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ABSTRACT
The posterior cruciate ligament (PCL) is recognized to be the main posterior stabilizer of the knee.
PCL injuries often occur in the setting of multiligament injuries and also with concomitant chondral and meniscal lesions. In general, acute grade I-II PCL injuries can be treated conservatively.
However, for acute grade III PCL injuries or multiligament injuries surgery is advocated. Anatomic
single-bundle PCL reconstruction (PCLR), which focuses on reconstructing the larger anterolateral
bundle (ALB), is the most commonly performed procedure. Due to the residual posterior and rotational tibial instability after a single-bundle reconstruction procedure and its inability to restore
normal knee kinematics, an anatomic double bundle (DB) PCLR has emerged as a potentially superior technique from an anatomical and biomechanical aspect. The purpose of this article was to review the specific principles of PCL anatomy, biomechanics, injury diagnosis and treatment options,
focused on arthroscopic double-bundle PCL reconstructions and review of the current literature of
PCL reconstruction techniques.
Level of Evidence: V; Descriptive review/Expert opinions.
Keywords: Posterior cruciate ligament; Anatomic reconstruction, Knee injury.

INTRODUCTION

Posterior cruciate ligament (PCL) research and surgical technique development has exponentially evolved during
the last years, due to the better understanding of the anatomy, biomechanics
and improved surgical tools. Early studies
reported good outcomes following non-
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operative treatment of PCL injuries [1,2].
However, as research and understanding
on these injuries have progressed, nonoperative management results have trended
towards poor patient outcomes and early
osteoarthritis following severe isolated or
combined PCL injuries [3-5].
The PCL is an extrasynovial, extra-articular structure that provides resistance
to posterior tibial translation. The PCL also
acts as a secondary restraint to internal rotation between 90 and 120 degrees of flexion
[6]. The PCL is made up of two bundles that
act synergistically: the anterolateral bundle
(ALB) and the posteromedial bundle (PMB).
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However, recent biomechanical and anatomic studies have shown that both bundles act
in conjunction in the anteroposterior and
rotational axes [7,8 ].
PCL injuries often occur in the setting
of multiple ligament injury rather than in isolation. Moreover, concomitant chondral and
meniscal lesions are commonly seen with
PCL injuries [9]. Although isolated PCL injuries are rarer, this subset of patients are at
a 6-fold increased risk of developing OA [9].
PCL reconstruction (PCLR) has
demonstrated more satisfactory stability
when compared to nonoperative treatment
in a recent systematic review [10]. Single
bundle PCL reconstruction (SB-PCLR) was
one of the first operative choices for PCLR.
Research has allowed for advanced development into improvements in tunnel location, graft fixation angles and fixation type.
However, biomechanical and clinical studies
have reported residual laxity following a
single bundle procedure [11]. More recently, much effort has been aimed at refining
the SB-PCLR and comparing its outcomes to
the double bundle PCL reconstruction (DB
-PCLR). However, these studies have proved
challenging because there are significant
differences between graft utilization and
tension and tunnel positioning between the
two techniques.
Historically, PCLR outcomes have
yielded less predictable results when compared to the outcomes of the better studied
and more frequently performed anterior
cruciate ligament reconstruction (ACLR)
[12-14]. This discrepancy in outcomes may
be due to surgeons not anatomically reconstructing both PCL bundles, resulting in loss
of function of one or both of the bundles. The
goal of this article was to review principles
of PCL anatomy and biomechanics in addition to discussing the diagnosis and treat20

ment options for complicated PCL injuries,
with an emphasis on the double bundle PCL
reconstruction technique.
Anatomy

