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Anatomic posterior cruciate ligament reconstruction:

state of the art

Jorge Chahla, Richard von Bormann,? Lars Engebretsen,® Robert F LaPrade'*

ABSTRACT

The posterior cruciate ligament (PCL) is recognised to be
the main posterior stabiliser of the knee. PCL injuries are
most commonly associated with concurrent ligament
injuries and also with a high prevalence of chondral and
meniscal injuries. Recent evidence of the accuracy of the
stress radiographs as an objective diagnostic tool has
improved assessment of surgical indications and
postoperative assessment. Acute, isolated PCL injuries
(grades | and II) can be treated non-operatively.
However, in cases of acute grade Ill PCL injuries or
when concurrent multiligament injuries or repairable
meniscal body/root tears are present, surgery is
indicated. Anatomic single-bundle PCL reconstruction
(PCLR), focusing on reconstruction of the larger
anterolateral bundle, is the most commonly performed
procedure. Owing to the residual posterior and rotational
tibial instability after a single-bundle reconstruction
procedure and the inability to restore normal knee
kinematics, an anatomic double-bundle PCLR has been
proposed in an effort to recreate the native PCL footprint
more closely and to restore normal knee kinematics. The
purpose of this article is to review the specific principles
of PCL anatomy, biomechanics, injury diagnosis and
treatment options, with a focus on arthroscopic double-
bundle PCLRs.

INTRODUCTION

The posterior cruciate ligament (PCL) is considered
an extra-articular, extrasynovial structure which
acts as the primary restraint to posterior tibial
translation. Moreover, it is a secondary restraint to
internal rotation, predominantly between 90° and
120° of flexion.! It is composed by two bundles
that were previously thought to function independ-
ently: the anterolateral bundle (ALB) was believed
to function predominantly in flexion and the pos-
teromedial bundle (PMB) mainly in extension.” *
However, recent biomechanical studies have found
a codominant relationship between these two
bundles, in the anteroposterior and rotational
axes.*?

Concurrent ligament injuries are commonly asso-
ciated with PCL injuries.® Furthermore, there is a
high prevalence of concomitant chondral and menis-
cal injuries.® Isolated PCL tears constitute an infre-
quent knee injury with an annual incidence of 2 per
100 000 persons.” Of note, this subset of patients
are at almost a sixfold increased risk of developing
osteoarthritis (OA).”

PCL reconstruction (PCLR) has been shown to
produce more satisfactory and consistent stability
when compared to the non-operative group in a
systematic review.® Although improvements in
single-bundle PCLR (SB PCLR) concerning tunnel

location, fixation type and optimal graft fixation
angles have been attained, biomechanical studies
have reported residual laxity after a single-bundle
procedure.” However, comparing outcomes
between single-bundle and double-bundle PCLRs,
results are problematic because of usage of different
grafts, tensioning  techniques and  tunnel
positions.'°

Traditionally, outcomes of PCLR have produced
less predictable results when compared to those for
anterior cruciate ligament (ACL) tears.'’ !> This
might be due to a failure to anatomically recon-
struct functional PCL bundles and surgical techni-
ques that disrupt the vastus medialis muscle. The
purpose of this article is to review specific focused
principles of PCL anatomy, biomechanics, injury
diagnosis and treatment options, with an emphasis
on endoscopic double-bundle PCLR.

ANATOMY

The PCL is an extrasinovial structure that inserts in
the superolateral aspect of the medial femoral
condyle in close proximity to the articular cartilage
margin of the femur. It has a vertical orientation
until its distal attachment onto a depression on the
posterior aspect of the tibia.> * The PCL is 32—
38 mm long, with an average width of 13 mm.> 3
The central part of the ligament is the smallest,
constituting approximately one-third the areas of
the femoral and tibial attachments.'*

The PCL can be divided into two bundles based
on the anatomic direction of the fibres and tension-
ing patterns and their function: a larger anterolat-
eral and a smaller PMBs named according to their
femoral attachment.” '° '® Additional structures
can be present in this complex, and are the anterior
(ligament of Humphrey) and/or the posterior (liga-
ment of Wrisberg) meniscofemoral ligaments.'* 7
Anatomic studies have described that at least one is
present in 95% and both ligaments only in 60% of
cadaver specimens.'® The ALB acts as the primary
restraint to posterior translation and is under the
greatest tension when the knee is at 90° of
flexion.®™? It is approximately two times bigger
than the PMB in cross-sectional area.'* ** The
PMB is the main structure ensuring posterior trans-
lation stability near full extension and functions as
a secondary restraint to knee rotation.! ** Thus,
tension changes reciprocally during knee range of
motion between both bundles, without exhibiting
true isometry?® (figure 1).

BIOMECHANICS

The strongest bundle of the PCL is the ALB. The
mean ultimate load to failure of the ALB is 1120
+362 N, which is almost three times more than the
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mean ultimate load to failure of the PMB (419+128 N).™*
Key articles Previous studies reported near-normal knee kinematics when
only the PMB was sectioned, and therefore, it has been sug-

gested that the ALB was more relevant, and consequently, a
traditional single-bundle reconstruction should be sufficient.?’ >
However, Kennedy et al*” reported similar results when the
ALB was sectioned and the PMB was left intact, demonstrating
that both bundles have a codominant functional relationship
supporting the idea that both bundles need to be reconstructed
to restore near-native knee kinematics.

