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Abstract
Purpose of review Posterior cruciate ligament (PCL) injuries are relatively uncommon injuries. As such, there is a dearth of high-
quality studies in the literature examining the operative management of PCL injuries and a lack of clear consensus on what the
optimal method should be. The goal of this review was to conduct a comprehensive evaluation of recent literature and provide an
evidence-based algorithm to optimize surgical decision-making and outcomes for PCL reconstruction.
Recent findings Recent literature confirms that transtibial PCL reconstruction is a reliable and reproducible method to manage
PCL injuries and results in satisfactory patient outcomes. However, there does not yet appear to be enough new, compelling
information to conclusively determine an optimal method for surgical management.
Summary Our preferred method of management for operative PCL injuries is a single bundle transtibial PCL reconstruction,
which is supported by the current body of literature. Future high-quality research studies are necessary to further guide treatment
algorithms.
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Introduction

Our knowledge about the posterior cruciate ligament, includ-
ing its function, anatomy, and biomechanics, has increased
over the years. Despite this, there remains a lack of clarity
regarding optimal operative and non-operative management
of posterior cruciate ligament (PCL) injuries. The current
available data and associated outcomes demonstrate that the
existing techniques for PCL reconstruction, including arthro-
scopic transtibial and open tibial inlay, produce satisfactory
patient outcomes. The following review will briefly discuss
the relevant highlights of PCL anatomy, diagnosis, outcomes
of arthroscopic transtibial PCL reconstruction, and our pre-
ferred surgical technique for arthroscopic single bundle
transtibial PCL reconstruction.

Anatomy

The primary function of the PCL is to restrict posterior trans-
lation of the tibia, though it has also been found to serve as a
secondary restraint to internal and external rotation [1–8]. The
PCL consists of two bundles, anterolateral and posteromedial,
both of which restrain posterior translation of the tibia
throughout the range of knee flexion. Previously, it had been
suggested that the two bundles maintained a reciprocal rela-
tionship. However, recent data have demonstrated that their
relationship may be more co-dominant in nature, functioning
synergistically throughout the entire arc of knee motion
[9, 10]. The PCL complex also includes the anterior and pos-
terior meniscofemoral ligaments commonly referred to as
the ligaments of Humphrey and Wrisberg, respectively. The
precise function of these meniscofemoral ligaments has been
debated but is currently appreciated to be that of secondary
restraints to posterior tibial translation [11, 12].

Diagnosis

Proper diagnosis of PCL injuries begins with a comprehensive
patient history, physical examination, and diagnostic imaging.
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The history of PCL injury most commonly includes a direct
posterior force on the proximal tibia, often during sports par-
ticipation such as a fall on a flexed knee, or a traumatic event,
such as the classic “dashboard injury” during a motor vehicle
accident. Acutely, the patient may report posterior knee pain
and amild tomoderate effusion, whereas patients with chronic
PCL insufficiency may complain of vague, anterior knee pain
and difficulty with certain activities such as ascending and de-
scending stairs. Pure instability is an uncommon complaint in
both the acute and chronic setting. The incidence of acute PCL
injury reported in the literature ranges from 1–44% [13]. Given
the higher energy mechanism in the acute setting, isolated PCL
injuries are rare and concomitant injuries to the ACL, medial
collateral ligament (MCL), and PLC are frequently present.
Fanelli et al. reported in their study that 46, 31, and 62% of
PCL injuries in the trauma setting had concomitant injuries to
the ACL, MCL, and PLC, respectively [14].

Performing a thorough physical exam and comprehensive
diagnostic imaging are important in identifying other associ-
ated injuries. The presence of other injuries can affect the
treatment algorithm, and therefore, special care should be tak-
en to thoroughly evaluate all relevant intra-articular structures
of the knee. The posterior drawer test is the most sensitive and
specific test to clinically assess for PCL insufficiency [15].
Additional clinical exam maneuvers that can supplement the
posterior drawer test include assessing for the posterior sag
sign, the quadriceps active test and the reverse pivot shift test.
Imaging, in the form of plain radiographs and MRI, can help
with diagnosis and evaluation of other injuries such as frac-
tures, cartilage lesions, meniscus injury, and damage to other
ligamentous structures. MRI has been found to be a very sen-
sitive and specific tool in evaluation of acute PCL injuries
[16–18]. This sensitivity and specificity is reduced in the
chronic setting, in which case stress radiographs can provide
a better objective means to assess PCL integrity [19–21].

