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Abstract
Purpose of Review To highlight current and established concepts regarding PCL injury and reconstruction.
Recent Findings Recent biomechanical and clinical studies have brought attention to improved surgical techniques and clinical
outcomes of PCL reconstruction.
Summary In contrast to anterior cruciate ligament (ACL) injuries, isolated posterior cruciate ligament (PCL) injuries occur much
less frequently and have traditionally been treated non-operatively. Even when a PCL injury meets operative indications,
outcomes of PCL reconstruction historically do not match the success rates of ACL reconstruction procedures. As such, there
remains controversy regarding appropriate indications and techniques for surgical repair leading to a paucity of conclusive data
regarding surgical outcomes. Recently, however, there has been an increase in focus on the role of the PCL in proper knee
biomechanics and negative long-term sequelae of chronic PCL insufficiency. This improved understanding has led to advance-
ments in surgical technique and graft options for PCL reconstruction.

Keywords Posterior cruciate ligament . PCL reconstruction . PCL graft . PCL surgical technique

Introduction

While the posterior cruciate ligament (PCL) lies within the
joint capsule, it is considered an extraarticular structure due
to the presence of a synovial sheath. The intraarticular portion
of the PCL is between 32 and 38 mm long, with an average
midsubstance diameter of 11 mm2 [1]. It consists of two main
bundles, named after their femoral origin: a posteromedial
bundle (PMB) and a more substantial anterolateral bundle
(ALB). These bundles are best differentiated at their femoral
origin due to the much larger footprint of the ALB ranging
from 112 to 118 mm2 compared to the PMB footprint of 60–
90mm2 [2]. The difference in size and orientation of these two
bundles allows them to function in synergy. Biomechanical
studies have shown that the PCL is a non-isometric structure
with unequal tension throughout knee motion [3]. Ahmad et

al. reported that the ALB became longer and more vertical
from 0° to 120° of knee flexion, and the PMB became shorter
and more horizontal with progressive flexion, placing its
restraining force vector in line to resist posterior tibial transla-
tion as flexion increases. Other studies have found the ALB to
primarily resist translation in flexion while the PMB predom-
inantly functions in extension [4]. The meniscofemoral liga-
ments, variably present in approximately 90% of individuals,
are considered part of the PCL complex and constitute 17.2%
of its cross-sectional area [5]. Their role in functional knee
stability remains controversial, and current methods of PCL
reconstruction have not taken the meniscofemoral ligaments
into consideration [6].

PCL injuries are usually associated with a posteriorly di-
rected force on a flexed knee with the foot in plantar flexion.
This mechanism of injury is most commonly seen in contact
sports and motor vehicle collisions (i.e., “dashboard injuries”)
[7, 8], although these injuries can also occur during knee hy-
perextension. Clinical classification of these ligamentous in-
juries is based on the amount of posterior subluxation of the
tibia relative to the femoral condyles when a posteriorly di-
rected load is placed on the proximal tibia with the knee po-
sitioned at 90° of flexion. Grade 1, indicating a low grade
partial tear, demonstrates up to 5 mm of posterior tibial trans-
lation. However, the tibia will remain aligned anterior to the
femoral condyles. Grade 2 is a near-complete tear of the PCL
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associated with > 5–10-mm posterior tibial translation.
Anatomically, the anterior tibia will now rest flush with the
distal femoral condyles. Finally, a Grade 3 injury indicates a
PCL injury in combination with either an ACL, MCL,
capsular, and/or posterior lateral corner injury. The tibia
in this instance will have translated > 10 mm posteriorly
and rest posterior to the femoral condyles with the knee
in flexion (sag sign).

Of note, this posterior “set point” due to sagging at rest can
limit active posterior excursion on exam. This exam finding
can give the spurious impression of increased anterior excur-
sion, thereby mimicking ACL laxity as the knee is reduced to
its neutral position on anterior drawer testing. The Quad
Activemaneuver involves an isometric quadriceps contraction
while the examiner sits on the ipsilateral foot and performs the
anterior and posterior drawer tests. This test is aimed at reduc-
ing sag and allowing for a more focused exam.

