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Abstract Injuries to the medial side of the knee can occur
in isolation or in conjunction with multiple other ligaments
about the knee. In addition, medial knee injuries can involve
isolated injury to the medial collateral ligament or include
the posteromedial structures of the knee. Treatment strate-
gies differ greatly depending on injury pattern. In order to
select an appropriate treatment strategy, one must accurately
diagnose the injury pattern based on clinical examination
and the use of appropriate imaging studies. The fundamental
basis for diagnosis of a medial sided knee injury stems from
understanding the static and dynamic stabilizing structures
that compose the medial side of the knee. It is our aim to
define the anatomic roles of medial sided structures, their
importance in protecting the biomechanical stability of the
knee, as well as provide indications and our preferred pro-
cedures for surgical management of these complex injuries.

Keywords Posteromedial corner . Medial collateral
ligament . Multiligamentous knee injury

Introduction

The medial side of the knee is significantly complex. Un-
derstanding the complicated relationship between anatomic
structures and their unique biomechanical function provides
an insight on how best to treat injuries involving the poster-
omedial corner (PMC). Recognizing the difference between

injuries involving the medial collateral ligament and the
structures of the PMC has important clinical implications.
Failure to recognize this difference has been implicated as a
potential reason for failure of reconstructed cruciate liga-
ments in combined injuries [1–3]. This article provides
information based on review of recent literature that
describes the anatomy, biomechanical function, and current
treatment principles regarding the PMC. In addition, we will
provide our current preferred method for reconstruction of
the PMC based on outcomes in patients treated with multi-
ligamentous knee injuries.

Anatomic considerations

Although the lateral side of the knee has often been referred
to as the “dark side of the knee” [4], until recently there has
been considerably less literature devoted to the PMC. The
medial collateral ligament (MCL) is not one discrete struc-
ture, but is actually a complex of multiple structures that
exist in continuity and work in conjunction with the struc-
tures of the posteromedial corner to provide stability. Over
the years, the MCL has been referred to under various
names with varying definitions, which has added to the
confusion in the literature. Palmer in 1938 described the
MCL as having superficial and deep parts [5]. Less than a
decade later Brantigan and Voshell referred to this structure
as the tibial collateral ligament [6]. In their early anatomical
description they divided it into an anterior portion with
fibers running parallel, and a posterior portion with fibers
running in an oblique fashion. Later, Warren and Marshall
divided the medial side into 3 distinct layers which included
a fascial layer, a superficial layer, and a deep layer; however,
little emphasis was placed on the structures that exist pos-
terior to the MCL [7]. Eventually, Houghston and Eilers
described the posterior oblique ligament as a “discrete
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anatomical thickening of the capsular ligament” [8]. Over
time our understanding of the knee’s medial structures has
evolved and the most current accepted anatomic definitions
are listed below.

The MCL

The first layer described by Warren is the fascial layer that
wraps around the knee in a circumferential layer [7]. Be-
cause this layer is not distinct to the collateral ligament,
recent authors have discontinued describing it as a function-
al layer of the MCL. Layer II in Warren’s description con-
tains the superficial MCL. According to LaPrade, the origin
of the superficial MCL lies in a depression 3.2 mm proximal
and 4.8 mm posterior to the medial femoral epicondyle [9].
The superficial MCL attaches approximately 4.6 to 6 cm
distal to the articular surface of the tibia, remaining extrac-
apsular and eventually blending with the periosteum of the
tibia, bridged by the pes anserinus [5, 10]. The reinforce-
ment provided by the pes prevents excessive tibial rotation
during knee flexion [10]. It is approximately 10 mm wide at
its proximal insertion, fanning out to a width of 20 mm at its
widest point as it crosses the medial joint line [5]. Warren’s
third layer included a thickening of the medial joint capsule
that lies directly deep to the superficial MCL [7]. The deep
MCL has an intimate association with the medial meniscus,
including the meniscotibial and meniscofemoral ligaments.