Although the PCL lies within the joint capsule of the knee, it is considered to be extraarticular because it is enclosed in its
own synovial sheath [13]. The PCL is a
32‒38 mm long extrasynovial structure
that originates from the lateral aspect of
the medial femoral condyle at the junction
of the medial wall and roof of the intercondylar notch. It passes posteriorly and laterally towards a depression on the posterior
aspect of the tibia, bordered by a medial
and lateral prominence [15,16]. The midsubstance portion of the ligament is most
compact with an average diameter of 11
mm and makes up approximately one-third
of the diameter of the tibial and femoral origins. The ALB has approximately twice the
cross-sectional diameter of the PLB [17,18].
Additionally, there are variable anterior
and posterior meniscofemoral ligaments
[17,19]. Anatomic studies have demonstrated that one or both meniscofemoral
ligaments is present in 95% of cadavers
while both ligaments are present in 60% of
cadaver specimens [20].
The PCL has multiple functional
anatomical regions defined by tensioning
patterns. The ALB serves as the primary restraint to posterior tibial translation of the
knee and is at greatest tension at 90 degrees
of flexion. The PMB resists posterior tibial
translation as the knee approaches full extension and has been reported to function
as a secondary restraint to rotation [6,21].
The tension patterns of the two bundles act
in reciprocal patterns as the knee proceeds
through its range of motion with few fibers
exhibiting isometric behavior.
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Biomechanics
The ALB is the strongest bundle in the PCL.
Studies have demonstrated that the mean
ultimate load to produce failure is 1,120±
362 N. This force is three times more than
the mean ultimate load to failure of the PMB
(419±128N) [17]. Studies have reported near
anatomic knee kinematics when only the
PMB was sectioned, leading many to suggest
that the ALB plays a more important role in
joint stability, and thus a single-bundle PCL
reconstruction should be sufficient [21,22].
Conversely, Kennedy et al. reported similar
results but instead of sectioning the PMB,
they sectioned the ALB and left the PMB intact. These findings demonstrate that both
PCL bundles have a co-dominant and synergistic role in native knee kinematics [23].
The length of the PCL varies through
the range of motion of the knee. PCL length
increases from 0‒90 and remains mostly
constant from 105‒120 degrees. PCL length
decreases from 120‒135 degrees [7,24-26].
Further research has shown that the ALB
becomes more vertical and longer as the
knee progresses into flexion [27]. The PMB
follows an opposite pattern: it becomes
shorter and more horizontal with progressive flexion. The horizontal orientation of
the PMB during flexion provides a restraining force to more effectively resist posterior tibial translation. The ALB further
bolsters this resistance of posterior tibial
translation by becoming less horizontal
during progressive flexion. Taken together,
these biomechanical studies have elucidated that the PCL is a nonisometric structure
with inequitable tension throughout a full
range of knee motion and act in a reciprocal
fashion to resist posterior tibial translation.
Furthermore, the kinematic relationship
between the two bundles has implications
for surgical reconstructions when considTOJ 2(2):19-29, 2016

ering graft fixation. Fixation of the graft at
less than 90 degrees of flexion, as is commonly done for the PMB, may overconstrain
the knee at higher flexion angles following
surgery.
The PCL also plays a significant role
in rotational stability, primarily at higher
flexion angles [23,28]. Furthermore, biomechanical studies have shown significant
constraint of the PCL to internal rotation at
90 degrees and beyond [23,28]. Specifically,
the PMB is the primary structure maintaining both posterior translation and rotational stability at flexion beyond 90 degrees.
This is an important finding when considering SB-PCLR, which fails to reconstitute the
PM bundle, causing suboptimal posterior
and rotational stability [23,28].
Injury Demographics and Evolution

Isolated PCL injuries often occur following
dashboard injury, high impact injuries onto
a flexed knee or hyperextension of the knee
[29]. Recent studies have reported that the
incidence of isolated PCL tears was 2 per
100,000 in the general population, and most
often in male subjects [9]. Although seemingly rare, these numbers are likely greater
than reported due to surgeons missing PCL
tears and patients presenting distant from
time of injury. Multiligament injures that
include PCL tears are more likely following trauma with rotational or valgus/varus
stress [29].
PCL deficiency exposes the knee to
abnormal knee kinematics and elevated
contact pressures in the medial compartment and the patellofemoral joint. This
change in kinematics stresses the posterolateral knee structures, placing them at elevated risk of subsequent injury [30]. This increased risk of injury was recently studied
in a series of patients with isolated PCL tears
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at 12-years follow-up. Patients were found
to have a 6.2 times increased risk for OA
and 3.2 times increased risk for total knee
arthroplasty compared to patients without
PCL tears. Moreover, studies have demonstrated degenerative cartilage lesions on the
medial femoral condyle in 77.8% and the
patellar in 46.7% of PCL deficient patients
followed for more than five years after their
index injury [3].
Diagnosis