Biomechanical studies have suggested that the PCL is a non-
isometric structure with uneven tension on the individual
bundles throughout the range of knee motion angles.”® The
PCL length increases as it flexes from 0° to 90°,* **7° remains
relatively constant from 105° to 120° and then decreases from
120° to 135°.* #° Furthermore, Ahmad et al*! reported that the
ALB becomes longer and more vertical as the knee flexes.
Conversely, the PMB becomes shorter and more horizontal with
progressive flexion. This orientation change places the restrain-
ing force vector of the PMB bundle in line to counteract poster-
ior tibial translation at increasing flexion angles and vice versa
with the ALB. Thus, these dynamic changes in length and orien-
tation suggest that neither bundle is dominant in restraining pos-
terior tibial translation throughout a full arc of knee motion.'?

Finally, the PCL also provides rotational stability, especially at
higher flexion angles.”” ** Biomechanical studies demonstrated
a key role of the PCL for internal rotation constraint at 90° of
flexion and higher.”” 3% Specifically, the PMB is important in
maintaining posterior translation stability across a full range of
motion and rotational stability beyond 90° of flexion, signifying
that SB PCLR that fails to address the PMB may not restore
near-native posterior and rotational stability compared to a
double-bundle technique.?” 32
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injury, high force fall on flexed knee or hyperextension of the

knee.>* Multiligament injury, including PCL tears, is more likely
when the trauma involves a rotational or valgus/varus stress.*?

A recent epidemiologic study reported that the incidence of
isolated PCL tears was 2 per 100 000 in the general population,
being more common in male participants.” This number can be
underestimated probably due to failing to recognise this lesion
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the injury. However, the scarcity of isolated PCL tears makes the

Figure 1  (A) Anteromedial view of a
cadaveric knee demonstrating bony
landmarks of each individual bundle
that can be used arthroscopically to
guide the anatomic placement of the
tunnels. The ALB is located between
the trochlear point and the medial
arch point. The PMB lies below the
medial arch point and 5 mm posterior
to the cartilage. (B) Posterior view of a
cadaveric right knee demonstrating
bony and soft tissue landmarks of the
PCL. ALB, anterolateral bundle; PCL,
posterior cruciate ligament; PMB,
posteromedial bundle; pMFL, posterior
meniscofemoral ligament.
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Figure 2 Examine under anaesthesia of the specific to assess for the
PCL integrity. (A) The posterior sag, the posterior drawer and the
supine internal rotation test. The posterior sag test is performed at 90°
of hip and knee flexion and uses gravity to apply a posteriorly directed
force to the tibia. The posterior sag of the tibia on the injured side is
compared to the uninjured side. The posterior drawer can be performed
at the same angle by applying a posterior force to the tibial tubercle
and comparing the displacement with the contralateral side. Finally,
internal rotation test is performed by assessing tibial internal rotation
compared to the contralateral leg at various flexion angles. PCL,
posterior cruciate ligament.

natural history and epidemiology of this injury challenging to
study.®*

PCL deficiency exposes the knee to abnormal kinematics and
contact pressures in the medial compartment and the patellofe-
moral joint.*> This increases the strain on the posterolateral
knee structures, placing them at risk of subsequent injury.>® In a
12-year follow-up study, patients with isolated PCL tears had a
significantly higher likelihood (6.2 times) of symptomatic arth-
ritis and a total knee arthroplasty (3.2 times) compared to indi-
viduals without PCL tears.

Moreover, Strobel et al’” reported degenerative cartilage
lesions of the medial femoral condyle in 77.8% of the cases and
46.7% of the patella in patients with PCL deficiency followed
for >35 years after the index injury. Although studies with long
follow-up reported that degenerative changes occur mainly in
the medial and patellofemoral compartments,®® 3 Kim et al*
were unable to define the overall prevalence, location or predic-
tors of OA in a systematic review.

DIAGNOSIS

An important first step in defining treatment options is to
address any concomitant pathology through an accurate physical
examination and imaging methods (standard radiographs, varus
and valgus*'™ stress radiographs and MRI).

Common symptoms of a patient with an isolated PCL tear are
diffuse knee pain, swelling or discomfort when the knee is
highly flexed. A combined ligamentous injury should be sus-
pected in higher energy mechanisms, severe pain or instability.®
When evaluating a patient with a suspected PCL injury, it is
important to evaluate the entire knee in terms of stability, nerve
function and vascular status. With regards to specific tests that
should be performed to determine the integrity of the PCL, the
posterior drawer, posterior sag and quadriceps active tests, and
the supine internal rotation test are the most frequently used®
(figure 2).