LaPrade et al. postulated a grading system based on stress
radiographs to ensure a more objective and reproducible as-
sessment of these injuries. In their study, uninjured PCLs dem-
onstrated posterior translation of 0–4 mm on lateral
bodyweight stress view; while isolated PCL tears showed 5–
12 mm of translation. Combined posterior knee injuries to the
PCL, posterolateral corner, and/or posteromedial corner had
increased posterior displacement measuring ≥ 12 mm [9•].
Comparison views of the uninjured, contralateral knee can
provide an important reference for the patient’s normal base-
line, especially in the case of confounding issues such as gen-
eral ligamentous laxity. Jackman et al. described their validat-
ed algorithm, where 0–7 mm of side-to-side difference in pos-
terior displacement constitutes a partial PCL tear, 8–11 mm
represents an isolated PCL tear, and ≥ 12 mm of posterior
translation indicates a combined PCL and posterolateral cor-
ner or posteromedial corner knee injury [10•].

Once injury of the PCL is suspected or confirmed, magnet-
ic resonance imaging (MRI) of the knee is usually obtained to
confirm the diagnosis, and to assess for concomitant injuries.
Since the common PCL injury mechanism usually results in
stretch deformation of the ligament, this often maintains con-
tinuity on MRI with apparent thickening. However, it will
display increased anteroposterior diameter with low
intrasubstance signal intensity on sagittal T2-weighted images
and increased intrasubstance signal intensity on proton-
density images [11].

Historically, most acute, isolated PCL injuries have been
treated conservatively with a non-operative approach because
of the inherent healing capacity of the PCL. Multiple studies
have shown good outcomes with non-operative management
for grade 1 and 2 injuries [12, 13]. However, for more severe
injuries such as multi-ligamentous, combined meniscus root, or
bony avulsion injuries that result in instability, surgical recon-
struction is often performed in patients of appropriate age and
activity level. Nevertheless, even when indicated, long-term

outcomes of surgical versus conservative management for
PCL injuries have been an area of recent debate. Even within
the operative cohort, outcomes between graft selection double
versus single bundle repairs, and the results of differing recon-
struction techniques remain controversial, andmultiple variants
including tunnel position, number of graft bundles, and graft
tensioning make comparison challenging.

Indications

When treating a PCL injury, several patient-specific factors
should be considered including the grade of PCL injury, pres-
ence of concomitant injuries (isolated vs. combined), chronic-
ity, clinical presentation (symptom level), and patient demands
or activity level [14]. Typically acute, truly isolated PCL inju-
ries (grades I and II) are treated non-surgically. Most of these
patients are able to return to sports within 4–6 weeks of non-
operative treatment, generally involving a quad focused phys-
ical therapy regimen and dynamic Jack bracing [12, 13]. A
non-surgical trial can also be considered for isolated grade 3
tears in elderly or low-demand individuals.

The historical paradigm of non-operative management for
posterior cruciate ligament tears is being challenged as long-
term follow-up data has begun to demonstrate increased inci-
dence of premature osteoarthritis and early decline of knee
function [15–17]. Operative management is usually indicated
in isolated grade 3 PCL tears that remain symptomatic despite
an adequate course of conservative therapy and for PCL inju-
ries in the setting of concomitant-associated injuries [18].
These include PLC injury, or in the presence of a re-
pairable meniscal body/root tear or MCL insufficiency
[9•, 19, 20]. Finally, the authors also recommend acute
osseous avulsion injuries of the PCL to be considered
for primary reduction and fixation.