After an accurate diagnosis of PCL injury has been made,
the indication to proceed with surgical intervention will vary
based upon the severity of clinical symptoms. Indications for
PCL reconstruction following an acute injury can include a
combined PCL injury such as a multiligamentous injury, a
grade III PCL injury with failure of conservative treatment
or a complete PCL tear with an associated meniscus tear/root
avulsion. Surgical indications for a chronic PCL injury are not
as clear and often involve a failure of initial conservative man-
agement, which includes activity modification, physical ther-
apy, and non-steroidal anti-inflammatory medications. When
these measures are insufficient, patients will present with
some level of functional limitations, which can include sub-
jective complaints of difficulty and pain with stairs, difficulty
with descent on inclines and/or vague instability. Frequently,
surgical intervention is indicated secondary to the detrimental
effects of PCL deficiency on the quality of life and function of
the patient.

Outcomes

Early studies examining the biomechanical differences be-
tween the transtibial and tibial inlay techniques were signifi-
cant for concerns regarding the “killer turn” that the graft had
to traverse as a part of the arthroscopic transtibial reconstruc-
tion. These studies suggested that because of this acute angle,
the graft sustained damage to its structural integrity with cyclic
loading and eventually became attenuated, which led to in-
creased posterior laxity [22–24]. In contrast, there have been
other cadaveric studies that have shown no significant differ-
ences between open tibial inlay and arthroscopic transtibial
techniques, when comparing objective knee laxity and poste-
rior tibial translation [25, 26]. In general, these concerns re-
garding the killer turn and its effect on the PCL graft have not
demonstrated clinical significance to date. Some theorize that
concerns regarding graft abrasion and eventual attenuation
may not be applicable in a biologic environment where re-
modeling may occur [27]. Apprehension over the open tibial
inlay technique is largely related to potential post-operative
complications, risk to the posterior neurovascular structures,
the need for prone positioning, and increased operating room
time [28]. Complications that have been reported in the liter-
ature associated with the open tibial inlay technique include
post-operative hematoma at the incision site, transient saphe-
nous nerve numbness, popliteal vein laceration, infection at
the incision site, failure of bone plug fixation, and bone plug
breakage during screw fixation [28–31].

Short-term outcomes have been largely equivalent when
comparing transtibial and tibial inlay techniques [32, 33]. A
study by MacGillivray et al. found no significant differences
in posterior drawer testing, objective knee laxity, functional
test results, or subjective knee outcome scores between the
two techniques [32]. Panchal et al. conducted a systematic
review of biomechanical and clinical studies comparing open
tibial inlay and arthroscopic transtibial PCL reconstructions.
They concluded that due to the conflicting results of biome-
chanical studies, as well as the limitations of many of the
clinical studies, a definitive conclusion could not be reached
regarding superiority of one technique over the other [34].
Despite this, concerns continue to exist that with longer fol-
low-up, the transtibial graft could eventually undergo structur-
al damage due to repetitive cyclic loads and lead to attenuation
and laxity. Song et al. conducted a cohort study comparing 36
transtibial PCL reconstructions to 30 tibial inlay PCL recon-
structions, with mean follow-up of 148 months. They found
that there were no significant differences between the groups
when looking at subjective outcome scores, objective knee
laxity, mean side-to-side difference, and development of ar-
thritic changes on radiographs [35••]. Boutefnouchet et al. re-
ported that 93% of their patients had good/excellent Lysholm
knee scores, and all patients had normal or nearly normal KT-
2000 arthrometer measurements at a mean 4.1 years after a
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single bundle arthroscopic transtibial reconstruction with
hamstring autograft [36]. A recent systematic review by
Shin et al. confirms the current consensus that outcomes be-
tween the two techniques are equivalent. Their review includ-
ed seven prior studies directly comparing transtibial and tibial
inlay single bundle PCL reconstruction, with primary out-
comes consisting of postoperative knee outcome scores and
residual posterior laxity. They found no clinically significant
differences between transtibial and tibial inlay techniques re-
garding post-operative Tegner and Lysholm scores or residual
posterior laxity that was based upon radiographic or clinical
assessment [37••].