Figure 3 Comparative knee lateral stress radiographs. To compare the
posterior tibial translation, a point is identified along the posterior
tibial cortex 15 cm distal to the joint line. A line is then drawn from
this point parallel to the posterior cortex, through the femoral condyles,
and the most posterior point of Blumensaat's line is marked. A
perpendicular line is drawn from that point to intersect the first line,
and this distance is compared to the contralateral side. In this case, a
11.6 mm difference between both sides exists signifying a complete
PCL tear. PCL, posterior cruciate ligament.

When potential posterior instability is noted in the physical
examination, kneeling stress radiographs are an inexpensive,
useful and reproducible adjunct to help objectively quantify pos-
terior knee translation instability.*! The magnitude of the poster-
jor tibial translation can be assessed by stress radiographies
performed by a device (Telos Device) applying a 150 N con-
trolled force,** * with a specially designed device applying
200 N? or with kneeling stress radiographs.*! In this regard,
Jung performed a comparative study between five different PCL
stress methods (Telos device, hamstring contraction, kneeling
view, gravity view and an axial view). The authors concluded that
although kneeling resulted in a greater rotational error than
Telos, it was an effective method for quantifying posterior tibial
translation in a faster and less complicated manner.*® Kneeling
stress radiography allows for comparison of the amount of pos-
terior displacement of the tibia on the femur between the injured
and uninjured knees.*' The diagnostic validated algorithm con-
sists in: (1) 0-7 mm of side-to-side difference in posterior dis-
placement constitutes a partial PCL tear, (2) 8-11 mm of an
isolated PCL tear and (3) >12 mm of posterior translation means
a combined PCL and posterolateral corner or posteromedial
corner knee injury.*' To accurately measure the posterior tibial
translation, a point is identified along the posterior cortex 15 cm
distal to the joint line. A line is then drawn from this point paral-
lel to the posterior cortex, through the femoral condyles, and the
most posterior point of Blumensaat’s line is marked. A perpen-
dicular line is drawn from that point to intersect the first line,
and this distance is compared to the contralateral side (figure 3).

MRI is an important adjunct to the diagnosis because it has
been found to have a sensitivity, specificity and accuracy of
almost 100% for the diagnosis of acute PCL injuries. It is essen-
tial for the assessment of associated pathology and concomitant
ligamentous injuries. However, MRI is not so important in the
evaluation of chronic PCL tears since the signal and shape can be
restored in a chronic healed PCL tear on MRI; however, residual
laxity can be present, and therefore, stress radiographs are
strongly advocated to diagnose chronic PCL tears.

Validated outcome measures and classifications

Table 1 demonstrates the values of corresponding stress
radiographs to the clinical findings to help to differentiate grade
I-IIl PCL injuries.*’
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Table 1 Comparison of posterior drawer clinical findings versus
objective kneeling radiographs validated posterior tibial translation
values

Grade Clinical finding with posterior drawer Kneeling radiographs

| 0-5 mm PTT 0-7 mm PTT

Il 5-10 mm PTT 8-11 mm PTT—complete PCL
tear

1] >10 mm PTT; MTP posterior to MFC; >12 mm PTT—combined
posterior sag injury

MFC, medial femoral condyle; MTP, medial tibial plateau; PCL, posterior cruciate
ligament; PTT, posterior tibial translation.

Key issues of patient selection

» Isolated symptomatic acute grade Il posterior cruciate

ligament (PCL) tears.

Combined reconstructions for multiligament lesions.

» Combined with repairable meniscal body or root tears in the
acute setting.

» Acute, displaced PCL bony avulsion, surgical intervention is
indicated.

» Chronic symptomatic PCL tears.

v

TREATMENT ALGORITHM
Several patient-specific factors should be considered to achieve a
satisfactory result when treating a PCL injury. These include the
presence of concomitant injuries (isolated vs combined), grade of
PCL injury, setting (acute vs chronic), clinical presentation (asymp-
tomatic vs pain or instability) and patient demands or activity level
(athletic vs sedentary).*® The algorithm proposed by the authors is
as follows. Typically acute, isolated PCL injuries (grades I and II)
are treated non-surgically. In order to properly name PCL injury as
‘isolated’, three particular conditions should be present, includ-
ing:*’ (1) PCL comparative kneeling radiographs with <8 mm dif-
ference; (2) <5° of abnormal rotatory laxity at 30° of knee
flexion; and (3) no significant varus/valgus instability demonstrat-
ing mediolateral insufficiency. Most of these patients are able to
return to sports within 4-6 weeks after injury after a trial of non-
operative treatment. For these cases, counteracting the increased
posterior tibial translation with an anteriorly directed force has
been clinically validated to improve posterior laxity of the knee.’®
Furthermore, new dynamic braces exist capable of applying forces
to the posterior proximal tibia that increase dynamically with
increased flexion angles.*! Conversely, PCLR should be performed
in cases of isolated symptomatic acute grade III PCL tears, com-
bined reconstructions for multiligament lesions or when combined
with repairable meniscal body or root tears in the acute setting. In
cases of an acute, displaced PCL bony avulsion, surgical interven-
tion is indicated.’* Avulsion fractures usually involve the tibial
attachment and are the main indication for a primary PCL repair.
The repair should be performed in the acute period (<3 weeks
after injury), and may be performed with screws and washers,
suture or tension band techniques.”*™>* In contrast to bony avul-
sion injuries, results of suture repair of acute or chronic midsub-
stance tears have generally been unsatisfactory, and reconstruction
is typically recommended in these cases.*®

Regarding reconstructions of chronic PCL injury, indications
include functional limitations due to the PCL tear (eg, difficulty

with deceleration, incline descent or stairs) and PCL stress
radiographic laxity >8 mm in symptomatic patients.’’

