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Extra-articular reconstruction has been employed over the past century to address
anterior cruciate ligament (ACL) deficiency, but the technique has not gained favor
owing primarily to residual instability and secondarily to the development of degen-
erative changes in the lateral and medial compartments of the knee. As a conse-
quence, intra-articular arthroscopic reconstruction has become the technique of
choice. However, we know from several clinical and biomechanical studies that
intra-articular reconstruction, despite the introduction of so-called anatomical
reconstruction, does not completely restore normal knee kinematics. Therefore
some authors have recommended extra-articular reconstruction in conjunction with
an intra-articular technique.

This book provides in-depth descriptions of the extra-articular surgical tech-
niques that may be employed when performing ligament reconstruction in patients
with injuries involving the posterolateral and posteromedial corners of the knee. It
is intended as a practical, “how to” manual that will be of value for both the trainee
and the more experienced surgeon. Many of the techniques relate to the central pivot
of the knee, i.e., the anterior and posterior cruciate ligaments. For each technique,
indications, presurgical planning, postsurgical follow-up, and complications are
discussed in addition to the surgical details. Numerous tips and pearls are provided
and the techniques are clearly depicted in informative high-quality illustrations.

Rome, Italy Fabrizio Margheritini
Turin, Italy Roberto Rossi
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Matthew J. Boyle and Dean C. Taylor

As is often said, what was once old is now new again. In recent years, the traditional
orthopedic principle of restoration of anatomy has experienced a renaissance within
the field of extra-articular knee reconstruction. Knee surgeons have moved again
toward more anatomic restoration, while continuing to develop extra-articular aug-
mentation procedures to protect these anatomic reconstructions.

For anterior cruciate ligament (ACL) injuries, extra-articular knee recon-
struction initially became popular in the late 1960s, when the focus of treating
patients with ACL injury began to move from anatomic primary repair to extra-
articular reconstructions using local structures. Early techniques such as the
Slocum and Larson [1], Losee et al. [2], Ellison [3], and Andrews and Sanders
[4] procedures were developed in an attempt to control rotational instability of
the knee utilizing extra-articular biomechanics. With advancing anatomic and
biomechanical understanding and with technological development, the treat-
ment of ACL injury has now evolved into an anatomic intra-articular recon-
struction; however, these early extra-articular techniques remain useful as
conjunct procedures in the dramatically unstable or revision reconstructive
knee [5].

As has been the case for ACL injuries, there also has been a renewed emphasis
on anatomic reconstruction procedures for other knee ligament injuries. Interesting
recent developments in the field of extra-articular knee reconstruction include
advances in the anatomic management of patellofemoral instability, posterolateral
corner injury, medial collateral ligament injury, and pediatric ACL injury and in the
understanding of allograft and platelet-rich plasma use.

M.J. Boyle (<) » D.C. Taylor

Department of Orthopaedic Surgery, Duke University,

280 Frank Bassett Drive, Durham, NC 27710, USA

e-mail: matthew.j.boyle @dm.duke.edu; dean.taylor@duke.edu

R. Rossi, F. Margheritini (eds.), Knee Ligament Injuries, 1
DOI 10.1007/978-88-470-5513-1_1, © Springer Verlag Italia 2014


mailto:matthew.j.boyle@dm.duke.edu
mailto:dean.taylor@duke.edu

2 M.J. Boyle and D.C. Taylor

1.1 Patellofemoral Instability

Medial patellofemoral ligament (MPFL) reconstruction has become a popular sur-
gical option in the management of patellofemoral instability in select patients.
Recently, Fulkerson and Edgar have suggested that the MPFL reconstruction may
be anatomically incorrect [6]. Through detailed anatomic dissections of the deep
medial knee retinaculum, Fulkerson and Edgar have demonstrated a consistent
prominent structure extending from the distal deep quadriceps tendon to the adduc-
tor tubercle region, forming a distinct medial quadriceps tendon-femoral ligament
(MQTFL). In their published series, reconstruction of this anatomic structure
yielded consistent medial stabilization of the patellofemoral joint without drilling
into the patella in 17 patients with recurrent patella instability with greater than
12 months follow-up [6]. Further research is required to investigate the anatomic
and functional importance of the MQTFL.

1.2  Posterolateral Corner Injury

Although posterolateral corner (PLC) injuries may occur in conjunction with up to
7.5 % of ACL injuries [7], this combined injury pattern is still often missed. Failure
of recognition and appropriate treatment of PLC injury places increased stress on
ACL reconstructions and may predispose patients to early graft failure. Anatomic
extra-articular restoration of injured PLC structures will likely protect anatomic
ACL reconstruction and optimize functional outcome in patients presenting with
this combined injury. Kim et al. recently demonstrated that within a population of
425 patients, 32 patients who presented with combined PLC and ACL injury and
were managed with anatomic PLC and ACL reconstruction had significantly less
anterior tibial translation and comparable functional outcome scores at 2 years post-
operatively when compared to 393 patients with isolated ACL injury who were
managed with ACL reconstruction alone [7]. Interestingly, in a recent cohort study,
Yoon et al. found no objective or functional benefit to the addition of a popliteal
tendon reconstruction in addition to an anatomic PLC reconstruction [8]. This illus-
trates the importance that knee surgeons remain focused on restoration of anatomy
in order to achieve the best possible patient outcomes.

1.3  Maedial Collateral Ligament Injury

Early medial collateral ligament (MCL) reconstruction involved nonanatomic sling-
type procedures that frequently resulted in residual laxity, loss of knee motion, and
disappointing patient outcomes. Over the past 10 years, a number of more anatomic
procedures for MCL reconstruction have been developed, typically involving ham-
string tendon graft with modern fixation devices to reconstruct the superficial MCL.
These procedures have demonstrated improved results compared to early tech-
niques; however, they fail to address the injured posteromedial structures in addition
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to the superficial MCL. Recently, LaPrade and Wijdicks, in conjunction with the
University of Oslo, Norway, have undertaken detailed quantitative anatomic studies
in addition to static and dynamic biomechanical studies in order to develop an ana-
tomic medial knee reconstruction. LaPrade and Wijdicks’ [9] technique consists of
a reconstruction of the proximal and distal divisions of the superficial medial col-
lateral ligament in addition to the posterior oblique ligament (POL) using two sepa-
rate grafts. In a group of 28 patients with MCL insufficiency followed prospectively
for an average of 18 months, LaPrade and Wijdicks found this anatomic technique
to restore valgus, external rotation, and internal rotation stability and improve
patient function [9]. Future medial knee reconstructions may benefit from the addi-
tion of POL reconstruction in order to truly restore patient anatomy and optimize
postoperative function.

1.4  Pediatric Anterior Cruciate Ligament Injury

The optimal surgical technique in pediatric ACL reconstruction remains a source of
much debate. Although recent literature suggests that transphyseal ACL reconstruc-
tion in Tanner stage 1 and 2 children can achieve satisfactory outcomes with low
complication rates [10], the concern of growth disturbance continues to stimulate
interest in potentially nonanatomic and extra-articular procedures in these young
patients. Kennedy et al. recently undertook a biomechanical cadaveric study inves-
tigating three ACL reconstruction techniques that attempt to avoid disruption of the
physis: the all-epiphyseal technique, the transtibial over-the-top technique, and the
iliotibial band physeal-sparing technique [11]. All techniques restored some stabil-
ity to the knee. The iliotibial band reconstruction best restored anteroposterior sta-
bility and rotational control, although it appeared to overconstrain the knee to
rotational forces at some flexion angles.

1.5  Allograft Tissue

The use of allograft tissue in ligamentous knee reconstruction remains a topic of
debate. The orthopedic community’s understanding of allograft biomechanical
properties continues to evolve. Allograft remains an excellent option in patients
undergoing multiple ligament reconstruction in order to increase graft number,
reduce donor site morbidity, and limit operative duration. Isolated MCL reconstruc-
tion also provides a suitable facet for allograft due to concern for donor site morbid-
ity. Marx and Hetsroni recently published a technique to reconstruct the MCL using
Achilles tendon allograft with encouraging results [12]. Despite these promising
indications, the benefit of allograft reconstruction of isolated ACL injuries remains
unclear. Spindler et al., in a study of 378 patients undergoing ACL reconstruction,
recently demonstrated allograft use to be a significant predictor of poorer
International Knee Documentation Committee and Knee Injury and Osteoarthritis
Outcome Score outcomes at 6 years postoperatively [13].
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1.6 Platelet-Rich Plasma

Platelet-rich plasma (PRP) therapy has been introduced to orthopedic surgery with
the aim of enhancing tissue healing by increasing the concentration of growth fac-
tors and thereby moderating the inflammatory response, increasing cell migration,
and stimulating angiogenesis. While basic science and laboratory studies have sug-
gested that PRP therapy shows promise in a number of orthopedic subspecialties,
the clinical significance of this therapy remains unclear. The majority of PRP
research in knee ligamentous surgery has focused on ACL reconstruction. Although
the basic science results have been encouraging, there unfortunately have only been
two recent randomized trials investigating the effect of PRP on clinical outcomes.
Mirzatolooei et al., in a randomized controlled trial of 50 patients undergoing ACL
reconstruction using hamstring autograft, demonstrated no significant difference in
clinical outcomes of bone tunnel widening between patients who had PRP intro-
duced into tibial and femoral bone tunnels perioperatively and patients who did not
[14]. Cervellin et al., in a randomized controlled trial of 40 patients undergoing
ACL reconstruction with bone-patellar tendon-bone autograft, identified a small
improvement in Victorian Institute Sport Assessment scale but no difference in
visual analog pain scale or donor site bony healing in patients who had PRP gel
applied to patellar and tibial bone harvest sites compared to patients who did not
receive PRP gel [15]. Clinical studies have yet to convincingly support the use of
platelet-rich plasma in knee ligamentous reconstruction.

Conclusion

Extra-articular knee reconstruction has evolved to a state where surgeons have
seen improved results when advances in biological and anatomic understanding
are applied to surgical techniques. This chapter has outlined many of the recent
advances that have improved knee surgery outcomes.

The Magellan Orthopaedic Society has contributed significantly to the
advancement of knee surgery through international collaboration of some of the
world’s most exceptional orthopedic sports medicine specialists. The talented
Magellan members’ chapters in this book will dive deeply into the internation-
ally derived knowledge and provide thoughtful and creative solutions to chal-
lenging knee injuries.
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Sven Scheffler

The peripheral compartments of the human knee joint can be divided into an ante-
rior, posterior, medial, and lateral compartment.

The anterior compartment consists of the patellar tendon and Hoffa fat pad. Its
main function is the force transduction of the upper leg via the extensor apparatus
of the knee joint, i.e., the quadriceps tendon, to the lower leg via the patellar tendon.
The posterior compartment mainly consists of the posterior capsule. The popliteus
muscle runs posteriorly below the posterior capsule and inserts to the tibia above the
soleus muscle. The tendons of the medial and lateral heads of the gastrocnemius
muscle cross from distal to proximal the posterior periphery of the knee joint to
attach to the distal femur and the lateral femoral condyle.

More important for overall knee function and often the location of soft tissue
injuries are the medial and lateral periphery, which will be described in two separate
sections.

2.1 Medial Periphery
2.1.1 Anatomy

The medial periphery of the human knee joint has been described to consist of three
soft tissue layers [37]. The most superficial layer I is found subcutaneously and is
formed by parts of the deep crural fascia. From proximal to distal it covers the sar-
torius and quadriceps muscle, blends anteriorly with the retinaculum, forming the
deep crural fascia posteriorly, and runs distally toward the pes anserinus and tibial
periosteum [41] (Fig. 2.1a).

Layer II is formed by the largest structure at the medial aspect of the knee, the
superficial medial collateral ligament (SMCL) (Fig. 2.1b). It has been described to

S. Scheffler
COPYV, Chirurgisch Orthopadischer Praxis Verbund, Berlin, Germany
e-mail: sven.scheffler @gmx.com

R. Rossi, F. Margheritini (eds.), Knee Ligament Injuries, 7
DOI 10.1007/978-88-470-5513-1_2, © Springer Verlag Italia 2014


mailto:sven.scheffler@gmx.com

8 S. Scheffler

Fig. 2.1 (a, b) Superficial medial collateral ligament and posterior oblique ligament, sMCL:
superficial medial collateral ligament; MR: medial retinaculum; OPL: oblique posterior ligament;
SM: semimembranosus tendon; VMO: vastus medialis obliquus muscle

be between 10 and 12 cm long [23, 37]. It originates at the posterior-superior edge
of the medial femoral epicondyle [20] and fans out to the tibial crest at 5-7 cm
below the joint line, where two separate attachments can be found. The proximal
tibial attachment is primarily to the anterior arm of the semimembranosus tendon.
The larger distal bony attachment can be found anteriorly to the posteromedial crest
of the tibia. Posterior to its tibial attachment, the SsMCL blends within tibial expan-
sions of the semimembranosus tendon. Anterior to the femoral attachment of the
sMCL, it is continuous with the medial patellofemoral ligament (MPFL). The
MPEFL lies anterior to the medial capsule extra-articularly. It has been reported to
have a length of approximately 55 mm and a varying width of 3—30 mm [1]. At the
proximal edge of the MPFL, the vastus medialis obliquus muscle attaches. Often
the MPFL can only be identified as a thickening of a fascial layer running from the
proximal-medial edge of the patella to its femoral attachment between the posterior-
superior site of the medial epicondyle and anterior-inferior site of the adductor
tubercle [2, 20]. Soft tissue connections can be found to femoral attachments of the
adductor magnus tendon and sMCL. Three muscles insert with their tendons to the
posteromedial side of the knee joint. Most proximally, the adductor magnus tendon
is attached in an osseous depression posterior-proximal to the adductor tubercle. At
the distal-medial aspect of the adductor magnus tendon, a thick fascial expansion
adheres to the medial gastrocnemius tendon, the capsular arm of the posterior
oblique ligament, and the posteromedial capsule. More distally, the medial gastroc-
nemius tendon attaches in a depression proximal-posterior to the gastrocnemius
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tubercle. It has a thick fascial attachment to the adductor magnus tendon and a thin
fascial attachment along its medial and posterior aspect to the capsular arm of the
POL. Most distally, the semimembranosus tendon attachments are located on the
medial and posteromedial parts of the tibia. The anterior arm of this distal insertion
attaches deep to the proximal tibial attachment of the SMCL in an oval-shaped pat-
tern distal to the tibial joint line. A direct arm connects to the posteromedial part of
the tibia.

The medial joint capsule constitutes layer III. Posteriorly, its oblique fibers blend
into layer II. It forms the deep MCL (dMCL) as a thickening below the sMCL,
which spreads from the femoral condyle via the medial meniscus to the tibia. The
dMCL shows a separate meniscotibial and meniscofemoral attachments, while
blending with the SMCL posteriorly. The posteromedial capsule (PMC) is formed
by dense tissue of layers II and III. Its femoral attachment site is at the adductor
tubercle [12, 13, 24, 37]. Some authors identified a ligament-like structure within
the PMC and termed it as the posterior oblique ligament (POL) [12, 13, 24]. The
posterior border of the dMCL blends into the central arm of the POL, just posterior
to the posterior edge of the sMCL. The POL is created by three fascial attachments
to the semimembranosus tendon. It can be divided into a capsular, central, and
superficial arm [12, 13]. The central and superficial arms blend into each other to
form its femoral attachment posterior-inferior to the adductor tubercle and anterior-
inferior to the gastrocnemius tubercle [20]. Distally, the thin superficial arm, which
runs parallel to the posterior edge of the SMCL, merges with a distal expansion of
the semimembranosus tendon. The strongest central part attaches distally to the
posteromedial aspect of the medial meniscus, the posteromedial capsule, and the
posteromedial aspect of the tibia [13, 20]. Anteriorly to the sSMCL, layer III blends
with layer I into the retinaculum.

The pes anserine tendons are situated between layers I and II-III and connect
distally to the anteromedial aspect of the proximal part of the tibia. They consist of
the sartorius, gracilis, and semitendinosus tendon in a proximal to distal fashion.

2.1.2 Biomechanics

The medial and posteromedial structures of the knee joint are loaded throughout the
overall range of knee motion under valgus loads, internal and external rotation [6], as
well as anterior and posterior drawer loads. There is a sharing response between the
respective structures of the medial knee site, which act as primary and secondary
restraint to various loads. The superficial medial collateral ligament (sSMCL) has been
identified as the primary restraint to valgus laxity of the knee [7, 17, 26] (Fig. 2.2).
Griffith et al. [6] found that the SMCL does not function as one unit, but that its distal
division was carrying larger loads than its proximal division, especially at flexion
angles >20°, while the proximal SMCL was experiencing similar loads at all flexion
angles. These differences in load transmission have been attributed to the different
anatomy of the tibial attachments of the sMCL with the distal portion attaching
directly to the tibia, therefore transmitting loads directly to the bone. In contrast, the
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Fig.2.2 Medial side knee
anatomy. POL posterior
oblique ligament, sMCL
superior medial collateral
ligament, SMT
semimembranosus tendon

proximal part only has soft tissue adherences, which might disperse loads among the
soft tissue structures more evenly. Mechanical testing of the distal and proximal
sMCL has confirmed this different loading capacity with the distal MCL providing
significantly higher structural properties (SMCL failure loads~500 N, stiff-
ness =~ 63 N/mm) than the proximal sMCL (failure load ~ 85 N, stiffness~ 17 N/mm)
[39]. It has been stated that this functional separation of the SMCL could have impli-
cations for future procedures for reconstruction of the sMCL [6]. The overall sMCL
functions as a primary restraint to valgus loading with the knee joint in external rota-
tion, especially when knee flexion increases [6, 32]. It acts as a secondary stabilizer
to the ACL and PCL in restraining anterior and posterior translation of the tibia [6,
10, 28]. The posterior oblique ligament (POL) works as an important reinforcement
of the posteromedial joint capsule (Fig. 2.2). It functions as a primary constraint to
valgus loads toward extension [7, 13, 25, 27]. It has a failure load of around 250 N
and provides a stiffness at around 40 N/mm [39]. While the sMCL primarily stabi-
lizes at external rotation, the POL primarily provides stability at internal tibial rota-
tion [6]. In internal rotation a reciprocal load response can be seen between the sSMCL
and POL with increasing flexion, suggesting a complementary relationship of these
two structures [6]. Also, the POL works as a secondary restraint to anterior and pos-
terior tibial translation throughout the range of knee motion [6] in the cruciate liga-
ment intact and especially in the cruciate ligament-deficient knee joint [10, 17, 25,
27, 28]. The deep medial collateral ligament (AMCL) has significantly lower
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structural properties than the SMCL (failure load = 100 N, stiffness~28 N/mm) [39].
It has been discovered as a secondary restraint to valgus loads with its meniscofemo-
ral portion acting at all flexion angles and its meniscotibial portion working predomi-
nantly at 60° of flexion [5, 27, 40]. At flexion between 30° and 90°, the dIMCL
provides restraints against external rotation torque flexion [5, 40].

The semimembranosus tendon is known to produce direct stabilization of the
posterior capsule through the oblique popliteal ligament and, indirectly, to add a
synergistic action to the popliteus muscle through the fibrous expansion toward this
muscle [14] (Fig. 2.2). As a dynamic stabilizer it provides additional stability to the
posterior and posteromedial aspects of the knee, resisting internal torque and valgus
stress with increasing knee flexion. Together with the popliteus muscle, it contrib-
utes to maintain posterior tibial stability. The attachments of the semimembranosus
tendon to the posterior horn of the medial meniscus allow pulling of the meniscus
backward in knee flexion, therefore protecting it from injury [13, 14].

The medial patellofemoral ligament (MPFL) is the primary restraint to lateral
translation of the patella from extension until 30° of flexion, providing a mean ten-
sile strength of 208 N [1]. While the medial retinaculum is tight at full extension, it
slackens with flexion, contributing only around 11 % to overall lateral patella stabi-
lization [4].The MPFL also guides the patella to engage centrally into the trochlea,
underlining its importance for the alignment of the patellofemoral joint [3].

2.2  Lateral Periphery
2.2.1 Anatomy

Similar to the medial side, different tissue layers can be identified on the lateral side
of the knee joint, which form the posterolateral complex (PLC).

Subcutaneously, the superficial layer of the iliotibial band can be found. It has a
fascia-like structure and covers its deep fibers, which insert to the lateral supracon-
dylar tubercle of the femur and blend into the lateral intramuscular septum [29, 33]
(Fig. 2.3). Often, these layers are termed as “Kaplan fibers.” Fibers of the iliotibial
band run medially to the lateral gastrocnemius and plantaris muscles, while blend-
ing on the lateral aspect of the knee with the short head of the biceps femoris. These
expansions of the iliotibial band, also called capsule-osseous layer, function as an
anterolateral ligament of the knee [15, 22, 33]. Distally, the iliotibial band inserts
onto the lateral tibial tuberosity at Gerdy’s tubercle [33] (Fig. 2.3).

Medially, below the iliotibial band, the biceps femoris muscle with its long and short
head tendinous insertions can be identified. The long head of the biceps tendon displays
two tendinous insertions to the bone. The direct arm inserts onto the lateral aspect of the
fibular styloid, covering the fibular insertion of the lateral collateral ligament (LCL).
The anterior arm runs lateral to the LCL and inserts onto the lateral tibial plateau.
Aponeurotic expansions connect the long and short heads of the biceps femoris to the
posterolateral region of the LCL [33, 34]. The short head of the biceps femoris consists
of three tendinous arms. The capsular arm runs from the main tendon to the
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Fig.2.3 Superficial
structures of lateral
compartment

Fig. 2.4 Lateral collateral
ligament

posterolateral joint capsule and inserts lateral to the tip of the fibular styloid. The fabel-
lofibular ligament is formed by the distal edge of the capsular arm [33, 34]. The anterior
arm inserts with the meniscotibial adhesions of the LCL at the proximolateral tibia.
Often, ACL injuries are associated with an avulsion of this anterolateral aspect of the
tibia, which has been termed a “Segond fracture” [31]. Identification of the biceps fem-
oris tendon is imperative, since the peroneal nerve can be found posteriorly, 1.5-2 cm
distal to the fibular styloid, advancing distally posterolateral to the fibular head.

The lateral collateral ligament (LCL) is an extra-articular structure of approxi-
mately 70 mm length. It inserts at the lateral aspect of the fibular head below the
long head of the biceps tendon. Its femoral insertion can be found posterior to the
lateral epicondyle (Fig. 2.4).

The popliteal sulcus can be found immediately distal to the femoral insertion of
the LCL. It guides the popliteus tendon especially with increasing flexion, which
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inserts anterior and distal to the lateral epicondyle and the femoral insertion of the
LCL as an intra-articular structure [15, 21, 38] (Fig. 2.4). The popliteus tendon
courses distally with its intra-articular portion through the popliteal hiatus, provid-
ing branches to the lateral meniscus, the so-called popliteomeniscal fascicles. It acts
as a dynamic stabilizer of the lateral meniscus. The popliteus tendon exits the knee
joint through the coronary ligament, continuing to the popliteal fossa in the postero-
lateral corner. Multiple ligamentous insertions can be found here. The attachment of
the popliteus tendon to the fibula comprises of the anterior and posterior popliteo-
fibular ligaments [21]. The anterior ligament runs from the proximolateral muscu-
lotendinous junction medial to the LCL toward the fibula. The posterior ligament
moves from the popliteus tendon to a distal region below the tip of the fibular sty-
loid. Another attachment can be found from the anterior surface of the popliteus
muscle to an area of the tibia, lateral to the fovea of the posterior cruciate ligament.
This popliteotibial insertion is termed as a muscular aponeurotic attachment.

The combination of these attachments to the tibia, fibula, and lateral meniscus is
called the popliteus complex. Finally, the popliteus tendon blends into its muscle in
the popliteal fossa, with the popliteus muscle originating from the posteromedial
aspect of the proximal tibia.

Proximal and posterior to the femoral insertion of the LCL, the thick tendon of
the lateral gastrocnemius muscle can be easily identified. It blends into the menis-
cofemoral portion of the posterior capsule. The popliteofibular ligament shows
expansions to the lateral head of the gastrocnemius muscle, therefore providing
additional posterolateral stability.

The joint capsule has an anterior, lateral, and posterior portion on the lateral side
of the knee joint. The anterior part spreads from the patellar tendon to the anterior
border of the femoral insertion site of the popliteus tendon. From there, the lateral
capsular part extends to the attachment of the lateral gastrocnemius tendon. The
posterior capsule attaches to the femur proximal to the articular margin of the lateral
femoral condyle.

Above the posterior capsule, the oblique popliteal ligament (ligament of
Winslow) can be identified. It is formed by the coalescence of the oblique popliteal
expansion of the semimembranosus and the capsular arm of the posterior oblique
ligament. These two structures originate from the medial side of the knee, merge
anterior to the medial head of the gastrocnemius, and form the oblique popliteal
ligament. This ligament crosses the midsagittal plane of the knee at the level of the
tibial insertion of the PCL and attaches to the inferomedial edge of the fabella and
the lateral capsule [16, 30, 34].

2.2.2 Biomechanics

Multiple biomechanical studies exist that have analyzed the function and biome-
chanics of the lateral and posterolateral knee structures (PLC) [8, 9, 36, 38]. It is
well accepted that these structures act as a primary restraint to varus loads and
external tibial rotation and secondary to the PCL to posterior tibial translation.
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The PLC has a strong interaction with the PCL. The PLC is an important stabi-
lizer against posterior tibial translation near extension when the PCL is intact. In
PCL-deficient knees, the posterolateral structures carry significantly higher loads
under posterior tibial loading at extension and flexion, resulting in significantly
higher posterior instability with additional PLC insufficiency [9]. Also, in situ forces
of the PCL are greatly increased during posterior tibial loading with PLC structures
deficient [9, 36]. The popliteus muscle is an important dynamic stabilizer against
posterior knee instability, especially toward extension [8] when the PCL is intact. In
a PCL-deficient knee joint, posterior tibial translation can be reduced by 36 % with
loading of the popliteus tendon [8]. These findings underline the importance of iden-
tifying the exact extent of knee injury, especially on the lateral side, whether isolated
or combined injuries are prevalent in order to decide what structures will have to be
surgically addressed for restoration of normal posterior knee stability.

The lateral collateral ligament displays corresponding biomechanical function on
the lateral side compared to the MCL on the medial side. It resists lateral joint open-
ing (varus stress) at all flexion angles, experiencing the highest loading at 30° of
flexion. It is assumed that around 300 N is required to rupture the LCL at this flexion
angle [18]. The posterolateral structures provide additional stability against varus
stress, especially with PCL injury [35, 36]. PLC insufficiency resulted into signifi-
cantly increased varus rotation after PCL reconstruction [35, 36], pointing out the
importance of meticulous diagnostics of any insufficiency of the various structures of
the lateral periphery. The effect of the dynamic stabilizers of lateral knee periphery,
the iliotibial band, biceps femoris muscle, and lateral gastrocnemius to resist varus
loading plays only a minor role compared to the aforementioned structures [21].

It has been shown that the posterolateral complex and LCL are the primary restraints
against external tibial rotation [8, 9, 11, 35]. The LCL is the dominating restraint from
0° to 30° of flexion. The popliteus tendon and popliteofibular ligament carry higher
loads with increasing knee flexion up to 90° under external torque [19]. The intricate
relationship of these structures with the PCL is underlined by the fact that cutting of
the posterolateral structures in a PCL-deficient knee resulted into a markedly increased
external rotational instability, most pronounced at 90° of flexion [11]. Major restraints
to internal rotation of the knee joint are found on the medial side with structures of the
PLC only providing little to no extra stability.

In summary, the understanding of the anatomy and biomechanics of the lateral
structures of the knee joint are of utter importance to exactly understand what struc-
tures might be deficient. If surgical treatment is indicated, thorough knowledge of
the anatomy will be a prerequisite to successfully restore normal function of the
lateral and posterolateral structures of the knee joint.
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Davide Edoardo Bonasia, Roberto Rossi, Federica Rosso,
Umberto Cottino, Corrado Bertolo, and Filippo Castoldi

3.1 Introduction

Injuries to the medial collateral ligament (MCL) complex of the knee are the most
common ligamentous lesions. A correct diagnosis, based on accurate physical
examination and classification as well as imaging, is essential in treating these inju-
ries. If correctly treated in the acute setting, these lesions usually do not result in
medial chronic knee instability, with no need for more complex reconstruction pro-
cedures. A sound knowledge of the anatomy and biomechanics of the MCL com-
plex is essential in achieving good results. The static portion of the MCL complex
can be thought of as three linked components: the superficial MCL (sMCL), the
deep MCL (dMCL), and the posterior oblique ligament (POL), which blends con-
tinuously with the first two. For precise description of the medial anatomy of the
knee, the authors refer to the specific chapter of the present textbook. This chapter
will review different aspects regarding MCL complex lesions, including injury pat-
tern, clinical examination, classification, imaging, indications, conservative treat-
ment, surgical anatomy, repair techniques, and results.
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3.2  Injury Pattern

Isolated injuries to the MCL complex primarily occur by two main mechanisms. The
most common injury is a direct blow to the outside of the knee with the foot planted,
producing direct valgus stress (i.e., in contact sports such as football, soccer, or
rugby). Although the order in which the MCL complex structures become damaged
is still debated, the sMCL and dMCL are thought to tear before the POL [1].

The second injury pattern involves a valgus stress coupled with tibial external
rotation (i.e., in cutting and pivoting sports, such as basketball, soccer, and ski-
ing). With this injury mechanism, it has been postulated that the POL and postero-
medial corner are injured first, followed by the deep and superficial MCL. Both
injury mechanisms place other knee structures at risk (mostly ACL, PCL, and
menisci) [1].

Sims and Jacobson reviewed the charts of 93 knees with operatively treated iso-
lated and combined medial-sided knee injuries and described the associated medial
injury patterns. The authors found that the POL was torn in 99 % of the cases, the
sMCL in 33 %, the dMCL in 25 %, the semimembranosus tendinous expansions in
70 %, the meniscotibial and meniscofemoral ligaments in 83 %, and the meniscus
in 43 %. Associated ACL injuries were found in 73 knees and associated PCL inju-
ries in 2 knees. The POL had a focal lesion in 71 % of the cases (femoral 32 %,
interstitial 12 %, and tibial 27 %) and a multifocal lesion in 29 % of the cases. Out
of 93 knees, the sSMCL had a focal lesion in 27 % of the cases (femoral 11 %, inter-
stitial 1 %, and tibial 15 %) and a multifocal lesion in 6 % of the cases. Meniscal
injuries had been recorded in 40 knees (20 peripheral tears, 17 body tears, and 3
tears that involved both the body and periphery) [2].

3.3  Classification, Clinical Examination, and Imaging

In the diagnosis of MCL lesions, the authors prefer the Fetto and Marshall classifi-
cation. This classification divides medial-sided knee injuries into grade 1 (no valgus
laxity), grade 2 (valgus laxity at 30° of flexion), and grade 3 (valgus laxity at 0° and
30°) [3]. The stability of the knee is then tested in all planes in order to evaluate
anteroposterior, lateral, and rotational instability.

By definition, patients with medial-sided injuries have increased laxity with val-
gus stress. The examiner applies a valgus stress to the knee at both 0° and 30° of
flexion. For isolated sMCL injuries, the greatest joint space opening occurs with the
knee in 30° of flexion [4]. Joint space opening with the knee fully extended indi-
cates an injury to the capsule, the POL, or both. Grade IIl MCL injuries are fre-
quently associated with injury to another ligament (mostly the ACL) [5].

Other physical examination maneuvers combine rotation with various amounts
of knee flexion in an attempt to discriminate between MCL and MCL/PMC injuries.
One of the most common involves a valgus stress to the knee in 30° of flexion with
the foot externally rotated [5]. The presence of anteromedial rotary instability
(AMRYI) is indicative of PMC injury. AMRI is detected by performing the anterior
drawer test with the tibia both in neutral and in external rotation. Increased
translation with the tibia in external rotation is indicative of AMRI [6, 7].



3 Acute Medial and Posteromedial Injury 19

Increased external rotation and AMRI indicate injury to the PMC and possibly to
the ACL as well.

Weight-bearing radiographs of the knee are obtained in anteroposterior and lat-
eral views. If valgus malalignment is present, a weight-bearing long leg radiograph
is obtained. MRI is helpful in diagnosing associated bone and soft tissue injuries
(anterior and posterior cruciate ligaments, posterolateral corner, and menisci) as
well as determining the location and extent of medial/posteromedial ligamentous
injuries. However, it has been shown that MRI tends to overestimate injury to liga-
mentous structures [8].

34 Indications

In the acute setting (<3 weeks), the treatment of isolated and combined grade I-II
injuries is mostly conservative [9, 10], but significant controversies exist regarding
the treatment of isolated and combined grade III lesions [11, 12]. In case of isolated
grade III injuries, conservative treatment can be considered with varus or neutral
alignment. On the other hand, surgery is indicated in case of severe valgus align-
ment, bony avulsions, and intra-articular MCL entrapment [13].

In case of combined ACL and grade III MCL injuries, the treatment is controver-
sial. The first option is to conservatively treat the MCL and delay the ACL recon-
struction. If medial opening >4 mm compared to contralateral knee is present after
ACL reconstruction, MCL reconstruction or capsular procedures should be consid-
ered. Otherwise, an early ACL reconstruction can be performed, with subsequent
conservative MCL treatment. Lastly, acute MCL repair with concomitant ACL
reconstruction can be performed.

The treatment is controversial also in case of combined ACL, PCL, and grade 111
MCL injuries. The different options include (1) conservative MCL +delayed PCL/
ACL reconstruction, (2) acute MCL repair/PCL reconstruction+delayed ACL
reconstruction, and (3) acute MCL repair/ACL/PCL reconstruction [13].

3.5 Conservative Treatment

When adopting conservative treatment for MCL complex lesions, the authors’ pre-
ferred protocol is as described by Edson [14].

Grade I MCL injuries. Weight bearing as tolerated with crutches if necessary.
Active ROM exercises as soon as tolerated. Active strengthening exercises as toler-
ated. Progress to agility, proprioceptive, and sport-specific drills as tolerated. Return to
sports when strength, agility, and proprioception are equal to the uninvolved side [14].