Surgical Techniques

Two prevalent techniques exist for PCL reconstruction based
on the tibial insertion site: the transtibial and the tibial inlay
techniques. Historically, the transtibial technique was the most
common tibial fixation method. Here, the PCL graft is passed
retrograde through the tibial tunnel before making a right an-
gle turn at the intraarticular aperture of the tibial tunnel to
reach the femoral condyle at the anterior notch. This “killer
turn” in the graft around the bony edge of the aperture has
been shown to create increased tensile forces on the graft,
leading to graft elongation and, eventually, failure [21]. It is
thought that these effects may be caused by the “windshield
wiper” effect, with the bony edge of the tunnel continually
shearing against the graft during knee motion, also potentially
leading to tunnel widening.
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In response to this, Berg et al. described the tibial inlay
technique in 1995 as a way to avoid this “killer turn” associ-
ated with the transtibial approach [22]. Classically, this tech-
nique was performed via an open posteromedial approach
between semitendinosus and medial gastrocnemius for secur-
ing the tibial attachment, but several arthroscopic options have
since been popularized. Using the tibial inlay technique, the
PCL is fixed directly onto the native insertion site of the tibia
using concepts of aperture fixation, thereby creating a shorter
and stiffer graft leading to decreased graft motion and defor-
mation. The biomechanical superiority of this technique is
supported by multiple cadaveric studies. Bergfeld et al. found
significantly less total anteroposterior laxity and less mechan-
ical degradation in the inlay group when compared to a tunnel
group after applying a posteriorly directed load from 30° to
90° of knee flexion and after repetitive loading at 90° of flex-
ion [21]. A later study compared various graft properties (i.e.,
thinning, total elongation, elongation during a single loading
cycle) and found a significantly different failure rate of 0% for
the onlay graft versus 32% of the transtibial specimens, al-
though tunnel and inlay grafts significantly increased in length
following cyclic loading [23].

To date, multiple studies have evaluated these two methods
in terms of biomechanical strength and clinical outcomes.
Macgillivray et al. performed a retrospective study evaluating
outcomes using arthroscopic transtibial versus tibial inlay
techniques in which they evaluated 20 patients at an average
follow up of 5.7 years. They found no significant differences
in posterior drawer testing, KT-1000, functional testing, or
Lysholm, Tegner, and AAOS knee scores at a minimum 2
year follow-up. The authors concluded that although neither
of the methods restore anteroposterior stability to its original
state, there does not appear to be a significant difference in
terms of post-operative function between the two methods [7].

Similar results were found by Seon et al. when they per-
formed a retrospective case series comparing the clinical and
radiographic results of PCL reconstruction using these two
techniques. In their study, the transtibial technique was per-
formed using triple hamstring autografts with the tibial inlay
group using bone-patellar-bone autografts. They also found
no difference in post-operative functional results including
Lysholm knee scores and Tegner scores. In addition, instru-
mented posterior laxity testing with mean side-to-side differ-
ences were not statistically different between the two groups
leading authors to conclude that both techniques lead to equiv-
alent satisfactory results [24].

An additional retrospective study was performed by Kim et
al. comparing clinical outcomes of tibial inlay single-bundle
and double-bundle techniques with those of the conventional
transtibial single-bundle technique. Using Achilles tendon
graft for all cases, this study also failed to find any significant
difference in Lysholm or side-to-side range of motion at a
minimum of 2 years follow-up. The mean side-to-side

difference in posterior tibial translation measured on Telos
stress radiographs differed significantly between the tibial in-
lay double-bundle group and the transtibial single-bundle
group with the advantage going to the tibial inlay group.
However, they did not find a significant difference between
the arthroscopic inlay single-bundle group and the transtibial
group [25].

A systematic review was performed by Shin et al. in which
they compared outcomes after transtibial and tibial inlay tech-
niques evaluated by Tegner scores, Lysholm scores, and pos-
terior residual laxity. All of the patients included underwent
PCL single-bundle reconstruction with either transtibial or
tibial inlay techniques. They found no significant difference
in outcome scores between the two techniques. Based on their
findings, the authors recommend the choice of technique
should be based on surgeon familiarity and experience [26•].

Based on current literature, there does not appear to be
sufficient en vivo evidence supporting a clinically important
difference between transtibial and tibial inlay techniques. The
decision to perform one technique over the other should large-
ly be decided by surgeon preference and comfort.