KEY ANATOMIC SURGICAL CONSIDERATIONS

The key for a successful PCLR is an anatomical and functional
restoration of the knee function and biomechanics. In this
regard, reproducing both bundles of the PCL could achieve a
more ‘anatomic’ reconstruction than an SB PCLR where only the
‘ALB’ is reconstructed based on biomechanically validated data
showing improved outcomes with the double bundle®® (figure 4).

Recently, increased attention has been placed on identifying
the anatomical reliable landmarks of the PCL in normal knees
that can be arthroscopically visualised, in an attempt to precisely
mimic the anatomy during a SB or DB PCLR. The femoral
attachment of the PCL has a broad and relatively vertical orien-
tation, with a midpoint of 7-8 mm proximal to the articular
surface.”® ®° The attachment has 32 mm in diameter in average.
The reported distance between the ALB and the PMB centres is
~12.1 mm (*1.3). The distal margins of the ALB and PMB are
1.5 mm (+0.8) and 5.8 mm (%1.7) proximal from the notch
articular cartilage, respectively®! (figure 5).

Current evidence advises that the clock-face method has
reduced clinical accuracy and reproducibility.®* Therefore,
Anderson et al®' proposed reliable arthroscopic landmarks to
ultimately offer guidelines for tunnel placement intraoperatively.
The centre of the femoral ALB tunnel is located within a three
important landmarks. The trochlear point, the medial arch point
and the medial bifurcate prominence constitute a triangle that
surrounds the attachment in a triangular shape, while the distal
edge should be placed adjacent to the articular cartilage. On the
other hand, the PMB should be placed halfway from the poster-
ior point and the medial arch point in the femur, distal to the
medial intercondylar ridge, at an average of 8.6 mm proximal to
the distal cartilage margin. With the given distance between both
bundles in the femoral side (average 12.1 mm), the use of an
11 mm and 7 diameter ALB and PMB tunnels, respectively,
would still allow for a 2-3 mm bone bridge between the tunnels.
In a quantitative analysis of PCL footprints, it has been reported
that the PCL femoral insertion area to be 128 mm, which leaves
sufficient space to accommodate both tunnels.®® Conversely, the
tibial insertion of the PCL is more compact,'? ®* ® having no
anatomic separation between bundles.” °® Anderson et al®'
reported that the average distance between the ALB and PMB
centres on the tibia was 8.9 mm (+1.2) (figure 6).

An important anterior landmark for the tibial PCL footprint is
the shiny white fibres (figure 7) of the posterior horn of the
medial meniscus, the anterior border. Also, the bony structure
termed the bundle ridge consistently defines the posterior margin
of the ALB and the anterior margin of the PMB.®' The centre of
the single PCL tunnel should be placed just anterior to the bundle
ridge, on the medial side of the PCL facet, 9.8 mm from the lateral
cartilage point and 5 mm from the medial groove.®' Placement of
the tunnel more posteriorly or inferiorly will fail to reproduce the
normal PCL anatomy and risks injury to the popliteal neurovascu-
lar bundle, which lies in close proximity to the ligament. In addi-
tion, placement of the tunnel more anteriorly could potentially
damage the posterior meniscal root attachments.®”

To further aid in the movement towards more precise ‘ana-
tomic reconstruction’ of the PCL using the double-bundle tech-
nique, Johannsen et al®® were the first to quantify radiographic
guidelines to improve the accuracy of PCLR intraoperatively.
Typically, intraoperative fluoroscopic assistance is used to opti-
mise tibial tunnel placement. An intraoperative fluoroscopic AP
image of the guide pin should demonstrate its trajectory medial
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Medial
arch point

Figure 4

(A) Anterior and (B) posterior views of the native PCL. Emphasised are the femoral and tibial attachments of the ALB and PMB of the

PCL and the osseous landmarks: the trochlear point, the medial arch point, the bundle ridge and the champagne glass drop-off. ACL, anterior
cruciate ligament; ALB, anterolateral bundle; aMFL, anterior meniscofemoral ligament (ligament of Humphrey); FCL, fibular collateral ligament; PCL,

posterior cruciate ligament; PFL, popliteofibular ligament; PMB, posteromedial bundle; pMFL,
Wrisberg); POL, posterior oblique ligament. Reproduced with permission from Kennedy et al.
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Figure 5

})osterior meniscofemoral ligament (ligament of
2

(A) Schematic arthroscopic view of the femoral attachment of the PCL in a right knee, demonstrating pertinent landmarks. (B)