Grade II MCL injuries. Long leg brace for ambulation with weight bearing as
tolerated with crutches. Brace may be locked in extension for 1-2 weeks depending
upon pain, valgus opening, and anatomic alignment. Crutches can be discontinued
when patient attains a nonantalgic gait. Active ROM exercises are started immedi-
ately. Electrical stimulation to the quadriceps, quad sets, and single leg raise are
initiated immediately. Long leg brace is opened at the end of the third week and full
weight bearing is encouraged. Severe grade II injuries may require 6 weeks of
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bracing. Once full ROM and functional strength is attained, proprioceptive and
agility drills can be initiated [14].

Grade III MCL injuries. Immobilization in long leg brace locked in extension for
3—6 weeks depending on anatomic alignment. Nonweight bearing for 3 weeks in
patients with valgus alignment. Toe-touch weight bearing for neutral or varus.
Immediate ROM out of the brace two to three times a day for neutral or varus align-
ment, after 3 weeks for patients with valgus. Strengthening is done throughout the
6-week period in the form of quad sets, single leg raise, and electrical stimulation.
Closed chain exercises are initiated at the appropriate time depending upon patient’s
weight-bearing status [14].

3.6 Surgical Anatomy

The anatomy of the medial side of the knee has been extensively described by
LaPrade and colleagues (Figs. 3.1 and 3.2) [15]. The structures of the medial side of
the knee include (1) bony landmarks (medial epicondyle, adductor tubercle,
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Fig.3.1 Medial view of the knee:
attachment sites (Redrawn from
Bonasia et al. [13]). AT adductor
tubercle, ME medial epicondyle,
sMCL superficial medial collateral
ligament, MPFL medial
patellofemoral ligament, POL
posterior oblique ligament, MF
meniscofemoral ligament, MT
meniscotibial ligament
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Fig.3.2 Saphenous nerve and infrapatellar branch of the saphenous nerve

gastrocnemius tubercle on the femur, medial tibial plateau, medial aspect of the
patella), (2) ligaments (superficial medial collateral ligament, deep medial collateral
ligament, posterior oblique ligament, medial patellofemoral ligament, posterome-
dial capsule), and (3) tendons (adductor magnus, medial head of the gastrocnemius,
semimembranosus, and pes anserinus).

The sMCL (Figs. 3.1 and 3.3) has 1 femoral and 2 tibial attachments (proximal
and distal). The femoral attachment has an oval shape and is located 3.2 mm proxi-
mal and 4.8 mm posterior to the medial epicondyle. The proximal tibial attachment
is primarily to soft tissues, mainly to the anterior arm of the semimembranosus
tendon. The distal tibial attachment of the SMCL is just anterior to the posterome-
dial crest of the tibia. The average distance of the proximal tibial attachment is
12.2 mm from the tibial joint line. The average distance of the distal tibial attach-
ment is 94.8 mm from the femoral attachment and 61.2 mm from the tibial joint
line. The average distance from the distal tibial attachment to proximal tibial attach-
ment is 49.2 mm [15].

The dMCL (Figs. 3.1 and 3.3) is a thickening of the medial joint capsule. The
dMCL consists of the meniscofemoral (MF) and meniscotibial (MT) ligaments. The
MF ligament is longer than the MT ligament and its attachment is located 15.1 mm
posterior and distal to the medial epicondyle. The MT ligament is shorter and
thicker and attaches just distal (3.2 mm average) to the cartilage of the medial tibial
plateau [15].

The posterior oblique ligament (POL) consists of three fascial attachments
(Figs. 3.1 and 3.3): superficial, central (tibial), and capsular. The three attachments
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Fig.3.3 Anatomy of the medial side of the knee. (a) sMCL (left loop) and POL (right loop). (b)
Semimembranosus tendon (held by the Kelly clamp). (¢) Distal sMCL insertion (after detachment
of the pes anserinus). (d) dMCL with meniscofemoral (proximal loop) and meniscotibial (distal
loop) ligaments

course off the distal aspect of the semimembranosus tendon mainly, but also off the
medial meniscus, posteromedial tibia, and medial head of the gastrocnemius. On
the average, the POL attaches on the femur 7.7 mm distal and 6.4 mm posterior
to the adductor tubercle and 1.4 mm distal and 2.9 mm anterior to the gastrocnemius
tubercle [15].

3.7 RepairTechnique

Examination under anesthesia is performed to completely assess the injury.
Arthroscopy can be used to rule out any other associated lesions and determine the
site of the dMCL injury. In the acute setting, arthroscopy should be performed
quickly and with gravity inflow, to minimize fluid extravasation. A hockey stick (or
longitudinal) incision is made from the medial proximal tibia to the medial femoral
epicondyle, curving posteriorly in line with the intermuscular septum. For isolated
distal or proximal detachment repair, a more limited approach can be used. In the
case of combined treatment of acute complete MCL tear and an ACL tear, expo-
sure of the MCL is easier if approached through a separate medial incision as
opposed to extending the tibial incision for the ACL reconstruction. Attention
should be paid to preserve the saphenous nerve (Fig. 3.2). The crural and sartorial



3 Acute Medial and Posteromedial Injury 23

Fig.3.4 (a) Capsular detachment of the medial meniscus. (b) Repair of the capsular detachment
with an open technique

Fig. 3.5 Repair technique. (a, b) A meniscotibial ligament tear repaired with suture anchor
fixation

fascia is incised longitudinally. Hematoma is removed. The injured structures are
then identified [16].

The injured structures are identified and should be repaired from the deepest
structure outward. A peripheral tear of the medial meniscus is commonly seen and
repaired with an open technique (Fig. 3.4) [16]. A meniscofemoral ligament tear
can be directly repaired using sutures alone or suture anchors (Fig. 3.5). Suture
anchor fixation is preferred for meniscotibial ligament tear. If injured, the POL is
repaired by direct suture back to the femur. Repair of the deep structures is com-
pleted with the knee held in varus and full extension [16].

Femoral avulsion of the SsMCL (Fig. 3.6) leaves the best tissue for repair using
suture anchors, staples, or a screw/washer. However, repair in this location is associ-
ated with postoperative stiffness, more than in other locations [17]. This is due to
the great importance of the femoral isometric point of the SMCL. It is difficult to
attach the SMCL back to the femoral isometric point, due to soft tissue retraction.
Acute complete avulsions off of the tibia can be repaired, using either suture anchors
or staples [16].
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Fig.3.6 Repair technique. (a, b) Femoral avulsion of the sMCL repaired using Richard’s staples

The semimembranosus portion of the POL can be repaired with interrupted
absorbable sutures and sutured to the posterior border of the MCL in a pants-over-
vest fashion. Occasionally, mid-substance and tibial-sided injuries require augmen-
tation, due to the poor soft tissue quality. The SMCL is fixed at 30° of knee flexion
[16]. Finally, the tourniquet is deflated and inspection and control of potential
excessive bleeding from the inferior medial geniculate artery and its branches is
performed. A compressive dressing is applied postoperatively.

Postoperatively, the patient is kept in a hinged knee brace with protected weight
bearing. Passive range of motion from 0 to 90° is begun immediately.
Hyperextension and flexion over 90° should be avoided during the first 2 weeks.
Isometric and closed kinetic chain strengthening are allowed immediately. Full
range of motion is allowed 2 weeks after surgery, and full weight bearing is
allowed 6 weeks after surgery. Return to sports is generally allowed 6 months
after surgery.

3.8 Results

Good results have been reported for the conservative treatment of grade I and II
MCL complex tears [18, 19].

Several authors reported good results after conservative management of isolated
grade Il medial-sided knee injuries [3, 20-23]. As a consequence, many orthopedic
surgeons initially treat isolated MCL complex injuries nonoperatively regardless of
the grade.

Indelicato prospectively evaluated the results of conservative treatment (20
knees) and primary repair (16 knees) in 36 patients with isolated grade III MCL
complex injuries [24]. The percentage of patients with good to excellent stability
after treatment was higher in the operative group (94 % vs. 85 %). However, no
functional significance was found between the two groups in combined objective-
subjective scoring. Patients treated nonoperatively started range of motion sooner
and completed the rehabilitation program significantly faster. Notably, no MCL
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complex was considered normal after treatment in either group, nor did it ever pro-
vide the same firmness as the uninjured side.

In 1983, Hughston and Barrett [25] reported the results of acute MCL complex

repair in 89 patients with anteromedial instability (2+ or more). With an average
follow-up of 7.8 years, 94 % of the patients returned to preinjury level of
performance.

In 1994, Hughston [26] reported the results of acute MCL complex repair in 40

patients with anteromedial instability (2+ or more), at an average 20-year follow-up.
Ninety-three percent of the patients had good results and only a 7 % rate of failure
was reported.

Conclusions
Grade I and I MCL complex lesions can be successfully managed with conser-
vative treatment.

Although controversies still exist regarding the correct treatment for grade I11
MCL complex lesions, the treatment should be based on different factors, includ-
ing patient’s age and activity level, lower limb alignment, and concomitant
lesions to other structures. Therefore, the treatment should be tailored on each
specific case.
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4.1 Approach

Injuries to the posterolateral corner (PLC) of the knee have become more com-
monly recognized in recent years. In patients with an acute hemarthrosis follow-
ing a knee injury, LaPrade et al. found a 9.1 % incidence of damage to the PLC on
MRI [1]. Another study revealed MRI evidence of PLC damage in 68 % of opera-
tive tibial plateau fractures [2]. It is important to appreciate that PLC injuries are
often associated with loss to other static and dynamic restraints around the knee,
as one study showed isolated PLC damage in only 2 % of soft tissue knee injuries
[3]. While the vast majority of these PLC injuries do not require surgery or even
bracing, this data should heighten the clinician’s awareness of their prevalence.
Thus, a thorough workup involving a detailed physical exam and advanced imag-
ing is indicated to fully characterize the injury prior to choosing a management
option.

The typical mechanism of injury to the PLC includes a hyperextension injury
(contact or noncontact), varus force to the knee, or direct trauma to the anteromedial
knee. A thorough neurovascular exam is mandatory, paying special attention to foot
dorsiflexion and digit extension and to the sensory exam in the superficial and deep
peroneal nerve distributions. The incidence of peroneal nerve dysfunction after a
PLC injury was found to be 15 % by LaPrade et al. in 1997, and it is important to
know and document the patient’s nerve function prior to going to the operating
room [4]. Additionally, perfusion to the foot should be included in the consult note,
including descriptors such as color, temperature, dopperable versus palpable pulses,
and the ankle-brachial index (ABI) if appropriate. If there is significant injury to
other ligamentous structures around the knee, then a knee dislocation must be sus-
pected, even if the initial radiographs show a well-reduced knee. There must be a
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high suspicion for a vascular injury in these situations with additional noninvasive
and/or invasive studies performed and possibly vascular surgery involvement.

There are several physical maneuvers that are important in characterizing the
presence and severity of injury to posterolateral structures. Measuring the patient’s
knee range of motion (ROM) is extremely important as a reliable predictor of post-
operative ROM. A short period of physical therapy can decrease swelling, improve
ROM, and should be considered before surgery is undertaken. The first and most
basic exam involves testing varus and valgus laxity at 0° and 30° of flexion. Injury
to the lateral structures increase the joint space when a varus force is applied; if
isolated, then only opening at 30° is seen. If the knee opens laterally in full exten-
sion as well, then one must suspect an injury to one or both of the cruciates. Next,
testing the ACL with the Lachman’s test and then the PCL at 90° of flexion with the
posterior drawer test further illuminates the status of the soft tissue restraints. A 3+
posterior drawer (>10 mm of side-to-side difference) is indicative of a combined
PCL/PLC injury [5].

Rotatory testing is also important in characterizing PLC injuries. The dial, or
external rotation asymmetry test, measures the thigh-foot angle when the tibia is
externally rotated. When compared to the uninjured side, greater than 15° of asym-
metry is indicative of deficient posterolateral restraints. If significant asymmetry is
seen at 30° of knee flexion and not 90°, then PLC structures are torn, but the PCL is
spared. However, it should be noted that this does not rule out an ACL injury. If
significant asymmetry is seen at both 30° and 90° of knee flexion, then there is
likely a combined PCL/PLC injury. This test can be performed with the patient
either prone or supine. The posterolateral drawer test also aims to uncover com-
bined PCL/PLC disruptions by applying a posterior force with the foot externally
rotated. In a positive test, the knee displaces posteriorly and rotates laterally. For the
reverse pivot shift test, a valgus force is applied to the knee while it is taken from a
flexed to extended position. If a clunk is felt or visualized, then you are noticing the
tibia moving from a posteriorly subluxed position to a reduced position as the ilio-
tibial (IT) band becomes a knee extensor. An exam should be performed when the
patient is initially seen in clinic, but an exam under anesthesia prior to incision when
the patient is not guarding is extremely helpful as well.

As in all other orthopedic disorders, imaging plays a crucial role in the manage-
ment of PLC injuries. Plain radiographs are usually not particularly useful unless an
arcuate sign is noted in which there is an avulsion injury to the proximal fibula by the
biceps femoris, popliteofibular ligament (PFL), or lateral collateral ligament (LCL)
(Fig. 4.1). However, we have found that stress radiographs, similar to a physical
exam, provide information regarding clinically relevant laxity. To isolate the collat-
eral ligaments, we place the knee over a foam triangle and provide varus and valgus
stresses at 20-30° of flexion. When compared to the contralateral side, greater
than 2.7-4 mm of difference is suggestive of a Grade III LCL and PLC injury [7].
When testing the posterior drawer, one can quantify the posterior translation of the
tibia on a lateral X-ray, and greater than 10 mm side-to-side difference indicates a
combined PCL/PLC injury [5]. This posterior force of 15DsN can be applied with a
TELOS Stress Device (Telos GmbH, Marburg, Germany) or with lead gloves.
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Fig.4.1 Coronal MRI
showing significant
disruption to the
posterolateral corner
structures (This image was
published in Miller et al. [6],
with permission)

Fig.4.2 Arthroscopic view
of a lateral capsular avulsion
off of the femur (i.e., the
meniscus remains with the
tibia) as well as a positive
drive-through sign

MRI scans are obtained on almost all patients to provide more information and
further clarify as to what to expect during surgery (Fig. 4.2). They are especially
useful if a ligament or tendon is avulsed without a large enough bony fragment to be
seen on X-ray as this can direct your dissection intraoperatively. All of the above
physical exam tests are important, as an MRI can misrepresent injuries and do not
elucidate the clinical relevance of a “high-grade tear” or of “ligament attenuation.”
MRI images should be used in conjunction with and not in lieu of a physical exam.
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Once the patient and clinician have decided on surgical management, it is of our
opinion that acutely managing these injuries results in superior outcomes, and this
has been validated in multiple studies [8, 9]. We usually define as acute as surgically
addressing the injury within 2 weeks.

4.2  Surgical Technique

In order to access the knee posterolateral structures, it is important to have the
appropriate patient positioning and OR table setup. The patient is positioned supine
on a radiolucent OR table with a bump under the ipsilateral buttock. Another option
includes a lazy lateral position with a bean bag positioner. If the PCL is being recon-
structed concomitantly with an inlay technique, then a lateral decubitus position is
used. An AFO-type leg holder and nonsterile tourniquet are placed on the operative
extremity.

Each case includes an arthroscopic evaluation of the joint to fully characterize
the intra-articular pathology. A drive-through sign (>1 cm of joint space opening) is
often present in the lateral compartment, and it should be noted if the meniscus
remains close to the tibia or femur as this will give the surgeon an idea from which
side the joint capsule may be avulsed and, therefore, which side needs to be repaired
[10] (Fig. 4.3). Meniscal tears are easily seen as the wide joint space allows uncom-
mon visualization of the entire lateral meniscus. These are usually repaired using an
inside-out or open technique utilizing the open lateral incision which is soon to be
developed. Prior to the initial diagnostic arthroscopy, we always perform an initial
dissection of the lateral knee in order to allow for egress of the arthroscopic fluid.
This help to greatly reduce the risk for iatrogenic leg compartment syndrome.

After drawing out the lateral and posterolateral landmarks (fibular head, Gerdy’s
tubercle, tibial tubercle, posterior edge of the iliotibial (IT) band), an 8—10 cm vertical
incision is centered at the joint line just anterior to the fibula. The planned incision is
drawn out in extension and is made with the knee in 90° of flexion. The subcutaneous
tissue is dissected to expose the IT band and the biceps tendon. At this point, it is
important to identify and protect the peroneal nerve which is located just posterior to
the biceps. In order to have safe access to the proximal fibula during the reconstruc-
tion, you must carefully dissect out the nerve around the neck of the fibula. The nerve
is protected throughout the remainder of the case. Next, the interval between the ilio-
tibial tract (posterior 1/3 of the iliotibial band) and the biceps is developed to allow
identification of the lateral collateral ligament, popliteofibular ligament, and popliteus
tendon. A second interval (slightly anterior and distal) is found between the iliotibial
band and iliotibial tract where the lateral femoral condyle can be accessed. The sec-
ond interval allows visualization of the popliteus and LCL. Using this approach, the
peroneal nerve is easily retracted posteriorly and out of the surgical field. Alternative
approaches have been described such as making multiple deep windows or intervals
to access particular structures. We have found that a larger single incision with two
adequately sized intervals provides better access to the deep structures and allows the
surgeon to continuously keep an eye on the peroneal nerve.
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Fig.4.3 AP radiograph with
a varus stress applied with
significant lateral joint space
opening with displacement of
the avulsed fibular head (i.e.,
arcuate sign)

When acutely addressing these injuries (ideally within 2 weeks), individual
structures are able to be identified before the whole area becomes encased in scar
tissue. These ligaments and tendons should be dissected out to see if they are ame-
nable to repair, to help locate accurate insertions and origins for graft placement,
and to provide local native ligament to augment reconstructions. Although repair is
often possible in these acute situations, it is sometimes very difficult to achieve
secure fixation as the damaged tissue has been stretched to failure, and thus the ends
are often frayed and do not hold suture well. One exception to that rule is seen with
body avulsion injuries as seen radiographically as the arcuate sign (Fig. 4.3). This
type of failure is particularly amenable to anatomic repair with suture anchors or,
depending on the bony fragment size, screw and washer constructs. If secured and
immobilized appropriately postoperatively, avulsion injuries reliably heal because
of the strong bone to bone reparative process. It is important to remove all soft tissue
intervening between the bony fragments and to not entrap the peroneal nerve during
fixation around the fibular head. Additionally, lateral meniscal tears are commonly
seen in these injuries and should be repaired when possible although techniques for
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this procedure will not be discussed in this chapter. Primary repair of mid-substance
injuries of the LCL with sutures, or reattachment of soft tissue avulsions with suture
anchors, heal less dependably due to the watershed nature of this region, the quality
of the damaged tissue, and less secure fixation methods. An acute repair of the LCL
in an end-to-end fashion augmented with a strip of the long head of the biceps has
been described, and Coobs et al. demonstrated that reconstruction of the LCL has
been shown to be biomechanically superior to repair if no augmentation is added
[11, 12]. It is for these reasons that reconstruction is the preferred technique even in
acute injuries. In acute PLC injuries, Stannard et al. had a 37 % failure rate when
repaired compared to 9 % when reconstructed using the modified 2-tail technique
[13]. In our experience with these situations, more reliable immediate and long-
term stability is achieved by using a soft tissue graft to reconstruct the torn structure
than by repairing.

There are many techniques which have been described to reconstruct the pos-
terolateral corner. They are often divided into anatomic and nonanatomic, with non-
anatomic being mainly of historical interest. Commonly used techniques include
the Muller popliteal bypass procedure, Larson figure of eight PLC reconstruction,
two-tail PLC reconstruction, three-tail PLC reconstruction, and LaPrade PLC
reconstruction. There are small variations between these procedures, but all rely on
free soft tissue grafts and various fixation methods (interference screws, staples,
screw and washers) to reconstruct native anatomy. At our institution, we mostly
employ combined Larson figure of eight and Muller popliteal bypass techniques,
and these are described below.

The Larson figure of eight is used to reconstruct the popliteofibular ligament
(PFL) and the LCL. As previously mentioned, the injured ligamentous structures in
this area often have very frayed ends and are not amenable to direct repair so
allograft or autograft tissue is used. Available donor tissue include the hamstrings
(HS), tibialis anterior (TA), Achilles, or quadriceps; however, our preferred graft
options are autograft hamstring including the semitendinosus and gracilis. Often,
these autografts are needed for cruciate ligament reconstruction so semitendinosus
allograft is most commonly selected. The larger diameter of the graft should be
applied to the Muller popliteal bypass. For the Larson figure of eight, a length of at
least 22-24 cm is required to allow for adequate fixation. The grafts are prepared on
the back table using a #2 Fiberwire (Arthrex, Naples, Florida); however, any simi-
larly robust suture placed in a whip-stitch technique would suffice.

While the graft is being prepared, the fibular tunnel for the Larson reconstruction
is created. An anterior distal to posterior proximal tunnel is made through the thick-
est part of the fibular head, being very careful to retract the peroneal nerve out of the
path of the drill bit. The tunnel is initially located with a guide wire over which we
use a cannulated drill bit to finalize the preparation of our fibular tunnel. The tunnel
sizes are chosen based on a sizing guide which measures the graft diameter. For
semitendinosus and tibialis anterior, most tunnel sizes are 5 or 6 mm. For gracilis,
the tunnel size is normally 4 or 4.5 mm.

The Muller popliteal bypass is then performed to reestablish the rotational control
provided by the disrupted popliteus tendon. Using a second guide wire, we localize
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Fig.4.4 Completed
posterolateral corner
reconstruction using a Muller
popliteal bypass and Larson
figure of eight. A large spiked
washer was used for graft
fixation (This image was
published in Miller et al. [6],
with permission)

our popliteus tunnel in the tibia with the intended trajectory being from Gerdy’s tuber-
cle to 1 cm medial and 1 cm inferior from the posterolateral aspect joint line of the
tibia, i.e., the musculotendinous junction of the popliteus. Prior to placing this guide
wire, the lateral head of the gastrocnemius and popliteus muscle is bluntly dissected
off of the posterior tibia and retracted to protect the neurovascular structures. This is
over-drilled with an appropriate-sized reamer. Next, the femoral insertion point for
both grafts is located at the midpoint between the LCL insertion at the lateral epicon-
dyle (which is usually palpable through the IT band) and the popliteus tendon inser-
tion. A guide wire is placed to mark this location, but we do not yet drill this tunnel.
Fluoroscopy is used to check the pin placement. One graft is then fed into the fibular
tunnel with equal length kept on both sides. The two free ends of this graft are twisted
and looped around the wire on lateral femoral epicondyle. The limb running from the
anterior fibula to posterior to the guide wire re-creates the LCL. The second graft is
fed through the tibia tunnel, around the posterolateral joint line, and looped around the
wire as well. It is best to bring this graft initially anteriorly around the wire and then
looping it counterclockwise. We use an 18-gauge Luque wire to facilitate this passage
of the grafts through the tunnels. Additionally, we ensure that the graft limbs are deep
to the IT band and biceps. At this point, the knee is taken through a full range of
motion to assess for uniform graft tension as well as any restraints to flexion or exten-
sion. It is important that the wire is located at the isometric point as to not overtighten
the joint and cause range of motion limitations postoperatively.

The original description of the Larson figure of eight involves creating a femoral
socket in which the graft is placed and secured using a bioabsorbable screw +/— but-
ton fixation over the medial femoral cortex [14]. We usually choose to secure the
two grafts with a large 6.5-mm cancellous screw and 17-22-mm spiked washer after
twisting the Larson graft to form a figure of eight (Fig. 4.4). This is done to more
accurately replicate the normal vector of these reconstructed soft tissue restraints.
Once the guide wire location is confirmed to be isometric, the screw is placed
approximately 1 cm proximal to the guide wire to account for the fact that the
spiked washer will secure the grafts distal to where the screw is placed. For our
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tibial fixation, we use an interference screw backed up with a large staple at Gerdy’s
tubercle. The femoral-based screw and washer are tightened while the knee is held
in 30° of flexion, and a slight valgus stress is applied to avoid any graft laxity. In our
experience, these reconstructions do stretch out over time, so slightly over-tensioning
the graft will ensure a stable PLC in the long term. Previously, we would place the
knee in internal rotation, but we found that this inadvertently overtightened the pos-
terolateral structures. In the situation where there is a native ligament or tendon
stump remaining in the area where the graft is being placed, an attempt should be
made to incorporate this tissue to augment the transplanted graft. This is often pos-
sible with the LCL where it can be sewn to the graft in a side-to-side fashion.

As mentioned previously, the drive-through sign can show if there is a capsular
avulsion from either the femoral and tibial side, and our current PLC reconstruction
includes a repair of this injury. We most often use suture anchors which can be used
to secure the capsule back to the bone as well as repair the lateral meniscus at the
same time (Fig. 4.5). This must be executed prior to securing the grafts or they will
block your access to the anchor insertion sites. We feel that this is a simple step to
augment the extra-articular reconstruction.

In our practice, the posterolateral structures are not secured until after the cruci-
ates are reconstructed. Our rationale is that the central axis must be established first
and then the PLC secured with the knee correctly positioned. If the patient has a
disrupted ACL/PCL/PLC, this is the order that we follow: the ACL is fixed on the
femur, the PCL is then fixed on the tibia, then the PLC is prepared and the grafts are
passed. Then the PCL is fixed to restore the normal step off, followed by the ACL,
and finally the PLC. Some surgeons reconstruct/repair the collaterals first and then
the cruciates, and there is no universally accepted correct order.

Postoperatively, we place the patient in a hinged knee brace and 0-90° of motion
is encouraged. If the PCL is also reconstructed at the same time, then our postopera-
tive PCL protocol is followed.

4.3 TipsandTricks

After reconstructing and repairing hundreds of PLC injuries, following are a few

pearls that can make the case go more smoothly and safely.

* Be very thorough during your preoperative evaluation to fully appreciate all of
the structures that may be damaged. This affects patient positioning and draping
prior to making an incision.

* Do a diagnostic arthroscopy in order to assess intra-articular pathology before
beginning to repair or reconstruct on the PLC. It is important to reconstruct or
repair tissue in the appropriate sequence in order to not block your access. For
example, secure the capsular avulsion back to the tibia or femur before repairing
the torn biceps.

* Always have multiple allografts available in the operating room. You do not want
to be stranded if you truncate your semitendinosus autograft during harvest or
you have a diminutive gracilis.
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Fig.4.5 AP and lateral radiographs of the completed posterolateral corner reconstruction. In this
case, the lateral meniscus was avulsed off the tibia and was repaired with suture anchors. The
popliteus tendon and the LCL were avulsed off their femoral insertions and also were anatomically
repaired with suture anchors. Two free semitendinosis allografts were used for the posterolateral
corner reconstruction and were fixed on the lateral femoral condyle. One graft was a Larson
“Figure 8” graft across the fibular neck and another was a Muller popliteal bypass graft across the
tibia. The patient also had a hamstring autograft ACL reconstruction

* Only use allografts of known origin. Check with your tissue bank to ensure that
you are getting grafts from healthy, younger people versus people on dialysis.
Allografts should have only low-dose irradiation at most. The strength and lon-
gevity of the reconstruction is very dependent on the tissue quality.

* Have multiple fixation methods at your disposal (suture anchors, screw and
spiked washers, interference screws, small fragment set).

* While drilling the tibial tunnel for the Muller popliteal bypass, it is helpful to use
the ACL guide to accurately guide the trajectory of the guide wire.
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 Start the tibial tunnel on a flat point just distal and medial Gerdy’s tubercle where
there is not as much soft tissue to make it easier to find the tunnel later in the
case.

* Confirm the location of your femoral tunnel using fluoroscopy.

* Itis important to start the fibular tunnel more medial and inferior than one would
think to avoid breaking off the fibular head.

* When using two grafts, use the longer one for the Larson. You need about
22-24 cm of graft and slightly less for the Muller.

e If the LCL is avulsed off of the femur, then the proximal part of the ligament can
be integrated into the screw and washer construct. Confirm that the peroneal
nerve is not also trapped.

» Postoperative rehab is a very important aspect of surgically addressing a PLC
injury. We place the patient in a hinged knee brace for 6-8 weeks, start ROM
exercises immediately, and keep the patient partial weight bearing. However,
other surgically addressed injuries usually take precedence, such as if the PCL is
reconstructed we will only allow early prone ROM.

4.4 Complications

It is important to have a lengthy discussion with the patient prior to undertaking a
posterolateral corner reconstruction as this procedure, compared to other elective
orthopedic procedures, is fraught with complications. It is difficult to accurately
estimate the incidence of complications due to the multitude of various surgical
techniques utilized. One the most dreaded complications is related to damage to the
peroneal nerve. Based off of a literature review, it was noted that 12—17 % of acute
PLC injuries have some level of peroneal nerve dysfunction either from the injury
itself or from an intraoperative insult [15]. Surgical causes include excessive retrac-
tion, piercing the nerve while drilling the fibular tunnel, excessive tourniquet time
causing a compressive and/or vascular insult, or passing suture around or through
the nerve during wound closure. The popliteal artery is also at risk during the pos-
terior knee dissection, especially during PCL fixation. If there was a prior vascular
injury requiring repair or grafting, tourniquet use is discouraged due to the increased
risk of thrombosis and damage to the graft [16]. Compartment syndrome is an
equally as devastating complication and can occur from fluid extravasation from
capsular rents caused at the time of injury. One of the arguments for delayed recon-
struction of PLC injuries is that the risk of compartment syndrome is greatly reduced
after the capsule heals; however, this risk can also be reduced by using gravity flow
intraoperatively or by creating an egress arthrotomy which is often made by your
standard open lateral approach to the knee.

Postoperatively, there is a risk that the repaired or reconstructed knee will con-
tinue to experience stability difficulties related to the initial ligamentous injury. As
previously mentioned, Stannard observed a 9 % failure rate after reconstructed
using the modified 2-tail technique [13]. There is always a concern for continued
residual laxity related to tightening the grafts with the knee in varus or external
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rotation or to hardware failure or graft stretching. On the opposite end of the spec-
trum, restricted knee ROM postoperatively can be related to arthrofibrosis or to
overtightening the grafts during tensioning. Securing PLC structures in internal
rotation can produce such a predicament.

Even with preoperative and postoperative antibiotic administration, infection is
documented in 0.3-12.5 % of knee reconstructions with higher risk with increased
tourniquet time and with the creation of small skin bridges [17]. We have seen a few
cases of late lateral femoral screw loosening which is painful for the patient, creates
a palpable mass which irritates the IT band, and requires a return trip to the operat-
ing room for removal. Other less well studied but described complications include
fibula fracture from tunnel placement and graft tensioning, painful hardware, deep
venous thrombosis (DVT) and subsequent pulmonary emboli (PE), heterotopic
ossification, reflex sympathetic dystrophy, persistent knee pain, and subsequent
osteoarthritis.

4.5 Summary

Acutely addressing posterolateral corner injuries is preferred by many orthopedic
surgeons because of the ability to more easily identify native structures and of out-
come studies which show these patients have the best outcomes [8, 9]. There are
many surgical techniques used to achieve translational and rotatory stability by
repairing native structures and reconstructing others with soft tissue grafts. Here, we
described our preferred method of the Larson figure of eight and Muller popliteal
bypass and some tricks that we use to make this surgery successful.
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Alex G. Dukas and Thomas M. DeBerardino

Injury to the ligamentous medial knee has long been thought of as a simple medial
collateral ligament (MCL) injury. Rather, the ligamentous medial knee is formed
from a complex of structures that act synergistically to deliver static and dynamic
stability. Injuries to the MCL complex are the most common ligamentous injuries to
the knee and the majority of such can be treated successfully through nonoperative
means [1, 2]. However, treatment modalities are continually debated, and operative
measures are indicated in select patients.

The medial static stabilizers of the knee consist of the superficial medial collat-
eral ligament (SMCL), deep medial collateral ligament (DMCL), and the posterior
oblique ligament (POL). All three ligaments work concertedly to resist valgus and
external rotation forces of the tibia relative to the femur [3]. The complex of liga-
ments also has a secondary stabilization role in anterior tibial translation [4, 5].

5.1 Biomechanics

To completely understand the function of the MCL complex, it is necessary to
understand the anatomy (Fig. 5.1). The SMCL is the longest of the three with one
femoral attachment and two tibial attachments. On the femur, it attaches just proxi-
mal and posterior to the medial epicondyle in the central sulcus of the medial epi-
condyle. The SMCL then courses distally to its first of two soft tissue attachments
of the anterior arm of the semimembranosus tendon, then its second attachment
approximately 5-7 cm below the joint line under the pes anserine bursa [6, 7].
Functionally, the SMCL is the primary restraint to valgus force. The SMCL has two
divisions; the portion of the SMCL that spans the femur to proximal tibial
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Fig.5.1 Bony landmarks
and ligament attachment
sites. GT gastrocnemius
tubercle, AT adductor
tubercle, POL posterior
oblique ligament, SMCL
superficial medial collateral
ligament, ME medial
epicondyle, DMCL deep
medial collateral ligament

SMCL

attachment has a larger role in valgus stability while the distal portion plays a larger
role in external rotation stability [8].

The DMCL is a short and broad capsular thickening that attaches firmly to the
meniscus and just beyond each articular margin of the tibia and femur. It functions
as a secondary restraint to valgus load at all flexion angles.
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The POL is a triangular thickening of the joint capsule with a firm attachment to
the posterior horn of the medial meniscus. It is composed of three different fascial
expansions: the superficial, central, and capsular arms. The central arm is the main
restraint component, which is reconstructed in the presented technique. Its femoral
attachment is posterior to the SMCL lying just distal (2.9 mm) to the gastrocnemius
tubercle, an osseous prominence coined by LaPrade et al., which is a very helpful
intraoperative identification [6]. It can also be located distal and posterior to the
adductor tubercle. The tibial attachment is anterior to the semimembranosus tendon
with an expansion to the anterior portion of the semimembranosus tendon allowing
the POL to be loose in flexion and taught in extension, especially with internal
rotation.

5.2 Clinical Relevance

Clinically, the medial ligaments provide approximately 57 % of restraint to valgus
stress at 5° flexion [9]. Increasing the flexion angle increases load bearing on these
structures yielding up to 78 % of restraint at 25° [9]. When the distal portion of the
SMCL is ruptured, studies have shown there to be just as much external rotation
instability as found in posterior lateral corner disruptions [8].