Similarly, the debate between single and double bundle
grafts has yet to be resolved. The literature thus far has proven
to be largely equivalent regarding clinical outcomes, though
there is a lack of high-quality studies. Various studies have tried
to quantify the differences between these two techniques. Two
studies in particular suggest that although clinical outcomes
(Lysholm knee and Tegner activity scores) between the two
techniques were comparable at short to midterm follow-up,
the objective findings of posterior translation (compared with
the contralateral side) and objective IKDC scores were signifi-
cantly improved with the double bundle reconstruction tech-
nique [38•,39]. It remains unclear at this time if these differences
in objective findings will affect long-term clinical outcomes.

Additional technical variations have been examined in the
literature including graft choice and, more recently, remnant
preservation of the native ligament. Remnant preservation has
been described as a possible adjunct to graft healing in single
bundle reconstruction [40]. Preservation and juxtaposition of
the PCL remnant to the graft may improve vascular ingrowth
and thus provide an accelerated scaffold for healing and graft
integration [40]. While multiple studies have shown reason-
ably good clinical outcomes with remnant preservation in
PCL reconstruction, there is a lack of prospective comparative
studies and, to the authors’ knowledge, no data exists demon-
strating whether remnant preservation can lead to superior
outcomes [41•,42].

Allograft and autograft tissue have both been shown to
have satisfactory outcomes [43, 44]. Recently, Li et al. specif-
ically compared hamstring autograft and tibialis anterior allo-
graft in a cohort of patients that underwent arthroscopic
transtibial PCL reconstruction. They found that both groups
improved significantly after reconstruction and did not find
substantial differences in outcomes including knee laxity and
function between the two groups [45•]. Rates of tibial tunnel
enlargement have also not been found to be different between
allograft and mixed autograft/allograft (hybrid graft) PCL re-
construction. The overall rates of enlargement appear to be
low at short-term follow-up with improved functional out-
comes in both the allograft and hybrid graft groups [46•].

At this time, there is insufficient evidence in the existing
literature to support an optimal method of reconstruction. The

current, small body of literature regarding PCL reconstruction
consists mainly of heterogeneous level III and IV studies with
conflicting outcomes. However, there is potential for future
clarity on the subject with the onset of higher quality research
and long-term outcome studies.

Author’s Preferred Surgical Technique

In this section, we describe our preferred technique for a single
bundle transtibial PCL reconstruction with Achilles allograft.

Following standard perioperative procedure, the patient is
transported into the operating room, intubated and given pre-
operative antibiotics. A non-sterile tourniquet is placed on the
upper thigh, and the patient is positioned in the supine position
with a lateral post at the level of the tourniquet and a footrest
or a beanbag affixed to the table near the foot so that the
knee can be flexed and maintained at 90° of flexion when
necessary. A sequential compression device is placed on the
contralateral extremity for the duration of the procedure to
minimize the risk of deep venous thrombosis.

A thorough bilateral knee exam under anesthesia is per-
formed prior to the sterile prep to again confirm the diagnosis
and identify other potential unexpected or undetected liga-
mentous injuries. We recommend performing a posterior
drawer, assessing for posterior sag as well as evaluating for
ACL, PLC, or PMC and collateral ligament injuries with dy-
namic exam maneuvers.

After completion of the exam under anesthesia, the limb is
prepped and draped in the standard sterile fashion. A standard
anterolateral portal is made, and a diagnostic arthroscopy is
conducted using a standard 30° arthroscope.

Surgical Tip: care should be taken to create this portal
immediately abutting the patellar tendon to maximize notch
and posterior compartment visualization.

Diagnostic arthroscopy begins with visualization of both
gutters, the suprapatellar pouch and the patellofemoral joint.
An anteromedial portal is then established in the standard
fashion. Again, care should be taken to create this portal im-
mediately abutting the patellar tendon. The medial and lateral
compartments as well as the notch are assessed for any
chondral or meniscal injuries. The ACL and PCL should then
be visualized, and a posterior drawer stress can be placed on
the knee to arthroscopically visualize the degree of ligament
laxity. This is particularly useful in the setting of chronic in-
jury where the ligament may be scarred to adjacent intra-
articular structures. The PCL remnant is debrided utilizing a
shaver and/or a radiofrequency ablation device, leaving a
small amount of remnant on the femoral condyle for footprint
visualization (Fig. 1). Our preference is to preserve the
meniscofemoral ligaments if they are intact and do not impede
surgical exposure or visualization. At this point, an accessory
posteromedial portal is established under arthroscopic
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visualization with a spinal needle, followed by a stab incision
and blunt intra-articular dissection.