After obtaining a thorough history from
the patient regarding injury mechanism,
symptom type and activity limitation a
physical exam should be performed. There
are four cardinal tests that should be performed: the posterior drawer test, posterior sag test, quadriceps activation test,
and the supine internal rotation (IR) test.
The posterior drawer test is performed
with the knee flexed to 90 degrees and is
best at identifying PCL insufficiency. With
the knee flexed to 90 degrees, the anterior tibial condyles should be anterior to the
femoral condyles by approximately 10 mm
in a PCL-intact knee. A posterior drawer of
greater than or equal to 5 mm of increased
posterior tibial translation is representative of a grade I PCL tear. Grade II PCL
tears are defined by 5‒10 mm of increased
posterior tibial translation on posterior
drawer exam while greater than 10 mm of
increased posterior translation defines a
grade III PCL tear. The posterior sag exam
is performed at 90 degrees of hip and knee
flexion, while applying a posterior force on
the tibia. A difference in posterior displacement between the injured and uninjured
knees indicates the presence of a PCL injury. The quadriceps activation test can also
aid in diagnosing a PCL injury. For this test,
the patient is placed in the supine position
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with the knee is flexed to 90 degrees and
the foot resting on the table. In the uninjured knee, quadriceps activation will result in no increase in anterior translation of
the tibia. In a PCL-deficient knee, the tibia
subluxes posteriorly and quadriceps activation will cause anterior translation of the
tibia relative to the femur. If anterior translation is observed, a PCL tear should be suspected. Finally, the supine IR test has been
described as an additional way to diagnose
PCL injuries [31]. To perform this test, the
surgeon assesses tibial internal rotation
compared to the uninjured leg at various
flexion angles. Recent studies reported a
sensitivity of 95.5% and a specificity of
97.1%, in addition to a positive predictive
value of 72.4% and negative predictive value of 99.6% for the diagnosis of grade III
PCL injuries. Moreover, posterolateral corner injuries have a significant interaction
with the supine IR test, increasing its sensitivity and decreasing its specificity.
Imaging

In the acute setting, plain AP and lateral radiographs can aid in diagnosing a PCL bony
avulsion. These injuries should be suspected if a patient has posterior instability and
has a bony fragment visible on plain radiography. If a bony fragment cannot be visualized but a bony avulsion is suspected, MRI
can be performed.
MRI is the most useful means to diagnose a PCL injury acutely [5]. Unfortunately, MRI scans have proven to be less useful
in the chronic PCL injury setting. However,
other imaging modalities, such as stress radiographs, have emerged as reliable and effective in chronic PCL injuries.
Stress radiographs are essential in
evaluating patients with both acute and
chronic posterior knee instability. This
TOJ 2(2):19-29, 2016
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radiographic modality is a reproducible
method to quantify instability. Jackman et al.
described kneeling stress radiographs as an
ideal method to compare the amount of posterior translation between the injured and
uninured knees [32]. From a technical standpoint, a 90 degrees support jig is constructed to ensure comfortable, stable and reproducible positioning of the patient during
radiography [32]. Patients are instructed to

support their full weight on their tibial tubercles, without placing any weight on their
patella to provide consistent posterior force.
On the lateral radiograph, a line is drawn
along the posterior aspect of the tibia. A perpendicular line is then drawn from the posterior aspect of Blumensaat’s line to the initial line drawn. The distance covered by the
perpendicular line represents the amount
of posterior tibial translation (Figure 1).

Figure 1. Anatomical positioning of anterolateral and posteromedial femoral attachment
sites.