There is however debate to the proper treatment of MCL complex injuries partly
in due to the fact that the SMCL has served as a model for ligament healing in basic
research. The SMCL has a large reserve for healing nonoperatively and is extrasy-
novial, unlike the ACL, which has poor healing reserve and typically requires surgi-
cal reconstruction. The healing process of the MCL has been well studied and
consists of the inflammation phase (72 h), repair and regeneration phase (6 weeks),
and the remodeling phase (can be present up to 1 year) [10].

Knee laxity is graded by medial joint opening with valgus force at 30°: O (nor-
mal), I (1-4 mm), IT (5-9 mm), and III (10—15 mm). Grades I and II will have a hard
endpoint, while grade II injuries will have a soft endpoint as the MCL is considered
fully ruptured at this grade. Generally the preferred treatment for isolated acute
MCL complex injury is nonoperative management. Grade I and II laxity require
hinged bracing and guarded weight bearing initially followed by early range of
motion. Nonoperative management has been shown to provide good patient-reported
outcomes and even grade III type lesions go on to heal regularly with patients
returning to full activity levels in 5-7 weeks time [7, 11-13].

However, studies have shown that grade III injuries often heal with less stability
than the uninjured side [14]. Animal studies have demonstrated an increase in type
IIT collagen scar following healing, resulting in increased laxity and only 70 % of
initial strength [15—17]. Other studies have noted improved strength with surgical
repair and improved results and strength with early nonoperative range of motion
[2, 11, 18]. Propensity to heal is highly correlated with the location of the rupture
with mid-substance tears reserving the most potential for healing, less so as one
moves toward the bony attachments [19, 20].

However, isolated grade III injuries are rare. The majority of grade III lesions are
associated with multiligamentous injury that requires operative treatment [10, 21].
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5.3 Presentation

Patients with acute injuries usually present following a traumatic event with local-
ized swelling and induration over some portion of the MCL location. Most low-
grade sprains occur as noncontact injuries during a valgus and external rotation
load. Complete MCL disruptions often result from a direct blow to the lateral leg.
These pure valgus forces result in an isolated MCL injury. The addition of external
rotation forces to the tibia expands the zone of injury to include the POL and/or the
anterior cruciate ligament. As 78 % of all grade III injuries are multiligamentous, an
audible pop and generalized intra-articular swelling might suggest anterior cruciate
involvement [12]. Although often confounding in the acute patient, deep medial
joint line tenderness can be indicative for medial meniscal injury.

Chronically MCL deficient patients will typically describe mostly side-to-side
instability and pain. These patients tend to present after minor injury or activity
aggravating their instability. The Swain test, described by Lonergan and Taylor, is
a testing for chronic deficiency and rotatory instability [22]. Performed with the
knee flexed to 90°, the tibia is then externally rotated. In this position the cruciate
ligaments are lax while the collaterals are taught. Medial pain will often be pres-
ent with chronic laxity or inadequate ligament healing. While in this position, one
can perform anteromedial drawer test to evaluate POL integrity [5]. Valgus gap-
ping at 30° flexion will evaluate SMCL stability. Valgus gapping with the knee in
full extension is more indicative of a combined SMCL and POL injury [23]. Of
note, patients with a POL injury may also exhibit a positive Dial test, as anterior
rotatory instability due to deficient POL will confound this test [5]. All grade III
tears should undergo examination for concomitant cruciate injury, as mentioned
above most are not isolated MCL injuries. Any evidence of genu valgum should
be evaluated and treated before attempts are made to reconstruct medial
ligaments.

Care should be taken to obtain high-quality radiographs on all patients. In
addition to evaluation of fractures, avulsions, and loose bodies, radiographs
should be obtained to delineate previous hardware and tunnel placement, osteo-
phyte formation mechanical alignment, and lateral capsular signs (Segond’s
fracture); Pellegrini-Stieda lesions are specific for chronic MCL lesions. Stress
views to evaluate gapping, and physeal injuries in adolescents should also be
obtained.

MRI can be most useful when coupled with the physical exam to delineate the
location of MCL tears, meniscal tears, cartilage lesions, and associated cruciate
lesions.

5.4  Surgical Indications and Contraindications

While indications for surgical reconstruction of MCL complex injuries still
remain highly debated, the set of indications the senior author follow are listed in
Table 5.1.
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Table 5.1 Surgical indications and contraindications
Indications Bony avulsion injury
Chronic instability
Continued instability beyond 6 weeks of
nonoperative management
Failed ACL repair with medial instability
Contraindications Isolated grade I or II injuries
Skin disruption or breakdown over medial skin

5.5 Technique

In a subset of the acutely injured, operative repair of the effected medial ligaments
is indicated. In patients who are initially treated by nonoperative means but continue
to show valgus instability and are clinically symptomatic, reconstruction is indi-
cated. It has been the experience of the senior author that optimal function of the
MCL complex deficient patient is restored through reconstruction that reestablishes
the patient’s native anatomy. The technique of the senior author involves a recon-
struction of the proximal and distal divisions of the SMCL and POL using two sepa-
rate grafts.

The patient is placed supine on the surgical bed. General anesthesia is used. A
thigh tourniquet is applied to the operative leg. The foot of the bed is flexed maximally
with enough room behind the flexed knee to allow a fist to be placed in times when
manipulation is required during the procedure. Two rolled sheets placed under the pad
of the bed prevent hyperextension at the hip. The contralateral lower extremity is
safely cradled in a well-type leg holder with the fibular head well padded. The nonop-
erative leg is also fixed with the knee and hip slightly flexed and abducted (Fig. 5.2).

After anesthesia is induced the operative knee undergoes a thorough examination
for range of motion and ligamentous stability. After the patient is sterilely prepped
and draped, a time-out is performed, and prophylactic antibiotics are administered.

Landmarks of the medial knee are identified via palpation and subsequently
noted (refer to figure). An anteromedial incision initiating approximately half the
distance to the adductor tubercle from the medial border of the patella, over the
vastus medialis oblique running to the anteromedial portion of the tibia roughly
8 cm distal to the joint line. The superficial sartorial fascia is incised and the tendons
of the semitendinosus and gracilis are identified. Deep to the pes anserine bursa is
the distal portion of the SMCL, which is approximately 6 cm distal to the joint line.
At this time a graft fixation tunnel is created by firstly placing an eyelet passing pin
through the posterior portion of the distal SMCL attachment site transversely
through the tibia aimed toward the fibular head. Care is then taken to pass a 7 mm
reamer to a depth of 25 mm to form the reconstruction tunnel. LaPrade et al. have
suggested placing the tunnel at the posterior portion of the distal attachment site as
the more anterior position may result in graft failure [8].

Next focus is turned to the tibial POL portion of the reconstruction. Careful dis-
section through a small incision in the sartorial fascia at the anterior edge of the
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Fig. 5.2 Patient position and setup before sterile draping

semimembranosus tendon is made to identify the POL tibial attachment just ante-
rior to the direct arm of the semimembranosus tendon. When confirmation of the
tibial attachment has been made, sharp dissection is used to clear soft tissue to the
bone. Just as with the SMCL tibial attachment, an eyelet pin is passed transversely
through the tibia this time aiming anteriorly toward Gerdy’s tubercle, followed by a
7 mm reamer to a depth of 25 mm to form the graft tunnel.

Attention is next focused on the femoral attachments of the SMCL and POL.
Identify the posterior edge of the VMO and following the adductor magnus tendon
down to its insertion is the landmark used to identify both the femoral origins of the
SMCL and POL. After locating the VMO insertion, advance anteriorly approxi-
mately 5 mm to locate the SMCL origin, slightly proximal and posterior to the
medial epicondyle. A standard guide pin is placed, but not overreamed with a 7 mm
cannulated drill until the correct identification of the POL is made. If the reconstruc-
tion is in the setting of a cruciate rupture and repair or the patient has had a previous
cruciate repair, care must be taken to have a more proximal trajectory as to avoid
PCL tunnels.

The femoral attachment of the POL is posterior and distal to the site of attach-
ment of the adductor magnus. The POL femoral attachment is 7.7 mm distal and
2.9 mm anterior to the gastrocnemius tubercle. Identification is made of the central
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arm portion of the POL by visualization of the vertical fibers in the joint capsular
thickening. Once the POL origin is identified, an eyelet passing pin is placed in a
parallel fashion and then a 7 mm cannulated reamer forms a 25 mm deep socket.
The SMCL socket is formed in a similar fashion.

At this point, attention is turned toward the soft tissue graft preparation. Autograft
hamstring (semitendinosus) or similar allograft hamstring is routinely used. Graft
length is prepared by making the SMCL graft 16 cm in length and the POL graft
12 cm. These lengths fit the majority of reconstructions, but adjustments in size may
be needed for patients at the extremes of size. The grafts are prepped by placing
Fiberwire (Arthrex Naples, Fl) sutures in a Krakow configuration at both ends of
each graft for fixation.

Using a passing suture the POL graft is passed into its femoral tunnel. Adequate
depth recession into the tunnel is checked (about 2 cm). This process is repeated for
the SMCL graft. Each graft is then secured with a biocomposite cannulated screw
(Arthrex, Naples, FL) while ensuring the graft is in anatomical position as the screw
position is finalized. Each graft is trialed under simple tension by hand to ensure the
fixation screw has adequate purchase.

At this time, if there are other ligamentous repairs or reconstructions being per-
formed at the time of procedure, the grafts are secured in their respective tunnels
before moving on to distal fixation of the medial-sided structures.

The distal portions of each graft are then passed under the intact retinaculum
fascia to their distally located and respective tunnels. Fiberwire passing sutures
are then put into position via passing pins and subsequently used to pass the graft
sutures into their respective tunnels. The SMCL graft is tensioned first with the
knee in 20° of flexion with a slight varus force on the knee. A cannulated screw
(Biotenodesis screw, Arthrex, Naples, FL) is used to secure the graft in its tunnel.
The reconstructed SMCL is observed and inspected during range of motion to
ensure there is no obvious over-tension or restriction of movement.

The leg is then pulled into full extension; the POL graft is tensioned and secured
with a cannulated screw (Biotenodesis screw, Arthrex, Naples, FL). Again the knee
is observed and inspected through range of motion ensuring there is no sign of over-
tensioning or resistance to flexion-extension. The POL should be taunt in extension
and slack in flexion as it is in its natural state. Valgus force is applied to the knee in
0° and 20° of flexion to inspect for any instability and ensure graft utility.

At this stage of the reconstruction, the SMCL and POL have been secured to
their anatomic bony insertions; however, the native SMCL has a soft tissue attach-
ment to the anterior portion of the semimembranosus tendon. To address this a
suture anchor is placed 12 mm distal to the joint line and under and in line with the
SMCL. The author uses a biocomposite soft tissue anchor (Arthrex, Naples, FL).
Once the anchor is secured, the suture tails are passed through the native remnant
and SMCL graft recreating the proximal soft tissue connection of the native SMCL.
Again the grafts are tensioned as the knee is cycled through a range of motion to
ensure the anatomic reconstruction is successful. The superficial retinaculum is then
closed over the reconstruction (refer to Fig. 5.3).



46

A.G. Dukas and T.M. DeBerardino

Fig.5.3 Schematic of
anatomic superficial medial
collateral and posterior
oblique ligament
reconstruction
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5.6 Postoperative Course

After anatomic MCL complex reconstruction has been performed, postoperative
therapy is aimed at preventing quadriceps atrophy and intra-articular adhesion for-
mation. Within the first week postoperatively, the patient begins physical therapy
with limited range of motion. The patient is kept non-weight bearing for the first
6 weeks. Physical therapy during the initial 6 weeks focuses on closed chain exer-
cises and quadriceps strengthening. After the initial 6 weeks, progression to full
weight bearing is allowed and reestablishing normal range of motion is the goal.
During this initial time period, there are multiple interval scheduled follow-up office
visits to ensure successful postoperative course and patient adherence.
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Davide E. Bonasia, Simone Spolaore, Corrado Bertolo,
and Roberto Rossi

6.1 Introduction

Injuries to the medial collateral ligament (MCL) and posteromedial corner (PMC) of
the knee are relatively common. The incidence of MCL/PMC lesions has been
reported to be 0.24 per 1,000 people in the United States every year [1]. These lesions
can be isolated or combined with other ligamentous injuries. Understanding the com-
plicated relationship between anatomic structures and their unique biomechanical
function is essential in diagnosing and treating these injuries. The vast majority of
medial knee injuries heal with conservative treatment. However, some medial knee
injuries result in chronic instability and functional limitations. The high reparative
potential of the MCL with conservative treatment and the complications (mainly knee
stiffness) associated with surgical treatment are at the base of the controversies regard-
ing the treatment of MCL/PMC injuries in the acute setting. Although surgery is the
only option in treating chronic medial instability, no decision algorithms are available
and a wide variety of surgical techniques have been described regarding this topic.
The aim of this chapter is to describe the most commonly used PMC reconstruc-
tion techniques. Technical notes and literature results are also presented. Elements
of anatomy and biomechanics specifically related to the medial and posteromedial
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aspect of the knee are described, in order to better understand the different surgical
procedures.

6.2 Anatomy and Biomechanics

For the MCL anatomy we refer to the specific chapters of this volume. The PMC
includes the structures lying from the posterior border of the longitudinal fibers of
the superficial MCL (sMCL) to the medial border of the posterior cruciate ligament
(Fig. 6.1). These include the semimembranosus expansions, the posteromedial horn
of the meniscus, the posterior oblique ligament (POL), the posteromedial capsule,
and also the popliteal oblique ligament. POL is one of the most misunderstood
structures of the medial aspect of the knee. It consists in three arms and three fascial
attachments: superficial, central (tibial), and capsular. The primary component is
the central arm, which attaches directly to the posterior meniscus and the joint cap-
sule [2]. Mueller previously described the PMC as the “semimembranosus corner”
as this structure has a significant functional contribution to the dynamic stability of
the PMC [3]. The attachment of the semimembranosus muscle to the tibia acts as a
dynamic stabilizer of the PMC [4]. In order to understand the biomechanical func-
tion of the structures of the PMC, one must also know the role of the MCL complex.
Biomechanically, the MCL represents the main restraint to valgus forces and a sec-
ondary restraint to external/internal rotation and posterior translation of the tibia.
The contribution of the SMCL to internal rotation stability increases beyond 30° of
knee flexion when the posteromedial capsule is slackened. Instead, the posterome-
dial capsule is in tension and provides some stability to valgus forces, posterior
tibial translation, and internal rotation only with the knee extended. The POL pro-
vides secondary stability to tibial internal and external rotation at early knee flexion
as well as posterior stability to the tibia in full extension. The role of the POL
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Fig. 6.1 (a) Medial view of the knee: attachment sites (Redrawn from Bonasia et al. [17]).
(b) Medial aspect of the knee showing the MCL (left loop) and the POL (right loop)
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becomes even more important in the setting of MCL deficiency in both valgus and
rotational stability [5-7].

6.3  Diagnosis

In the diagnosis of MCL lesions, the authors prefer the Fetto and Marshall classifi-
cation. This classification divides medial-sided knee injuries into grade 1 (no valgus
laxity), grade 2 (valgus laxity at 30° of flexion), and grade 3 (valgus laxity at 0° and
30°) [8]. The stability of the knee is then tested in all planes in order to evaluate
anteroposterior, lateral, and rotational instability.

By definition, patients with medial-sided injuries have increased laxity with val-
gus stress. The examiner applies a valgus stress to the knee at both 0° and 30° of
flexion. For isolated sMCL injuries, the greatest joint space opening occurs with the
knee in 30° of flexion [9]. Joint space opening with the knee fully extended indi-
cates an injury to the capsule, the POL, or both. Grade IIl MCL injuries are fre-
quently associated with injury to another ligament (mostly the ACL) [2].

Other physical examination maneuvers combine rotation with various amounts of
knee flexion in an attempt to discriminate between MCL and MCL/PMC injuries. One
of the most common involves a valgus stress to the knee in 30° of flexion with the foot
externally rotated [2]. The presence of anteromedial rotary instability (AMRI) is
indicative of PMC injury. AMRI is detected by performing the anterior drawer test
with the tibia both in neutral and in external rotation. Increased translation with the
tibia in external rotation is indicative of AMRI [10, 11]. Increased external rotation
and AMRI indicate injury to the PMC and possibly to the ACL as well.

Weight-bearing radiographs of the knee are obtained in anteroposterior and lat-
eral views. If valgus malalignment is present, a weight-bearing long-leg radiograph
is obtained. MRI is helpful in diagnosing associated bone and soft tissue injuries
(anterior and posterior cruciate ligaments, posterolateral corner, and menisci) as
well as determining the location and extent of medial/posteromedial ligamentous
injuries. However, it has been shown that MRI tends to overestimate injury to liga-
mentous structures [12].

6.4 Indications

In the acute setting (<3 weeks), the treatment of grade I-II injuries is mostly conser-
vative [13, 14], but significant controversies exist regarding the treatment of grade
III lesions, both isolated and combined with other ligamentous injuries [15, 16].

On the other hand, in the chronic (>6 weeks) medial/posteromedial instability
setting, the conservative treatment option can be excluded. However, controversies
exist regarding the most reliable surgical technique. In addition, the limb alignment
is a crucial predicting factor and needs to be carefully evaluated. In case of varus or
neutral alignment, only soft tissue procedures addressing the medial instability
should be performed. In case of severe valgus, a distal femoral varus osteotomy
with or without soft tissue procedures should to be considered.
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In case of combined PMC and ACL instability, ACL reconstruction is performed
and the knee is evaluated intraoperatively for medial laxity. If the knee shows at full
extension a medial opening greater than 4 mm compared to the contralateral side, cap-
sular procedures or MCL reconstruction can be considered [17]. This has to be care-
fully considered while planning the surgery in order to leave adequate graft options for
PMC reconstruction after the ACL procedure. In these cases, the authors recommend
patellar tendon or allograft ACL reconstruction, in order to preserve the hamstrings for
the PMC procedures. Alternatively, allografts can be used for PMC reconstruction.

In case of multiligament knee injuries [18, 19], these are generally treated acutely,
but in some cases (i.e., polytrauma), the procedure can be delayed, respecting the dam-
age control principles. In case of chronic multiligament knee injuries in young patients,
the authors’ approach is to treat all torn ligaments with allograft reconstruction proce-
dures at the same time. Alternatively, only ACL reconstruction can be delayed.

Many techniques have been described for the treatment of medial and postero-
medial ligamentous injuries of the knee, either with allograft or autograft. These can
be divided in capsular procedures and reconstruction techniques.

6.5 Capsular Procedures

In these procedures the lax medial/posteromedial structures are re-tensioned but not
reconstructed. The surgical approach is as previously described in specific chapters
of this volume.

6.5.1 Re-tensioning of the Posteromedial Structures

The goal of this technique is to create increased distance between the origin and inser-
tion of the lax medial/posteromedial structures. This is done by attaching the lax seg-
ments of the tendon/ligament to an adjacent intact structure. Therefore, this procedure
is indicated when some medial or posteromedial structures are intact. There are no
strict rules regarding the re-tension of lax structures, because this depends on the
patient’s injury pattern. However, different structures need to be visualized and probed
for tension, and these include the sMCL, the posteromedial capsule, the medial menis-
cus attachments, the POL, and the capsular arm of the semimembranosus tendon.
The sartorius fascia is incised longitudinally and care is taken to avoid injury to
the saphenous nerve. The whole MCL is probed (proximal and distal attachments as
well as mid-substance). Once the posteromedial capsule is visualized and palpated
for laxity, a longitudinal arthrotomy is performed posterior to the MCL. The capsu-
lar arm of the semimembranosus is identified and probed for tension. The POL and
the meniscotibial attachments are evaluated. Every lax structure is armed and
sutured to an intact adjacent ligament/tendon or back to the bone with transosseous
sutures. Multiple reinforcing sutures can be placed across the POL and MCL.
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Fig.6.2 En masse elevation. (a, b) The structures at the weakest attachment (in this specimen, the
femoral attachment) are released as an entire tendon/ligament unit (en masse). (¢) The bone around
the isometric point is “roughed-up” until a good bleeding is achieved. (d) Fixation is achieved with
staples or suture anchors

6.5.2 En Masse Elevation

This procedure is indicated when a generalized laxity of the medial/posteromedial
structures is present. A medial hockey-stick incision is preferred, from the pes anse-
rinus to the posterior portion of the medial femoral epicondyle. The weakest attach-
ment (femoral or tibial) of the medial/posteromedial complex should be identified.
The structures at the weakest attachment must be released as an entire tendon/liga-
ment unit (en masse) and not as individual tendons or ligaments, in order to preserve
their integrity and vascularity (Fig. 6.2). This unit must be strongly armed with
sutures, re-tensioned, and fixed back to the bone. Reattachment to the bone is per-
formed anteriorly and inferiorly if the tibial insertion is lax or posteriorly and supe-
riorly in case of femoral insertion laxity. The bone around the isometric point is
“roughed-up” until good bleeding is achieved. Fixation can be achieved with staples
or suture anchors [20, 21]. As in the acute MCL repair, care must be taken to pre-
serve the isometricity, mostly when a proximal en masse elevation is performed, in
order to reduce the risk of postoperative stiffness.
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6.6  Reconstruction Techniques
6.6.1 Kim’s Technique

A curvilinear incision is placed from the medial femoral epicondyle to the pes anse-
rinus. The sartorius and gracilis tendons are retracted medially. The semitendinosus
is harvested, preserving the tibial attachment. The proximal end of the tendon is
armed with a n°2 nonabsorbable suture. A 1.6 mm K wire is placed on the postero-
superior border of the medial femoral epicondyle. The semitendinosus tendon is
looped around the wire, and isometricity (<2 mm migration) is tested through a full
range of motion. A 6.5 mm cancellous screw and an 18 mm diameter soft tissue
washer are placed through a hole. The screw hole is drilled 9 mm (the radius of the
washer) proximal to the isometric point. Decortication is performed around the drill
hole. After manual tensioning of the graft, the screw is tightened with the knee in 30°
of flexion and varus stress (Fig. 6.3). Dissection of the direct head of the semimem-
branous tendon is performed. The free end of the graft is pulled under the direct head
of the semimembranosus tendon and sutured to it at 30° of knee flexion [22].

Fig. 6.3 (a) Kim’s technique
(see text) (Redrawn from
Bonasia et al. [17]). (b)
Specimen showing the
reconstruction (in this case
with an interference screw,
instead of screw and washer)
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6.6.2 Stannard’s Technique

In Stannard’s modification of Kim’s technique, the free end of the semitendinosus
is passed under the direct head of the semimembranosus tendon and sutured to the
intact insertion of the semitendinosus itself on the tibia (Fig. 6.4). The graft is ten-
sioned with the knee in approximately 40° of flexion and a slight varus stress [23].

6.6.3 Lind’'s Technique

Incision, semitendinosus harvesting, and isometricity evaluation are as described by
Kim. A tunnel of the same size of the double-looped tendon is drilled at the isometric
point on the femur. The tendon loop is then armed with a baseball suture, passed
into the tunnel, and fixed with an interference screw (same diameter as the tunnel or
1 mm bigger according to the bone quality). This is performed with the knee at 10°
of flexion and neutral rotation. A tibial tunnel (same size of the graft) is then drilled
to the posterior corner of the medial tibial condyle from anterior to posterior.
The drill hole is aimed to exit 10 mm below the tibial plateau, posterior and lateral
to the semimembranosus insertion. The free end of the graft is passed through the

Fig. 6.4 (a) Stannard’s
modification of Kim’s
technique (see text) (Redrawn
from Bonasia et al. [17]).

(b) Specimen showing the
reconstruction
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Fig. 6.5 (a) Lind’s technique (see text) (Redrawn from Bonasia et al. [17]). (b) Specimen show-
ing the reconstruction

posterior tibial tunnel opening and fixed here with an interference screw (same
diameter as the tunnel) to reconstruct the POL (Fig. 6.5). This is tightened at 60° of
flexion and neutral rotation [24].

6.6.4 Coobs etal. Technique

This technique entails a reconstruction of both sMCL and POL, through a single
medial incision, with two separate grafts and four different tunnels (Fig. 6.6).
Allografts or gracilis and semitendinosus autografts can be used. The anatomy
of proximal and distal insertions of both bundles needs to be known (Fig. 6.1).
Isometricity is evaluated with K wires for both bundles. Correctly sized tunnels
are drilled at the isometric points. The sMCL is tightened at 30° of knee flexion
and the POL is tightened at 0°. Fixation is achieved with interference screws
[25, 26].

6.6.5 Borden’s Technique

With a 2-incision approach, a guide pin is drilled into the medial epicondyle.
Next, a n°2 suture is looped over the guide pin and retrieved (along the MCL)
from the tibial incision (Fig. 6.7). Isometricity is tested by holding the suture at
the anterior aspect of the MCL tibial insertion and moving the knee through a full
range of motion. Another guide pin is placed into the tibia at this isometric point.
Isometricity can be tested again with a suture looped around both guide pins
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Fig. 6.6 (a) Coobs et al. technique (see text) (Redrawn from Bonasia et al. [17]). (b) Specimen
showing the reconstruction

Fig. 6.7 (a) Borden’s technique (see text) (Redrawn from Bonasia et al. [17]). (b) Specimen
showing the reconstruction

(Fig. 6.8). The hamstring tendons are then retracted posteromedially. The isomet-
ric point for the posterior tibial tunnel is then determined in a similar fashion. A
second pin is placed. A tibialis anterior tendon allograft is prepared in a double-
bundle loop. Alternatively, an autologous semitendinosus tendon can be used.
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Fig. 6.8 Technique to find the isometric points. In this case, 2 K wires are positioned at the pre-
sumptive isometric points. A suture is then looped around the K wires and held with a Kelly clamp,
while the knee is moved through full range of motion. In this case the points are not isometric: note
the suture tight in flexion (a) and slack in extension (b)

One 30 mm long femoral tunnel and two 25 mm long tibial tunnels are drilled,
according to the size of the graft. The graft is then pulled into the femoral tunnel
and fixed with an interference screw. The free ends of the allograft are then passed
down the soft tissue plane and retrieved from the tibial incision. The posterior
bundle is fixed with an interference screw with the knee in internal rotation and
60° of flexion (Fig. 6.7). The anterior bundle is fixed in the same way but with the
knee flexed at 30° [27].

6.7 Tips to Find the Isometric Point

Finding the isometric point on the tibia, but mostly on the femur, is essential in order
to achieve good stability and avoid stiffness after MCL reconstruction. Four differ-
ent methods can be used to find the isometric points:

1. Two K wires can be positioned at the presumptive isometric points. A suture is
then looped around the K wires and held with a Kelly clamp. In case of iso-
metricity the suture should have the same tension throughout full range of motion
(Fig. 6.8).

2. Alternatively, when the hamstring autograft is left attached distally, a K wire is
positioned at the isometric point on the femur; the graft is looped around it and
marked with a surgical marker. The knee is then taken through a full range of
motion (Fig. 6.9). Displacement of the marks with respect to the K wire greater
than 2 mm indicates a non-isometric point on the femur [22].

3. The graft can be looped around the K wire positioned at the presumptive isomet-
ric point on the femur and held with a Kelly clamp. If the graft is isometric,
uniform tension throughout full range of motion can be appreciated with a probe
(Fig. 6.10).

4. Fluoroscopy is used to obtain a perfect lateral view of the distal femur. The iso-
metric point is located where the Blumensaat’s line intersects the line of the
anterior aspect of the posterior femoral shaft cortex [28, 29].
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Fig. 6.9 Technique to find the isometric points. When the hamstring graft is left attached distally,
a K wire is positioned at the isometric point on the femur; the graft is looped around it and marked
with a surgical pen (a). The knee is then taken through a full range of motion. Displacement of the
marks with respect to the K wire greater than 2 mm indicates a non isometric point on the femur
(b). Note that the marks are not moving in case of isometricity, while the knee is brought from
flexion (c) to extension (d)

6.8  Authors’ Preferred Technique

Authors’ preferred technique is Kim’s procedure. This technique is easy (no need
for multiple tunnel drilling), reliable (good results described in the literature), inex-
pensive (only one fixation device), and reproducible and allows for both sMCL and
POL reconstruction.

6.9 Postoperative Management

Although standard rehabilitation protocols are not available, the authors’ postopera-
tive regimen is as follows. The patient is kept in a hinged knee brace with partial
weight bearing. Passive range of motion from 0° to 90° is begun immediately.
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Fig. 6.10 Technique to find the isometric points. The graft can be looped around the K wire posi-
tioned at the presumptive isometric point on the femur and held with a Kelly clamp. If the graft is
isometric, uniform tension throughout a full range of motion can be appreciated with a probe (a, b)

Hyperextension and flexion over 90° should be avoided during the first 2 weeks.
Isometric strengthening is allowed immediately. Full range of motion is allowed 3
weeks after surgery together with closed kinetic chain strengthening; full weight
bearing is allowed 6 weeks after surgery. Return to full activities is generally at
4-6 months after surgery.

6.10 Results

Good results have been reported in the acute and chronic setting after PMC recon-
struction procedures [22, 24, 29].

A review of the recent studies describing the outcomes of MCL and PMC recon-
struction is summarized in Table 6.1. Rare postoperative complications were
reported for each technique. Out of 24 patients, Kim described 1 case of wound
infection and 2 cases of late loosening of a screw. Lind described 1case of septic
arthritis and slight knee ROM reduction in overall 20 % of the patients.

However, the limitations of the literature regarding this topic are evident. As
shown in the outcome table, the studies available are mostly case series, with het-
erogeneous study groups (with or without associated ligamentous injuries), and dif-
ferent medial laxity grading systems or outcome scores.

6.11 Discussions and Conclusions

MCL and PMC injuries are relatively common [30]. PMC injuries are common in
high-energy traumas (i.e., multiligament knee), whereas isolated MCL injury is
usually combined with ACL tears. Understanding of the anatomy of the medial side
of the knee, correct indications, and precise surgical techniques are essential in
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order to achieve good results. Many surgical techniques have been described for
MCL/PMC reconstruction. However, the literature is sparse regarding this topic and
no technique has shown superior results over the others. When performing a MCL/
PMC reconstruction, evaluation of limb alignment and combined ligamentous inju-
ries is essential in order to plan a successful surgery. In case of valgus alignment and
chronic medial instability, distal femoral varus osteotomy should be considered.
Intraoperatively, we emphasize the importance of finding the isometric point (mostly
on the femur) in order to avoid knee stiffness, which can be probably considered the
most common complication in this type of surgery.
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7.1 Introduction

Lateral extra-articular reconstructions were used as isolated procedures in knees
with moderate rotatory instability. Nowadays, lateral reconstructions are used as
additional procedures in knees requiring primary repair or intra-articular recon-
struction for major rotatory instability.

Normal knee joint kinematics, particularly rotational stability, are not fully
restored performing a single-bundle anterior cruciate ligament (ACL) reconstruc-
tion [21, 45]. A failure rate ranging from 11 to 30 % has been reported in the litera-
ture [5, 23, 28]. Different techniques have been proposed to improve ACL
reconstruction [4, 17, 32, 48]. Anatomic double-bundle reconstruction, reproducing
the anteromedial (AM) and posterolateral (PL) bundles, has been introduced to bet-
ter control knee rotation [39, 47]. Extra-articular procedures such as lateral tenode-
sis have been proposed to reduce the rotational laxity [8].

These extra-articular procedures aim to prevent pivot shift and protect the intra-
articular graft by a load-sharing mechanism, while the graft tissue is remodeling.

Sydney et al. [44] in a cadaveric knee experiment have shown that an iliotibial
band tenodesis reduces the occurrence of the pivot shift phenomenon and decreases
the displacement in Lachman test by holding the tibia in a position of external rota-
tion during flexion. They have demonstrated that tenodesis was nonfunctional at
extension, taut between 20° and 60°, and overly tight at 90° of flexion, which may
potentially be the reason why tenodesis sometimes stretches out and becomes clini-
cally ineffective over time.

In 1990, L. Engebretsen et al. [16] showed in another cadaveric study that the
combination of an iliotibial band tenodesis with a standard intra-articular
reconstruction significantly decreased the force in the ACL composite graft by an
average of 43 %.
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In 1993, Amis and Scammell [4] reported in their cadaveric study that there is no
significant biomechanical advantage from adding an extra-articular reconstruction
in an isolated ACL-deficient knee.

In 1996, Samuelson et al. [41] performed another cadaveric study. When a teno-
desis with either 0 N or 22 N of tension was added to the intra-articular reconstruc-
tion in knees with combined injuries, the excessive internal rotation significantly
decreased at all angles of flexion, but not at full extension with 0 N of tension.
Authors recommended to use tenodesis when the laxity is important or combined
with rotational instability.

The purpose of this chapter is to describe the different reconstruction techniques
used in anterolateral knee laxity and review their efficacy and results in the literature.

7.2  Surgical Techniques

Several different techniques for extra-articular reconstruction have been described.
Most of them use strips of isolated iliotibial band (ITB) to act as a restraint to inter-
nal rotation of the tibia and to anterior laxity of the lateral compartment.

Lemaire Procedure (Fig. 7.1). This technique was first described in 1967 [29]. A
15 cmx 1.5 cm strip of fascia lata attached to Gerdy’s tubercle was passed under the
lateral collateral ligament and then through a bone tunnel at the lateral head of gas-
trocnemius. It was then passed again under the lateral collateral ligament before
being attached through another bony tunnel under Gerdy’s tubercle [28, 36].

Christel and Djian [7] (Fig. 7.2) have described a short strip of iliotibial band
with a bone tunnel in the femur. Tenodesis consists of a 12x75 mm strip of ITB
remaining attached to Gerdy’s tubercle. An isometric point in the region of
Krackow’s point F9 [26] is determined with a caliper. The strip is twisted by 180°
to enhance isometry. Then it is fixed through a tunnel drilled in the femur. The fixa-
tion is achieved by an interference screw.