Surgical Tip: The posteromedial portal should be
established in the “soft spot” between the semimembranosus
and medial head of the gastrocnemius with the knee flexed to
90°. The knee should be distended with arthroscopic fluid
prior to establishing this portal to minimize the risk iatrogenic
injury to the saphenous nerve. A 0.062 guide wire can be used
as a percutaneous guide wire to introduce a cannulated
5.0 mm cannula to establish and maintain the posteromedial
portal. This allows ease of instrumentation exchange includ-
ing visualization with the arthroscope and minimizes posteri-
or fluid extravasation.

The tibial PCL footprint is identified with careful
subperiosteal dissection using a radiofrequency ablation de-
vice and shaver placed through the posteromedial portal while
visualizing through the anterolateral portal. A 70° arthroscope
is then utilized through the posteromedial portal to complete
the proximal tibial dissection and final preparation of the tibial
footprint. This dissection detaches the tibial PCL attachment
approximately 12 to 15-mm along the posterior aspect of the
proximal tibia until the proximal-most fibers of the popliteus
muscle are visualized (Fig. 2). Once adequate dissection is
completed, a 3-cm incision is made along the anteromedial
aspect of the tibia from the tibial tubercle distally and midway
between the anterior tibial spine and posteromedial tibial
ridge. The pes anserinus is identified and subperiosteal dissec-
tion is conducted immediately proximal to this area with care
taken to minimize disruption of the MCL attachment at the
position of the desired PCL tunnel. A PCL tibial guide set at
65° is placed flush against the tibial spines and between 10

Fig. 1 Intraoperative arthroscopic view of the PCL remnant of a right
knee. An intact ACL can be visualized in the lower half of the screen.
L lateral, M medial

Fig. 2 Intraoperative arthroscopic view of a right knee tibial PCL
footprint that has been dissected subperiosteally and exposed. A
anterior, P posterior

Fig. 3 Intraoperative arthroscopic view of a PCL tibial guide centered
over the tibial PCL footprint in a right knee prior to guidewire insertion

Fig. 4 Intraoperative fluoroscopic image confirming correct guidewire
placement to the PCL tibial footprint
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and 15-mm distal to the joint line to precisely locate the tibial
footprint for tunnel drilling (Fig. 3).

Surgical Tip: A switching stick can be used to exchange the
posteromedial cannula with the arthroscope cannula thereby
allowing direct visualization of the tibial footprint during
guide placement, pin advancement, and reaming through the
posteromedial portal. A 70° scope can be utilized at this time
to help with visualization.

A guidewire is advanced into the tibial guide and fluoro-
scopic imaging is used to confirm appropriate placement, after
which an 11-mm tibial socket is reamed under direct fluoro-
scopic and arthroscopic visualization (Fig. 4). Due to the close
proximity of the posterior neurovascular structures, completion
of the reaming through the posterior cortex of the tibia can be
done by hand.

Surgical Tip: It can be helpful at this time to contour the
anterior aperture of the tibial footprint with a shaver or a rasp
to minimize any sharp edges to facilitate graft passage and
minimize graft abrasion once it is passed.

The femoral tunnel is created using a two-incision tech-
nique. A 3-cm vertical incision along the anteromedial aspect
of the distal femur is made, and dissection is carried down
through the skin and subcutaneous tissue to the vastus
medialis obliquus (VMO). The fascia overlying the VMO is
incised along its fibers, and the VMO is bluntly retracted lat-
erally to expose the anteromedial aspect of the distal femur. A
small periosteal window is made, and the PCL femoral guide

Fig. 5 Intraoperative arthroscopic view of the femoral PCL guide centered
over the femoral PCL footprint in a right knee. A anterior, P posterior

Fig. 6 Intraoperative arthroscopic view of the femoral guidewire entering
the femoral PCL footprint in a right knee. A anterior, P posterior

Fig. 7 Intraoperative arthroscopic view of the 11 mm femoral tunnel in a
right knee. Note the 2 mm rim of subchondral bone left anterior to the
tunnel. A anterior, P posterior