Single- Versus Double-bundle Reconstruction

While the PCL bundles are widely considered co-dominant,
the mean ultimate failure load on biomechanical testing differs
greatly for both PCL fiber bundles. Harner reported that the
ultimate load for the anterolateral bundle is 1120 ± 362 N
(mean stiffness 120 ± 37 N/mm), which is more than twice
the mean ultimate load of the posteromedial bundle at 419 ±
128 N (mean stiffness 57 ± 22 N/mm) [27]. Consequently, the
ALB is considered to provide the primary restraint to posterior
tibial translation, and thus has been the focus of traditional
single-bundle reconstruction.

Multiple studies have evaluated single- versus double-
bundle PCL reconstruction techniques in terms of biomechan-
ical strength of repair as well as long-term outcomes with
regard to stability and degenerative changes. The double-
bundle technique was developed in an attempt to more accu-
rately recreate the anatomic configuration of the native AL
and PM bundles and thus more closely restore normal knee
kinematics. However, there is still considerable debate as to
whether or not this development conveys clinically relevant
benefits.

Several studies have found double-bundle reconstruction to
be biomechanically superior to single-bundle techniques [21,
27, 28]. Additionally, several studies found significantly im-
proved results after double-bundle reconstruction compared to
single-bundle when examining post-operative posterior laxity
with posterior drawer test through all flexion angles [29, 30].
However, a systematic review of 14 level II–V studies per-
formed by Qi et al. showed no significant differences when
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looking at clinical outcomes [31]. Furthermore, Fanelli et al.
performed a prospective randomized trial evaluating strength
of repair and post-operative function with single- versus
double-bundle repair and found no statistical difference as
assessed by KT-1000 arthrometer testing, three knee ligament
rating scales, and Telos stress radiography [32].

The most recent meta-analysis performed by Lee et al.
included four RCTs and a total of 107 single-bundle cases
versus 108 double-bundle patients. This review found no sig-
nificant biomechanical differences between single- versus
double-bundle groups with respect to external rotation, varus
rotation, or coupled external rotation of the tibia with posterior
drawer force at any knee flexion angle [33].

In addition to biomechanical evaluation, multiple studies
have investigated clinical outcomes comparing single- and
double-bundle methods. To date, none of these studies have
provided sufficient data proving superiority of one technique
over the other in regard to functional scores, patient satisfac-
tion, or radiographic examination [31, 32, 34, 35].

Based on the current literature, there does not appear to be a
consensus regarding superiority of double-bundle over single-
bundle reconstruction or vice versa. Some studies have shown
a slight biomechanical advantage of double-bundle recon-
struction at some knee flexion angles. While this does not
appear to equate to clinically significant differences in isolated
injuries, it may convey possible benefit in combined PCL and
PLC injuries. Meanwhile, many surgeons and authors believe
that double-bundle surgeries increase the technical complexity
of both primary and revision PCL reconstructions.

Graft Selection

The primary goals of PCL reconstruction are to restore normal
knee stability and return the patient to pre-injury functional
activity levels. Besides surgical technique, graft selection is
the key factor in providing adequate tensile strength and solid
fixation to allow for early mobility and rehabilitation; graft
healing and maturation; and, ultimately, return to desired
activity.

Graft options for PCL reconstruction generally entail auto-
graft or allograft tissues. Autograft choices include bone-
patellar tendon-bone (BTB) graft, hamstrings, and quadriceps
tendons. Allograft tissues are becoming increasingly popular
for primary PCL reconstruction and include Achilles, tibialis
anterior/posterior, and peroneus longus tendons. Ideal graft
properties are those that simulate anatomic properties of the
native PCL including size and geometric shape. Other consid-
erations include technical aspects such as ease of graft inser-
tion/fixation, fast graft incorporation, and cosmesis [36].
Additional factors that must be considered include surgeon
experience/preference and necessary additional concomitant
ligamentous repairs.