Quantitative measurements for the femoral attachment of the PCL. The values are reported in millimetres. ALB, anterolateral bundle; aMFL, anterior
meniscofemoral ligament; PCL, posterior cruciate ligament; PMB, posteromedial bundle; pMFL, posterior meniscofemoral ligament. Reproduced with

permission from Anderson et al.’

to the lateral tibial spine and a distance 1.6 mm distal to the
joint line, and on the lateral view, the PCL attachment centre
should be 5.5 (+1.7) mm superior to the champagne glass
drop-off of the posterior tibia.®®

DOUBLE-BUNDLE PCL SURGICAL TECHNIQUE
The technique uses two allografts fixed in divergent femoral
tunnels, passed through a single tibial tunnel and fixed

separately on the tibia to recreate the two anatomic bundles of
the PCL.°” A very thorough examination under anaesthesia is
required to confirm the diagnosis and also to determine the
amount of tibiofemoral step-off at 90° of flexion in the normal
contralateral knee to guide later graft fixation. While starting
the arthroscopic procedure, the grafts are prepared in the back
table. The ALB graft is prepared from an Achilles tendon allo-
graft with an 11 mm diameter and 25 mm long calcaneal bone

Chahla J, et al. JISAKOS 2016;0:1-11. doi:10.1136/jisakos-2016-000078
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popliteus m.

Figure 6

(A) Schematic arthroscopic view of the tibial attachment of the PCL of a right knee, demonstrating the pertinent landmarks. (B)

Quantitative measurements for the tibial attachment of the PCL. The values are reported in millimeters. ALB, anterolateral bundle; PCL, posterior
cruciate ligament; PMB, posteromedial bundle; m, muscle. Reproduced with permission from Anderson et al.®’

Figure 7 Cadaveric dissection depicting the intimate relationship of
the posterior meniscal roots with the PCL (right knee). In the picture of
the superior right corner, an arthroscopic view demonstrates the
anatomic attachment of the PCL posterior to the SWF. PCL, posterior
cruciate ligament; SWF, shiny white fibres.

plug, and the distal soft tissue aspect of the graft is tubularised
with a number-2 non-absorbable suture. A similar construct can
be prepared from a quadriceps autograft with bone block when
allograft is unavailable. The PMB graft is similarly prepared
from a 7 mm diameter soft tissue allograft (semitendinosus, tibi-
alis anterior or soft tissue portion of Achilles allograft) by tubu-
larising each end of the graft.

After a diagnostic arthroscopy is performed through standard
anterolateral and anteromedial portals, the attention is turned to
the PCLR.

The femoral attachments of the ALB and PMB are identified
with an arthroscopic coagulator. The ALB attachment is first
outlined between the trochlear point and medial arch point and
adjoining the edge of the articular cartilage. This tunnel should
be placed as far distal as possible. The PMB attachment is next
marked ~8-9 mm posterior to the edge of the articular cartilage
of the medial femoral condyle and slightly posterior to the ALB

Figure 8  Arthroscopic view of the PCL tunnels through an
anterolateral portal. The ALB is observed immediately against the
cartilage (11 mm) and the PMB is located 5 mm posterior to the
cartilage with a 2 mm bone bridge tunnel to avoid tunnel convergence.
ALB, anterolateral bundle; PCL, posterior cruciate ligament; PMB,
posteromedial bundle.

tunnel. Then, an 11 mm diameter acorn reamer placed through
the anterolateral arthroscopic portal is used as a guide to outline
and ultimately ream the ALB femoral tunnel. The reamer is
positioned at the previously marked centre of the ALB so that
the reamer edges (using the convex side of the reamer) are
against the margins of the articular cartilage at the top of the
intercondylar roof and centred between the trochlear point and
the medial arch point. An eyelet pin is then drilled through the
reamer anteromedially out of the knee with the knee at 90° of
flexion. Then, a closed socket tunnel is reamed over the eyelet
pin to a depth of 25 mm. A passing suture is placed through the
tunnel to facilitate later graft passage. With use of the same tech-
nique, a 7 mm reamer is placed against the previously outlined
PMB, and an eyelet pin is also drilled through this reamer,

6
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Figure 9 Anatomical attachment sites. (A) Hemisectioned knee image demonstrating ALB reamer positioning (11 mm reamer) and PMB reamer
positioning (7 mm reamer) on the femur. Of note, there must exist a 2 mm space between both femoral tunnels. (B) Tibial posterior view of a right
knee demonstrating a desired reamer position exit site taking the SWF as an anatomical Iandmark (12 mm reamer). ALB, anterolateral bundle; PMB,
posteromedial bundle; SWF, shiny white fibres. Reproduced with permission from Chahla et a/.%

exiting through the anteromedial aspect of the knee. A 25 mm
deep closed socket is likewise reamed, trying to diverge from
the ALB reconstruction tunnel with its trajectory. A 2 mm bone
bridge distance is maintained between the two femoral PCL
bundle tunnels (figure 8). This is critical to avoid loss of graft
purchase in case of tunnel convergence. Once the femoral
tunnels are created, attention is turned to identifying the tibial
attachment. For this purpose, a 70° arthroscope is used to visu-
alise an arthroscopic shaver placed through a posteromedial
portal to debride the PCL tibial attachment (figure 9).

