted of a longitudinal medial parapatellar incision ex-
tending from the knee joint line to the inferior border of the tibial tuberosity. To ensure
the correct orientation of the osteotomy, guide wires were inserted into the proximal tibia
under fluoroscopic guidance. An opening-wedge osteotomy was then performed from the
medial cortex without violating the lateral cortex (Figure 4). Following completion of the
osteotomy and according to the preoperative radiographic planning, a bone spreader was
positioned in the anteromedial aspect of the tibia (Figure 5), allowing simultaneous cor-
rection of both the posterior tibial slope and the varus deformity. The correction was main-
tained using a medial anatomical locking plate (Figures 6A-6C).

Postoperatively, the patient experienced a favorable clinical course, with progressive
pain relief and gradual recovery of knee range of motion. Reassessment using the KOOS
questionnaire demonstrated an improvement from 32% preoperatively to 60% postoper-
atively. Radiographic evaluation confirmed appropriate implant positioning, correction
of the varus deformity, and an increase in the posterior tibial slope, resulting in anterior
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translation of the tibia and correction of the posterior tibial sag previously observed (Fig-
ures 7A and 7B). At the most recent follow-up, performed 1 year after surgery, the patient
demonstrated a knee range of motion from 0° to 120°, with complete resolution of the
preoperative pain and instability symptoms.

Figure 1. (A, B) Preoperative full-length standing radiographs of the lower limbs. Weight-
bearing anteroposterior (A) and lateral (B) radiographs of the right knee before surgery.
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Figure 2. Preoperative T2-weighted magnetic resonance imaging of the right knee in the
coronal (A) and sagittal (B) planes.

3. Discussion

PCL injury remains a diagnostic and therapeutic challenge. On the one hand, isolated
PCL injuries are relatively uncommon; on the other, their clinical presentation is often
nonspecific, leading to underdiagnosis and the frequent use of conservative treatment,
with persistence of symptoms [5]. Growing evidence highlights the crucial role of the PCL
in knee biomechanics, and in chronic injuries associated with malalignment, the failure
rate of isolated ligament reconstruction remains high [3,11-13]. Indeed, as demonstrated
by Novaretti et al. [3], up to 56% of patients undergoing isolated PCL reconstruction con-
tinue to exhibit residual instability, particularly in the presence of predisposing anatomi-
cal factors such as varus alignment and a reduced posterior tibial slope (PTS).
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Figure 3. Preoperative measurement of coronal (A) and sagittal (anterior tibial cortical
line) (B) osseous malalignment.
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Figure 4. Medial parapatellar incision followed by biplanar proximal tibial osteotomy for
simultaneous correction of the coronal and sagittal deformities.
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Thus, in patients with chronic isolated PCL injuries, there has been increasing inter-
est in corrective osteotomies, either alone or combined with ligament reconstruction
[3,14]. In this context, biplanar anteromedial opening-wedge proximal tibial osteotomy
has emerged as a reliable surgical strategy. By simultaneously increasing the posterior
tibial slope and correcting the varus deformity commonly observed in these patients, this
procedure promotes anterior tibial translation while restoring coronal alignment. Conse-
quently, it improves knee stability under compressive loading and reduces the mechanical
stress placed on the PCL [3,9,14].

Petrigliano et al. [15] investigated the role of medial opening-wedge tibial osteotomy
in knee stability using computational modeling. Ligament stability tests, including the
posterior drawer and reverse pivot-shift tests, were performed in ten cadaveric knees fol-
lowing complete PCL transection. Medial and lateral compartment translations were
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measured before and after osteotomies producing either a 5° increase or a 5° decrease in
the posterior tibial slope.

Figure 5. Placement of a bone spreader on the anteromedial aspect of the proximal tibia
to achieve biplanar correction.

Figure 6. Fixation of the osteotomy using a plate-and-screw construct (A), with intraoper-
ative confirmation of appropriate implant positioning under fluoroscopic guidance (B, C).
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Figure 7. Weight-bearing anteroposterior (A) and lateral (B) radiographs of the right knee
one year after surgery.
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The authors demonstrated that reducing the PTS by only 5° significantly increased
posterior tibial translation in both compartments, whereas increasing the slope produced
the opposite effect. Regarding the optimal timing of surgery, current evidence supports
medial opening-wedge proximal tibial osteotomy as a stand-alone procedure for selected
patients with chronic PCL insufficiency, with favorable clinical outcomes. Clinical pro-
gression and knee stability should be reassessed over a period of 3-6 months, and if re-
sidual instability persists, ligament reconstruction may subsequently be performed as a
staged procedure [15,16].

In the present case, the decision to adopt a personalized surgical strategy based on a
biplanar valgus-producing proximal tibial osteotomy with simultaneous increase of the
posterior tibial slope, rather than primary ligament reconstruction, resulted in immediate
anatomical correction of the underlying osseous malalignment. This correction reduced
the mechanical load acting on the deficient PCL and contributed to substantial functional
recovery. The favorable postoperative evolution observed in this patient reinforces the
importance of a comprehensive biomechanical assessment when planning surgical treat-
ment for chronic PCL insufficiency.

Following careful clinical and imaging evaluation, isolated correction of the osseous
deformity, without concomitant ligament reconstruction, may be sufficient to reduce
stress on the injured PCL, decrease progressive mechanical overload and cartilage degen-
eration, and ultimately alleviate pain and instability. This case demonstrates that biplanar
medial opening-wedge proximal tibial osteotomy represents an effective surgical option
tailored to the complex biomechanics of the knee, providing satisfactory clinical outcomes
and constituting a valuable therapeutic alternative in the management of chronic PCL in-
juries.
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