Allografts are the most commonly used graft option for PCL
reconstruction as they provide sufficient graft strength without
donor site morbidity, utilize smaller incisions, and have been
shown to decrease operative time. Concerns involving auto-
grafts are mostly related to donor site morbidity. For example,
the use of BTB grafts has been associated with increased inci-
dence of anterior knee pain and risk of patella fracture, both
intraoperatively and post-operatively. There is also a concern
for weakening of the extensor mechanism, which may also be
seen with the use of quadriceps tendon graft [36]. This may be
of particular concern due to the fact that the quadriceps is
considered synergistic to PCL function. Injury to the medial
collateral ligament has been described during harvest of the pes
anserinus tendons over the anteromedial tibia.

Currently, Achilles allograft remains the most popular graft
choice for the reconstruction of both acute and chronic PCL
injuries, with soft tissue, all inside graft choices gaining pop-
ularity. Achilles allografts possess several inherent advan-
tages. A standard graft will usually yield excellent graft vol-
ume, particularly in situations where multiple grafts are de-
sired (double-bundle) or required (multi-ligamentous recon-
struction). This is particularly useful in cases where there is
relative lack of sufficient autologous tissue sources either due
to overall disease burden (in multi-ligamentous injuries) or
prior harvest (in revision setting). The presence of the calca-
neal bone block allows for bony fixation and gives this graft
significant versatility in addressing possible bone voids from
prior tunnel placement while ostensibly avoiding the “killer
turn” at the tibial intraarticular aperture.

Conversely, there are relative risks and potential complica-
tions associated with the use of allografts for PCL reconstruc-
tion, which should be discussed with the patient as part of the
pre-operative informed consent process. While generally con-
sidered extremely safe, the potential risk of disease transmis-
sion is inherent to all allograft tissues. Mitigation of this risk
by sterilization and storage techniques can potentially weaken
the graft tissue. Consequently, allografts may exhibit delayed
healing and remodeling compared to autografts. Tunnel wid-
ening, cyst formation, and effusions have all been reported
[37]. Another drawback of allograft tissue is associated cost
and potentially limited availability.

Several head to head studies have evaluated different graft
options and associated morbidity factors. Lin et al. compared
BTB and hamstring autografts for PCL reconstruction. They
found significantly increased incidence of anterior knee pain,
posterior drawer laxity, and osteoarthritic changes in the BTB
graft group. Meanwhile, Maruyama et al. compared the use of
hamstring and BTB grafts and found no significant difference
in post-operative stability or Lysholm functional scores [38].
Similarly, autografts were shown to allow less knee laxity
when compared to allografts [39].

In summary, no superior graft choice in PCL reconstruction
has been identified. However, autografts are associated with
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concern for donor site morbidity and increased operative time.
In addition, patellar and quadriceps grafts appear to be asso-
ciated with increased anterior knee pain and fracture risk and
may contribute to weakened knee extensor function.

Graft Tensioning

Excessive graft forces have been implicated as a crucial factor
in suboptimal PCL graft performance and outcomes, poten-
tially leading to excessive knee constraint or decreased poste-
rior stability. Traditionally, single-bundle techniques have fa-
vored replacing the larger ALB, commonly tensioned between
70° and 90° of knee flexion. However, residual posterior lax-
ity has been described during early knee flexion, and in full
extension. Double-bundle reconstruction techniques allow for
differential tensioning of both limbs of a two-bundle graft to
more closely replicate the reciprocal in situ forces of the native
PCL. In a cadaveric study, Carson et al. examined the in situ
forces of differentially tensioned bundles fixed at different
degrees of knee flexion. They found that tensioning of the
ALB at 90° and the PMB in full extension most closely re-
stored the symmetric reciprocal force pattern of the native AL
and PM bundles [40]. Based on these findings, most authors
advocate for differential tensioning of the ALB at 90° of knee
flexion, with an anterior drawer force applied, while fixing the
PMB at 0°/full extension [9•].