A posteromedial portal can be created to facilitate the identifi-
cation and preparation of the tibial facet. This portal should be
placed as far proximal as possible to avoid interference with the
medial condyle. The PCL tibial attachment site is debrided and
identified distally along the PCL facet. The posterior capsule is
carefully elevated until the proximal aspect of the popliteus
muscle fibres are visualised to ensure that the tunnel will be
located sufficiently distally. Next, a guide pin is drilled, entering
the anteromedial aspect of the tibia ~6 cm distal to the joint
line, centred between the anterior tibial crest and the medial
tibial border, and exiting posteriorly at the centre of the PCL
tibial attachment along the previously described PCL bundle
ridge, which has been reported to be located between the ALB
and PMB on the tibia.®! Intraoperative anteroposterior and
lateral radiographs or fluoroscopy are used to verify tibial
guide pin placement, which on the lateral radiograph should be
~6-7 mm proximal to the champagne glass drop-off at the PCL
facet on the posterior part of the tibia (figure 10). On antero-
posterior radiographs, this point is identified at the medial
aspect of the lateral tibial eminence and 1-2 mm distal to the
joint line.®

Once radiographic confirmation of the desired tibial guide
pin location is confirmed, a large curette or the outside sheath
of a shaver is passed through the posteromedial arthroscopic
portal to retract the posterior tissues away from the reamer and
to protect against guide pin protrusion and neurovascular
damage. Then, a 12 mm acorn reamer over-reams the tibial
guide pin under direct posterior arthroscopic visualisation. It is
not recommended to use a smooth bore reamer when reaming
the tibial tunnel due to the increased risk of uncontrolled pene-
tration out the posterior tibial cortex, which could lead to iatro-
genic popliteal artery injury.”® If necessary, the exit of the
reamer out of the posterior tibial cortex can be performed by
hand.

Figure 10 Cadaveric dissection of an hemisectioned knee
demonstrating an ideal positioning of the transtibial tunnel guide pin at
the posterior aspect of the tibia, 7 mm anterior to the champagne
glass drop-off. PCL, posterior cruciate ligament.

Next, a large smoother (Acufex Smoother Crucial tool, Smith
and Nephew, Andover, Massachusetts, USA) is passed proxim-
ally up the tibial tunnel, and pulled out the anteromedial arthro-
scopic portal with a grasper (a rasp can be used alternatively to
smooth the tunnel walls and a thick wire with a loop to pass the
grafts).

The smoother is gently cycled several times to smooth the
intra-articular tibial tunnel aperture to remove any bony spicules
that could interfere with later graft passage. The closed loop tip
of the smoother is then pulled back into the joint, under the
previously placed femoral tunnel passing sutures and passed out
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Tips and tricks

» Patient positioning: It is important to remember to allow full
flexion and extension of the knee. The contralateral leg
should be abducted in abduction leg holder to facilitate a
comfortable work space.

» Graft preparation: When whipstitching the soft tissue graft
ends, tightly spacing the sutures at the distal ends of the
grafts protects the grafts from laceration when securing with
an interference screw.

» Anatomic identification of each bundle attachment location is
crucial. Use of an arthroscopic coagulator to outline the
distal location of each bundle allows for more accurate
tunnel placement.

» Tunnel positioning: Anterolateral bundle (ALB) against the
cartilage and posteromedial bundle (PMB) 5 mm posterior
with a 2 mm tunnel bridge. Use the reamer as a guide for
tunnel placement. Slight divergence of the femoral tunnels
ensures that the tunnels will not collapse during fixation. The
interference screws should be placed within the tunnel
opposite the bone bridge so as to reduce the potential for
fracture. For the tibial tunnel, locate the shiny white fibres and
the bundle ridge. Position the guide at the crest of the ridge.

» Acorn reamers are recommended so that the surgeon may add
fine adjustments to the tibial tunnel path. A tunnel smoother
should be used to reduce friction between the graft and the
aperture of the tibial tunnel at the ‘killer turn’; this reduces
the chance of graft laceration as it is drawn into the tunnel.

» Fixation: The ALB should be fixed with the knee in 90° of
flexion, whereas the PMB should be fixed with the knee in
full extension. A screw and washer graft fixation system on
the anterior tibia minimises postoperative pain while
providing optimal fixation strength.

» Postoperative rehabilitation should focus on progressive
weight-bearing and quadriceps activation.

the anterolateral arthroscopic portal. Next, the PMB graft is
passed into its femoral tunnel with the passing suture directed
through the anterolateral portal. The PMB graft is then fixed in
the femoral tunnel with a 7x23 mm bioabsorbable interference
screw (positioning the screw at the posteroinferior aspect of the
tunnel). The bone plug for the ALB graft is then similarly
passed into its femoral tunnel with the cortical side of the bone
plug placed adjacent to the articular cartilage and secured with a
7%20 mm titanium interference screw (positioning the screw at
the anterosuperior aspect of the tunnel). After the grafts are
fixed in the femoral tunnels, the sutures in the ends of both
grafts are then passed through the loop tip of the smoother.
The smoother and the graft sutures in its eyelet tip are pulled
distally down the tibial tunnel and out the anteromedial aspect
of the tibia; the grafts are pulled down the tibia and then indi-
vidually cycled several times to remove any potential slack in
the grafts. Arthroscopic verification should confirm that the
ACL is reduced to its normal position while traction is concur-
rently placed on the grafts.