Maclntosh Procedure (Fig. 7.3). This procedure [24] used a strip of ITB in a tech-
nique called the lateral substitution reconstruction. A 20 cm long strip, 2—4 cm in
width, was dissected from the mid-portion of the ITB and turned down to its attach-
ment at Gerdy’s tubercle. A subperiosteal tunnel was made in the lateral femoral

Fig.7.1 Lemaire procedure
[29]. Lateral extra articular
reconstruction with a strip of
ITB passed through the
lateral condyle and under le
lateral collateral ligament
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condyle posterior to the attachment of the fibular collateral ligament. The strip of ITB
was passed deep to the collateral ligament and through the periosteal tunnel. A second
subperiosteal tunnel was made to insert the strip of ITB through the distal insertion of
the lateral intermuscular septum onto the lateral femoral condyle. The band was looped
behind the insertion of the intermuscular septum and then passed again deep to the col-
lateral ligament. The ITB was then anchored with the knee held at 90° flexion.

Losee’s Procedure (Fig. 7.4). Losee et al. [31] designed an operation again using a
strip of ITB. An incision was made approximately 15 cm proximal to the knee joint.
Then, several parallel incisions, 2.5 cm apart, were performed in the ITB to obtain a
strip of tissue approximately 16 cm long, which was remained attached to Gerdy’s
tubercle. A tunnel was made through the lateral femoral condyle, anterior and distal to
the attachment of the lateral collateral ligament, followed by passage of the ITB graft.

Ellison’ s Distal ITB Transfer (Fig. 7.5). Ellison’s technique [15] was a modifica-
tion of earlier work by Galway and MaclIntosh [20], but the ITB was released from
its origin at Gerdy’s tubercle, before being passed under the insertion of the lateral
collateral ligament to the femoral condyle.

Andrews’s Operation (Fig. 7.6). This procedure was a mini reconstruction
designed to prevent anterolateral instability, using isometric bundles in the ITB [1,
2]. Two extra-articular strips of ITB were fixed to the lateral condyle so that the
anterior strip was tight in flexion and the posterior tight in extension.

Miiller ALFTL Tenodesis [35]. This tenodesis was performed by surgically iso-
lating a 1.25 cm strip from the posterior portion of the iliotibial tract. The strip was

Fig. 7.2 Extra articular
tenodesis [7]. Lateral extra
articular reconstruction with
a strip of ITB passed through
the condyle
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Fig.7.3 Maclntosh
procedure [24]. Lateral extra
articular reconstruction with
a strip of ITB passed through
the intermuscular septum and
under le lateral collateral
ligament

created with two parallel fiber-splitting incisions, preserving its distal attachment to
the rest of the iliotibial tract. A clinically isometric point of attachment for this strip
was selected at the junction of the femoral shaft and lateral femoral condyle in the
locus corresponding to Krackow’s point F9 [26]. This point is somewhat distal and
posterior to that illustrated in Miiller monograph 2’ and was chosen in order to
easier achieve a clinical isometry at this anatomical site. The strip was then fixed
using a 3.5 mm AO fully threaded cancellous screw and a toothed washer.

Combined Intra- and Extra-articular Reconstruction. Extra-articular techniques
have been used to augment an intra-articular reconstruction, because it was sup-
posed to protect the intra-articular graft during the healing phase.

Marcacci’s [32] technique included hamstrings graft as an intra-articular recon-
struction combined with an extra-articular augmentation (Fig. 7.5). Semitendinosus
and gracilis tendons were harvested but left attached to the tibia. They were passed
through the tibial and femoral tunnels, before being passed laterally and then deep
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Fig.7.4 Losee procedure
[31]. The graft is passed
through an extra articular
tunnel on the femur and
through the capsule and the
lateral gastrocnemius

to the ITB to be fixed onto Gerdy’s tubercle. With this technique, problems associ-
ated with ITB graft, such as donor site morbidity, were avoided.

Other authors have described similar techniques using extra-articular tenodesis
with the same hamstring grafts [6, 8].

Roth et al. [40] compared isolated intra-articular with combined intra- and extra-
articular reconstruction. They concluded that there was no benefit in using an addi-
tional extra-articular repair. However, there were no clear indications why some
patients were selected to have an isolated intra- articular reconstruction and some
others a combined procedure.

Strum et al. [43] compared 43 patients who had a combined repair with 84 who
had an isolated intra-articular reconstruction. No difference was found in treatment
outcome. Similarly, other studies have shown no benefit of an additional extra-
articular reconstruction [4, 37].
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Fig.7.5 Ellison procedure
[15]. The ilio tibial band is
passed under the lateral
collateral ligament. The ITB
is intact proximally

Fig.7.6 Andrew procedure
[1, 2]. Two extra articular
strips of ITB are fixed to the
lateral condyle so the anterior
strip is tight in flexion and the
posterior strip is tight in
extension

7.3 Results

Results are shown in Table 7.1.

7.4 Discussion

Lateral extra-articular reconstruction has been undertaken either as an isolated pro-
cedure or to augment an intra-articular reconstruction.
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Some authors have reported failure of the extra-articular reconstruction and recur-
rent instability [3, 9, 31, 43]. Degenerative changes caused by lateral compartment
overtightening have been reported [37, 43]. However, these procedures were per-
formed without concomitant intra-articular ACL reconstruction, probably allowing
the joint to be secured in a subluxed posterolateral position. Another possible cause
for the poor postoperative function might be the rehabilitation methods employed,
which included long-standing postoperative immobilization of the knee [9, 42].

7.4.1 Tips and Tricks to Avoid Problems Using Lateral
Extra-articular Reconstruction Techniques

The exact site of femoral attachment and tension of the extra-articular reconstruc-
tion is critical in determining the successful restoration of normal biomechanics. It
has been suggested that the optimum site of femoral fixation is proximal and poste-
rior to the femoral origin of the lateral collateral ligament. The lack of reproduc-
ibility could be due to variability in determining the fixation site of the tenodesis on
the femoral condyle among the specimens, although the authors aimed for Krackow’s
F9 site posterior and proximal to the insertion of the lateral collateral ligament [30].
The use of caliper during the procedure facilitates the Krackow’s F9 exact site.

A 180° twist modeled into the tenodesis significantly reduced the range of
changes in distance (difference between the largest and smallest changes in distance
among the lines for a given angle of flexion) for both of these load states [12, 13].
Therefore, a 180° twist in the tenodesis can enhance isometry among the fibers of
the tenodesis. This implies that a 180° twist can enhance load sharing among the
fibers of the tenodesis and, therefore, enhance the overall strength of the tenodesis.

The ITB screw tenodesis was ineffective in reducing anterior translation of the
tibia in the anterior cruciate ligament-deficient knee at forces approximating in vivo
conditions [4, 16]. Significant stretching and tearing of the tract occurred around the
screw under these testing conditions, a finding that helps explain the possible initial
success and later failure of an isolated extra-articular procedure. The fixation by
washer and screw is not recommended. We [7] developed a technique with a bone
tunnel and a fixation by a screw [14]. This technique is reproducible.

Finally, positioning of the knee in terms of flexion and external rotation is also
critical. The fixation must be done at 30° of flexion and without any external rota-
tion of the tibia [12, 13].

Conclusion

Intra-articular ACL reconstruction is an effective procedure [10]. Attempts to
improve its results and obtain a better restoration of kinematics should address
the extra-articular structures that contribute to the pivot shift phenomenon.
However, further improvements of these extra-articular techniques are necessary
to provide better biomechanical fixation and reduce failure and revision rates
when used in conjunction with intra-articular reconstruction.
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Overtightening and fixation in a posterolateral drawer position is not recom-
mended, because this position can lead to degenerative changes in the lateral
knee compartment.

A prolonged knee immobilization is not recommended and an immediate
rehabilitation schedule is strongly advised.
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8.1 Introduction

Chronic injury of the posterolateral corner (PLC) of the knee usually presents a
more complex problem than acute injury because of extensive scarring, secondary
changes to other structures, and possible limb malalignment. Thus, the treatment of
these lesions represents a challenge for the surgeon.

Once an injury to the PLC has been detected, it is difficult to decide which treat-
ment, conservative or surgical, is most appropriate. Historically isolated low-grade
injuries to the posterolateral corner may do well with conservative treatment. On the
opposite in more severe injuries, the outcome is poor [1]. The reason lies in the fact
that chronic posterolateral injuries usually are the results of major trauma and fre-
quently seen in combination with chronic cruciate ligament injuries. It has been
shown either clinically or biomechanically that untreated grade 3 posterolateral cor-
ner injuries are a major cause of failure of cruciate ligament reconstructions.
Therefore, it is recommended that grade 3 posterolateral corner injuries be repaired
or reconstructed when anterior cruciate ligament or a posterior cruciate ligament
reconstruction is done [2].

The indications for surgery include functional limitations, symptomatic instabil-
ity and objective physical findings as a 2+ varus opening at 30° of knee flexion, a
positivity to external rotation recurvatum test, posterolateral external rotation test,
and dial test [3].
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8.2  Surgical Techniques

Although a consensus exists on reconstructing the chronic posterolateral corner
injury of the knee, there is a lack of consensus in the literature on the best technique
of operative treatment [4].

Any reconstruction should focus on the most important posterolateral stabilizers:
the lateral collateral ligament (LCL), the popliteus, and the peroneal-fibular liga-
ment (PFL). Before proceeding with the reconstruction, the alignment of the knee
should be assessed because varus malalignment can place excessive forces on any
reconstruction if it is not corrected and a high tibial osteotomy (HTO) prior to soft
tissue reconstruction may be required.

Sometimes the HTO itself, without others procedures, can resolve the symptoms
of posterolateral instability [5].

There are numerous reconstruction options, including nonanatomic and ana-
tomic ones.

Nonanatomic techniques for reconstructing the lateral side of the knee are now
largely of historical importance since the advent of more anatomic reconstructive
procedures.

Among nonanatomic chronic PLC techniques addressed to the popliteus insuf-
ficiency, surgical options include advancement and recession of its bony insertion,
distal advancement, and tensioning of the tendon. Jakob et al. [6] recommended a
recession of the popliteus tendon at its femoral insertion to restore mild posterolat-
eral instability, but as with advancement of the arcuate complex, proximal recession
will not restore adequate tension to the popliteus if there is distal injury at the mus-
culotendinous junction or if there is injury of the popliteofibular ligament.

The surgical advancement is performed by removing the popliteus insertion with
a bone plug and advancing and recessing it into a tunnel created at the original inser-
tion site. The popliteus is then tensioned with the tibia in neutral rotation, and the
sutures are tied over a button or bone bridge. The limit of this technique is that it can
only be used when the popliteus tendon is still continuous and there is no evidence
of injury at the musculotendinous junction in order to avoid failure caused by
stretching. If injury occurred at the musculotendinous junction, but the popliteus
tendon is strong, the preferred method is to tension the tendon by advancing it dis-
tally. This technique will remove the dynamic restraint because the tendon is fixed
to the tibia.

Nonanatomic LCL reconstructions include, as the popliteus techniques, advance-
ment and recession, biceps tendon augmentation, or substitution.

A recession may be performed by releasing the LCL from its femoral origin and
either advancing it into a bone tunnel or securing it to its origin using a ligament
washer. If a bone tunnel is used to reconstruct the popliteus tendon too, the LCL can
be advanced into the posterior aspect of the same bone tunnel.

The biceps tendon may be used to augment the LCL if it is not injured. For aug-
mentation of LCL with biceps tendon, the central two thirds of the biceps tendon is
harvested by dissecting it from the muscle. The peroneal nerve is carefully identi-
fied and protected.
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The strip of tendon is extended proximally and is left attached to the fibula dis-
tally. The isometric point on the femur is then located with suture and K-wire, and
the harvested biceps tendon is turned up and secured to the femur using a ligament
washer and screw.

Clancy [7] has used biceps tenodesis for reconstructing the posterolateral corner.
The biceps tendon is transferred to the lateral femoral epicondyle, whereas its distal
attachment to the fibula is left intact. The biceps tendon is freed from the lateral
head of the gastrocnemius and the peroneal nerve. It is then passed under the split
of the iliotibial band and attached with a ligament screw and washer to the lateral
femoral epicondyle. This transfer recreates an LCL and may also tighten the arcuate
complex. Because this reconstruction does not recreate the popliteus tendon or the
popliteofibular ligament, it only represents a partial reconstruction of the injured
structure.

Anatomic techniques, which attempt to restore the LCL, the PFL, and/or the
popliteus, are subclassified into fibula-based and tibia-fibula-based procedures.
Larson and coworkers proposed a fibula-based technique whereby a semitendinosus
autograft is passed through an anterior-posterior drill hole in the fibula head, and
both ends of the graft are then brought through a drilled socket in the lateral femoral
epicondyle and fixed using an interference screw [8]. This method aims to recon-
struct both the LCL and PFL. A modification of this technique, and our preferred
technique, includes passing the two ends of the semitendinosus graft through two
femoral sockets drilled at the attachment sites of the popliteus and LCL [9]. This
allows restoration of the anatomic insertion of the popliteus, in addition to restoring
the LCL and PFL.

Similarly, the goal of the tibia-fibula-based techniques is to restore all three ana-
tomic structures. Veltri and Warren [10] also recommended that all injured postero-
lateral structures be anatomically reconstructed. A lateral collateral ligament with a
chronic tear can usually be reconstructed with a section of biceps femoris tendon or,
alternatively, with autograft or allograft. For tears that involve the popliteus com-
plex, both the tibial and the fibular (popliteofibular ligament) attachments of the
popliteus tendon should be addressed. With isolated injury of either the tibial or the
fibular component of the popliteus complex, the surgeon can use a single graft fixed
within the lateral femoral condyle that extends distally through a tunnel in the tibia
or fibula, respectively. In cases where both the tibial and the fibular component of
the popliteus complex are torn, a single split Achilles tendon allograft or patellar
tendon autograft or allograft can be used [11].

Albright and Brown [12] described a posterolateral corner sling procedure for
the treatment of posterolateral rotatory instability. Their technique involved use of
an autograft, as a central slip of the iliotibial band, or an allograft to approximate
reconstruction of the popliteus tendon and improve stability. The graft (acting as a
sling) is passed through a tunnel in the proximal part of the tibia and is fixed just
proximal to the origin of the lateral collateral ligament on the femoral condyle.
Thirty patients had a combination of varus laxity and anterolateral or posterolateral
rotatory instability prior to surgery. After 4 years of follow-up, eight patients (27 %)
had an excellent result. Ten patients presented residual laxity, and six of these
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patients underwent additional stabilizing procedures that improved their outcome.
The sling procedure was successful in eliminating the reverse pivot shift, hyperex-
tension, and varus laxity in 26 of the 30 patients. This technique, however, does not
include reconstruction of the lateral collateral ligament or the popliteofibular liga-
ment [11].

Noyes and Barber-Westin [13] described a technique with the use of either a
bone patellar tendon-bone autograft or allograft to reconstruct a deficient LCL in
addition to reconstructing the popliteus arcuate complex with a semitendinosus and
gracilis graft. They first reconstructed the LCL and performed either plication or
advancement of the posterolateral structures, which were also sutured to the allograft
LCL, producing a dense collagenous plate of tissues around the posterolateral cor-
ner of the knee.

LaPrade et al. more recently described a technique (specifically described else-
where in this book), using two separate Achilles tendon-bone allografts through a
fibula head tunnel, a lateral tibial plateau tunnel, and two femoral tunnels into which
the bone blocks of the grafts are fixed [14].

While this new anatomic technique may be more appealing but more technically
demanding than the fibula-based techniques, the best method for reconstruction of
the LCL/PLC remains controversial from either a biomechanical or clinical view-
point and thus without a clear gold standard.

8.3  Surgical Approach

A posterolateral reconstruction is usually done through a lateral approach to the
knee. The author’s preferred position is with the patient supine on the operative
table with a lateral thigh post (Fig. 8.1). We believe that this position allows the best
access and movement of the knee in a combined or isolated PLC reconstruction.
The skin incision begins midway between the fibular head and Gerdy’s tubercle
(Fig. 8.2) and continues proximally to the lateral femoral epicondyle, paralleling the
posterior edge of the iliotibial band for a total length of 12—15 cm. The peroneal
nerve is identified proximally, posterior to the biceps tendon, and is dissected dis-
tally to the point at which it enters the anterior tibial muscular compartment
(Fig. 8.3). If there is a peroneal palsy and hematoma is present within the nerve, the
epineurium is released. Dissection is continued between the posterior edge of the
iliotibial band and the biceps tendon, and the iliotibial band is split longitudinally
allowing to retract posteriorly and anteriorly for further exposure. At this point, a
vertical capsular incision can be made at the posterior border of the LCL allowing
visualization of the lateral meniscus and popliteus tendon remnant, and all the PLC
structures are evaluated systematically. At this point, a guide pin is next placed from
anterior to posterior through the center of the fibular head at its area of maximum
diameter (Fig. 8.4). A tunnel is next created through the fibular head, usually
5-6 mm in diameter. Drilling is usually directed toward a fingertip placed between
the posterior aspect of the fibular head and the peroneal nerve. When the tunnel has
been created, one end of the semitendinosus graft is passed through the tunnel, cre-
ating free ends exiting both the anterior and posterior aspects of the fibular head.
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T

Fig. 8.1 Author’s preferred position for isolated or combined PLC/cruciate ligaments
reconstruction
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Fig. 8.2 Hockey’s stick incision passing midway between Gerdy’s tubercle and the peroneal head
(Note: this patient had already harvested the quadriceps tendon for a PCL reconstruction)
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Fig. 8.3 Cadaveric specimen dissection showing the relations existing between the anatomical
structures

Then an incision is made in the iliotibial band in line with its fibers directly over-
lying the lateral femoral epicondyle, which is exposed. The anatomical insertion of
the LCL and popliteus tendon is found (Fig. 8.5), and two anatomical tunnels usu-
ally 5-6 mm in diameter and approximately 20-25 mm in depth are created
(Fig. 8.6). The two tunnels are drilled angled slightly proximal and anterior in order
to avoid the intercondylar notch or any tunnels created for concomitant cruciate
ligament reconstruction (Figs. 8.7 and 8.8).

A clamp is passed from the epicondyle to the fibular head beneath the IT band.
The posterior band is grasped and pulled to the epicondyle, and similarly, the anterior
arm is passed taking care to overlap the posterior arm always beneath the IT band, in
order to recreate the same anatomical relation existing between the LCL and the
popliteus tendon (Fig. 8.9). At this point, the free ends of the grafts are pulled into the
femoral sockets by passing sutures that exit the medial aspect of the knee. Graft’s
fixation is performed first inserting a bioabsorbable screw within the fibular head, in
order to avoid any slippage of the graft when fixing the two bands. Then, two bioab-
sorbable screws at least 1 mm larger in diameter than the tunnel size drilled are used
to fix the two bands of the graft at their entry point into the femur. Alternatively, a
button tying the leading sutures on the medial aspect of the knee can be used. The
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Fig.8.4 Creation of the
transfibular tunnel after
dissection and protection of
the space behind the fibular
head

fixation of the two bands is performed with the knee flexed at 30° slightly internal
rotation for the popliteus and with a valgus stress applied for the LCL.

The knee is brought through a final range of motion to ensure full motion, and
stability is assessed. Any excess graft is excised, and suction drain is used only if
unexpected bleeding is found at the removal of the tourniquet. Wound is closed in
layers. Sterile dressings are applied, and the knee is placed into a long-leg brace in
full extension with, in case of concomitant PCL reconstruction, a bolster placed
beneath the tibia to prevent posterior sagging of the tibia on the femur caused by
gravity. According to the concomitant surgeries performed, partial weight bearing is
allowed any earlier than 3 weeks time, while usually full weight bearing is permit-
ted 6 weeks postoperatively.

8.4 Tipsand Tricks

* Always exclude any malalignment problem with a standing x-ray film and a
Rosenberg view x-ray.
* Approach the surgery with a clear understanding of the degree of the lesions.
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Fig. 8.5 Sometimes it is easy to find a remnant of the ligament that is used, placing the knee in a
figure four position, to track the ligament up to its femoral insertion

* Get your OR familiar with your surgery.

¢ Position the patient in order to have full access at the knee through the entire
range of motion.

¢ Be aware of the tourniquet time, and try to minimize the use whenever possible
ACL and PCL reconstruction is performed, be aware of the tourniquet time, and
try to minimize the use whenever possible.

¢ Do not be afraid of a large incision; the best view is the safest.

e Always identify the popliteal nerve, and protect it when drilling the fibular tunnel.

¢ Anatomical reconstruction needs accurate insertion exposure on the femoral
epicondyle.

* Be ready to use the C-arm when creating the femoral sockets to avoid intersec-
tion with the cruciate tunnel.

* Protect your grafts after the surgery with both an appropriate brace/support and
physiotherapy program.

8.5 Complications

Potential complications associated with the operative treatment of posterolateral
corner injuries include peroneal nerve injury during the operative approach or
reconstruction, wound problems such as infection and hematoma, hardware irrita-
tion, and knee stiffness [5].
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Fig. 8.6 Placement of the
guide wire pro-LCL tunnel.
Note the suture (S) wrapping
the LCL remnant to better
visualize its insertion

Fig. 8.7 A second tunnel is drilled to accommodate the popliteal tendon graft. The direction and
inclination of these tunnels should be chosen according to the presence of other concomitant
reconstructions
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Fig. 8.8 Cadaveric specimen view showing the relationship between the ACL single bundle ana-
tomic tunnel via AM low portal and the PLC reconstruction

Fig. 8.9 Cadaveric specimen
view of the PLC
reconstruction. Please note
that just for didactical
purpose, the graft is placed
above the fascia lata rather
than below

8.6 Summary

PLC injuries are more common than expected specifically in combination with PCL
tears, less frequently in association with ACL tears while isolated PLC lesion is
rare. There are varying degrees of PLC injuries with respect to pathologic external
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tibial rotation and varus instability. Surgical treatment must address all components
of the PLC (PFL, LCL, popliteus tendon) and other structural injuries. Successful
PCL (and ACL) surgery depends on recognition and treatment of posterolateral
corner injuries at the time of cruciate reconstructions. Despite our preferences for a
fibula-based reconstruction, we recognize that one single method of reconstruction
may not be suitable for all patients. Along with patient-specific factors such as the
weight or the physical activity, PLC injury patterns are extremely variable. Longterm
clinical studies are necessary to determine whether there is any clinical benefit of a
technique over the others.
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Evan W. James, Luke T. O'Brien, Robert F. LaPrade,
and Lars Engebretsen

9.1 Preoperative Planning

The diagnosis of chronic PLC injury to the knee can be difficult and is best made
using a combination of the history, physical exam, and imaging. Common mecha-
nisms of injury include a direct blow to the anteromedial tibia in the posterolateral
direction, an excessive external tibial rotation with the knee in flexion, a varus non-
contact injury, and a knee hyperextension [1-4]. Special physical exam techniques
are used to diagnose PLC injuries, including the external rotation recurvatum test,
posterolateral drawer, dial test at 30° and 90°, varus stress test at 30°, reverse pivot
shift test, and assessment for a varus thrust gait [5]. In addition, increased anterior
translation on the Lachman test or increased posterior translation on the posterior
drawer test may be indicative of a combined PLC injury with the respective cruciate
ligament tear. In two studies with 173 total patients with PLC injuries, isolated PLC
injuries represented just 28 % of cases, while combined PLC and cruciate ligament
injuries were reported in 72 % of cases [6, 7].
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Compared to minor PLC injuries, chronic complete (Grade III) PLC injuries may
require surgical repair or reconstruction [8]. Before surgery, patients should undergo
standing anteroposterior (AP) radiographs in full extension, lateral, sunrise, and tun-
nel views. Plain radiographs can help diagnose fractures, such as a fracture at the
fibular head or a Segond lateral capsular avulsion fracture. Bilateral varus stress
radiographs are essential to provide an objective measurement of lateral compart-
ment gapping, which assists the clinician with differentiation of isolated FCL from
complete PLC injury [5]. For an isolated FCL injury, LaPrade et al. [5] recorded a
mean increase of 2.7 mm in lateral compartment gapping, while a mean increase of
4.0 mm in lateral compartment gapping was recorded for a complete (Grade I1I) PLC
injury. In patients with chronic complete PLC injuries and concurrent genu varus,
malalignment must be assessed via long leg standing radiographs and corrected first
using a biplanar proximal tibial opening-wedge osteotomy. Patients should be reas-
sessed at 6 months post surgery for residual instability before considering a PLC
reconstruction [5, 9]. Arthur et al. [9] found that 38 % of patients with combined
chronic complete PLC injuries and genu varus that underwent a proximal tibial oste-
otomy and completed a rehabilitation program did not ultimately require a PLC
reconstruction. Finally, failure to correct an underlying genu varus alignment has
been associated with stretching, and subsequent failure, of PLC reconstructions [10].

In patients with multiligament injuries to the PLC of the knee, Stannard et al.
reported that PLC reconstructions yield significantly better outcomes than repairs
[11]. In 57 knees with a minimum follow-up of 24 months, 13 of 35 repairs (37 %)
resulted in failure, while 2 of 22 reconstructions (9 %) resulted in failure. Levy et al.
[12] came to the same conclusion after a mean follow-up of 34 months. A total of
28 knees were studied: 10 knees underwent repair while 18 knees underwent a FCL/
PLC reconstruction. Four of the 10 repairs (40 %) failed, while only 1 of the 18
reconstructions (6 %) failed (P=0.04). For this reason, we recommend surgical
reconstruction over repair for chronic complete PLC injury. Moreover, we recom-
mend an anatomic-based reconstruction over other nonanatomic reconstruction
techniques because it has strong support biomechanically and results in significantly
improved objective stability and clinical outcomes [13-19].

9.2  Surgical Technique

Anatomic-based reconstructions of the fibular collateral ligament (FCL), the poplit-
eus tendon, and the popliteofibular ligament are our preferred techniques because
they improve objective stability with varus loading and external rotation, while
mimicking native anatomy (Fig. 9.1) [13—15]. Once the patient is anesthetized, a
thorough examination under anesthesia is completed to assess the integrity of all
ligaments. The exam findings under anesthesia can be integrated with exam findings
from an earlier clinical evaluation and varus stress radiographs to render a clear
understanding of all ligamentous pathologies.

After the exam under anesthesia, the knee is positioned in a leg holder at 75-80°of
flexion. A standard hockey stick-shaped incision is made extending proximally
along the posterior to midportion of the iliotibial band and distally at the level of
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Popliteofibular

Ligament

Popliteofibular
Ligament

Fig.9.1 A cadaveric photo (a) and illustration (b) depicting normal anatomy of the posterolateral
corner of the knee. The popliteus tendon, popliteofibular ligament, and fibular collateral ligament
comprise the main static stabilizers of the posterolateral corner (Reprinted from the American
Journal of Sports Medicine [21])

Fig.9.2 Neurolysis of the
common peroneal nerve is
performed. The nerve is
retracted from the surgical
field as needed

Gerdy’s tubercle to develop a posteriorly based skin flap [14-16, 20]. Once the
superficial layer of the iliotibial band is visualized, a careful dissection is performed
posteriorly using blunt dissection to isolate the long head of the biceps femoris.
Next, a peroneal neurolysis is completed to facilitate access to the posterolateral
corner and to mitigate common peroneal nerve damage as a potential postoperative
complication from swelling (Fig. 9.2). The common peroneal nerve is located either
by palpating 2-3 cm distal to the long head of the biceps femoris or by dissecting



92 E.W. James et al.

through the fascial sheath of the peroneus longus muscle proximal to the lateral
aspect of the fibular head. The nerve is carefully dissected from its connective tissue
vestments for approximately 6-8 cm to allow for retraction of the nerve from the
surgical field as needed for the duration of the procedure.

After the common peroneal nerve is safely identified, blunt dissection is used to
enlarge the interval anterior to the lateral gastrocnemius tendon and posterior to the
soleus muscle. This facilitates access to the posteromedial aspect of the fibular sty-
loid and posterolateral tibial plateau [21]. Through this window, the musculotendi-
nous junction of the popliteus tendon and the popliteofibular ligament, which will
serve as a posterior reference point for reconstruction tunnels in the tibia and fibula,
respectively, is identified.

Next, the fibular attachment of the FCL is visualized by making a small (1.5-
2.0 cm long) horizontal incision 1 cm proximal to the lateral aspect of the fibular
head through the anterior arm of the long head of the biceps femoris [22]. This inci-
sion allows access to the biceps bursa where the distal attachment of the FCL can
readily be located. A traction stitch can be placed in the distal remnant of the FCL
at this time to aid in the identification of its proximal attachment. The attachments
of both the anterior aspect of the anterior arm of the long head of the biceps femoris
and the FCL are carefully removed from the fibular head. A small “saddle” should
be left where the FCL previously attached to the fibular head [14, 15, 21].

9.2.1 Fibular Reconstruction Tunnel

For the fibular reconstruction tunnel, a standard cannulated cruciate ligament aim-
ing device is positioned in the posteromedial direction, entering at the attachment of
the FCL on the lateral fibular head and exiting at the attachment of the popliteofibu-
lar ligament on the posteromedial fibular styloid (Fig. 9.3). Once proper alignment
is achieved, a guide pin is drilled while holding a retractor posteriorly to prevent
over-penetration. The position of the guide pin is assessed by palpation. Once cor-
rect positioning is confirmed, a 7-mm tunnel is reamed over the guide pin and the
entry and exit sites of the tunnel are beveled with a rasp. A passing suture is then
guided through the fibular tunnel to facilitate graft passage.

9.2.2 Tibial Reconstruction Tunnel

Next, Gerdy’s tubercle [20] is utilized as a landmark for positioning the tibial recon-
struction tunnel. All soft tissue is carefully removed distal and medial to Gerdy’s
tubercle to identify the flat spot where the anterior aspect of the tibial tunnel will be
placed. The posterior tunnel exit point is determined by palpating deep (anterior) to
the popliteus muscle at its musculotendinous junction to locate the posterior tibial
popliteal sulcus. This location can also be approximated by inserting a blunt obtura-
tor into the fibular reconstruction tunnel to identify a point approximately 1 cm
medial and 1 cm proximal to the obturator [14, 15, 21]. Utilizing these reference
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Fig. 9.3 An anatomic-based reconstruction of the posterolateral corner of the knee. Left, lateral
view, right knee. Right, posterior view, right knee. Reconstructed ligaments include the main static
stabilizers of the PLC: the fibular collateral ligament (FCL), popliteus tendon (PLT), and popliteo-
fibular ligament (PFL) (Reprinted from the American Journal of Sports Medicine [14])

points, a transtibial guide pin is drilled in the anteroposterior direction from the flat
spot distal and medial to Gerdy’s tubercle to the musculotendinous junction of the
popliteus muscle. A retractor is used to prevent over-penetration of the guide pin
into the posterior neurovascular bundle. The guide pin should exit posteriorly at
approximately 1 cm medial and 1 cm proximal to the obturator in the fibular recon-
struction tunnel. After verifying the correct positioning of the guide pin, a 9-mm
tunnel is reamed and the entry and exits of the tunnel are beveled with a rasp. Finally,
a passing suture is guided through the tunnel to aid in graft passage.

9.2.3 Femoral Reconstruction Tunnels
Two femoral tunnels are required for this reconstruction. For the proximal FCL

reconstruction tunnel, the proximal attachment of the FCL is located near the lateral
epicondyle of the femur by applying traction to the native FCL with the traction
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suture. Once the attachment is found, a number 15 knife blade is used to make a small
incision in the iliotibial band slightly anterior to this site. The remaining FCL is dis-
sected from its femoral attachment. A small indentation should be left behind at the
attachment site, which is used to mark the entry of the guide pin. This point is located
approximately 1.4 mm proximal and 3.1 mm posterior to the lateral epicondyle. [21].
A cruciate ligament aiming device is used to pass an eyelet-tipped guide pin begin-
ning at the femoral attachment of the FCL and traveling in the anteromedial direc-
tion. If the guide pin travels too medially, it could breach the intercondylar notch. If
the guide pin travels too posteromedially, it could injure the saphenous nerve.
Moreover, this orientation of the guide pin also helps to assure that the posterolateral
reconstruction tunnels will not converge with an ACL or PCL graft tunnel.

Next, the intra-articular attachment of the popliteus tendon is identified on the
femur by making a vertical incision in the lateral joint capsule. The location of the
incision is determined either by palpating along the anterior popliteal hiatus or by
measuring 2 cm anterior to the course of the fibular collateral ligament. If the pop-
liteus tendon has not been avulsed, it can be found at the anterior fifth and proximal
half of the popliteus sulcus [20, 21]. A cruciate ligament aiming device is used to
pass an eyelet-tipped guide pin beginning at the attachment of the popliteus tendon
in the anteromedial direction and parallel to the fibular collateral ligament guide
pin. At this stage, it is critical to measure the distance between these two guide pins
in order to accurately assess the restoration of native anatomy. The distance between
the guide pins should be 18.5 mm, which reproduces the average distance between
the center of the femoral attachments of the FCL and the popliteus tendon [14].
Finally, the guide pins are over-reamed to create two 9-mm-diameter by 25-mm-
long femoral reconstruction tunnels. Any residual soft tissue is dissected away from
the tunnel apertures, and passing sutures are deployed in the tunnels to facilitate
graft passage.

9.2.4 Graft Preparation and Intra-articular Pathology

After completing the four reconstruction tunnels, an allograft Achilles tendon is
split lengthwise. The total length of the graft should be >23 cm. The grafts are tubu-
larized using a no. 5 suture such that each graft passes freely through the tibial and
femoral reconstruction tunnels. Two 9-mm-diameter by 20-mm-long bone plugs are
prepared from a calcaneus allograft to fit the femoral tunnels. Passing sutures are
added to the bone and tendon grafts to help maneuver them into their respective
tunnels.

At this time, any meniscal, articular cartilage, or cruciate ligament pathologies
are addressed. If one or both of the cruciate ligaments require reconstruction, the
tunnels are reamed and the cruciate ligament grafts are anchored in their respective
femoral tunnels. The PCL graft will be fixed in its tibial tunnel prior to anchoring
the reconstructed fibular collateral ligament. The ACL graft will be fixed in its tibial
tunnel near the end of the procedure, due to a risk of creating a fixed external rotation
deformity [23].
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9.2.5 Graft Placement

After the intra-articular procedures are completed, bone plugs are inserted for the
two allografts into the femoral tunnels and drawn inside by pulling the passing
sutures and eyelet guide pins in the medial direction. The tendon and bone grafts are
secured with a 7-mm by 20-mm cannulated interference screw. Graft fixation is
tested by applying firm traction in the lateral direction.