Surgical Techniques and Considerations

Before the surgical techniques options are
weighed, patient specific factors must be
considered. The severity of the knee injury
(isolated vs. multiligament), grade of PCL injury, acute vs. chronic, clinical presentation
(asymptomatic vs. pain/instability) and patient demands or activity level [33]. In general, isolated grade I or II PCL injuries are
treated nonoperatively. In order to classify
PCL tears as isolated the following conditions must be met: PCL stress radiographs
with less than 8 mm differences, less than 5
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degrees of rotary laxity at 30 degrees of flexion and no significant varus/valgus instability indicative of mediolateral insufficiency.
For isolated PCL tears, the treatment goal is
to counteract the posterior laxity of the knee
[34]. Dynamic braces now exist that are capable of applying forces to the posterior proximal tibia in a progressive nature with increasing knee flexion angles [35].		
Operative intervention is indicated
in cases of isolated, symptomatic grade III
PCL tears, multiligament injuries requiring reconstruction or when the PCL tear is
23
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combined with meniscal body or root tears
following an acute injury. Additionally, PCL
repair is indicated in cases of PCL bony avulsions, which tend to involve the attachment
site of the PCL, and often the meniscal roots,
and have emerged as the primary indication
for PCL repair. In these cases, surgery should
be performed within three weeks from time
of injury.
Regarding PCL reconstruction, there
has been much research and controversy in
determining whether the SB-PCLR or DBPCLR is a superior procedure. Because the
PCL has two anatomic bundles that interact
kinematically, more attention has been paid
recently to the DB-PCLR, as it is thought to
provide more reliable resistance to posterior tibial translation and rotation. Recent
studies have corroborated this hypothesis in
robotic studies by showing that the DB-PCLR
are significantly better at restoring knee kinematics as compared to SB-PCLR [28].
Endoscopic double bundle PCL reconstruction is a technically challenging
procedure but has demonstrated good outcomes. As previously highlighted, the PCL is
composed of two bundles, each with individual and collective roles in knee motion and
stability. Because both bundles of the PCL
are crucial to prevent posterior tibial translation, surgeons have turned more attention
to performing the DB-PCLR, as it represents
a more "anatomic" reconstruction than the
SB-PCLR [2]. Increased attention has also
developed around anatomically reliable
landmarks during PCLR. The femoral attachment of the PCL is approximately 32 mm in
diameter, with the ALB attaching to the roof
and the PMB attaching to the wall of the medial intercondylar notch. The femoral attachment site of the ALB is more proximal and
is found at the medial intercondylar ridge
while the femoral attachment of the PMB is
24

found at the medial bifurcate ridge [36,37].
The distal margins of the ALB and PMB are
1.5 mm (±0.8) and 5.8 (±1.7) proximal from
the notch articular cartilage, respectively
[39]. The two bundles join to create a PCL
femoral attachment site with a midpoint 7-8
mm proximal to the articular surface. The
distance between the ALB and PMB centers are approximately 12.1 mm (±1.3mm)
apart [39]. These distances play an important role in surgical planning because recent
studies have shown the clock-face method
to have poor clinical accuracy and reproducibility [41]. Because of this, Anderson et al.
proposed reliable arthroscopic landmarks
to guide tunnel placement intraoperatively
[39]. The center of the femoral ALB tunnel
is found within three important anatomical
landmarks: the trochlear point, the medial
arch point and the medial bifurcate prominence (Figure 2). These landmarks produce
a triangle that around the ALB attachment
site. When locating the placement of the
PMB, it should be placed halfway from the
posterior point and the medial arch point in
the femur, distal to the medial intercondylar
ridge, approximately 8.6 mm from the distal
cartilage margin. With the aforementioned
12.1 mm distance between the two bundles,
using an 11-mm ALB and 7-mm PMB tunnels leaves a 2-3 mm bone bridge between
tunnels. Recent studies have reported the
femoral insertion site to be approximately
128mm, easily large enough to accommodate both tunnels [42].
The tibial PCL insertion is more compact and thus produces more challenging approach. The tibial PCL insertion site is more
compact and converges in a compact fovea on
the posterior aspect on the tibia [13,39,40].
Anderson et al. demonstrated a 8.9-mm distance between the bundles, making the drilling of two separate tunnels impractical [42].
TOJ 2(2):19-29, 2016
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Figure 2. Comparative PCL kneeling stress radiographs demonstrating a 4.4 mm side-toside difference suggesting a complete left PCL tear.