In addition, the normal tibiofemoral step-off is verified to be
restored, compared to the examination under anaesthesia, while
traction is applied to the grafts. With the knee flexed to 90° and
in neutral rotation, the ALB is secured to the tibia with a fully
threaded bicortical 6.5 mm cannulated cancellous screw and an
18 mm spiked washer (though a small hole created in the

Major pitfalls

» Patient positioning: Incorrect positioning of the patient may
prevent the surgeon to correctly position the knee at certain
steps of the surgery limiting the ability to position/fix tunnels
and grafts, respectively.

» Graft preparation: Oversizing the grafts can complicate the
passage and fitting into the tunnels. Care must be taken not
to violate the suture fibres with the needle while the surgeon
is tightly stitching the graft.

» Tunnel positioning: On the femoral side, failing to create
divergent tunnels or not leaving an appropriate bone bridge
can result in tunnel convergence and loss of graft purchase.
Debride the posterior aspect of the tibia to assess the
anatomic position of the posterior cruciate ligament tibial
attachment. Always check with fluoroscopy if the desired
position was achieved.

» Neurovascular complications: Be extremely diligent when
reaming the tibial tunnel. Finishing the reaming by hand and
positioning a curette on top of the pin when reaming can
avoid vascular complications. Moreover, the surgeon may
partially remove the guide pin after initiating drilling of the
tibial tunnel to prevent guide pin complications. Fluoroscopic
imaging can help to assess the correct positioning of the
guide pin and the distance to the cortex.

» Fixation: Given the codominant nature of the bundles,
incorrect knee flexion angles during fixation may result in
graft laxity during motion.

graft)’! (figure 11). During tibial graft fixation, an anterior
reduction force is applied to the tibia and distal traction applied
to the graft. Verification of posterior stability is confirmed with
elimination of the posterior drawer test at 90° of knee flexion.”’
The PMB is then secured to the tibia with the knee in full exten-
sion with a similar size screw and washer that was used for
AMB fixation while distal traction is placed on the graft’!
(figure 12). The excess portion of the grafts is then excised
~1.5 cm distal to the screws.

POSTOPERATIVE REHABILITATION

Rehabilitation should be initiated the first postoperative day.
The primary initial goals are centred on oedema control, pre-
vention of posterior subluxation and strengthening of the quad-
riceps  muscle.  Postoperatively, all  patients remain
non-weight-bearing for 6 weeks with a dynamic PCL brace
(Ossur PCL Rebound brace). Physical therapy emphasises early
quadriceps muscle activation and prone knee flexion from 0° to
90° of flexion for the initial 2 weeks postoperatively. This avoids
hamstring activation which places increased stress on the graft.
Knee motion increases past 90° as tolerated starting 2 weeks
postoperatively, ~with  prone knee flexion exercises.
Postoperatively, patients begin weight-bearing exercises and low
resistance stationary bike (maximum of 70° of knee flexion) at 6
weeks. Progressive evolution into low-impact knee exercises is
allowed as tolerated by the patient, starting 12 weeks after the
surgery.

Six months postoperatively, patients are evaluated clinically
and with kneeling posterior stress radiographs. Patients who are
allowed to discontinue the brace can initiate a jogging pro-
gramme, side-to-side and proprioceptive exercises. Functional
testing is performed between 9 and 12 months postoperatively
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Figure 11

Graft fixation image. (A) The PMB bundle is fixed first in the femoral tunnel with a 7x23 mm bioabsorbable interference screw

(positioning the screw at the posteroinferior aspect of the tunnel). (B) The ALB bone graft is then secured with a 7x20 mm titanium interference
screw (positioning the screw at the anterosuperior aspect of the tunnel). (C) Tibial fixation: with the knee flexed to 90° and in neutral rotation, the
ALB is secured to the tibia with a fully threaded bicortical screw and a spiked washer. The PMB is then secured to the tibia with the knee in full

extension. ALB, anterolateral bundle; PMB, posteromedial bundle.

FCL

Figure 12

(A) Posterior and (B) anterior views of the aDB PCLR. The reconstructed ALB and PMB are shown, as well as the size, shape and

location of their femoral and tibial tunnels. The PMB enters the tibial tunnel posteromedial to the ALB. The PMB is posterior in the transtibial tunnel
and exits deep to the ALB and then is fixed medially and distally to the ALB. Femoral fixations of both bundles and the champagne glass drop-off,
the anatomic landmark for transtibial tunnel drilling, are also displayed. ACL, anterior cruciate ligament; aDB, anatomic double-bundle; ALB,
anterolateral bundle; aMFL, anterior meniscofemoral ligament (ligament of Humphrey); FCL, fibular collateral ligament; PCLR, posterior cruciate
ligament reconstruction; PFL, popliteofibular ligament; PMB, posteromedial bundle; pMFL, posterior meniscofemoral ligament (ligament of
Wrisberg); POL, posterior oblique ligament. Reproduced with permission from Wijdicks et a/.3?

to determine the ability of the patients to return to full activ-
ities. The functional PCL rebound brace is worn for the first
year of a return to athletic competition.