Once both grafts are anchored securely in the femur, the popliteus tendon graft,
originating at the anterior fifth of the popliteus sulcus, is passed distally through the
popliteal hiatus where it will exit the knee anterior to the lateral head of the gastroc-
nemius. The anatomic course of the FCL is restored by passing the graft from its
femoral attachment under both the superficial layers of the iliotibial band and the
anterior aponeurosis of the long head of the biceps femoris. The FCL graft is then
passed through the fibular tunnel in the posteromedial direction. When appropriate,
the PCL graft is fixed in its tibial tunnel. The FCL graft is tensioned with the knee
held in 20° flexion and a neutral tibial rotation while applying a valgus force to
eliminate any potential lateral compartment gapping and secured in the fibular head
tunnel with a 7-mm cannulated interference screw. Before proceeding further, the
knee should be examined to ensure that all varus gapping has been eliminated by the
reconstructed FCL.

Finally, both the popliteus tendon and FCL grafts are passed through the tibial
tunnel in the posteroanterior direction. The remaining portion of the FCL graft,
coursing medial and proximal from the posteromedial fibula to the posterolateral
tibia, constitutes the reconstructed popliteofibular ligament [21]. Each graft must be
checked carefully to remove any residual slack. Both grafts are tensioned simultane-
ously with the knee in 60° of flexion and neutral tibial rotation, and the grafts are
fixed in the tibial tunnel using a 9-mm cannulated interference screw. When appro-
priate, the ACL graft is fixed in its tibial tunnel. The subcutaneous tissue is closed
with an absorbable suture and an absorbable subcuticular stitch. An immobilizing
brace should be used to prevent damage to the reconstruction as the patient awakens
from anesthesia.

9.3  Postoperative Rehabilitation

Rehabilitation following PLC reconstruction follows a staged phase approach in
which the first stage focuses on protecting the surgical repair and restorating normal
patellofemoral and tibiofemoral range of motion (ROM). In this acute phase,
patients mobilize non-weight bearing for the first 6 weeks, wear a knee immobilizer
for 6 weeks, and are limited to 0-90° of knee flexion for 2 weeks before progressing
to full ROM. Emphasis is placed on patellofemoral mobilization in an effort to
restore patellofemoral mobility and maintain the integrity of the suprapatellar pouch
and anterior interval, as well as quad activation that locks the joint in terminal exten-
sion. From weeks 7-10, the treatment emphasis remains on restoring normal ROM
while progressively increasing weight-bearing tolerance. Stationary bike is initiated
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Table 9.1 Postoperative restrictions

Patient remains in knee immobilizer in full knee extension at all times during the first 6 weeks
postoperatively other than when working on knee range of motion (ROM) or performing
quadriceps exercises

Patient with a concurrent PCL reconstruction wears the PCL Jack brace for 24 weeks, under the
same parameters as above. PCL Jack brace fitted as soon as patient is able to fit into brace and
tolerate its use postoperatively

Patient is to remain non-weight bearing for 6 weeks

Patient to avoid tibial external rotation and external rotation of the foot/ankle, especially in
sitting for the first 4 months postoperatively

Patient to avoid hamstring exercises until 4 months postoperatively

Range of motion limited 0-90 x 2 weeks and then progressed to full range of motion

Patients with concurrent PCL reconstruction to complete ROM exercises in the prone position
for 6 weeks

at this time. Once the patient is able to tolerate weight-bearing activity without
negatively affecting the joint, a periodized strength program can begin. The focus of
all strength programs should first be the development of a muscular endurance base
upon which gains in muscular strength and power can then be made. Special focus
should be placed on ensuring the correct training parameters (sets, repetitions, rest,
intensity) are utilized to ensure that the desired muscular characteristic is devel-
oped. Return to running and ultimately return to sport is based on the successful
completion of physical performance tests, patient reporting confidence in the knee,
satisfactory stress x-ray results, and clearance by the treating physician (Table 9.1).

9.4  Surgical Outcomes

Recent outcomes studies have demonstrated improved clinical outcomes and objec-
tive stability using the anatomic-based PLC reconstruction [15]. In an in vitro bio-
mechanical study, the 2-graft anatomic-based technique restored static varus loading
and external rotation torque in knees with complete PLC injuries [14]. More
recently, LaPrade et al. studied 64 Norwegian patients with chronic complete PLC
injury who received either an isolated or combined posterolateral knee reconstruc-
tion. Over an average follow-up of 4.3 years, patients had an average total Cincinnati
score of 65.7 points (range 20—100 points) and a significant improvement in IKDC
objective scores for varus opening at 20°, external rotation at 30°, reverse pivot
shift, and single leg hop [15]. These results validate the efficacy of this surgical
approach for treating chronic complete posterolateral corner injuries of the knee.

9.5 Complications

As with any surgical procedure, infection can be a serious complication during the
postoperative period. In addition, damage to the peroneal nerve can occur due to
swelling postoperatively. The tourniquet should be let down prior to closing the
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surgical incision in order to cauterize bleeding vessels, as formation of a hematoma
at the fibular neck has been reported to cause common peroneal nerve palsy [24].
Signs of peroneal nerve damage include numbness in the first foot web space,
numbness along the dorsum of the foot, and loss of plantar dorsiflexion, foot ever-
sion, and great toe extensions. These deficits classically manifest as a foot drop and
a steppage gait. Other signs of postsurgical complications include lack of full knee
extension, recurrent knee instability, knee catching or locking, signs of a deep vein
thrombosis such as calf tenderness, and increased knee effusion with activity.

Conclusions

Chronic PLC injuries of the knee are no longer the enigma they were 20 years
ago. Anatomic and biomechanical studies of the posterolateral corner of the knee
have allowed for the development of biomechanically validated reconstructions
that reproduce the native structure and function of the injured static stabilizers.
The technique outlined in this chapter has also been validated clinically to
improve clinical outcomes and objective stability. Additional follow-up studies
are needed to track the long-term effectiveness of this anatomic-based surgical
reconstruction with the goal of improving recovery times and maximizing resto-
ration of function.
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10.1 Limb Alignment and Tibial Slope

Normal anatomic lower limb alignment on the coronal plane is somewhat variable
but falls within 5° and 7° of valgus [1-7]. Similarly, a wide range of values of
medial and lateral tibial slope are reported in literature because different radio-
graphic techniques have been described [8—10]. In the normal knee, the medial pos-
terior tibial slope is usually 6-11° and the lateral one is 9-11° [10-16]. Meniscal or
cartilage loss and ligament attenuation lead to an increased deformity over time.
Individuals with a preexisting malalignment of the lower limb and a significant knee
ligamentous injury may not do well with an isolated ligamentous reconstruction. The
neuromuscular or proprioceptive control of the joint provided by the soft tissue struc-
tures may be lost when ligamentous disruption occurs, resulting in increased malalign-
ment and subjective instability [17]. In this scenario realignment surgery augments
ligamentous reconstruction and improves overall joint function and stability.
Alignment in the sagittal plane can indeed affect knee stability. Increased tibial
slope causes increased anterior tibial translation and the tendency of the femur to
slide posteriorly along the tibial slope [18, 19]. In cases of anterior cruciate ligament
(ACL) deficiency, anterior tibial translation can be magnified in the presence of an
increased slope. Posterior cruciate ligament (PCL)-deficient knees, on the other
hand, are stabilized by increasing tibial slope, reducing the posterior translation [20].
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10.1.1 Alignment and Instability

10.1.1.1 Triple Varus Knee
Noyes described the mechanism associating the tibiofemoral alignment with liga-
ment instability: this deformity was called the triple varus knee [21]. In the ACL-
deficient knee, preexisting varus malalignment can cause progressive medial
compartment degeneration or medial meniscus injury. This may lead to medial
compartment narrowing, and the weight-bearing axis may shift medially, resulting
in a primary varus. With progressive narrowing, posterolateral structures become
lax, leading to a double varus. If the malalignment becomes more chronic, the over-
load on the posterolateral structures may lead to hyperextension recurvatum defor-
mity, referred as triple varus [22-24]. In this scenario an ACL reconstruction alone
will decrease the anterior tibial translation, without correcting the varus deformity,
leading to continuous stress on the graft and potential increasing laxity.

Acute injury to the posterolateral complex in combination with preexisting varus
simulates a triple varus knee, and PCL injury can increase the hyperextension
deformity.

10.1.1.2 Pure Varus or Valgus Malalignment

Pure varus malalignment can develop after an isolated injury to the lateral collateral

ligament, developing a varus thrust causing pain and symptomatic instability [25].
On the contrary static valgus laxities due to medial side injuries have not been

reported. However, they can occur in limbs with preexisting valgus deformity and

medial side injury without treatment [26].

10.1.1.3 Unicompartmental Degeneration with Malalignment

In the presence of meniscal or cartilage injuries, a chronic ligamentous laxity may
lead to malalignment and unicompartmental overload and degeneration [27]. These
conditions are most commonly associated with chronic PCL or ACL deficiency. In
this scenario an osteotomy can be indicated to unload the involved compartment,
reduce pain, and improve the stability or thrust. In these cases, where additional
ligament surgery may be necessary, reconstruction can be performed in a concomi-
tant or staged manner [28].

10.2 Indication and Rationale for HTO
in Peripheral Instability

In has been demonstrated that high tibial osteotomy (HTO) can modify not only the
coronal but also the sagittal plane of the knee [29, 30]. Some authors [31, 32] dem-
onstrated that a lateral closing-wedge HTO causes a decrease in posterior tibial
slope with posterior translation of the tibia, resulting in stabilization of a knee with
anterior instability. On the contrary, a medial opening-wedge HTO increases the
posterior tibial slope causing an anterior translation of the tibia, resulting in a stabi-
lization of a knee with posterior instability [8, 20] (Fig. 10.1). In particular, Griffin
et al. [33] reported that, after an anterior opening-wedge HTO, the posterior tibial
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Fig. 10.1 Relationship between tibial slope and kind and site of osteotomy

slope increased from 8.8°+1.8° to 13.2°+2.1°, causing an anterior translation of
the tibia of 3.6+ 1.4 mm compared with the starting position. Furthermore, forces
on PCL decreased from 34+ 14 N to 19+ 15 N with the knee flexed at 30° and from
36+29 N to 22+ 11 N with the knee flexed at 90°.

For these reasons, HTO may be indicated in patients who have posterolateral laxity
and varus hyperextension thrust, ACL deficiency and varus thrust, or alignment and
combined ligamentous laxity with varus or posterolateral thrust. In these patients poor
results with the ligamentous reconstructive surgery alone have been reported, and soft
tissue surgery should not be performed until the alignment has been corrected [34].

In general, our approach is to perform HTO first since in most of the cases with
posterolateral or lateral instability, correcting the alignment will correct the instabil-
ity symptoms. Normally, after 6—8 months from the realignment surgery, we evalu-
ate the patient, and if there are still symptoms of instability, the ligamentous surgery
can be performed. On the contrary, in the case of combined ACL deficiency and
malalignment in a young patient, we would perform a concurrent ACL reconstruc-
tion and HTO [35].

10.3 Operative Techniques

Although different techniques are available to correct a varus alignment, the opening-
wedge HTO is preferred by the majority of the surgeons. Its advantages include
multiplanar correction, avoidance of the proximal tibiofibular joint and peroneal
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nerve, and possible intraoperative adjustment. Furthermore, if a collateral ligament
laxity is present, it can be improved by distraction from the opening wedge.

Disadvantages include the possible need for a bone graft and difficult correction of
severe deformity. However, in the unstable knee the correction required is often from
5° to 15°, so the opening-wedge HTO is acceptable. The lateral closing-wedge HTO
decreases the tibial slope, and it can be used to correct chronic anterior instabilities.
The static valgus laxities due to medial side injuries can occur in limbs with preexist-
ing valgus deformity and medial injuries without proper treatment, but they are much
rarer. To produce varus effect, either a closing-wedge medial HTO or a distal femoral
osteotomy (DFO) can be used. Because of the concern of joint obliquity, the closing-
wedge medial HTO is recommended by few authors [26], while most of the literature
recommends a DFO, but it is not able to correct the tibial slope [36]. For these reasons
and because this chapter is focused on HTO and peripheral instabilities only, the sur-
gical technique for a medial opening-wedge HTO will be explained.

10.3.1 Preoperative Planning

For a correct preoperative planning of an HTO, plain radiographs are mandatory.
Bilateral weight-bearing anteroposterior views in full extension, bilateral weight-
bearing posteroanterior tunnel views at 30° of flexion, and anteroposterior, lateral,
and skyline views are recommended to appreciate the lower limb alignment and the
amount of arthrosis. Furthermore a single-leg weight-bearing anteroposterior view
is also obtained to appreciate the severity of varus thrust [37].

Supine X-rays are important to eliminate the added varus due to deficiency of the
lateral and/or posterolateral structures and to evaluate the real amount of correction
to perform. Several stress radiographs have been described to evaluate translation of
the tibia compared to the contralateral side [38]. Magnetic resonance imaging can
be useful to assess the presence of cartilage damages or meniscal and ligamentous
injuries, and specific sequences are required to better visualize the posterolateral
corner [39]. We calculate the required correction using the method described by
Dugdale et al. [40]. HTO is planned so to place the weight-bearing axis falling at
62.5 % across the width of the tibial plateau from medial to lateral. If there is no
medial space narrowing, this line can also be positioned in the middle of the tibial
plateau. In the presence of PCL deficiency, HTO should be planned to increase the
posterior tibial slope in the sagittal plane reducing the posterior subluxation of the
tibia relatively to the femur. In this scenario, the wedge needs to be positioned
anteromedially. On the other hand, if a chronic ACL deficiency is associated with
the malalignment, the wedge needs to be as far posterior as possible [41] (Fig. 10.2).

10.3.2 Surgical Technique

All patients routinely receive intravenous antibiotics preoperatively; either general
or spinal anesthesia is used.
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Fig. 10.2 Demonstration of the relationship between wedge position and tibial slope. (a) Medial
placement of the wedge resulting in no alterations of the tibial slope. (b) Posteromedial placement
of the wedge resulting in decreased tibial slope, useful in ACL-deficient knees. (¢) Anteromedial
placement of the wedge resulting in increased tibial slope, useful in PCL-deficient knees (© 2011
American Academy of Orthopaedic Surgeons. Reprinted from Rossi et al. [42] with permission)

10.3.2.1 Opening-Wedge Medial HTO Stabilized with
a Plate and Screws

The patient is positioned supine, the lower limb is prepared and draped, and a tour-
niquet is positioned on the thigh. Arthroscopy should be performed in patients to
confirm the indication and evaluate the intra-articular status; after this step the tour-
niquet is inflated. An anteromedial vertical incision is performed midway between
the medial border of the tubercle and the posterior border of the tibia, just below the
pes anserinus and 1 cm below the joint line. The sartorial fascia is elevated to visual-
ize the hamstring and the superficial medial collateral ligament (MCL), and a blunt
retractor is placed posteriorly to protect both these structures and the neurovascular
ones. The patellar tendon is exposed and protected. Under fluoroscopic control, a
guide wire is positioned from medial to lateral, at the level of the superior aspect of
the tibial tubercle, anteromedially, arriving 1 cm below the joint line (Fig. 10.3a). A
cortical osteotomy is performed using and oscillating saw, inferiorly to the guide
wire to prevent superior migration and intra-articular fractures, and it is continued
with an osteotome under fluoroscopic control. Once the osteotomy is completed, the
medial opening is created using an apposite wedge placed to the planned depth
(Fig. 10.3b). A wedge placed anteriorly causes an increase of the tibial slope, while,
if the wedge is placed posteriorly, a slight decrease of the tibial slope is achieved
[41]. Anterior and posterior gaps are then measured in order to calculate the amount
of slope modification as described by Noyes et al. [30]: if the anteromedial gap is
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Fig. 10.3 (a) A guide wire is placed from the superior aspect of the tibial tubercle to about 1 cm
below the lateral joint line. (b) Cortical osteotomy is performed with an oscillating saw and con-
tinued with osteotomes just behind the guide wire. Once the osteotomy is completed, the medial
opening is created using a dedicated wedge placed to the planned depth

Fig. 10.4 The osteotomy is stabilized with the plate (Arthrex, Naples, Florida)

half of the posteromedial, the tibial slope will not change; otherwise for each 1 mm
of increase in the anterior gap, the posterior slope will increase by 2°. Furthermore,
if the anterior gap is greater than 1 cm, a tibial tubercle osteotomy is recommended
in order to avoid patella infera. The lower limb alignment is checked under fluoro-
scopic control, and the gap is filled with either autograft, allograft, or synthetic
bone. Finally, the osteotomy is stabilized using a contour lock or 4-hole plate
(Arthrex, Naples, FL, USA) with 6.5 mm cancellous screws proximally and 4.5 mm
cortical screws distally (Fig. 10.4). The final result is checked under fluoroscopic
control, the tourniquet is deflated, and the wound is closed in a standard fashion.
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With small corrections, a 4-hole plate will be satisfactory, but for large corrections
and biplanar correction, the contour lock plate is preferred.

10.3.2.2 Opening-Wedge Medial HTO with the iBalance System
Although good long-term results are reported with opening-wedge HTO, it remains
a challenging procedure with some intraoperative risks like neurovascular injury,
fracture of the lateral cortical hinge or fracture into the lateral tibial plateau and resul-
tant osteotomy instability, loss of correction, and delayed/nonunion of the osteotomy.
To make the medial opening-wedge HTO a more reproducible procedure with less
risk of complications, the iBalance™ HTO system (Arthrex, Naples, FL) was devel-
oped. It includes an instrumentation with a neurovascular blunt retractor, a patellar
retractor, an alignment handle, and a new cutting guide. With this system the surgeon
is able to reduce the risk of fracture by hinging on a predrilled hole to allow dissipa-
tion of forces laterally; besides the alignment handle allows to easily check the cor-
rection both on the sagittal and coronal plane. The novel implant is made of
polyetheretherketone (PEEK), a new radiolucent and bio-inert material which is
already used in different orthopedic implants [43]. In literature this system has been
described to be safe and with some advantages like the protection of the neurovascu-
lar bundle, a low profile nature of the implant reducing soft tissue irritation, and the
ability to maintain the alignment in both the coronal and sagittal planes [44].

The approach is the same we described in the above section. After the detach-
ment of the medial collateral ligament and the exposition of the patellar tendon, the
alignment handle with the keyhole guide is positioned with the patellar retractor,
and the alignment is checked with the C-arm on both the sagittal and coronal plane.
The biplanar alignment bars should be positioned on the joint line on the anteropos-
terior view, and the two bars should appear as a single one on the lateral view. Once
the correct alignment in both planes is obtained, the keyhole guide is fixed with pins
and the alignment handle is removed. At this point a keyhole reamer is used to drill
two holes to allow dissipation of forces laterally and to accommodate the plate.
Now the cutting guide and the neurovascular blunt retractor are assembled to the
system. The cut is performed and the system is removed; now the opening jack
paddles are inserted into the osteotomy, and the correction is obtained slowly open-
ing the jack by turning the turn key handle. Once the correction is obtained, the
iBalance™ PEEK implant can be positioned; the gap is filled with autologous bone
graft from the drilled holes and bone substitute can be used. The PEEK plate is fixed
with two cancellous anchors (screws) proximally and two cortical anchors distally.
Figure 10.5 shows few steps of this technique.

10.3.2.3 Opening Medial HTO Stabilized with External Fixator

We normally use a circular external fixator (Taylor Spatial Frame™, Smith and
Nephew) with gradual correction only if the deformity is large, usually greater
than 17.5°. In these cases, the fixator is assembled preoperatively using three rings
4 cm larger than the diameter of the leg. Preoperatively the correction is calcu-
lated in each plane and if any length needs to be adjusted, but then this is con-
firmed after application of the fixator postoperatively. The first ring is positioned
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Fig. 10.5 iBalance technique. (a) The keyhole reamer drilling the two holes. (b) The cutting
guide. (c¢) The opening jack paddles are inserted into the osteotomy; to open the osteotomy turn the
key handle until the planned correction angle is noted on the correction guide. (d) The iBalance
PEEK plate is positioned and stabilized with two cancellous anchors proximally and two cortical
anchors distally

at the level of the fibular head and the second below the tibial tubercle, and they
are joined by the six correction rods. The third ring is preset approximately 5 cm
distal to the second one using four tethered rods. The proximal ring is placed par-
allel to the tibial articular surface in both the coronal and sagittal planes. The two
distal rings are aligned to the tibial shaft, and the deformity to be corrected is
between the first and second ring. The apparatus is then sterilized, the lower limb
is prepared, and the tourniquet is inflated. A 3-cm incision is made 10 cm below
the fibular head posterolaterally, the plane between soleus and peronei is devel-
oped, and an oblique fibular osteotomy is performed. The external fixator is then
applied to the leg. The first ring is secured using two wires and one half-pin across
the tibia, and the second ring is then secured with one wire and one half-pin across
the tibia (to avoid the peroneal branches, the pins should be placed more laterally
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Fig. 10.6 Radiographic
picture showing an external
fixator used for an osteotomy

than medially). The third ring is stabilized with two wires passing across the tibia.
At this point a 1.5-cm incision is performed anteriorly just distal to the tibial
tubercle, the periosteum is elevated, and a tibial osteotomy is performed
(Fig. 10.6). Some correction can be performed during the surgery to ensure the
osteotomy will correct, and then it can be gradually done beginning 7-10 days
postoperatively (callotasis).

10.3.3 Postoperative Protocol

If a plate is used to stabilize the osteotomy, the patient will be toe-touch weight
bearing for 6 weeks. In this period the knee will be protected into an articulated
brace locked in extension during ambulation. After 6 weeks X-rays are per-
formed, and if there are no problems, the patient is encouraged to increase weight
bearing and discontinue the crutches and the brace progressively until
10-12 weeks, when another X-ray is recommended to ensure healing. If a circu-
lar external fixator is used, the patient is allowed partial weight bearing immedi-
ately without any brace.
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10.4 Outcomes

In literature good results are reported regarding HTO alone or combined with ligamen-
tous reconstructions. In cases of lower limb malalignment, in both the coronal and
sagittal planes, an opening-wedge HTO can restore the alignment and resolve symp-
tomatic posterior instability. Some authors reported good results using either a closing-
wedge or an opening-wedge HTO in a varus ACL-deficient knee; furthermore, HTO
associated with ACL reconstruction showed good results in young and active patients
[8, 19, 23, 31, 45, 46]. Noyes et al. [23] reported the results in 23 double varus and in
18 triple varus knees, all associated with ACL deficiency. In all the patients they per-
formed a lateral closing-wedge HTO with good results in almost 83 % of the patients.
Dejour et al. [47] reported on 50 ACL-deficient knees with acquired varus deformity in
which they performed an HTO with ACL reconstruction and extra-articular procedures
if necessary. At a mean follow-up of 43 months, they reported 91 % of satisfactory
results. Fowler et al. [45] reported on 7 ACL-deficient knees with varus alignment or
thrust and medial osteoarthritis in which they performed an isolated HTO with signifi-
cant improvement of stability and alignment in all the cases. Boss et al. [48] performed
24 lateral closing-wedge and 3 medial opening-wedge HTOs in 27 patients with an
ACL reconstruction, and they reported 75 % of good results.

There are a few papers reporting on the results of medial opening-wedge osteoto-
mies in patients with posterolateral instabilities. Naudie et al. [28] reported on 17
symptomatic posterolateral-deficient knees with hyperextension or varus thrust, in
which a medial opening-wedge HTO with correction on the tibial slope was per-
formed. Their results were satisfactory in 16/17 patients, with one case of delayed
union and one of displaced tibial tubercle osteotomy. Arthur et al. [49] performed 8
isolated medial opening-wedge HTOs and 13 combined with delayed ligamentous
reconstruction in 21 patients with posterolateral corner deficiency and genu varum.
They concluded that poorer results can be obtained when a delayed ligamentous
surgery is needed.

Possible complications from this surgery are related not only to the osteotomy
but, in the majority of the cases, to an undercorrection on both coronal and sagittal
planes. According to Noyes et al. [23], we suggest that in the presence of narrowing
of the medial compartment, the mechanical axis should be placed laterally to the
center of the knee, avoiding early recurrence of the deformity on the coronal plane.
For the sagittal plane, the most common complication is to have too much opening
anteriorly, resulting in lack of extension and patella baja. Disadvantages in using an
opening-wedge HTO are an unstable construct, implant failure, delayed union, and
nonunions. On the other hand, potential disadvantages using an external fixator are
discomfort for the patient and pin tract infection, and because the external fixator is
not rigid, a loss of correction may occur. For these reasons we prefer to perform an
HTO reserving the external fixation only if a correction more than 17.5° is needed.

Although the experience of using osteotomy in the presence of knee instability is
limited, the results are encouraging in the chronic unstable knee. Longer follow-up
studies are necessary before definitive recommendations can be made regarding the
long-term outcome and function of these procedures.
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11.1 Introduction

Anterior cruciate ligament (ACL) reconstruction has become one of the more com-
mon procedures performed by orthopedic surgeons over the past 20 years. Successful
long-term results are achieved in 75-95 % of these patients, but 8 % have unsatisfac-
tory results due to recurrent instability and graft failure [1-3]. To prevent failure of
ACL reconstruction, surgeons should understand ACL anatomy and surgical tech-
nique of anatomic ACL reconstruction. Also surgeons should understand that suc-
cessful ACL reconstruction does not depend only on surgery itself but also on other
factors, such as combined other soft tissue injuries, postoperative rehabilitation/
training for returning to sports, and risk factors of reinjury and failure of graft incor-
poration. It has been reported that only 30—40 % of patients were rated as normal in
International Knee Documentation Committee scores after single-bundle recon-
struction and more than 60 % of patients may not make a full recovery to pre-injury
levels [4]. In addition, it has been suggested that the single-bundle reconstruction
did not fully restore normal knee kinematics by biomechanical studies [5, 6].
Anatomic studies have shown that native ACL is composed of two functional bun-
dles, anteromedial (AM) and posterolateral (PL) bundles [7-9]. Therefore, there has
been an increased interest in double-bundle ACL reconstruction, which replicates
the two functional bundles, to more closely restore normal knee stability and kine-
matics [10—14]. In this chapter, we discussed about ACL instability and its treatment
in the eastern experience. It has been reported that significant anterior subluxation of
the tibia relative to femur at knee full extension was found in chronic ACL deficient-
knees compared with the ACL intact-subjects [15, 16]. Moreover, chronic ACL defi-
ciency causes anterior tibial subluxation, and anterior tibial subluxation was
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correlated positively with the duration of ACL deficiency and the extent of anterior
instability [17]. To prevent failure of ACL reconstruction, biological integration of
the grafted tendon is a crucial prerequisite for successful ACL reconstruction [18].
Theoretically, preservation of the biological and mechanical properties of the ACL
remnant tissue may be able to restore proprioceptive function of the graft after ACL
reconstruction [19]. ACL remnant has been demonstrated in experimental studies to
have a role in improving revascularization, ligamentization, and reinnervation of the
graft. Histological studies showed that the human ACL remnants contain a cellular
capacity for healing potential [20-23]. In this chapter, we discuss about ACL insta-
bility and its treatment in the eastern experience in the following topics: anterior
tibial subluxation in ACL-deficient knee, extra-articular reconstruction in ACL-
deficient knee, remnant preservation surgery, and augmentation reconstruction.

11.2 Anterior Tibial Subluxation Before
and After ACL Reconstruction

ACL-deficient knees had not only anterior instability but also anterior tibial sub-
luxation to femur at full knee extension compared with ACL-intact knees [15, 16,
24]. Mishima et al. reported that anterior tibial subluxation in ACL-deficient
knees was correlated positively with the time from initial injury and anterior insta-
bility (side-to-side difference) measured by KT-1000 [17]. It has been indicated
that in the time since injury, ACL deficiency induced pathologic changes of other
soft tissues over time and led to anterior tibial subluxation. In the anterior
instability, patients with significant instability had low resistance to anterior tibial
translation, and it induced secondary changes such as shortening of the posterior
cruciate ligament (PCL) and/or posterior capsule, which led to anterior tibial
subluxation.

Moreover, Fukuta et al. reported anterior tibial subluxation was significantly
larger in patients with a history of reinjury, injury to the medial and lateral menis-
cus, and the presence of gross pivot shift [25].

On the other hand, it has been reported that even in patients with clinically suc-
cessful ACL reconstruction, anterior tibial subluxation could not be restored with a
posteriorly directed force on the tibia and there was residual fixed anterior tibial
subluxation after ACL reconstruction [15, 16, 26]. It was suggested that the violated
synovial sheath of the intact PCL may cause a scarring response and a subsequent
contracture of PCL, which could explain the fixed anterior subluxation after ACL
reconstruction. A similar phenomenon, characterized by morphological changes in
ACL [27] and an irreducible posterior subluxation [28], has been reported in knees
with an intact ACL and a chronically deficient PCL.

Furthermore, Almekinders et al. also reported that osteoarthritic changes follow-
ing untreated ACL-deficient knees were associated with uncorrectable anterior tib-
ial subluxation along with a decrease in instability. The irreducible tibial anterior
subluxation could explain why osteoarthritic changes still may develop in stable,
reconstructed knees in spite of the improved stability [26].
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In our study, ACL-deficient knees with more than 6 months after initial injury
had significantly larger anterior tibial subluxation, and it was difficult to reduce
anterior tibial subluxation after ACL reconstruction in chronic ACL-deficient knees
with large tibial subluxation.

11.3 The Combined Intra- and Extra-articular
Reconstruction in the Eastern Experience

Yamaguchi et al. [29] reported the combined intra- and extra-articular ACL recon-
struction with iliotibial tract (45 patients). Surgical procedure consisted of intra- and
extra-articular reconstruction with ITT. A 25-cm longitudinal incision that dissected
the subcutaneous tissue was made on the lateral aspect of the thigh. A 22-cm strip
of the ITT graft was harvested, leaving the tibial insertion (Gerdy’s tubercle)
attached. A femoral tunnel was drilled in an outside-in fashion. The intra-articular
outlet was the superomedial corner of the lateral femoral condyle, just anterior to
the joint capsule. A separate medial parapatellar incision was made. A tibial tunnel
was drilled under direct vision from medial to tibial tuberosity to the anterior half of
the ACL stump. The graft was passed deep to the fibular collateral ligament and
through the femoral and tibial tunnels. With the knee at 90° of flexion and the foot
externally rotated, the graft was pulled taut and sutured to the fibular collateral liga-
ment and the periosteum of lateral femoral condyle. Then, with the knee at 30°
flexion and the foot kept externally rotated, the graft was sutured to the periosteum
around the outlet of the tibial tunnel. They also reported the clinical results of
24-year follow-up and that 17 (71 %) patients had moderate or severe degenerative
changes on radiographs although about 50 % of the patients participated in regular
sports activities and no patient required regular clinical intervention [29]. In this
clinical study, it has been still unknown that the combined intra- and extra-articular
ACL reconstruction could restore normal knee kinematics or not (Fig. 11.1).

11.4 Remnant Preservation Surgery
in the Eastern Experience

Remnant preserved anterior cruciate ligament (ACL) reconstruction, which is
designed to preserve the ACL remnant, has become increasingly popular over the
last decade [19, 30-36]. Since Schultz et al. reported the first detailed description of
mechanoreceptors in the ACL [37], the ACL remnant has been recognized in terms
of its proprioceptive functions and its vascularity, which may induce more rapid
vascularization from the ACL remnant to the grafts [27, 38, 39]. Theoretically, there
is a strong possibility that preservation of the ACL remnant tissue may be able to
restore proprioceptive function of the graft after ACL reconstruction. Preservation
of the ACL remnant tissue may also enhance the revascularization and cellular pro-
liferation of the graft after ACL reconstruction since the ACL remnant tissue has
good subsynovial and intrafascicular vascularity [40]. Based on these concepts,
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Fig.11.1 The combined intra- and extra-articular ACL reconstruction reported by Yamaguchi et
al. Lateral (a), posterior (b), and intercondylar (c¢) views of their ACL reconstruction technique.
Combined intra- and extra-articular reconstruction with iliotibial tract was performed. (—): The
ACL graft.

several investigators have developed single-bundle ACL reconstruction techniques
with preservation of the ACL remnant tissue [31, 32, 34, 35]. Recently, Ahn et al.
introduced a remnant preserving technique for double-bundle ACL reconstruction,
in which two femoral tunnels and one tibial tunnel are created [33]. Subsequently,
Ochi et al. described a double-bundle ACL reconstruction with remnant preserving
technique using a hamstring autograft [30]. They utilize the far anteromedial portal
to create the femoral tunnels and the central anteromedial portal to make a longitu-
dinal slit in the ACL remnant to allow visualization of the tips of the guide pins
during anatomic creation of the tibial tunnels within the native ACL tibial footprint.
Yasuda et al. reported the clinical outcomes of the anatomic double-bundle ACL
reconstruction with ligament remnant tissue preservation by the use of the transtib-
ial technique [19]. They concluded that the results of this technique were compa-
rable to their previously reported results of anatomic double-bundle reconstruction
without remnant tissue preservation. The most important factor of this technique is
the evaluation of ACL remnant tissue. To accurately evaluate the morphology of the
remnants, arthroscopic examination should be performed at various knee flexion
angles to consider the different tension patterns of the two bundles (anteromedial
bundle (AMB) and posterolateral bundle (PLB)). The status of the PLB femoral
insertion can be evaluated with the knee in a figure-of-4 position for good visualiza-
tion of the femoral attachment. Most of the ACL remnants do not play a role for
biomechanical function. In addition, no long-term studies have shown clinical evi-
dence regarding the utility of ACL remnant tissue preservation, and this technique
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demands a high level of surgical skills. Anatomic placement of femoral and tibial
tunnels should be the basis of ACL reconstruction in order to obtain optimal clinical
and biomechanical results.