However, the shiny white fibers of the posterior horn of the medial meniscus have been
shown to be a reliable anterior landmark
of the tibial PCL footprint. Additionally, the
bony prominence termed the ‘bundle ridge’
reliably defines the posterior margin of the

ALB and the anterior margin of the PMB [39].
It is crucial to ensure that the tunnel is not
placed posteriorly or inferiorly as these positions will fail to produce an anatomic reconstruction and exposes the popliteal neurovascular structures to injury (Figure 3) [43].

Figure 3. Arthroscopic image (anterolateral portal) of a left knee depicting the positioning
of the femoral PCL tunnels. Of note, a bone bridge of at least 2 mm should exist between
both tunnels. ALB, anterolateral bundle; PMB, posteromedial bundle.

TOJ 2(2):19-29, 2016
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Clinical Outcomes of DB-PCL
Reconstructions
Although anatomical and biomechanical
studies have been successful in showing decreased posterior tibial translation and increased rotational stability following PCLR,
outcomes studies have produced more
equivocal results. A recent systematic review compared outcomes of nonoperative
management and PCLR in isolated PCL injuries. Conservative management produced a
success rate of 33% while surgical intervention resulted in a 90% success rate. Moreover, side to side difference as measured by
Telos, ranged from 2.0 to 3.7 in the surgical
group and from 3.5 to 5.3 in the nonoperative group. Lastly, and perhaps most importantly, the nonoperative group had more
residual anterior-posterior laxity than the
surgical group. The combination of these
results allowed the study to conclude that
surgical intervention produces more satisfactory and consistent stability [10].
Comparing the outcomes of SB-PCLR
and DB-PCLR is important to ensure that the
previously discussed anatomical superiority
of the DB-PCLR indeed produces better biomechanical and clinical outcomes. A recent
systematic review concluded that DB-PCLR
was significantly superior over SB-PCLR from
a biomechanical standpoint [14]. However,
no significant difference was found between
the two techniques with respect to clinical
outcomes at this point in time [14]. Similarly, Harner et al. found the DB-PCLR to be biomechanically superior with regard to posterior tibial translation when they compared
SB-PCLR to normal knees and DB-PCLR to
normal knees [8]. These studies highlight
the superior biomechanics and the lack of
robust clinical outcomes following DB-PCLR.
Spiridonov et al. postulated that
26

tech-nique variation may drive changes in
clinical outcomes following DB-PCLR [44].
The majority of surgical approaches involve
splitting the vastus medialis obliquus (VMO)
via anterolateral portal placement, which
may result in quadriceps muscle weakness.
The study evaluated 31 patients with grade
II PCL tears following VMO-sparing DB-PCL
reconstruction. They use a transtibial reconstruction with Achilles allograft placed via a
lateral arthroscopic portal [44]. Graft fixation
was achieved through an all-inside method
and secured distally though a transtibial tunnel, thus avoiding VMO injury. At a minimum
of two years follow up, the authors reported significant improvements in subjective
and objective outcomes. These findings reflect the capacity of the DB-PCLR to produce
great clinical results, however more studies
are needed to corroborate these findings.
CONCLUSIONS

Many recent studies have elucidated the anatomical and biomechanical properties of
the PCL have led to new surgical techniques
and innovation. More recent studies have
help maximize the surgeon’s ability to produce anatomic reconstructions following
PCL injury. Double bundle PCL reconstructions allow for optimal resistance to posterior tibial translation while also allowing for
restoration of rotational stability. Thus far,
short term outcomes are promising. However, future studies must focus on the longterm clinical efficacy of the DB-PCL reconstruction to ensure that it is superior from
not only an anatomical and biomechanical
standpoint, but also with respect to patient
outcomes.
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