Fig. 8 Intraoperative arthroscopic view from the anterolateral portal of
the passing suture that has been passed retrograde from the tibial tunnel
into and out the femoral tunnel of a right knee. A anterior, P posterior
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is angled such that the guide pin inserts immediately distal to
the anteromedial femoral metadiaphyseal junction and enters
the PCL intraarticular femoral footprint with the 8-mm posi-
tion aligned with the medial femoral condyle osteochondral
margin. When drilling an 11-mm tunnel, this position will
provide a safe subchondral bone bridge and allow positioning
within the native PCL femoral footprint (Fig. 5). After the
guide has been positioned properly, a guidewire is placed
with fluoroscopic and arthroscopic confirmation (Fig. 6). An
11-mm tunnel is reamed outside-in over the guidewire under

direct visualization (Fig. 7). Care should be taken to ensure
that there is a 2-mm bridge of bone between the tunnel and
the anterior aspect of the femur. Subchondral bone should be
preserved to minimize the chances of osteonecrosis.

Graft passage and final fixation are then performed. A pass-
ing suture is inserted in a retrograde fashion from the tibial
tunnel into the femoral tunnel and then retrieved through the
anteromedial aspect of the femur (Fig. 8). The passing suture
is then utilized to pass the previously prepared Achilles allo-
graft from the femoral tunnel into the tibial tunnel (Fig. 9).

Surgical Tip: The previously placed posteromedial
switching stick can be used as a pulley over which the graft
can be passed through the tibial tunnel. This switching stick
can facilitate directing of the graft over the tibial ridge and
minimize graft abrasion.

Fig. 9 Intraoperative arthroscopic view from the anterolateral portal of
the PCL graft that has been passed and preliminarily secured on the
femoral side of a right knee. A anterior, P posterior

Fig. 10 Post-operative AP and
lateral radiographs of a 23-year-
old female who underwent
arthroscopic single bundle
transtibial PCL reconstruction
with Achilles allograft. Note the
metal interference screw fixation
in the femur and the biocomposite
screw fixation of the tibia that is
backed up with a screw and
spiked washer
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Once the graft is passed, the 11-mm bone plug is seated
flush in the femoral tunnel and secured with a 7×20 mm ap-
erture interference screw. After securing the graft on the fem-
oral side, the knee is cycled with tension on the graft to min-
imize any residual laxity. Attention is then directed to final
fixation of the tibial graft. With the knee flexed to 90° and a
significant anterior drawer force on the proximal tibia, the
graft is tensioned manually and secured in the tibial tunnel
with an 11×35-mm biocomposite screw. We prefer to back
up the tibial-sided fixation with a screw and spiked washer
combination to minimize potential graft laxity that could oc-
cur from the metaphyseal nature of the biocomposite screw
fixation. This screw and spiked washer are placed through a
small stab incision in the mid-substance of the remaining limb
of the Achilles allograft and within the previously placed su-
tures. This technique allows both suture and graft fixation



simultaneously. A unicortical drill hole and scoring of the
anteromedial cortex is then performed followed again byman-
ual traction placed on the Achilles tissue. The screw and wash-
er are then secured directly to the anteromedial tibial cortex.
At this point, any remaining excess graft is amputated after the
screw and spiked washer are seated.

When satisfactory fixation has been achieved, the stability
of the reconstruction is tested with a posterior drawer maneu-
ver and range of motion of the knee is assessed. The incisions
and portals are then irrigated thoroughly and hemostasis
achieved. The VMO fascia is repaired and closure of the inci-
sions is completed through a standard layered fashion.

Post-operative radiographs are obtained at the 6-week post-
operative visit to confirm hardware placement and evaluate
fixation (Fig. 10).

Conclusions

Transtibial PCL reconstruction has been shown to be a safe
and effective method of treating operative PCL injuries while
decreasing the potential morbidity associated with an open
posterior approach to the knee. The literature has thus far
found clinical outcomes associated with arthroscopic
transtibial PCL reconstruction to be comparable to those of
open tibial inlay techniques. While our preference is for a
single bundle transtibial PCL reconstruction, we recommend
that each individual surgeon select the technique that he or she
is able to reliably and reproducibly perform.
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