11.5 Augmentation Reconstruction in the
Eastern Experience

On the other hand, some of the ACL remnants are identified as an isolated AMB or
PLB tear. To identify these types of rupture pattern, careful arthroscopic inspection
is the key. First, the locations of the femoral and tibial attachment are evaluated
carefully. Second, the directions of the remaining fibers are assessed. Both of these
procedures are performed at 90° of knee flexion. If the AMB is intact, the remnant
bundle, which connects the AMB insertion site between the femur and the tibia, is
tightened with probing at this angle. The remnant bundles are also subsequently
evaluated in a figure-of-4 position. When the PLB is intact, the tightened remnant
bundle is observed. Nakamae et al. evaluated the biomechanical function of ACL
remnants in anterior-posterior and rotational knee stability in patients with a com-
plete ACL injury [41]. They classified the ACL remnants into five morphological
patterns by arthroscopic inspection. In these five groups, they demonstrated that
patients with partial AMB or PLB rupture had a significantly lesser amount of
anterior-posterior translation by KT-2000 measurement. Our previous report by
Araki et al. also evaluated the partial rupture of AMB or PLB using the electromag-
netic measurement system (EMS) [42]. The quantitative assessments of knees with
partial ACL ruptures during the Lachman and the pivot shift tests using the EMS
showed less laxity than knees with complete ACL tears, whereas their laxity was
greater than the contralateral knees with intact ACLs. Therefore, ACL remnants that
can be confirmed by careful inspection as almost completely preserving the AMB
or PLB should be considered as partial ACL tears. It is suggested that these ACL
remnants contribute to the knee joint stability seen in our study. Based on these find-
ings, ACL augmentation technique, which reproduces selective AMB or PLB
reconstruction, has been performed and resulted in the good clinical score. Ochi
et al. examined the 2-year follow-up clinical results of 45 patients who had under-
gone ACL augmentation procedure using an autogenous semitendinosus tendon
[43]. When the ACL remnant was regarded as a PLB, only the AMB was recon-
structed. In contrast, when the ACL remnant was regarded as an AMB, only the
PLB was reconstructed. This procedure showed improved postoperative joint stabil-
ity, joint position sense, and Lysholm scores. They concluded that this procedure
can be a treatment option for patients whose ACL remnants are left in certain condi-
tions. A recent study by Ohsawa et al. also evaluated the clinical results and mor-
phology of the preserved bundle remnants by second-look arthroscopy
postoperatively 1 year after selective AMB or PLB ACL reconstruction [44]. They
reported that the preserved ACL remnants possessed acceptable morphology and
the functions of anterior-posterior and rotational stability after surgery. To success-
fully perform this technique, it is important to first identify the partial ACL tear,
which is almost completely preserved as the AMB or PLB. The augmentation
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reconstruction technique can be performed less invasively by preservation of these
bundles. In addition, the biomechanical function and biological healings are
enhanced by preservation of these residual bundles. Therefore, although this tech-
nique is also technically demanding, this procedure can be a treatment option for
patients whose ACL remnants are left in certain conditions.

11.6 Summary

We reviewed ACL instability and its treatment in the eastern experience. Chronic
ACL-deficient knees had significantly larger anterior tibial subluxation, and it was
difficult to reduce anterior tibial subluxation after ACL reconstruction in chronic
ACL-deficient knees and large tibial subluxation cases. Regarding the combined
intra- and extra-articular reconstruction, it is still unknown whether these surgical
procedures could restore normal knee kinematics or not in the literature, and we
could not find any advantages so far. From the previous clinical studies in Japan,
anatomic reconstruction is crucial to restore normal knee kinematics. In addition,
the biomechanical function and biological healings are enhanced by preservation of
ACL remnant. Therefore, we believe that although this procedure is technically
demanding, anatomic double-bundle ACL reconstruction with ACL remnant pres-
ervation has been a better treatment option to restore normal knee kinematics.
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12.1 Introduction

In this chapter, we will analyze our experience concerning ACL lesion with an asso-
ciated peripheral instability, as peripheral structures are getting more and more atten-
tion studying primary ACL reconstruction failure causes. We know that the combined
damage of the ACL and the posterolateral structures of the knee has been associated
to chronic anterior cruciate ligament laxity, in particular rotational laxity associated
with a severe pivot shift test (PST) [1, 2]. The Segond fracture that results from avul-
sion of the iliotibial band (ITB) or the “anterior oblique band” of the lateral collateral
ligament (LCL) is often encountered along with ACL tears and considered possible
evidence of damage of these structures [3]. It is common to find also “bone bruising”
upon observing magnetic resonance images as a result of the lateral tibial sublux-
ation due to gross instability after ACL and lateral structure damage [4, 5]. As Dodds
and Amis have recently published, these posterolateral structures may not have been
yet directly identified, but probably act as secondary restraints to the PST, supple-
menting the primary restraint role of the ACL in anteroposterior laxity, with empha-
sis on rotatory laxity and internal rotation [6]. The persistence of this rotatory laxity
has been reported even after cases of uneventful ACL reconstruction, suggesting that
a single-bundle intra-articular reconstruction could not be sufficient to completely
restore rotational knee stability in certain patients [7]. These are some of the con-
cerns that led professor Marcacci to the development of his single-bundle over-the-
top ACL reconstruction plus lateral plasty that we adopted in our institute since 1993.
This technique makes allowance for three considerations: the previously mentioned
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evidence of the additional structures being damaged in ACL tears favors that there
are additional structures required to be addressed in ACL reconstruction, the fact
that posterolateral structures are crucial in controlling internal tibial rotation, and that
the lateral extra-articular plasty is far from the center of the knee rotation and pro-
vides a greater lever arm for controlling PST and internal rotation than the intra-
articular reconstruction [8]. The rationale behind extra-articular plasty is therefore to
create a restraint in internal tibial rotation. Authors who favor the supplementary
extra-articular plasty to standard ACL reconstruction report the reduction of the PST
and lateral tibial translation [9]; however, the introduction of evidence-based inclu-
sion criteria for any similar technique as a primary or a revision option is difficult and
remains sporadical and empirically based [10].

12.2 ACL Reconstruction + Lateral Plasty: Surgical Technique
12.2.1 Arthroscopic Setting

The patient is positioned supine on the operating table, with a pneumatic tourniquet
as high as possible around the proximal part of the thigh. A support is placed later-
ally at the upper level of the knee to stress the joint during arthroscopic evaluation.
Usually a medial suprapatellar portal is used for the water inflow, as well as an
anterolateral viewing portal and an anteromedial working portal. Meniscectomies
or chondroplasty is performed where necessary. When ACL lesion is confirmed, the
tibial insertion area and the intercondylar notch are prepared. The tibial insertion is
preserved, while the notch is cleared from soft tissues without making a real
“notchplasty.”

12.2.2 Graft Harvesting

The patient’s leg is positioned in a figure 4 position; the pes anserinus is located by
following the hamstring tendons distally to their attachment on the anteromedial
tibia. A 3 cm transverse incision is made over the pes anserinus (2 cm distal and
1 cm medial to the tibial tubercle). Subcutaneous tissue is then dissected, and the
fascia is incised parallel to the orientation of the pes tendons (Fig. 12.1). The sarto-
rius tendon is retracted superiorly, and the gracilis and semitendinosus tendons are
bluntly dissected from the surrounding soft tissue. Both tendons are harvested using
a blunt tendon stripper (Acufex, Microsurgical, Mansfield, MA) while maintaining
firm tension on the tendon distally and with the knee in more than 90° flexion to
facilitate the detachment of the tendon. In order to obtain the maximum length pos-
sible of the graft, which is usually about 20 cm long, extra care should be taken. The
harvested tendons are then sutured together using three nonabsorbable Flexidene
no. 2 stitches (Laboratory Bruneau, Boulogne Billancourt, France), and the sutures
are tightened, with emphasis at the free proximal tendon ends. The tibial insertion
of both tendons is preserved to maintain their neurovascular supply.
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Fig. 12.1 Incision of the
fascia parallel to the
orientation of the pes
anserinus tendons

12.2.3 Tibial Tunnel

Under arthroscopic visualization, a guide pin is inserted on the medial aspect of the
tibia through the graft harvesting incision, directed to the medial posterior part of
the ACL tibial insertion. The guide pin is usually reamed with a diameter of 8-9 mm.
Then, a looped wire passer is inserted from the tibial tunnel into the notch and is
brought out from the anteromedial portal with a forceps.

12.2.4 Over-the-Top Position

The knee is then positioned at 90° flexion with the foot externally rotated, and a
longitudinal incision 3—5 cm long is made directly above the lateral femoral epicon-
dyle. The posterior third of the iliotibial band is divided and is retracted anteriorly.
In order to reach the lateral intermuscular septum, which separates the vastus latera-
lis muscle (above) from the lateral head of the gastrocnemius muscle (below), we
dissect the lateral aspect of the thigh. When the lateral intermuscular septum has
been clearly identified, it is possible to reach the posterior aspect of the joint capsule
by passing over this structure. If this is not possible, the septum can be divided. By
palpating the posterior tubercle of the lateral femoral condyle with a finger, it is pos-
sible to determine the correct placement of the “over-the-top” position and to pro-
tect the posterior structures during the next step. A curved Kelly clamp is inserted
into the anteromedial portal directed to the notch, and its tip is placed as far proxi-
mally possible against the posterior part of the capsule. After palpating the tip of the
clamp from the lateral side of the femur just posterior to the intermuscular septum,
it is pushed through the thin posterior layer of the knee capsule, reaching the poste-
rior space previously prepared. A suture loop is then placed into the tip of the clamp,
pulled anteriorly through the anteromedial portal, and placed into the wire loop
previously inserted in the portal. Pulling the wire from the tibial side brings the
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Fig.12.2 The suture loop is
pulled from the femoral
incision to pass the graft
through the knee joint

suture loop at the bottom of the tibial tunnel and out from the tibial incision. At the
end of this step, the suture crosses the tibial tunnel and the knee joint exiting from
the lateral incision (Fig. 12.2).

12.2.5 Graft Placement and Fixation

The free end of the graft is then tied to the passing suture, which is pulled through
the knee joint retrieving the graft from the lateral incision using a small osteotome
(Fig. 12.3). A groove is made in the lateral aspect of the femur just proximally to the
start of the lateral condyle, allowing the anteriorization of the grafts and the achieve-
ment of a more isometric position. Once the graft is placed in the correct position,
it is tensioned and the knee cycled through a full range of motion to check its stabil-
ity. Then, the graft can be secured to the lateral femoral cortex into the groove with
two metal staples (Fig. 12.4), while maintaining the knee at about 90° of flexion and
the foot externally rotated. It is possible to check if the graft is long enough to per-
form lateral plasty, by putting it under tension directed to the anterolateral aspect of
the tibia. If the graft is of the required length, a 1-2 cm skin and fascia incision is
performed just below the GT (Fig. 12.5). Then, a small Kelly clamp is passed under
the fascia from this incision to the lateral femoral condyle, where the sutures at the
end of the graft are placed in the tip of the clamp and pulled down, emerging from
the GT incision. After graft tensioning and after checking the isometry of the lateral
tenodesis, another metallic staple is then used to fix the graft below GT to the lateral
aspect of the tibia. An intra-articular drain is inserted through the superomedial
portal, and another drain is inserted in the medial and lateral wounds. The iliotibial
tract defect is closed, taking care to prevent lateral tilt and patellar compression,
while the medial fascia over the pes anserinus is not closed



12 Combined ACL and Peripheral Instability: The Western Experience 125

Fig. 12.3 After the graft
exits from the lateral incision,
its length is checked before
proceeding with the lateral
plasty

Fig. 12.4 The graft is fixed
to the lateral femoral cortex
with two staples, maintaining
the knee at about 90° of
flexion and the foot externally
rotated

Fig. 12.5 After checking the
correct length of the graft, a
1-2 cm incision is made just
below the Gerdy tubercle to
perform the lateral plasty
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12.3 Pearls and Pitfalls

The main feature for the success of this technique is the adequate length of the graft;
therefore, all events that could cause a short graft harvesting or graft rupture should
be carefully avoided. A meticulous dissection of both gracilis and semitendinosus
tendons from their fascial attachments is mandatory in order to prevent early cutting
of the tendons when advancing the tendon stripper. If this event happens and one of
the two tendons is shorter, the graft could be sutured in any case, and the reconstruc-
tion should be performed according to the described technique. In most of the cases,
the intra-articular graft will be formed by two strands, while the lateral plasty will
be inevitably formed by a biomechanically weaker single strand. In order to gain an
additional 1 or 2 cm in length, the distal attachment of the semitendinosus to the
adjacent gracilis tendon could be dissected. Another potential danger of the graft’s
integrity could be the sharpness of the edges of the tibial tunnel hole, and as tension
is applied to the graft when passing through the tibial tunnel, it could produce a cut-
ting mechanism that could damage the graft. Therefore, before passing the graft
through the tibial tunnel, the edges of the osseous tunnel should be accurately
smoothened with a motorized shaver. Detachment of the distal insertion of the ten-
dons from the anteromedial tibia could be caused by excessive graft tensioning as
well; therefore, the graft should be correctly tensioned with a progressive increase
of the force avoiding rough stretches. In case of detachment of the distal insertion of
the tendons, both the strands of the distal end of the graft could be sutured together,
and the graft should be retrieved downwards through the tibial tunnel and fixed with
an interference screw or metallic staple. At this point, the possibility to perform the
lateral tenodesis depends on the remaining length of the graft. Additionally, the fixa-
tion of the graft with metallic staples, especially at the lateral femoral cortex, could
be a source of graft damage, as the barb of the staple coupled with high tension
applied to the graft could produce a guillotine effect. In order to avoid this draw-
back, the staples should be firmly fixed to the bone cortex, without driving them too
deeply. On the other hand, a not firm fixation will lead to loss of proper graft tension
and almost certain failure of the reconstruction. In case of graft rupture that does not
allow the lateral tenodesis, the ACL reconstruction could be performed by maintain-
ing only the intra-articular part, with all the limitations derived from a single-bundle
nonanatomic technique.

Correct graft placement, both for the intra- and the extra-articular part, is manda-
tory in order to obtain good outcomes and avoid dangerous complications.
Positioning the tibial tunnel to the posteromedial part of ACL tibial insertion, cou-
pled with the use of the over-the-top position, guarantees the correct location of the
graft, which is posteriorly enough to avoid impingement. Nevertheless, in chronic
cases, big osteophytes, especially on the medial edge of the lateral condyle, could
obstruct the intercondylar notch; therefore, a true notchplasty should be performed
to avoid graft impingement. Any soft tissue in the posterior part of the roof that can
obstruct the “over-the-top” position must be carefully removed as well. The incor-
rect placement of the extra-articular tenodesis could produce excessive tension on
the graft along the range of motion, causing pain and joint stiffness. This could be
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avoided by fixing the graft in the isometric position. Creating a small groove in the
lateral aspect of the femur allows the graft to move anteriorly, while the repeated
cycling allows the construct to find its optimal placement for the distal fixation and
to check the graft tension along the complete range of motion.

A special mention goes to a more dangerous and harmful complication related to
this technique, which is the injury of the popliteal artery when approaching to the
over-the-top position. Although this is a rare event, it should be considered as a
vascular emergency and its treatment is beyond the scope of this chapter. But this
risk is almost inconsistent, if all the steps are scrupulously followed.

12.4 Results

Marcacci et al. reported the long-term results of their nonanatomic over-the-top
ACL reconstruction combined with lateral tenodesis using hamstring graft [11]. The
authors recommended the technique for primary ACL reconstruction since they
recorded that 90 % of the 54 consecutive cases scored “good” or “excellent” results
in IKDC after an average of 11 years. Bignozzi et al. evaluated the results of the
latter technique with computer-assisted navigation and found that the addition of an
extra-articular procedure to the single-bundle ACL reconstruction successfully con-
trolled coupled tibial translation during the Lachman test and reduced anteroposte-
rior laxity at 90° of flexion [12]. Buda et al. utilized the same nonanatomic
over-the-top technique using allograft tendons for multiple-revision ACL recon-
struction, reporting “good” or “excellent” results in 83 % of patients and 92 % with
“normal” to “nearly normal” PST [13]. Also, Trojani et al. reported the results of
ACL revision with additional lateral plasty, although using different grafts, showing
better results in terms of stability and failure rate compared to isolated intra-articular
reconstruction [14]. Most of these authors agree that the critical point for the suc-
cess of the extra-articular plasty is the point of femoral fixation [6, 8]. This has been
defined to be located slightly posteriorly and proximally to the femoral insertion of
the LCL [15]. Some authors have introduced navigation systems that help the sur-
geon to study the correct graft placement and kinematics and compare the results
with the native contralateral ACL [16]. Colombet published a technique where he
uses navigation in order to facilitate the identification of this femoral insertion point
[17]. A reasonable argument in favor of supplementary extra-articular plasty is that
it provides additional protection on the intra-articular reconstruction, especially in
the early rehabilitation period. Even though the in vitro study of the extra-articular
plasty showed that it decreases up to 43 % the forces upon the primary intra-articular
construct [18], the direct clinical value of the addition of extra-articular plasty is yet
to be proved [6]. The few available studies that compare the two options produce
contradicting results. Earlier reports showed no clear differences between intra-
articular reconstruction and the addition of extra-articular plasty and that there is no
benefit from the supplementary procedure [19-21]. On the other hand, some authors
recorded benefits from the addition of extra-articular plasty, such as better PST
control [22], reduced tibial internal rotation, and better constraint of lateral tibial
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displacement [9, 10, 23, 24]. Monaco and Ferretti et al. recorded that the addition of
extra-articular plasty significantly reduced internal tibial rotation at 30° of flexion
when compared to single- or double-bundle ACL reconstruction [25]. Zaffagnini
et al. compared single-bundle ACL reconstruction plus extra-articular plasty with
patellar tendon and four-strand hamstring and found superior results for the extra-
articular plasty group, in terms of subjective clinical findings and time to return to
sports activities [24]. More recently, the same group compared double-bundle ACL
reconstruction versus single-bundle ACL reconstruction with extra-articular plasty
and recorded that the latter resulted in better control of static knee laxity, reduced
mediolateral instability in early flexion, and reduced rotatory instability at 90° of
flexion [9].

The technique presented is a highly reproducible procedure in our hands, with a
high percentage of satisfactory results, and eliminates the risk of surgical error that
may be associated with placement of the femoral tunnel, and it uses only 3 titanium
staples for graft fixation, which results in a reduction of surgical costs. In conclu-
sion, we found that a combination of single-bundle ACL reconstruction with ham-
strings plus extra-articular augmentation is capable of maintaining good stability at
more than 10 years’ follow-up [11].
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13.1 Introduction

The posterior cruciate ligament (PCL) is an intra-articular and extra-synovial liga-
ment with a length that varies between 32 and 38 mm and with a surface in its
transversal section that reaches 11 mm? [1, 2]. It has ample insertions in the medial
femoral condyle and in the posterior tibial sector. PCL’s footprint, both tibial and
femoral, may triple its transversal section in surface [1].

Although it is a bundle of fibers which change their tension depending on the
flexion degree of the knee, for better understanding of its function, it can be divided
into an anterolateral band (AL), which has a larger size, and a posteromedial band
(PM) [1-3].

Thereby, anatomic and biomechanical studies show that the AL band becomes
tense in flexion with its maximum at 90° and that the PM band becomes tense in
extension [1, 2]. Even though the latter is what bibliography accepts the most, there
are in vivo biomechanical studies which show that both bands become tense as knee
flexion increases [3].

There is also another synergic component with PCL which is the meniscofemo-
ral ligaments. These are two unsteady ligaments [4] that are inserted into the poste-
rior horn of the lateral meniscus and from there head toward the outer wall of the
medial femoral condyle. One of them inserts in front of the PCL (Humphrey) and
the other one behind it (Wrisberg). These have a secondary role in the posterior
stabilization of the knee [1, 2].

PCL is the main stabilizer of the posterior tibial translation of the tibia. This
function is more marked at 90° of knee flexion [1, 5]. Besides, it is also a safe stabi-
lizer of external rotation [5].
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PCL femoral insertion is elliptic and is 32 mm long, ending approximately at
3 mm proximal to the articular cartilage edge of the medial femoral condyle. The
distal insertion is found in the posterior aspect of the tibia at 1-1.5 cm distal to the
posterior edge of the tibia [2].

The main mechanism by which the PCL gets injured is due to an impact of
anteroposterior direction at the proximal end of the tibia or due to a hyperextension
mechanism.

PCL lesions are generally well tolerated. Patients rarely complain of instability
episodes, but they complain more commonly about pain. This occurs predominantly
in the internal or patellofemoral sector of the knee [6, 7]. In earlier times, this led to
very controversial points of view concerning surgical treatment of PCL lesions.

Several biomechanical studies of the series of patients showed that the conse-
quence of knee cinematic anomaly with PCL deficiency leads to articulation over-
load, mainly in the patellofemoral and medial tibiofemoral compartments together
with arthritic degeneration [6, 7].

PCL reconstruction aims to restore the normal biomechanics of the knee to avoid
these changes, although this aim is controversial [6].

13.2 Diagnosis of PCL and Combined Lesions
13.2.1 Physical Examination

Physical examination is very important, but in some acute cases, it may be difficult,
even more with combined lesions.

You should rule out neurovascular lesions and, if you are not sure, order vascular
studies (arteriography) and one consultation with a specialist. And you should also
check soft tissue trauma.

On physical examination, knee posterior stability must be evaluated. The most
representative semiologic maneuver is the posterior drawer.

The posterior tibial displacement allows us to classify PCL lesions in three
grades: (1) displacement lower than 5 mm, (2) displacement between 6 and 10 mm,
and (3) displacement higher than 10 mm [8].

Displacement can also be measured according to the relationship between the
femur and tibia: (A) The anterior tibial edge displaces backward but remains ante-
rior to the medial femoral condyle. (B) The anterior tibial edge displaces backward
reaching the same level as the medial femoral condyle. (C) The anterior tibial edge
displaces behind the medial femoral condyle.

Other semiologic maneuvers to assess posterior instability are Godfrey test and
quad activation test.

It is important to take into account that PCL lesions almost always make part of
a multiligament lesion. Therefore physical examination must be oriented toward
detecting any other associated lesion [8].

If the knee has a posterior instability, it is routine to check the anterior cruciate
ligament (ACL), medial collateral ligament (MCL), lateral collateral ligament
(LCL), and both corners (posteromedial and posterolateral).
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In general PCL grades 3 or C lesions are associated to a posterolateral corner
lesion [8].

13.2.2 Complementary Studies

First of all we order X-rays. These are the routine views: anteroposterior weight bear-
ing, lateral in 90°, and Merchant patella views. These should always be bilateral.

We rule out fractures or avulsions, and besides, in the lateral views, the posterior
translation of the tibia from the femur can be seen. In chronic cases what can be seen
is the condition of the medial and patellofemoral compartments; habitually in these
cases, there is cartilage damage.

The other study we indicate is an MRI to assess ligaments and the whole knee:
cartilage, meniscus, capsule, bone, etc.

13.3 Treatment
13.3.1 Posterior and Medial or Posteromedial Instability

The MCL has 2 separate structures: superficial MCL (sMCL) and deep MCL
(dMCL) [9].

The posterior oblique ligament (POL) is a structure located posteriorly to the
MCL. It runs from the semimembranosus tendon to the posterior medial aspect of
the knee [10].

13.3.1.1 Acute Cases

A conservative treatment should always be indicated for PCL and MCL, except for
fractures or avulsions. The PCL and MCL ligaments have healing power, and in
many cases, the patient gains an adequate posterior and medial stabilization with a
conservative treatment [11].

We indicate a brace in extension (with antepulsion of the calf) and crutches dur-
ing 4-6 weeks, and then we evaluate the PCL and MCL with a physical examination
and an MRL

Following the above, we indicate surgical reconstruction either of PCL or of
MCL or both. The surgical technique is the same as in chronic cases.

First we prefer to perform PCL and then MCL reconstruction all at once.

13.3.1.2 Chronic Cases
When patients come to the clinic 4-6 weeks after the lesion occurred.

Grafts

They depend on each individual patient. In people below 35 years of age, we prefer
to use hamstring tendon autografts for PCL and allografts (anterior tibial tendon)
for MCL. In patients over 35 years, we use allografts for everything (two anterior
tibial tendons).
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Fig.13.1 Position of the
patient for a PCL surgery.
Left leg holder giving room
to work through the
posteromedial portal

Surgical Technique

The position of the patient on the OR table is fundamental. Firstly, the knee should
be in 90° with the possibility to bend it in full flexion. Next, is to have a lateral sup-
port to be able to perform a knee valgus to explore the medial compartment. Lastly,
the other hip must be in flexion and in abduction and the other leg away from the OR
table so as to work easily through the posteromedial portal (Fig. 13.1).

In these cases we use pneumatic tourniquet. If the surgery takes over 100 min, it
is necessary to discontinue the pneumatic tourniquet for 20 min and then use it
again. Concerning the portals, we usually use 3: anterolateral, anteromedial, and
posteromedial.
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Fig.13.2 (a) Guide pin in
PM femoral bundle location
for an augmentation
procedure. (b) Bleeding bone
bed in the outer wall of the
medial femoral condyle for
the PCL graft. Right knee

The first step is to perform the PCL arthroscopic reconstruction and afterward
the medial reconstruction in the same surgical time.

After examining and treating meniscal and cartilage lesions of the medial, lat-
eral, and patellofemoral compartments, we perform the PCL femoral anatomic tun-
nel inside out.

If patient has an intact band or a remnant of PCL, we always preserve it and
perform an augmentation.

We use a femoral aimer (through the anterolateral portal) to place the exact ana-
tomic tunnel position of the ligament, and we check the pin position through the
same portal to be sure of the correct position. We try to reconstruct the AL band
(Fig. 13.2a).
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Fig. 13.3 Homemade plastic
device to raise the PCL graft

Regarding femoral tunnel size, for PCL we use a length of 25 mm and the width
is the same as the graft, usually 8—9 mm.

Then with a shaver or rasp, we make a bleeding bone bed in the medial notch
where the PCL graft will be placed (Fig. 13.2b).

When we have the PCL femoral tunnel ready, we perform the posteromedial
portal and insert an 8 mm cannula in. And then we begin to clean the posterior tibia
with a shaver or radiofrequency. We try to expose 20 mm of the posterior tibia to be
able to locate the PCL guide easily. It is very useful to have a reliable and accurate
PCL guide and curved curettes to protect the pin exit not to damage the knee poste-
rior structures. It is a very good maneuver to use a curved rasp to make a bleeding
bone bed in the posterior tibia where the PCL graft will lay. We use a guide that
marks how deep we are in the posterior tibia, and as the tip guide is wide, it stops
the pin from going farther and damaging the posterior neurovascular structures. For
greater safety we can also use a special device with the guide so as to keep the pin
from going further than the guide tip.

We raise the PCL graft through the tibial tunnel to the femur. It is very useful to
have some malleable material as a plastic with a hole in both ends to do it (Fig. 13.3).
To help the advancement of the graft, we use the trocar of the scope through the
posteromedial portal as a pulley. In the proximal PCL graft, we make a suture with
2 cm baseball stitches for better screw fixation. We fix the proximal end of the graft
with a 7 and 25 mm interferential BioScrew with the knee in 90°. Lastly we fix the
distal PCL graft with a BioScrew which is one or two numbers higher than the graft
and 30 mm long; the knee must be in 90° flexion with an antepulsion of the calf
(because we are reconstructing the AL band).

Concerning medial or posteromedial instability, we prefer to reconstruct the
sMCL and the POL. In cases when the patient has no posteromedial instability, we
only perform the SMCL.

As regards posteromedial instability, we perform only one tunnel in the femur,
0.5 mm posterior and 0.5 mm proximal to the medial epicondyle [12], for proximal
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Fig.13.4 Final
reconstruction of the sSMCL
and POL. Right knee

insertion of the sMCL and POL. The tunnel diameter size depends on the graft (usu-
ally 8 or 9 mm for a double anterior tibial allograft), but its length is always 30 mm.
The proximal skin incision is approximately 20 mm long.

In tibia, for the sMCL we perform a tunnel in the anterior face of the tibia 60 mm
distal to the knee joint line whose size depends on the graft (single anterior tibial
allograft) and which runs through the whole tibia. For the POL we insert a 5 mm
bioabsorbable anchor, with 2 sutures, 15 mm distal to the knee joint line and as far
back as possible from the tibial anterior face. The distal skin incision depends on the
patient, but if we have harvested hamstring tendons for the PCL, we use an oblique
incision of 30—50 mm for the entire procedure.

We pass the graft underneath the semimembranosus attached to the periosteum.

In the femur, we fix the graft with an interferential BioScrew, which has the same
diameter as the tunnel and is 30 mm long. We fix the sMCL with a 25 mm long
BioScrew in 30° of knee flexion, respecting the same diameter as the tunnel, and if
necessary, we add a staple. The last fixation is the distal POL, in full extension with
the two reinforced sutures of the anchor (Fig. 13.4).

Post-op
Immobilization should be in full extension, with a brace and partial weight bearing
using crutches 6-8 weeks.

13.3.2 Posterior and Lateral or Posterolateral Instability

The posterolateral corner is a complex structure which contributes to knee
stability.

The most important structures are the lateral collateral ligament (LCL) or fibular
collateral ligament, the popliteus tendon, the popliteus fibular ligament (PFL), and
the posterolateral capsule [13, 14].



138 R. Maestu et al.

A specific maneuver to assess posterolateral instability is varus stress in full
extension and in 30° of knee flexion.

Others are dial test, posterolateral drawer test, recurvatum test, and inverse pivot
shift test. It is always advisable to perform them bilaterally. If in the dial test the
comparative external rotation is higher than 10°, in 30° and 90°, it shows that PCL
and posterolateral structures are torn. But if in 90° the difference is lower than 10°,
it shows that the PCL is intact.

13.3.2.1 Acute Cases
In these cases we indicate surgical treatment at the moment of diagnosis. We per-
form open surgery in the posterolateral corner. We repair everything as much as we
can: LCL, popliteus tendon, FPL, and capsule. And we always add an LCL and PFL
reconstruction with an allograft (anterior tibial tendon). We reconstruct it with a
tunnel in the fibula’s head from anterior to posterior and from inferior to superior,
the same size as the graft. Be aware of the peroneal nerve that passes 20 mm distal
to the proximal tip of the fibula; we always look for it to know where it is and to
protect it, but we try not to touch it (Fig. 13.5a). We pass the graft through the fibula
and insert the reconstruction in the femur between insertions of the proximal LCL
and the popliteus tendon. We fix it with 2 BioScrews: in the femur, they are of the
same diameter as the graft and 30 mm long, and, in the fibula with a small screw,
generally 7x20 mm. When we fix the reconstruction, the knee has to be in 30° of
flexion with a slight valgus.

Following the above, we perform surgical reconstruction of PCL at the same
time. We prefer autograft hamstring tendons for young patients (under 35—40 years)
and anterior tibial allograft for older patients (over 35-40 years).

13.3.2.2 Chronic Cases
We prefer to reconstruct the PCL and the LCL or LCL plus posterolateral corner in
only one surgery.

Grafts
Formerly we described what we prefer for PCL. Concerning LCL and posterolateral
corner, we like allografts for both (anterior tibial tendons).

Surgical Technique
We have already explained PCL technique above.

We perform the PCL reconstruction and, afterward in the same surgical time, the
LCL and, when necessary, the posterolateral corner reconstruction.

To reconstruct just the LCL, we perform two small incisions: one across the fib-
ula head (50 mm long) and the other one in the femur (15 mm long). Formerly we
described the technique.

If the patient has a posterolateral and rotational instability, we reconstruct the
popliteus tendon, the LCL, and the popliteus fibular tendon (the last two have been
described before), and we perform a curved incision and look for the peroneal nerve,
but we try not to touch it (Fig. 13.5b).
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Fig.13.5 (a) Biceps tendon
and the peroneal nerve
behind it. (b) Posterolateral
reconstruction showing
femoral tunnels, the popliteus
tendon tunnel, and the fibular
tunnel all ready to start graft
pass

The popliteus reconstruction is through a tibial tunnel, beginning 20-30 mm dis-
tal to the knee joint from the medial tibia if we have harvested the hamstring ten-
dons or from the lateral tibia if we use an allograft. The tunnel finishes in the
posterolateral corner of the tibia; it is important to protect the pin exit with a curette
prior to making the tunnel. The femoral tunnel comes before the LCL insertion
(10 mm anterior), both in an anatomic position. Remember to pass the popliteus
reconstruction below the LCL.

We fix the reconstruction with two BioScrews: in the femur their diameter size is
the same as the graft and 30 mm long; and in the tibia, their diameter size is one or
two more mm than the graft and 30 mm long; if necessary we add a staple. We fix
the reconstruction in 30° of knee flexion.

If the patient has a varus deformity, it is important to evaluate, in chronic cases,
the indication of a possible valgus osteotomy.
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Post-op
Immobilization has to be in full extension with a brace and partial weight bearing
with the use of crutches 6-8 weeks.

13.3.3 Posterior, Medial or Posteromedial, and
Lateral or Posterolateral Instability

The last combination would be lesions of PCL, MCL (with or without posterome-
dial corner), and LCL (with or without posterolateral corner).

We have already described all the techniques above.

First of all we check and treat neurovascular and soft lesions. We indicate
crutches and immobilization for at least 2 weeks, and then we assess all the
structures.

13.3.3.1 Surgery

We make a medial and lateral corner repair plus reconstruction with allografts (we
prefer anterior tibial tendons), and later, at the same time, if the patient has posterior
instability, we perform a PCL arthroscopy reconstruction with an allograft (anterior
tibial). We prefer to begin with the lateral side.

Conclusion

We think PCL and MCL have healing power; for that reason, our first option, of
course ruling out neurovascular and soft tissue lesions, in acute cases is to try a
conservative treatment for at least 4 weeks, and then we evaluate the patient
again. Indications for early repair and reconstruction are irreducible dislocations,
dysvascular limbs, open injuries, and fractures or avulsions.

In chronic cases or when the capsule is healthy, first we prefer to perform the
arthroscopy time, to avoid extravasation of fluid into the compartments which
runs the risk of compartment syndromes.