Complications

The anatomic proximity of the PCL insertion site to
neurovascular structures of the popliteal fossa poses a risk of
injury during PCL reconstruction surgery. In a cadaveric study,
Matava et al. measured the mean distance between the PCL
insertion and the popliteal artery to be 7.6 and 7.2 mm in the
axial and sagittal planes respectively between 0° to 100° of
flexion [6]. Of note, the distance increases significantly with
progressive flexion, up to maximummean distances of 9.9 mm
in the axial plane and 9.3 mm in the sagittal plane at 100° of
flexion. This is especially relevant for the transtibial technique.
Several case studies have described injury to the popliteal ar-
tery during PCL reconstruction surgery [41, 42]. In both of
these cases, the artery was injured using the arthroscopic
transtibial technique.Makino reported that the injury was likely
caused by the displacement of the guide wire during drilling.

Fractures are another potential complication of PCL recon-
struction occurring in the tibia, femur, or patella. One risk
factor for fracture is tunnel over-drilling, which creates large
tibia or femoral tunnels making themmore susceptible to frac-
ture. Fractures can also occur during graft fixation. The use of
staples appears to increase this risk. Because of this, most
surgeons prefer the use of interference screws or screws with

spiked ligament washers [43]. Finally, the use of bone-patellar
tendon-bone (BPTB) autograft harvesting has been shown to
increase the risk of intraoperative fractures with the incidence
of patella fracture with BPTB autograft ranging from 0.2 to
2.3% [44, 45]. A biomechanical study performed by
Moholkar et al. showed the risk of patellar fractures associated
with BPTB harvesting was reduced in specimens with round-
cornered bone plugs developed with a curved chisel compared
with sharp-cornered patellar defects [45]. Ferrari et al. found
that removing nomore than 25 to 30mmof the length and 9 to
10 mm of the width of the patella also reduces the risk of
fracture. They also recommended that at least two thirds of
the depth of the patella should be preserved [46].

Another complication of PCL reconstruction is graft fail-
ure. There are multiple factors that can contribute to graft
failure including both diagnostic and technical errors.
Technical errors leading to persistent laxity and possible rup-
ture include poor graft size and strength, inadequate fixation,
and inappropriate tensioning during graft placement.
Imprecise femoral or tibial tunnel placement can also lead to
graft abrasion and subsequent failure [43]. A retrospective
study by Noyes et al. evaluated 52 cases of failed PCL recon-
structions and found the most common probable causes of
failure were associated posterolateral ligament deficiency
(40%), improper graft tunnel placement (33%), associated
varus malalignment (31%), and primary suture repair (25%)
[47]. One of the most common factors responsible for failure
was the improper placement of tibial or femoral tunnels. In
their study, the authors found misplaced tibial tunnels were
always proximal to the normal PCL anatomical tibial attach-
ment. This removes the posterior central portion of the tibial
eminence, which is behind the tibial spines. In this situation,
the graft was placed in a vertical position limiting its ability to
resist posterior tibial translation.

Conclusions

Historically, the majority of isolated PCL tears have been
managed non-operatively, with surgical reconstruction re-
served for PCL injuries unresponsive to conservative manage-
ment. However, the traditional notion of non-operative man-
agement for posterior cruciate ligament tears is being chal-
lenged as recent long-term follow-up data has begun to dem-
onstrate increased incidence of premature osteoarthritis and
early decline of knee function. Still, surgical outcomes data
of these techniques are limited to retrospective, uncontrolled,
non-randomized case series with short-term follow-up. While
biomechanical and outcomes data continue to emerge, current
literature does not conclusively demonstrate significant clini-
cal differences between single- and double-bundle, autograft
versus allograft, or transtibial versus tibial inlay reconstruction
techniques. Further studies are warranted to further elucidate
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optimal tunnel positioning, graft type, and graft tensioning as
well as the long-term clinical effectiveness of various surgical
techniques, to refine surgical techniques and improve patient
outcomes following PCL reconstruction.
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