CLINICAL OUTCOMES

Although it has been reported that reconstruction of the PCL
reduces posterior tibial translation and rotational instability,
results have been inconsistent regarding the efficacy of the

procedure in restoring normal function and kinematics, prob-
ably due to the heterogeneous indications, lack of knowledge of
important anatomical landmarks, the relative low incidence of
this injuries and the different rehabilitation protocols.>® 7% 73

A recent systematic review® compared outcomes of conserva-
tive and surgical reconstruction in isolated PCL injuries. The
success rates of conservative and reconstructive treatment were
33% and 90%, with a side-to-side difference of posterior tibial
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translation ranging from 3.5 to 5.3 mm vs 2.0 to 3.7 (Telos) and
from 3.0 to 5.2 mm to 0.7 to 5.9 mm (KT-1000), respectively.
Moreover, in the conservative treatment group, a wider range of
anteroposterior instability persists compared to that of the
reconstructive treatment. This study concluded that there
was more satisfactory and consistent stability in the reconstruc-
tive treatment group. In regards to single-bundle versus
double-bundle reconstructions, another systematic review con-
cluded that double-bundle reconstruction was significantly
superior to single-bundle reconstruction in biomechanical
studies. However, no significant differences were reported for
clinical outcomes between the two PCLRs."’

Spiridonov et al”* hypothesised that minor variations in tech-
nique may lead to improved clinical outcomes following double-
bundle PCLR. Given that most surgical techniques split the
vastus medialis obliquus (VMO) via use of an anteromedial
portal, which may weaken the quadriceps muscle and delay
recovery, the authors studied the effects of a VMO-sparing
approach to PCLR. They analysed 31 patients with isolated and
combined grade III PCL tears treated with endoscopic, double-
bundle, transtibial reconstruction using Achilles allograft placed
into the femoral tunnel through a lateral arthroscopic portal.”*
The grafts were secured by an all-inside method and passed dis-
tally through a transtibial tunnel to avoid surgical injury to the
VMO, similar to the surgical technique described above.
Following a period of at least 2 years, there were significant
improvements in subjective and objective outcome scores com-
pared to preoperative data, as well as translation on posterior
stress radiographs, suggesting that this technique may be success-
ful in treating patients with isolated and combined grade III
PCL tears. However, no comparison groups were used, and
further studies are warranted before declaring one technique
objectively superior to another.

Over the past decade, several studies have been conducted to
evaluate the efficacy of single-bundle versus double-bundle
reconstructions. To date, however, the literature is inconclusive
with regards to superiority of one technique over the other.
Harner et al® compared single-bundle and double-bundle
PCLRs in a biomechanical study using Achilles and doubled
semitendinosus grafts for each respective technique. The authors
reported significant differences in posterior tibial translation fol-
lowing single-bundle reconstruction compared to double-bundle
reconstruction and normal knees, and no difference in transla-
tion between double-bundle knees and normal knees. The
authors concluded that double-bundle reconstruction more
closely restores the biomechanics of the intact knee than does
single-bundle reconstruction throughout knee range of motion.’
Lastly, the tibial inlay technique has the potential benefits of
bone on bone healing, avoidance of the killer tibial turn and
use of large graft size. In this regard, Bergfeld et al”> compared
transtibial (single and double bundle) and tibial inlay
PCLR techniques in cadaver knees. Their group reported no dif-
ference in translation following single-bundle and double-bundle
reconstructions at various degrees of flexion, concluding that
single-bundle and double-bundle techniques reproduced poster-
jor stability of the knee.”” Of note, the posterior tibial transla-
tion with a single-bundle reconstruction was found to be
5-7 mm throughout the range of motion and the double bundle
was still between 4 and 5 mm, so normal restoration of transla-
tion was not achieved in either study.

CONCLUSIONS AND FUTURE PERSPECTIVES
Recent studies examining the anatomy and biomechanical prop-
erties of the PCL have led to new surgical techniques in PCLR

that attempt to duplicate the functional behaviour of the native
PCL throughout the full range of knee motion. The endoscopic
double-bundle PCLR allows for restoration of posterior and
rotational stability throughout a full knee range of motion, and
preliminary clinical studies have demonstrated good to excellent
short-term clinical outcomes using this technique. Further
studies are warranted to more thoroughly evaluate the long-term
clinical effectiveness of various surgical techniques, including
single-bundle versus double-bundle and tibial inlay PCLR tech-
niques, in addition to pertinent rehabilitation principles, in an
attempt to improve patient outcomes following operative and
non-operative treatment of PCL injury.
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