Regarding tips and tricks, with PCL, our advice is as follows: use soft tissue
grafts, femur tunnel inside out before tibial tunnel; keep the remnant as intact as
possible; have a good vision through the posteromedial portal; help biology per-
forming blood bone bed where the graft will be placed; use the right PCL guide;
have a correct device to raise the graft through the tibial tunnel; and indicate a
very conservative rehab.

Concerning multiligamentous injuries always perform reconstructions besides
repairs: in posterolateral corners with LCL and the FPL reconstructions (with a
tibial anterior tendon allograft), and in the posteromedial corner with sMCL
reconstruction (with a tibial anterior tendon allograft).

And lastly, the most important thing is to know the knee anatomy.
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Alexander E. Weber and Jon K. Sekiya

14.1 Introduction

Acute knee dislocations are infrequent injuries; however, the sequelae may be quite
severe and potentially limb threatening. Furthermore, the incidence of acute knee
dislocations has been rising. The increased incidence may be a by-product of esca-
lated involvement in contact athletics coupled with an increased participation in
nontraditional sporting and recreational activities such as the riding of motorbikes,
snowmobiles, and all-terrain vehicles. Although there is a rise in the incidence of
knee dislocations, there is a lag in high-level-of-evidence studies from which a con-
sensus statement on the treatment of these injuries may be derived. However, from
the available prospective studies and systematic reviews in conjunction with our
senior author’s expert opinion, we have compiled this guide to the treatment of the
acutely dislocated knee.

14.2 Definition

The definition of a knee dislocation is most simply the complete disruption of the
tibiofemoral articulation. Following the acute event, the knee may spontaneously
reduce or it may remain dislocated. The dislocation event is always coupled with a
multiligamentous knee injury of variable degree. The definition of a multiligamen-
tous knee injury is the rupture of two or more of the major ligaments/ligamentous
complexes of the knee: anterior cruciate ligament (ACL), posterior cruciate ligament
(PCL), medial collateral ligament (MCL), posteromedial corner (posterior oblique
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ligament, semimembranosus expansions, oblique popliteal ligament; PMC), lateral
collateral ligament (LCL), or posterolateral corner (LCL, popliteus, and popliteo-
fibular ligament; PLC). Most commonly, an acute dislocation results in rupture of
both cruciates (ACL and PCL) and one additional ligamentous structure [1-5]. Less
frequently, but described in the literature, is the occurrence of an acute knee dislo-
cation with a resultant ligamentous injury that spares the PCL, the so-called PCL-
intact knee dislocation [4, 6, 7].

14.3 Epidemiology and Mechanism

Knee dislocation is a relatively rare injury, constituting 0.02-0.2 % of all orthopedic
injuries [8—11]. However, some authors suggest the incidence of knee dislocation
may be significantly higher because the vast majority of dislocations spontaneously
reduce prior to hospital presentation. The patient demographic tends to be young
males, with a male-to-female ratio of 4 to 1. These injuries are most frequently
(50 %) caused by a high-velocity mechanism such as a motor vehicle accident,
motorcycle collision, or all-terrain vehicle. One of the most typical mechanisms of
dislocation in the high-energy cohort is a posteriorly directed force on the tibia as it
strikes the dashboard or steering wheel during a crash [1, 12]. High-energy knee
dislocations are present as a component of the polytraumatized patient in 14-44 %
of cases. Although the likelihood of bilateral knee dislocations is quite low at 5 %,
the rate of open injury associated with a knee dislocation ranges from 5 to 17 % in
the literature [13].

An additional one-third of knee dislocations are secondary to low-velocity sports
injuries, while one-tenth of all dislocations are due to a fall [14]. Shelbourne pre-
sented a case series of low-velocity knee dislocations secondary to football, wres-
tling, and running injuries [14]. The characteristic mechanism of injury in the
athletic knee dislocation is a contact or collision that forces the knee into hyperex-
tension combined with excessive varus or valgus force. It is important for the team
physician to distinguish this mechanism from that of an isolated ACL rupture,
which is typically sustained via a noncontact injury mechanism. An additional
mechanism of injury, as described in the literature, is the “spontaneous” dislocation
in the morbidly obese patient [15, 16].

14.4 Classification

The original knee dislocation classification system was proposed by Kennedy in
1963 and was purely descriptive in nature based upon the direction of the disloca-
tion [12]. The five categories based on direction were anterior, posterior, medial,
lateral, and rotatory. Based on direction, anterior dislocation is the most common
followed by posterior dislocation. Rotatory dislocation is the least common [12, 17].
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Table 14.1 Knee Anatomic classification of knee dislocation
dislocation anatomic

classification system KD-I Single cruciate torn (ACL or PCL)
KD-II Bicruciate tears (ACL and PCL)
KD-III Bicruciate tears plus MCL or LCL/PLC
KD-1IV ACL, PCL, MCL, LCL/PLC tears
KD-V All ligaments with an associated fracture

Adapted from Schenck [18]

ACL anterior cruciate ligament, PCL posterior cruciate ligament, MCL
medial collateral ligament, LCL lateral collateral ligament, PLC pos-
terolateral corner

A limitation of this system was that it could not be used in cases of dislocation fol-
lowed by spontaneous reduction. Schenck proposed a modified classification sys-
tem that accounts for the pattern of injury and is thus anatomically based (Table 14.1)
[18]. The anatomic classification of knee dislocations helps to guide treatment and
provides a “common language” to compare outcomes for different injury patterns
and across different studies in the literature.

14.5 Initial Evaluation and Management

Identification of a knee dislocation is relatively easy if the knee remains dislocated
at the time of presentation; however, a high index of suspicion is necessary in
cases of dislocation followed by spontaneous reduction in the field. The clinician
should be highly suspicious for knee dislocation if there is misalignment of the
affected lower extremity, deformity of the knee, massive soft tissue swelling, or
disproportionate pain (Fig. 14.1a). The absence of a joint effusion may be a mis-
leading and false sense of comfort as high-energy dislocations can result in capsu-
lar damage, which will allow the knee effusion to diffuse into the surrounding soft
tissue.

Patients presenting with knee trauma should be treated like any other traumatized
patient, and the first step should always be implementation of the Advanced Trauma
Life Support (ATLS) protocol [19]. Following ATLS protocol, and assuming the
patient is without more pressing injuries, a dislocated knee should be reduced. In
cases of high-energy knee dislocations, a portable “spot shot” radiograph of the knee
should be taken prior to reduction to confirm the absence of major fractures. If frac-
tures of the distal femur or proximal tibia are present, the clinician may opt to reduce
the knee if the fractures appear relatively stable. In cases of low-energy trauma, such
as knee dislocations sustained on the playing field, immediate reduction should be
attempted prior to imaging studies. Post-reduction radiographs should always be
obtained to confirm a concentric reduction of the tibiofemoral articulation (Fig. 14.1b).
The knee should be initially inspected for any evidence of an open injury that would
necessitate a formal irrigation and debridement in the operating room.
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Fig.14.1 (a) Anteroposterior and (b) lateral radiographs demonstrating an anterior knee disloca-
tion. (¢) Anteroposterior and (d) lateral radiographs demonstrating an adequate reduction of previ-
ous anterior knee dislocation
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14.6 Vascular Evaluation and Management

Following confirmed reduction of the knee, a thorough vascular examination should
be completed. The incidence of popliteal artery injury associated with knee disloca-
tion has been reported to range from 4.8 to 65 %, with posterior knee dislocations
having the highest rate of injury [8, 20, 21]. Vascular injuries are not solely associ-
ated with high-energy knee dislocations. Low-energy and spontaneous knee dislo-
cations can cause vascular occlusion or intimal tearing [17, 22]. This examination
should begin with inspection of the color, temperature, and capillary refill of the
affected leg. Distal arterial flow in the dorsalis pedis, posterior tibial, and peroneal
arteries should be interrogated first manually and secondarily with Doppler ultra-
sound if necessary. The clinician should be cognizant that a normal physical exami-
nation and palpable distal pulses do not exclude serious vascular injury, such as an
intimal tear to the popliteal artery [23]. The ankle-brachial index (ABI) should be
calculated using Doppler ultrasound and a blood pressure cuff if there is any con-
cern for the vascular status. The ratio of systolic blood pressure in the affected ankle
is compared to the unaffected upper arm. In a knee dislocation cohort, Mills reported
100 % sensitivity, specificity, and positive predictive value of a significant arterial
injury requiring surgical attention if the ABI is below 0.90 [23]. Absent pulses or
diminished ABIs are indications for involvement of a vascular surgeon. It is impor-
tant to involve vascular surgery colleagues in an expeditious fashion, as warm isch-
emia time of greater than 6-8 h is associated with a higher rate of amputation [17,
24]. Additional studies or interventions that are frequently requested by a vascular
surgeon include computed tomography angiogram (CTA) and formal angiography
(Fig. 14.2). An abnormal CTA will necessitate a formal angiogram with either endo-
vascular or open vascular intervention. At our institution a formal angiogram with
or without intervention is accompanied by external fixation performed by an ortho-
pedic surgeon to stabilize the knee, provide access for additional vascular proce-
dures (the external fixation eliminates the need for a splint), and permit serial
examinations of the affected limb postoperatively.

14.7 Neurologic Evaluation and Management

The incidence of nerve injury with acute knee dislocation is approximately 20 %
[12, 25]. The most commonly injured nerve is the common peroneal nerve rather
than the tibial nerve. The explanation for the higher incidence of peroneal nerve
injury is its anatomic course adjacent to the proximal fibula, the decreased compli-
ance compared to the tibial nerve, and the mechanism of knee dislocation. Lateral
and posterolateral dislocations can significantly stretch the peroneal nerve. To iden-
tify these injuries, the clinician should perform an initial tactile exam of the patient’s
sensation in all nerve distributions of the lower extremity. Graded motor strength
with ankle dorsiflexion, ankle plantar flexion, ankle inversion, ankle eversion, and
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great toe dorsiflexion should be documented. There is no acute treatment for neuro-
logic deficits following knee dislocation, and the overall prognosis for neurologic
recovery remains low [26]. Chronic neurologic injuries such as foot drop may be
treated with an ankle foot orthosis or a posterior tibial tendon transfer.

14.8 Ligamentous Evaluation

A thorough ligamentous examination should be performed on all patients with a
suspected knee dislocation. The initial examination may be limited due to pain,
hematoma, or associated injuries; however, gross laxity or instability should be
documented to the best of the examiner’s abilities. It is important for the examiner
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to comment on the integrity of the main ligamentous stabilizers, including the ACL,
PCL, MCL, LCL, and PLC. A brief review of the basic ligamentous examination is
presented here.

The anterior drawer and Lachman examinations are performed to evaluate for
laxity in the ACL, the latter of which is considered the more accurate maneuver
[27]. Both examinations grade the magnitude of anterior-posterior (A-P) translation
of the tibia in relation to the femur and the presence or absence of a firm endpoint
of that motion. The presence of an ACL tear is typically apparent due to increased
translation and a lack of a firm endpoint compared to the contralateral knee. A
caveat for these maneuvers in the setting of an acute knee dislocation is that it may
be difficult or impossible to flex the affected knee to 90° to perform the anterior
drawer test secondary to pain, swelling, or fracture. In addition, both examination
maneuvers take advantage of the normal anatomic resting position of the tibia in
relation to the femur as the “starting point” for the examination of the magnitude of
A-P translation. Typically the tibia lies anterior to the femur; however, if the PCL is
disrupted, the tibial “starting point” may be translated posteriorly rendering the
motion appreciated difficult to associate with ACL laxity rather than PCL laxity.

The third ACL examination maneuver is the pivot-shift test. This is the senior
author’s preferred test for grading ACL laxity during an examination under anesthe-
sia; however, it is difficult to perform on the awake patient due to the inability to
control hip and leg position. In addition, the pivot-shift test requires an intact ilio-
tibial band (ITB) for accurate results. In the acute knee dislocation, there may be
tearing or disruption of the ITB. Lastly, pain, swelling, and fracture are additional
reasons this examination maneuver may be difficult to perform in the setting of an
acute knee dislocation.

The PCL may be evaluated by assessing the posterior sag and the posterior
drawer. The posterior sag test, performed with the knee and hip flexed to 90°, evalu-
ates the position of the proximal tibia in relation to the distal femoral condyles. In
the presence of a PCL tear, the proximal tibia will sag (posterior translation) relative
to the distal femoral condyles as compared to the contralateral side. The posterior
drawer test is performed in 90° of flexion by applying a posteriorly directed force
on the proximal tibia with the thumbs on the joint line to quantify the distance of
posterior translation. A grade III injury (greater than 10 mm of posterior translation)
indicates a combined PCL and PLC injury [28].

Collateral ligament testing is performed with valgus (MCL) and varus (LCL)
force on the knee. The testing is performed with the knee in 30° of flexion to isolate
the collateral ligaments. The test is then repeated in full knee extension. Laxity at
both 30° of flexion and full extension suggests disruption of additional structures.
On the lateral side, laxity with varus stress in full extension suggests injury to the
cruciate ligaments and the PLC in addition to the LCL [29]. On the medial side,
laxity with valgus stress in full extension suggests injury to the cruciate ligaments
and medial capsule in addition to the MCL.

The PMC is examined with maneuvers that place external rotation stress with the
knee in various degrees of flexion. These tests help define the degree of anteromedial
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rotatory instability. The most common test is performed with the knee in 30° of flex-
ion. A valgus stress is imposed while the foot is externally rotated [30, 31]. If this
test elicits an increase in anteromedial external rotation as compared to the contra-
lateral side, then a PMC injury has been sustained. In addition, if a combined PMC-
PCL injury has been sustained, the magnitude of posterior translation of the tibia in
the posterior drawer test will be exaggerated or unchanged with internal rotation of
the tibia. In a PCL-deficient knee with an intact PMC, the magnitude of posterior
tibial translation with the tibia internally rotated during the posterior drawer will be
diminished [32, 33].

The PLC can be directly assessed with the dial test. The structures interrogated
with this test include the LCL, popliteus tendon, and popliteofibular ligament [34].
With the patient prone, the knees are flexed to 30° and a symmetric, external rota-
tion force is placed on both feet. The thigh-foot angle is measured and the test is
again repeated at 90° of knee flexion. A difference in thigh-foot angle of greater
than 10° side to side is considered a positive test. An increased thigh-foot angle at
30° of knee flexion but not at 90° is consistent with an isolated PLC injury, while
increased thigh-foot angle at both 30 and 90° of knee flexion is consistent with a
combined PCL and PLC injury. An isolated increase in thigh-foot angle at 90° of
knee flexion suggests an injury to the PCL. The examiner should also be aware that
increased thigh-foot angle rotation at 30 and 90° of knee flexion may signify an
injury to the anteromedial aspect of the knee rather than the PLC [35].

14.9 Diagnostic Imaging

Radiographs of the knee in two planes (anteroposterior and lateral) should be per-
formed to characterize the direction of dislocation (Fig. 14.1a, b). Initial radiographs
are also important to assess for associated fractures, either large osseous injuries to
the tibial plateau and distal femur or subtle fractures such as a Segond fracture or
PCL avulsion. As mentioned previously, in low-velocity knee dislocations (sports
injuries), a reduction should be attempted prior to the initial radiographs and ideally
on the field if trained medical personnel are present. This is due to the low likeli-
hood of significant fractures. However, in high-velocity knee dislocations (e.g.,
automobile accidents), the likelihood of significant fractures is much greater and
thus plain radiographs should be performed prior to a reduction attempt. In either
scenario, post-reduction radiographs should be obtained to confirm a concentric
reduction (Fig. 14.1c, d). If there is concern for a PCL injury, stress radiographs of
the bilateral knees may be performed with the knees flexed 80° and weight applied
to the anterior tibia [36]. Stress radiographs may be more appropriate in the preop-
erative planning phase rather than acutely following a knee dislocation.

Once the knee is stabilized and vascular injuries have been ruled out, a computed
tomography (CT) scan may be appropriate if fractures are present, and a magnetic
resonance image (MRI) should be obtained to assess the extent of the ligamentous
injury (Fig. 14.3). The MRI will also assist with preoperative planning in the case of
damage to the chondral surfaces, menisci, and capsule. Bone bruising is common
following acute knee dislocation and present 75 % of the time [37], while 25 % of
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Fig.14.3 (a) Sagittal magnetic resonance image (MRI) with arrow demonstrating complete dis-
ruption of the anterior cruciate ligament. (b) Sagittal MRI with arrow demonstrating complete
disruption of the posterior cruciate ligament. (¢) Coronal MRI with arrow demonstrating disrup-
tion of the lateral collateral ligament and posterolateral corner. (d) Coronal MRI with arrow dem-
onstrating disruption of the medial collateral ligament

knee dislocations have concomitant meniscal injuries [37]. Furthermore, if fractures
accompany the knee dislocation, the timing of MRI is crucial. Obtaining an MRI in
the early phase of treatment, prior to open reduction and internal fixation of frac-
tures, facilitates evaluation of ligamentous integrity without being obscured by the
signal artifact of implanted hardware.

14.10 Initial Treatment

The initial care for a knee dislocation is dictated by a number of factors, including
the open injury status, neurovascular status, fracture status, and ability to reduce
the knee. If the dislocation is reduced, there is no fracture or open injury, and there
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is no concern for neurovascular compromise, then initial treatment may consist of
a long-leg splint in 20° of knee flexion, lower extremity elevation, and serial neu-
rovascular examinations. Twenty degrees of knee flexion is classically taught as
the position for long-leg splinting; however, it is our experience that maintaining
the knee in flexion for more than 3-5 days may compromise the ability to restore
full extension long term. The treating surgeon should be cognizant of this during
the initial management. If the knee dislocation is complicated by significant fem-
oral condyle or tibial plateau fractures, an open injury, or a vascular injury or the
knee is irreducible, then the complicating factor should be addressed in the oper-
ating room. Each of these complicating factors should also prompt the treating
surgeon to consider concomitant application of external fixation rather than a
splint at the conclusion of the operating room session. Stabilization of the dislo-
cated knee with external fixation should also be considered in cases initially
treated in a splint but with post-splinting films that demonstrate persistent tibio-
femoral subluxation. Two important considerations when placing an external fix-
ator following knee dislocation are that the hardware should be MRI compatible
and the knee-spanning pins should be safely outside the knee joint and sufficiently
away from future graft tunnel or fixation hardware sites. This “safe zone” for pin
placement is roughly 10 cm proximal and distal to the knee joint line [38]. Lastly,
if there is any clinical concern for compartment syndrome preoperatively or intra-
operatively, the treating surgeon should have a low threshold for performing
fasciotomies.

14.11 Definitive Treatment Considerations

Historically, the mainstay of knee dislocation definitive treatment was immobiliza-
tion in plaster casts. However, as longitudinal clinical studies emerged, it became
clear that patients sustaining knee dislocations and undergoing nonoperative treat-
ment went on to develop persistent knee instability and had poor long-term func-
tionality [39-42]. Recent studies suggest considerable benefit from surgical
treatment [12, 21, 39, 41-45]. A recent systematic review comparing operative ver-
sus nonoperative treatments for multiligament knee injuries found significantly
higher International Knee Documentation Committee (IKDC) scores, improved
return-to-work rate, and higher rates of return to sport for patients in the cohort that
underwent surgical treatment [44]. Dedmond and Almekinders [39] performed a
meta-analysis of differences between operative and nonoperative treatment of acute
knee dislocations. They evaluated 74 nonoperatively and 132 operatively treated
knee dislocations and found significantly improved Lysholm scores in the surgically
managed cohort as compared to the cohort treated nonoperatively [39]. Several
other studies have corroborated these findings by comparing return to sport follow-
ing acute knee dislocation and demonstrated higher success rates in those undergo-
ing surgical reconstruction [45, 46].
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14.12 Nonoperative Treatment

Despite the emerging clinical evidence that favors operative rather than nonopera-
tive definitive care, there are some instances in which the treating clinician should
opt for nonoperative management. Polytraumatized or significantly injured patients
with multiorgan system injuries should not be indicated for surgery until they are
able to participate in postoperative rehabilitation. Patients with open injuries and
inadequate soft tissue coverage in which there are concerns for wound healing
should not be indicated for surgical reconstruction. The low functional demand and
morbidly obese patient populations will likely have better outcomes with nonopera-
tive rather than operative treatment. Lastly, patients who wish to pursue nonsurgical
treatment should be counseled on the pros and cons of both surgical and nonsur-
gical care and ultimately have their wishes granted if they choose nonoperative
management.

14.13 Surgical Treatment

The objective of definitive surgical management following an acute knee disloca-
tion is to provide a stable joint and ideally return the patient to his or her preopera-
tive activity level. While the objective is clearly defined, there is considerable debate
concerning several surgical factors, including timing of surgery, surgical approach,
ligamentous repair versus reconstruction, and technique of reconstruction.

14.13.1 Timing of Surgery

The timing of surgery can be broadly classified as early (within the first 2-3 weeks
following injury) or delayed (greater than 3 weeks from the time of injury). A third
broad classification is a staged approach in which the medial and lateral structures
are repaired or reconstructed with or without PCL reconstruction in the early win-
dow followed by delayed ACL reconstruction if deemed necessary. Although not
universally implemented, the staged approach is still in practice and has been advo-
cated by a number of authors [11, 47]. Currently, most knee surgeons advocate early
surgical intervention, and this approach is widely supported by the literature [41,
44, 48, 49]. Harner reported on the subjective and objective outcomes of 31 knee
dislocations, 19 of which underwent acute reconstructions [41]. Their cohort of
acutely treated patients reported higher subjective scores and had increased stability
compared to the delayed cohort. Conversely, authors have also reported favorable
outcomes utilizing a delayed approach to ligamentous reconstruction [50-54].
Mook and colleagues performed a systematic review of multiligamentous knee inju-
ries treated with early, late, or staged reconstructions [50]. Their analysis suggested
that delayed reconstruction had the advantage of lower rates of postoperative
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stiffness while performing comparable to early and staged procedures in terms of
knee stability. Ultimately, the decision to proceed with acute or delayed reconstruc-
tion should be based on patient-specific factors and the surgeon’s comfort level with
the various surgical techniques. Lastly, regardless of the decision to operate in the
early or delayed postoperative window, the surgeon should be aware that arthroscopic
reconstruction in the presence of a disrupted capsule may cause fluid extravasation
and result in compartment syndrome. Although this concern is greater in the imme-
diate post-injury phase, all surgeons should be aware of this potential complication
and allow 1-2 weeks of post-injury healing prior to any arthroscopic procedure.

14.13.2 Surgical Technique

A wide variety of surgical techniques have been described for the treatment of acute
knee dislocations. Successful surgical intervention first requires the treating sur-
geon to accurately and completely identify all injuries, including those to ligaments,
bone, menisci, cartilage, and adjacent soft tissues. Second, regardless of technique,
the primary ligamentous restraints must be repaired or reconstructed in an anatomic
and isometric fashion. A detailed discussion of all the potential techniques for the
surgical care of acute knee dislocations is outside the scope of this chapter; however,
a brief description of our preferred ligament reconstruction surgical techniques will
follow.

Once the patient is in the operating room, the first step to a successful knee
reconstruction is an examination under anesthesia (EUA). A thorough EUA takes
advantage of full muscle relaxation and allows the surgeon to completely delineate
the extent of the ligamentous injury. The previously described ligamentous exami-
nation is repeated, including Lachman, pivot-shift, anterior and posterior drawers,
varus and valgus stress testing, and medial and lateral rotational testing. If there is
any uncertainty regarding the extent of ligamentous injury after the MRI and EUA,
a diagnostic arthroscopy can be performed prior to autologous graft harvest or open
surgical treatment of collateral, PLC, or PMC structures. An initial arthroscopy is
also beneficial for evaluation of the menisci, chondral surfaces, and joint capsule
(Fig. 14.4a).

14.13.3 Cruciate Ligament Reconstruction

Arthroscopic reconstruction of both cruciates, ACL and PCL, requires anatomic
graft placement at the footprints of the native ligaments. Several techniques and
graft types are acceptable, and our preferences are for arthroscopic anteromedial
single-bundle ACL reconstruction and arthroscopic double-bundle tibial inlay PCL
reconstruction [55, 56]. With regard to graft type, for more severe ligamentous inju-
ries that include three or four ligaments and adjacent soft tissue trauma, we prefer
to limit the additional donor-site morbidity from graft harvest associated with auto-
graft ligament reconstruction. In this case, we prefer tibialis anterior allograft for
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Fig. 14.4 (a) Diagnostic arthroscopy image assessing the articular cartilage (femoral condyle
(FC) and tibial plateau (7P)) and menisci (medial meniscus (MM)). (b) Arthroscopic image with
arrow denoting the drilled tibial socket of the posterior cruciate ligament (PCL). (¢) Arthroscopic
image with rwo arrows denoting the double-bundle PCL femoral tunnels. (d) Arthroscopic image
of bicruciate ligament reconstruction with soft tissue grafts in place. The double-bundle PCL
reconstruction is labeled by bundle: anterolateral (AL) and posteromedial (PM). The single-bundle
(SB) anterior cruciate ligament reconstruction is also shown

ACL reconstruction and Achilles tendon allograft for a bifid double-bundle PCL
reconstruction. Hamstring allograft is an acceptable alternative for ACL reconstruc-
tion. The potential drawbacks of allograft usage—disease transmission, increased
cost, and delayed re-ligamentization—are outweighed by the decrease in operative
time, lack of donor-site morbidity, decrease in skin incisions, and reduction in post-
operative pain and stiffness [57, 58]. If the decision is made to utilize autograft,
preference is given to the ACL. In isolated ACL reconstructions, studies suggest
that autograft outperforms allograft in the young, active patient population, and this
philosophy is extrapolated to our multiligament reconstructions [59]. The autograft
of choice is bone-patellar tendon-bone; however, hamstring and quadriceps tendons
are also viable options. If both ACL and PCL are to be reconstructed with autograft,
our preference is to use ipsilateral quadriceps tendon for the double-bundle PCL
graft. However, rarely do we perform autograft bicruciate ligament reconstruction
secondary to the aforementioned drawbacks and potential complications. Bicruciate
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ligament reconstructions require precise tunnel locations, and to increase the likeli-
hood of this occurrence, the tunnels should be drilled in a consistent and reproduc-
ible order. The PCL tibial inlay socket is created first as this is the most technically
challenging (Fig. 14.4b). The ACL femoral tunnel and PCL femoral tunnels are
drilled after the PCL tibial inlay socket. The ACL tibial tunnel is drilled last
(Fig. 14.4c). The grafts are then passed, and the PCL graft is tensioned with the knee
in 90° of flexion. The ACL graft is subsequently tensioned with the knee in full
extension (Fig. 14.4d) [60]. Of note, graft tensioning should not be finalized until
collateral ligament repair or reconstruction is complete.

14.13.4 Lateral Collateral Ligament and Posterolateral Corner
Reconstruction

If the MRI findings (LCL attenuation) and EUA (varus opening at 30° without rota-
tional instability) are consistent with an isolated LCL injury, then an LCL recon-
struction is indicated. A lateral approach between ITB and biceps femoris is taken
to expose the native LCL from origin to insertion (Fig. 14.5a). Our preferred tech-
nique is to utilize an Achilles tendon allograft. The allograft bone plug is seated in
the proximal fibula and the soft tissue end whipstitched and docked in a femoral
bone tunnel proximally. The reconstruction is tensioned in 30° of knee flexion with
a valgus force applied. The native LCL is then imbricated or oversewn into the
reconstruction.

Injuries to the PLC complex affecting more than the LCL are again addressed
through a lateral approach to the knee (Fig. 14.5a). A select group of PLC injuries,
in which a distal soft tissue or bony avulsion has occurred, may be amenable to
early repair (less than 2 weeks). The repair may be carried out with suture anchors
or a screw and washer to reattach the LCL and biceps femoris to their distal attach-
ment sites (Fig. 14.5b). Outside the 2-week window or if mid-substance attenua-
tion exists, scarring and retraction make repair a less reliable option and we
advocate surgical reconstruction. The main constituents of the PLC (LCL, pop-
liteofibular ligament, and popliteus tendon) can be reconstructed with one Achilles
tendon allograft [61]. The bone plug is secured with an interference screw at the
popliteus tendon insertion. The Achilles tendon is then split into two 6—7-mm
limbs starting 1-2 cm from the bone plug. The first limb is passed through a fibular
bone tunnel (posterosuperior to anteroinferior) and secured with an interference
screw to reconstitute the popliteofibular ligament. The residual graft material of
this limb is then used to create the LCL. This is accomplished by fixing the graft at
the fibular insertion of the LCL with a suture anchor and bringing the graft limb
proximally to be passed through a bone tunnel at the anatomic femoral origin of the
LCL. The second graft limb is used to recreate the popliteus and is thus passed
through a tibial bone tunnel from posterior to anterior at the musculotendinous
junction (Fig. 14.5¢, d). The graft is tensioned in 30° of knee flexion with internal
tibial rotation.
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Fig. 14.5 (a) Photograph of the lateral approach to the knee with iliotibial band split and biceps
femoris and lateral collateral ligament (LCL) exposed (white arrow) and tagged with suture.
(b) Photograph with arrow demonstrating the LCL and posterolateral corner (PLC) elevated in a
sleeve and tagged for acute repair. (¢) Photograph of the drill angle (white arrow) and position of
the anteroposterior tibial tunnel for recreation of the popliteus component of the PLC. (d) PLC
reconstruction with popliteofibular ligament graft (black arrow), popliteus tendon graft, and LCL
graft (white arrow) reconstructions

14.13.5 Maedial Collateral Ligament and Posterior Medial Corner
Repair and Reconstruction

Medial-sided injuries are surgically treated less frequently than lateral-sided inju-
ries. Most cases of MCL and PMC patholaxity in the setting of multiligamentous
knee injuries are treated nonoperatively with bracing and protected weight bearing
followed by delayed cruciate reconstruction [10]. If, at the time of cruciate recon-
struction, there is continued laxity suggestive of a nonhealing grade III injury to
the MCL or combined MCL-PMC injury, then MCL-PMC repair or reconstruc-
tion is undertaken. A standard medial longitudinal incision centered over the pos-
terior third of the medial femoral condyle is utilized to identify the native MCL.
Proximal and distal avulsion injuries are whipstitched and reapproximated to the
native attachment site with either suture anchors or a screw and soft tissue washer
[33]. The knee is placed in 30° of flexion for appropriate MCL tensioning. The
posterior oblique ligament (POL) is reapproximated to the posterior edge of the
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MCL with nonabsorbable suture. In cases of mid-substance MCL tears, the oppos-
ing ends of the MCL are whipstitched and reapproximated. The medial capsule may
also be incorporated into the MCL repair. Likewise, the POL is imbricated into the
MCL in a pants-over-vest pattern [33, 62]. Again, the knee should be placed in 30°
of flexion during this procedure. Rarely will residual laxity be present with valgus
stress testing; however, if valgus patholaxity persists, a soft tissue allograft can be
used to supplement the native MCL. The soft tissue allograft should be secured to
the native MCL origin and insertion sites with interference screws in bone tunnels
or suture anchors.

Often the medial meniscus will need repair, and this can be accomplished with
all-inside, inside-out, or hybrid technique. The meniscal attachments to the deep
MCL and the posteromedial capsule should also be reapproximated to restore
appropriate dissipation of hoop stress through the meniscus [33, 63]. This repair and
reapproximation should be completed prior to addressing the MCL and POL.

14.14 Rehabilitation

The overall objective of rehabilitation is to protect the reconstructed or repaired
knee in the early postoperative period and then gradually increase motion and
strength of the knee over time. There are a number of rehabilitation protocols in the
literature with demonstrated good to excellent results [64—66]. In the early postop-
erative period (33 weeks), the patient is placed in a long-leg splint or hinged knee
brace locked in extension. During this time they should remain non-weight-bearing.
The non-weight-bearing period may be extended to 6 weeks if fracture fixation,
chondroplasty, or meniscal repair is undertaken. Additionally, the non-weight-
bearing period may be lengthened due to patient compliance and muscle function.
During this time period isometric quadriceps exercises are permitted and electrical
muscle stimulation is used to enhance quadriceps recruitment [67]. Early passive
motion is initiated between the third and sixth postoperative weeks with a goal of
full extension and 90° of passive knee flexion at week six. Achievement of early
passive motion goals is often assisted by the use of a continuous passive motion
machine for 1 h a day.

The second phase of rehabilitation begins with partial weight bearing at 25 % of
body weight. This phase characteristically begins at the sixth postoperative week
but again depends on the extent of injury and the patient’s ability to demonstrate
neuromuscular control of the operative extremity. Once partial weight bearing is
initiated, the weight-bearing status is increased by 25 % per week until full weight
bearing is resumed. The weight-bearing exercise has a beneficial effect on rebuild-
ing atrophic muscle while providing mechanical stimulus to encourage tendon-to-
bone healing in the ligament reconstructions. In a similar fashion, knee flexion is
advanced weekly with the goal of 120° of flexion by the 12th postoperative week.
All range-of-motion progress is made while wearing a hinged kneed brace, which
provides varus/valgus stability to the healing knee. The stationary bike is also incor-
porated into this phase of the rehabilitation to promote increases in range of motion
and quadriceps strength.
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From the third to the sixth postoperative month, weight-bearing exercises are
advanced and low-resistance quadriceps exercises are introduced. Resisted ham-
string exercises are introduced after resisted quadriceps exercises due to the strain
hamstring exercises can place on the healing PCL reconstruction. The focus is on
closed-chain exercises, as open-chain exercises should be avoided. Proprioception
and balance exercises are also introduced during this phase of rehabilitation. Once
the quadriceps strength is greater than or equal to 70 % of the contralateral leg,
activities may be gradually increased. Jogging and non-cutting activity can begin
between the 6th and 9th postoperative months. Emphasis is placed on smooth
and slow closed-chain endurance exercise, and jumping rope may be introduced.
Plyometrics and cutting activity (sporting activity) are generally resumed between
the 9th and 12th postoperative months. If pool workouts and swimming are to be
used during the later phases of rehabilitation, it is important to restrict patients
from frog kicking or breaststroke until rehabilitation is complete. We use isokinetic
strength equivalent to 90 % of the contralateral limb and the single-leg hop test
equivalent to 90 % of the contralateral limb as strict criteria prior to returning to
sport. Additionally, the patient must be without pain, swelling, and significant laxity
to be released to all activity.

14.15 Conclusion

Acute knee dislocations are uncommon yet serious injuries with significant poten-
tial for associated neurovascular complications. A high index of suspicion, appro-
priate clinical examination, and proper diagnostic modalities are paramount to the
identification of the complete injury pattern. Vascular and open injuries should be
addressed immediately. Osseous injuries should be addressed with open reduction
and internal fixation prior to ligamentous reconstruction. The decision to proceed
with multiligament reconstruction is multifactorial, and both patient-specific and
surgeon factors should impact when and how the multiligamentous knee is repaired
or reconstructed. The objectives of treatment and rehabilitation of the acute knee
dislocation are to provide a stable, functional knee and ideally to return the patient
to an acceptable activity level.
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Complete knee dislocation is a rare but serious injury. Knee dislocation occurs from
high-energy mechanism (motor vehicle or industrial trauma) or from low-energy
trauma (sports activity). Vascular and nerve damage, as well as associated fractures
or systemic injuries, particularly in high-energy dislocations, contribute to the chal-
lenge of treatment. Chronic dislocation may be the result of (1) a missed low-velocity
dislocation, (2) a mismanaged high-energy dislocation, or (3) delayed surgery for
conditions that preclude operative treatment. Some surgeons prefer a two-staged sur-
gery: an open repair of all capsular lesions and after at least 3 weeks an arthroscopic
reconstruction of both cruciate ligaments. With significant capsular damage that does
not allow the safe management of the arthroscopic fluid, an open repair of all capsu-
lar lesions can be performed within the first 2 weeks of the initial injury. The
arthroscopic reconstruction of both cruciate ligaments [1-7] is then postponed until
the capsular repair has healed and satisfactory range of motion is achieved.

15.1 Physical Examination

Physical examination is often misleading, especially when the cruciate ligaments
and both the medial and lateral collateral ligaments have been damaged. Establishing
the neutral anterior-posterior and medial-lateral neutral position is difficult, and the
laxity tests are often confusing, leading to a misdiagnosis of lesions. Usually, the
laxity is global, and if the ligaments of one compartment have been torn, the oppo-
site compartment ligaments have been at least stretched. Surgical management must
address all aspects of the instability and the reconstruction of a single ligament to
address this multiplanar instability will result in persistent instability. In order to
determine which ligaments are lax or torn, a fluoroscopic stress examination may be
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helpful, but we prefer to examine the degree of medial or lateral opening at arthros-
copy (see below). Ligamentous stability is assessed by a variety of tests and their
descriptions are beyond the aim of this chapter. Among the different methods for
quantifying anterior-posterior tibial translation, we prefer the Rolimeter (Aircast,
Summit, USA) for passive posterior translation and the GNRB system (Genourob,
Laval, France) for anterior translation because their measurements correlate well
with the clinical examination [8]. For patients with a history of knee dislocation,
neurovascular evaluation is critical. The common peroneal nerve is the most com-
monly injured nerve, with a reported incidence of 14-25 % [9-11]. Therefore, a
thorough neurological examination must be performed to document sensory and
motor function, in addition to a complete vascular examination.

15.2 Imaging Studies

Plain radiographs should include (1) anteroposterior and lateral views of both knees,
(2) bilateral flexion weight-bearing PA view, and (3) stress radiography for posterior
and anterior translation, carried out with one of the different described methods. We
do not advise stress radiography for varus or valgus because of frequent bias during
exam standardization. If available, imaging studies performed immediately after the
injury are useful for defining the type and direction of dislocation. In chronic dislo-
cation, MRI is routinely performed and essential for preoperative planning; in addi-
tion to associated injuries to the articular cartilage and menisci, MRI can provide
detailed information about which structures have been injured.

15.3 Surgical Techniques

There are two key concepts in the operative management of a multiligament knee
injury. First, ligament repair and reconstruction must place the attachments for the
ligaments and grafts in the normal anatomical attachment site on the femur and
tibia. A nonanatomic placement will not appropriately restore the mechanics of the
knee. Second key concept is the need for addressing all damaged structures.
Operative techniques must deal with all aspects of the instability, and reconstruction
of one or two ligaments cannot address this multiplanar instability with persistent
instability and disability for the patient. Therefore, preoperative planning is manda-
tory. The surgical steps are summarized in Table 15.1.

15.4 Anesthesia

At our center, preoperative nerve (femoral and sciatic) block is the preferred method
of pain relief for the first 1 or 2 days after ligament surgery. This procedure is not
advocated in the presence of peroneal nerve palsy or disease.
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Table 15.1 Summary Diagnostic arthroscopy and meniscal and cartilage treatment

of hgament. Medial skin incision
reconstruction Graft harvesting
sequence

ACL tibial tunnel

PCL femoral tunnel

PCL tibial tunnel

ACL femoral tunnel

Medial reconstruction

Lateral skin incision

Lateral reconstruction

PCL graft is tensioned in full extension and then fixed at 80° flexion
ACL graft is tensioned and fixed in near full extension
Medial and lateral fixation

Skin closure

15.5 Graft Selection

Considering the multiple grafts needed for this type of surgery, allografts are a logi-
cal and valid option. As allografts have limited availability in our country, we are
forced to use autografts in chronic dislocation, even if we have some concern about
donor site morbidity when harvesting two or more grafts from the same knee. We
usually prefer to harvest the quadriceps tendon-patellar tendon or the bone-patellar
tendon-bone from the ipsilateral limb for the PCL reconstruction, the hamstring ten-
don from the ipsilateral limb for the ACL reconstruction, and the hamstring tendon
from the contralateral limb for the medial or lateral reconstruction. These options
are interchangeable and largely depend on the anatomic lesions being addressed.
When allografts are available, the choice depends largely on the surgeon’s prefer-
ence; their main advantages are to minimize donor site morbidity in an already
severely injured knee and to reduce the duration of the operation [1, 12—15].

15.6 Arthroscopy

For acute or chronic dislocation, the patient is positioned supine on the operating
room table in the decubitus position with the knee flexed 70-90° and the foot on the
table. A simple lateral post without a circumferential leg holder is preferred to con-
trol the surgical leg, as this allows more freedom for knee motion and can easily be
removed if necessary. A tourniquet is used during all surgeries and standard arthros-
copy is performed to verify all intra-articular lesions. Five portals are routinely
used: (1) superolateral approach for the outflow, (2) anterolateral portal located just
inferior to the distal pole of the patella, (3) parapatellar anteromedial portal located
just medial to the patellar tendon, (4) posteromedial portal located adjacent to the
posterior aspect of the medial femoral condyle and 3 cm above the joint line, and (5)
the posterolateral portal located along the posterior edge of the lateral femoral
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Fig. 15.1 Arthroscopic view
of the intercondylar notch,
which is “empty” after the
removal of scar tissue and
preservation of the
meniscofemoral ligament

condyle and 1 cm above the joint line. The last portal is performed if necessary or if
a transeptal approach will be performed. Diagnostic arthroscopy allows not only an
assessment of the status of the articular cartilage and menisci, but is mandatory for
planning all of the following surgical steps. The instability pattern is reassessed and
compared to the preoperative diagnosis. In detail, disruption of the meniscotibial or
meniscofemoral ligament would result in visible elevation of the meniscus from its
attachment site on the tibia or femur (meniscal rise sign), which is repaired during
the open part of the procedure. The presence of capsular scar tissue or redundancy
is noticeable. The intercondylar notch is inspected and any scar tissue debrided.
Care should be taken to note the attachment sites of the cruciate ligament and to
preserve the meniscofemoral ligaments, if present, even though the meniscofemoral
ligaments are often torn or absent in chronic dislocation (Fig. 15.1). The popliteus
tendon can easily be visualized and its tension and femoral attachment carefully
inspected [16]. Any abnormal opening of the medial or lateral compartment greater
than 1 cm, as determined by the “gap test” [17], with varus/valgus stress at 30° is
indicative of an injury (Grade III) to the collateral ligament on that side [18].

15.7 Skin Incision

The choice of surgical incision is based on the pattern of ligamentous injuries, with
the most common injury being to the ACL, PCL, and MCL or LCL. With the knee
in 90° flexion, a curved medial skin incision is made beginning midway between
the tibial tubercle and the medial collateral ligament and extending proximally over
the medial femoral condyle. This approach allows us to harvest the grafts, create
tibial tunnels for ACL and PCL and the femoral tunnel for PCL, and perform MCL
and POL reconstructions. At the end of the ACL/PCL arthroscopic reconstruction,
if necessary, a lateral hockey stick incision can be made parallel to the posterior
edge of the ITT. The incision originates distally just proximal to Gerdy’s tubercle



15 Treatment for Chronic Knee Dislocation 167

and extends proximally to the lateral intermuscular septum. Two or three fascial
incisions [19] are made to visualize: (1) the LCL attachment site at the fibula and/
or epicondyle, (2) the popliteus tendon and PFL, (3) the biceps tendon, and (4)
the peroneal nerve. Neurolysis of the peroneal nerve is routinely performed that is
protected throughout the procedure. If the patient has peroneal nerve palsy, we will
locate the nerve at this point in the case and decompress it if it is in continuity [10].
In the case of a nerve tear with interruption, we would consider a subsequent sur-
gery for nerve repair and grafting because the rehabilitative protocol for the nerve
repair requires a longer period of immobilization.

15.7.1 ACL/PCL Reconstruction

Any autograft tissue is harvested first so that an assistant can prepare the graft on the
back table while the surgeon continues the arthroscopic procedure. All of the grafts
are kept moist until they are ready to be implanted. We perform an arthroscopically
assisted ACL and PCL reconstruction using a single bundle and transtibial proce-
dure for both ligaments. The first tunnel to be created is for the ACL using the
Howell tibial guide pin (Arthrotek, Warsaw, IN). The pin is left in place and the
tunnel drilled later in order to avoid fluid leakage. For the PCL femoral tunnel, we
place only the pin without drilling. Right correct placement of this pin is critical.
For single-bundle reconstruction of the PCL, the pin should be located at the center
of the anterolateral bundle that is vertical (anterior). Reaching this point is easy
using an in-out technique, but the tunnel will be angled too much with a risk of a
“killer tunnel.” Therefore, we prefer an out-in technique, but in order to reach a
point as vertical (anterior) as possible, we use an abrader blade to make a small
notch in the roof at 12 o’clock, 5 mm posterior to the articular cartilage. In this way,
the tip of a commercial drill guide can easily be placed in the correct position. The
bullet of the guide pin is inserted below the bulk of the vastus medialis with the knee
flexed 90° and midway between the femoral epicondyle and articular cartilage.
Attention is then turned to the PCL tibial tunnel. The scope is shifted from the AL
to the PL or the PM portal and a motorized shaver is introduced from the contralat-
eral portal. The posterior septum is removed using the technique described by Ahn
et al. [20]. In PCL surgery, a transeptal approach reduces the potential risk to neu-
rovascular structures by providing complete visualization of the tibial PCL insertion
and a larger work space. The wider field of vision allows for constant visualization
of the tibial tunnel preparation and easier intra-articular passage of the graft.
Furthermore, this technique reduces the need to use a 70° scope to view the poste-
rior compartments. The insertion site of the PCL stump on the tibia is easily identi-
fied and the fibers of the remaining PCL remnant are dissected subperiosteally.
After the posterior tibial sulcus is identified, the arm of the drill guide is inserted
from the anteromedial portal and placed in the footprint of the PCL over the attach-
ment of the anterolateral bundle, approximately 1.5 cm below the articular surface
and in the midline of the tibia (Fig. 15.2). The guide pin is advanced until it is visu-
alized through the posterior portal. If the pin needs to be repositioned, parallel guide
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Fig. 15.2 Arthroscopic view
from the posteromedial portal
of a drill guide placed at the
posterior tibial sulcus

pins may be useful. After placing the pin, the tunnel is drilled. Both tibial tunnels
are drilled in different directions on the anteromedial surface of the proximal tibia
in order to avoid crossing tunnels. Next, the femoral PCL and ACL tunnels are
drilled. The edges of all tunnels are smoothed with a rasp prior to passing graft
material. The grafts are pulled through the tunnels, the PCL graft first, facilitating
intra-articular passage. Every graft-tensioning protocol represents a compromise
[21] with a risk of stretching out one or both grafts due to excessive tissue forces,
and over time we have changed our protocol. Currently, the ACL/PCL grafts are
tensioned after all ligaments have been reconstructed but not yet fixed. The PCL is
tensioned first in full extension and then fixed with the knee at 70° flexion, main-
taining the tibia in a neutral position and with a “normal” step-off of the medial
plateau. Before ACL fixation, we check the restoration of intra-articular points of
contact and the restoration of the normal meniscal profile from one of the posterior
portals. Then, the ACL is tensioned and fixed with the knee in near full extension.
The choice of fixation method depends on the type of graft used.

15.7.2 MCL/POL Reconstruction

Anatomical restoration will proceed from deeper to superficial structures and from
posterior to anterior. The deepest layer consists of the meniscotibial and menisco-
femoral ligaments. If they are lax at the time of diagnostic arthroscopy, they are re-
tensioned with suture anchors with the knee in full extension. The superficial MCL
is repaired with a semitendinosus graft, if available [22]. The tendon is left attached
distally and a locking suture placed in the end of the graft to facilitate passage under
the superficial layer. Anatomical attachment of the MCL on the femur is identified
and the isometry of the selected point tested. When the proper femoral position is
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Fig. 15.3 Reconstruction of
the superficial medial
collateral ligament and the
POL using the
semitendinosus tendon

found, an eyelet-passing pin is drilled transversely across the femur, and a half-
tunnel 25-30 mm in length is reamed according to the measured diameter of the
double-looped tendon. With a long-looped suture attached to the eyelet, the tendon
is passed through the femoral bone tunnel and secured using an interference screw.
While inserting the interference screw, the knee should be held in 30° flexion with
varus stress. The free portion of the graft is sutured back to the insertion of the semi-
tendinosus using a permanent suture. An alternative [23, 24] is to perform a “dou-
ble-bundle” technique that re-creates POL function. A tibial tunnel is drilled to the
posterior corner of the medial tibial condyle from anterior to posterior and exits
10 mm below the tibial plateau. The free end of the graft is passed from the femoral
condyle through the posterior tibial tunnel opening and fixed with an interference
screw (Fig. 15.3). A similar technique has been described with allografts [25, 26].
If the native POL tissue is adequate, a vertical incision is made in the posteromedial
capsule between the posterior border of the MCL and anterior border of the POL.
The femoral or tibial redundancy is eliminated by imbricating the POL to the MCL
in a pants-over-vest fashion or reattaching its insertion to the femur or tibia with
suture anchors.

15.7.3 LCL/PL Reconstruction

Surgical options when faced with posterolateral injury can be broadly categorized
as fibular-based or tibial-based procedures. The fibular-based reconstruction
addresses mainly the varus laxity [27, 28] and consists of a fibular tunnel drilled
obliquely (anterolateral to posteromedial) through the fibular head, just distal to the
LCL insertion. This site on the fibula can easily be identified by entering the bursa
between the long head of the biceps and the LCL. With an incision through the IT
band over the lateral epicondyle, the LCL origin, slightly proximal and posterior to
the lateral epicondyle, can be exposed. Two options are now possible: (1) pull up the
graft into a 6—7-mm tunnel (25-30 mm length so that the notch is not violated) with
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Fig. 15.4 Reconstruction of
the lateral collateral ligament
using the semitendinosus
tendon passed under the long
head of the biceps tendon and
before passing the ITT. The
K-wire is at the femoral site
of the native ligament

a passing suture pin and fixing it with an interference screw or (2) secure the graft
to the lateral femoral epicondylar region with a screw and to the anatomic insertion
site of the LCL with a spiked ligament washer. The tibial-based procedure attempts
to re-create the FCL, popliteus, and PFL based on their anatomic origins and inser-
tions to reduce the rotatory laxity [29-35]. The popliteus tendon is reconstructed
using a graft strand going from the drill hole opening at the posterolateral tibial
condyle to the popliteus tendon insertion point at the femoral condyle. The popliteo-
fibular ligament is reconstructed with a graft strand starting from the posterior
aspect of the proximal fibula to the popliteus tendon insertion point at the femoral
condyle. Decision-making is based on the preoperative examination, the quality of
the tissues at the time of surgery, and the arthroscopic evaluation. Several tech-
niques have been described in the literature with different grafts and fixation meth-
ods. Our most commonly used surgical technique for lateral reconstruction is the
free graft figure-8 technique using a semitendinosus autograft (Fig. 15.4) and a
2-tailed (fibular head and proximal tibia) technique for the posterolateral recon-
struction. When the popliteus tendon looks healthy and the posterolateral capsule is
only stretched (i.e., varus test positive and posterolateral drawer and dial tests nega-
tive), we use a fibular-based reconstruction. Alternatively, when autografts are not
available because they were used for medial reconstruction, a split biceps tendon
transfer is used for reconstruction of the FCL [35]. Lax but intact posterolateral
structures are tensioned with suture anchors. The PL reconstruction should be ten-
sioned and fixed with the knee in 30° flexion and internal or neutral rotation [36].

15.8 Rehabilitation

At the conclusion of the surgery, the tourniquet is let down and distal pulses con-
firmed. A dressing is applied and the leg is immobilized in a well-padded, long-leg
splint. We use two drains, one intra-articular and one subcutaneous, that are placed
to prevent hematoma formation.
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Rehabilitation protocols should be individualized according to the specific surgi-
cal procedures and the surgeon’s preferences. No consensus exists in the literature
concerning how slow or fast the rehabilitation must proceed [37, 38], and different
protocols have been described [37—42]. Protection of the grafts during the early
healing phase must be balanced by the risk of arthrofibrosis, which is reported to be
arelative complication after this surgery [5, 43]. In our protocol, the knee should be
kept in full extension for 4 or 6 weeks, but we allow range of motion to begin during
the first or second week after surgery [39, 40]. If lateral reconstruction is performed,
weight bearing is not allowed for the first 6 weeks in order to avoid overstressing
these structures. Otherwise, partial weight bearing with crutches is progressed to
full weight bearing over the first 4 weeks. After quadriceps control has been reestab-
lished, progressive closed kinetic chain strength training is performed. The patient
can return to sports and strenuous labor after the ninth postoperative month, as long
as sufficient strength, proprioceptive skills, and motion have returned. Throughout
this period, close clinical, functional, and radiographic follow-up is conducted,
including MRI studies.
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Ozgur Ahmet Atay, Senol Bekmez, Mehmet Ayvaz,
and Gul Baltaci

Multiple ligamentous knee injuries (MLKI) are complex injuries that are often asso-
ciated with tibiofemoral joint dislocations. Such injuries usually occur with high-
energy mechanisms and can be very devastating for the patient. Current approach
in treatment is surgical intervention targeting anatomic ligamentous repair or
reconstruction. The main goal of treatment is to regain pre-injury activity levels.
Rehabilitation is an absolute component of the management to achieve a successful
outcome. However, there is limited evidence to build detailed rehabilitation protocols
for multiple ligamentous injuries of the knee [1]. Instead, an individualized rehabili-
tation program with a closed communication between the surgeon, patient, and reha-
bilitation team should be subjected. Rehabilitation protocols should focus to promote
healing, decrease pain and swelling, restore the range of motion (ROM), improve
muscle strength and endurance, and enhance proprioception. Rehabilitation must be
started as soon as possible in the early postoperative period with concerning the sta-
bility of reconstructed and/or repaired soft tissues. Ice and electric stimulation after
each exercise session are essential especially in the initial phases of the rehabilitation
for pain/inflammation control and quadriceps strengthening. Because of the com-
plexity of the injury, rehabilitative approaches in multiligamentous injuries should be
more conservative than those principles valid for isolated ACL ruptures [2].
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Table 16.1 Phases of rehabilitation after MLKI

Week Goals of the activity
0-6 Pain reduction, rest, icing, elevation
Muscle reeducation, submaximal quadriceps/hamstring isometrics (pain-free)
Electrical stimulation with the Swiss ball
Taping and/or knee bracing in extension
Scar tissue mobilization
6-10 Single-leg stance balancing and weight shifts
Gentle quadriceps, hamstrings of motion, and gastrocnemius stretches
Hip strength and knee stabilization by TheraBand
Improve knee strength: squatting (30-60-90°)
Standing electrical muscle stimulation (20 min)
10-24 Restore neuromuscular balance-coordination activities on board
Quarter squats
Bicycle, jog, and swim endurance for cardiovascular endurance
Normal knee strength by using isokinetic system
Half squats, hamstring curls, lunges, leg press
28-52 Return to sport, sport-specific drills, functional tests, isokinetic evaluation

Current rehabilitation guidelines after ACL/PCL/posterolateral corner and/or
medial side reconstructions can be assembled in four consecutive phases lasting
approximately 1 year (Table 16.1).

16.1 Phase 1 (0-6 Weeks)

The initial treatment phase includes modalities such as weight-bearing activities to
normalize gait, quadriceps strengthening for muscle reeducation, and gentle knee
stretches for restoring flexibility. Strict guidelines are to be followed: a home exer-
cise program consisting ice, gastrocnemius and hamstring stretches, heel slides,
quadriceps setting, and straight-leg raising (SLR) is emphasized. The appropriate
method of exercise in the early phase of soft tissue healing is isometric exercises
involving isometric contractions of the quadriceps, hamstrings, and gastrocnemius
muscle groups as a cocontraction activity. Modalities as interferential electrical
stimulation, cryotherapy, compression, and nonsteroidal anti-inflammatory drugs
can be used for decreasing the pain and edema. Electrical stimulation is a supple-
mentary method to regain quadriceps strength [3].

Prolonged immobilization in the early postoperative period is associated with
periarticular adhesions and arthrofibrosis that lead to decrease in ROM, destruction
of joint cartilage, muscle atrophy, and disuse osteoporosis. Therefore, patellar
mobility and quadriceps strengthening/stretching exercises are to be started in the
earliest time as pain and effusion would allow. Also to avoid flexion contracture, full
passive extension should be gained in the early period with a great precaution not to
harm reconstructed tissues.

One of the most important goals to achieve in the initial phase of the rehabilita-
tion is to improve the proprioception and kinesthesia that had been disturbed at the
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time of the injury. The damaged mechanoreceptors on the injured collateral or cru-
ciate ligaments can never regrow into the grafts. Instead, specific exercises may
facilitate the intact mechanoreceptors for compensation. Various exercises that can
be used for this purpose are angular joint replication training, end-ROM reproduc-
tion training, and perturbation training [4].

In a review of the literature, [5] stated that, continuous passive motion does not
provide any substantial advantage following ACL reconstruction, except a possible
pain relief. Similarly, Smith and Davies concluded that there was no difference
between joint laxity, functional outcomes, postoperative complications, radiological
changes, ecchymoses, and muscle atrophy in patients who received continuous pas-
sive motion or not [6]. Despite the absence of evidence about any advantages, con-
tinuous passive motion may be considered in the immediate postoperative period to
decrease postoperative pain.

16.1.1 Early Weight Bearing

The weight bearing must be strictly avoided in the first 4 weeks. Further, as the pain
and edema decreases and ROM and neuromuscular control improves, partial weight
bearing can be gradually allowed in compliant patients. Besides, a healing time, rang-
ing from 6 to 12 weeks, which is dependent to the type of fixation determines the dura-
tion of protection [7]. The timing and amount of weight bearing after reconstruction of
isolated ligamentous injuries are well defined. Wright et al. investigated the efficacy of
immediate weight bearing versus delayed weight bearing following ACL reconstruc-
tion. No deleterious effects of early weight bearing were found regarding stability or
function. They suggested that anterior knee pain would decrease with early weight
bearing [8]. Following medial collateral ligament (MCL) repairs, non-weight bearing is
recommended for the initial 3 weeks with weight bearing as tolerated at 3 weeks; how-
ever, effects of early weight bearing are unknown following MCL injury or repair to the
MCL [8-10]. Despite that little evidence exists regarding weight-bearing status follow-
ing posterior cruciate ligament (PCL) injuries, partial weight-bearing status is recom-
mended for 2—4 weeks following PCL surgery to protect the healing structures [11].

In case of multiligamentous reconstructions of the knee joint, no weight bearing
for the first week and limited weight bearing for the first 6 weeks is recommended
[12]. The effects of early weight bearing following multiligamentous knee surgery
are not clear, while early weight bearing following anterior cruciate ligament (ACL)
reconstruction is safe without any detrimental effects on stability or function [13].

16.1.2 Knee Bracing

We recommend protecting the reconstructed and repaired tissues with a knee brace
locked in extension for 6 weeks postoperatively. After 1 week, controlled non-
weight-bearing limited flexion is allowed. Because knee flexion past 100° can
increase strain on PCL, knee flexion should be limited at 90° in phase 1 rehabilita-
tion protocols [7].
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Despite several studies demonstrated the efficacy of a functional knee brace dur-
ing early treatment following acute ACL rupture or prophylactic bracing in ACL-
deficient knees, there is no evidence to support the routine use of postoperative
bracing following ACL reconstruction in systematic reviews [14—-17]. However,
recent surveys demonstrated that approximately 50-60 % of orthopedic surgeons
still use bracing in the early postoperative period following ACL surgery [18].

In the postoperative management of PCL reconstruction, a hinged brace is typi-
cally used as the knee is locked in full extension for 2—4 weeks to avoid the effects
of gravity and the pulling effect of the hamstrings [19]. However, there is no current
evidence indicating that bracing prevents posterior tibial translation [11].

Bracing seems to be beneficial for severe grade II and grade III ruptures of the
MCL or following MCL surgery. A long-hinged brace allowing 30-90° of knee
motion for the first 3 weeks followed by progressive weaning off the brace starting
at week 6 is recommended [9].

16.1.3 Immediate Versus Delayed Mobilization

The current evidence points the benefits of the early mobilization for a successful
outcome after ACL and PCL reconstructions. Beynnon et al. summarized five ran-
domized controlled trials on the effects of immediate knee motion as compared to
delayed knee motion following ACL reconstruction. The authors concluded that
early joint motion after reconstruction of the ACL appears to be beneficial with
reduction in pain, lesser adverse changes to the articular cartilage, and helping pre-
vent the formation of scar and capsular contractions that have the potential to limit
joint motion [20]. Harner et al. recommend a 2- to 4-week period of immobilization
in full extension following a grade III PCL injury to maintain reduction of the tibia
and minimize posterior sag to limit forces on the damaged PCL and posterolateral
structures. The same recommendations can be applied for following PCL recon-
structions [21].

16.2 Phase 2 (6-10 Weeks)

In this phase, the knee brace is unlocked to allow full flexion. The patient is allowed
for protective weight bearing to approximately 20 % of body weight with crutches.
Furthermore, the weight bearing can be allowed to progress by 20 % each week
until full weight bearing is allowed at the postoperative week 10. Any residual flex-
ion contracture can cause extensor mechanism irritation. Although the crutches are
discontinued at this point, a multi-instability-specific brace providing anterior-
posterior-lateral-medial support is recommended to protect the knee.

In this phase, the goal of knee extension is to obtain and maintain physiologic
recurvatum because active neutral extension must be achieved to assume full weight
bearing. A gradual increase in passive flexion is allowed to reach the uninvolved
side by weeks 8—12. It permits the graft and other soft tissues to adapt the length
changes. To not cause early failure on grafts, patient should not be encouraged
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to attain over 90° of flexion until the end of postoperative week 10. One hundred
twenty-five degrees of flexion is adequate even for high-demand activities after
week 12.

16.2.1 Neuromuscular Reeducation

Neuromuscular reeducation or neuromuscular (proprioceptive) training has been
defined as movement training progressions that facilitate the development of multi-
joint neuromuscular engrams that combine joint stabilization, acceleration, decelera-
tion, and kinesthesia through intermittent protocols that progress from low-intensity
movements focused in a single plane to multiplanar power training [22]. Cooper
et al. investigated the use of proprioceptive and traditional strengthening exercises
in individuals with ACL deficiency. Limited improvements were noted in muscle
strength, subjective rating, and hop testing following neuromuscular training when
compared to traditional strengthening in patients with ACL deficiency [23].

The proprioceptive and kinesthesia exercises progress in a systematic sequence.
Partial weight bearing progresses to full weight bearing, double-leg exercises prog-
ress to single-leg, single-plane tilt board exercises progress to multi-plane, and
open-eye exercises progress to closed eye [24]. Proprioceptive neuromuscular facil-
itation exercise for hamstrings and quadriceps (Fig. 16.1a, b), progressive resistance
training, and balance-coordination exercises for multiligamentous injuries are effec-
tive in reducing pain and improving quality of life.

16.2.2 Quadriceps Strengthening

Initial closed chain exercises including wall slides, short-arc squats, multiple
direction step-ups, leg press, squat, and lunges should be started in a functional
weight-bearing position immediately [25]. Open chain exercises should be avoided
especially in case of a patellofemoral disorder [26]. We recommend an exercise pro-
gression combining isometric, progressive resistive exercises, balance, kinesthetic
ability, coordination, and proprioception in phase 2. Improvement in pain and func-
tion can be achieved by using TheraBand in stretching and strengthening exercises
(Fig. 16.2). Progressive resistive exercises increase strength, power, and endurance.
These exercises consist of three sets of ten repetitions. The first set is 50 % of maxi-
mum of ten-repetition weight, the second is 75 %, and the final set is 100 % of the
repetition maximum (RM) weight.

Eccentric exercises should be considered to increase muscle strength and func-
tional performance. Gerber et al. evaluated the effectiveness of early progressive
eccentric exercise at the 1-year follow-up of ACL reconstruction. Knee extension
strength and functional performance improvements were noted in the involved limb
in the eccentric group at 1-year follow-up compared to pre-training levels, whereas
no improvements were noted in the standard group [27]. Clinicians may also con-
sider the use of eccentric squat program in patients with PCL injury to increase
muscle strength and functional performance. MacLean et al. evaluated the efficacy
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Fig.16.1 (a,b)
Proprioceptive neuromuscular
facilitation techniques for
hamstrings and quadriceps

Fig.16.2 Knee extension
quadriceps muscle
strengthening by using
TheraBand




16 Postoperative Management: Rehabilitation 181

of a home eccentric exercise program in improving strength, knee function, and
symptoms in athletes with PCL injury. Knee functions and symptoms were improved
over the 12-week period. The quadriceps in the involved limb showed significantly
greater improvement in eccentric torque following eccentric training [28].

16.2.3 Kinesio Taping

Kinesio Taping application, as an increasingly popular method in the rehabilitation
and prevention of sports injuries, has been recommended for relief from insidious
pain. Kinesio Taping has physiological effects including decreasing pain or abnor-
mal sensation, supporting the movement of muscles, removing congestion of lym-
phatic fluid or hemorrhages under the skin, and correcting misalignment of joints
[29]. After applying Kinesio Taping, the taped area will form convolutions to
increase the space between the skin and muscles. Once the skin is lifted, the flow of
blood and lymphatic fluid is promoted. We recommend the Kinesio Taping for acute
pain and discomfort after surgery (Fig. 16.3a, b).

16.3 Phase 3 (10 Weeks to 6 Months)

The rehabilitation program focuses on improving ROM and increasing quadriceps
strength in this phase. The target ROM is approximately 120° in this phase. Closed
chain exercises are recommended to enhance proprioception. An advanced modality
of quadriceps strengthening is the open kinetic chain exercises that should be initi-
ated only 4 months after the reconstruction. Open chain exercises should proceed
with a great caution to avoid inflammation-based anterior knee pain that may alter
the progression of rehabilitation protocol. However, resistance should be limited
only to the body weight and knee flexion should be limited to 60°, initially. Resistive
exercises should include both concentric and eccentric ones to provide functional
activities. Dynamic stability, which is required to return various functional activi-
ties, is mainly generated by quadriceps, hamstring and gastrocnemius muscle groups
[30]. If the patient does not suffer from pain, swelling and discomfort during and
after activity, we recommend to add turning, twisting, jumping and running to the
rehabilitation program. Furthermore, more functional activities and proprioceptive
trainings should be started with the balance board, trampoline jumping, and skip-
ping rope. Once the patient successfully improved in regard to quadriceps strength,
straight-line jogging can be permitted at the end of the fifth postoperative month.

16.4 Phase 4 (28-52 Weeks)

Running in nonlinear directions and low-intensity cutting activities can be initiated
at months 6 through 9 [31]. Isolated hamstring exercises without resistance and
bilateral or single-leg plyometric exercises are also initiated [32]. Consequently,
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Fig.16.3 (a, b) Kinesio
Taping application for
quadriceps and vastus
medialis muscle, mechanical
correction for patella, and
ligamentous technique

rehabilitation strategies such as perturbation training, plyometrics, advanced agility
drills, and ergonomic/sport-specific simulations obtain a controlled clinical envi-
ronment generating the forces that may create destabilizing forces across the
knee [22]. The intended quadriceps strength is at least 90 % of the non-injured side.
A 10-15° of terminal flexion loss is common despite aggressive ROM exercises.
Any joint soreness and swelling should be monitored carefully for the potential
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injury risk in efforts to gain full flexion. Completion of the rehabilitation program
and return to the manual labor or sportive activity should be regarded at the end of
postoperative 9 months. Return to sports should be based on objective measures that
assess patient’s performance [33]. A functional test algorithm in a step-by-step pro-
cess should be used to evaluate the patient’s progression after rehabilitation pro-
gram. Prophylactic bracing is a controversial issue but we recommend it until 18
months postoperatively especially during sportive activity.

16.5 Conclusion

In summary, because of the complexity and the rarity of the multiple ligamentous
injury patterns of the knee joint, there are no randomized controlled trials regarding
ideal rehabilitation guidelines. So, rehabilitation protocols should be individualized to
meet the specific needs of the patients. Overall, a systematic and patient-based rehabili-
tation algorithm can provide a good outcome even in such a devastating condition. If
the patient rapidly returns to activity, we perform functional tests such as one-leg hop-
ping and jumping tests indicating neuromuscular control, strength, power, and most
importantly knee stability. Repetitions, frequency, and resistance weight of exercises
should be modified according to the patient’s individual ability. It is important to con-
vince physicians, physical therapists, athletic trainers, coaches, and the athletes them-
selves to implement active prevention measures into therapy and training programs,
thus decreasing the injury and reinjury risks and enhancing athletic performance.
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