More recent literature has moved away from the 3 layer
approach when describing the medial knee and has instead
moved toward dividing the medial side of the knee in thirds—
the anterior third, the middle third, and the posterior third [11].
The anteromedial third of the knee involves thin capsular
ligaments that lie deep to the extensor retinaculum. The mid-
dle third are the deep medial capsular ligament (or deep MCL
including the attachment of the medial meniscus) and the
superficial MCL. The superficial and deep components of
the MCL are separated by loose bursal tissue, which allows
the superficial component to slide anterior to posterior during
knee flexion [6]. The posteromedial third is comprised of the
posterior oblique ligament, semimembranosus expansions,
posterior horn of the medial meniscus, and the oblique
popliteal ligament [11].

The Posterior Oblique Ligament (POL)

As described by Brantigan and Voshell, the superficial MCL
fans out obliquely at its posterior portion [6]. This was later
described by Hughston and Eilers as the posterior oblique
ligament (POL), arising from the adductor tubercle just
posterior to the medial epicondyle and anterio-inferior to
the medial head of the gastrocnemius muscle, thereby hav-
ing a distinct origin from the superficial MCL [8]. It attaches
to the tibia just inferior to the articular surface. The POL has

been shown in some dissections to have 3 separate arms: a
tibial or central arm, a capsular arm which blends with the
oblique popliteal ligament, and a superficial arm that blends
with the superficial MCL [9, 12]. The primary component is
the central arm, which arises from the semimembranosus
tendon and attaches directly to the posterior meniscus and
joint capsule [9, 10, 13]. One third of the POL is firmly
attached to the medial meniscus, whereas the remaining 2
thirds of its fibers pass freely from their femoral and tibial
attachments [12]. The POL is distinctly biomechanically
different in its function despite often being thought of as
an extension of the superficial MCL.

The Posteromedial Corner (PMC)

The structures of the PMC include those that lie posterior to
the border of the longitudinal fibers of the superficial MCL to
the medial border of the posterior cruciate ligament. If follow-
ing the model of dividing the knee into thirds, this would be
the posterior third [11]. As previously described this includes
the POL, the semimembranosus expansions, the posterome-
dial horn of the meniscus, and the oblique popliteal ligament.
Mueller previously described the PMC as the “semimembra-
nosus corner” as this structure has a significant functional
contribution to the dynamic stability of the PMC [14]. The
expansions of the semimembranosus referred to above have
been divided into 5 separate components including: the pars
reflexa that inserts directly on the tibia, the direct posterome-
dial insertion on the tibia, the oblique popliteal ligament
insertion, the POL insertion, and the popliteus aponeurosis
[11, 12]. The tendonous attachment of the semimembranosus
muscle to the tibia allows it to act as a dynamic stabilizer of the
PMC [11–13]. The biomechanical function of these structures
will be discussed in the next section.

Biomechanics

Biomechanical analysis has shown motion at the knee to be
significantly complex. As the knee flexes and extends thru
its arc of motion, the tibia rotates with respect to the distal
femur, adding to the complexity. In order to understand the
biomechanical function of the structures of the PMC, one
must also be aware of the role the MCL complex plays. In
Warren’s initial works, the superficial MCL was described
as the “prime static stabilizer of the medial side of the knee”
[7]. Valgus forces are resisted by the superficial MCL with
the knee in the flexed position; however, it does not seem to
affect medial stability at full extension based on early stud-
ies that evaluated isolated sectioning of the ligament [15,
16]. More advanced biomechanical studies have recently
shown the superficial MCL to provide the primary restraint
to valgus force at all angles through the arc of motion at its
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proximal end [17•, 18•]. In contrast, the restraint provided
by the distal extent of the superficial MCL is affected by the
amount of flexion of the joint, with 60° providing the great-
est valgus load [10, 17•]. The deep MCL acts as a secondary
static stabilizer, providing resistance to valgus stress at all
angles of flexion [10, 17•]. A secondary function of the
MCL is resistance to anterior and posterior stress, supple-
menting the primary function of the cruciate ligaments [16,
19]. In addition, the MCL provides static restraint for rota-
tional stability. The load seen by the superficial MCL is
highest in external rotation [18•], therefore an increase in
tibial external rotation is seen with isolated sectioning of the
ligament, especially at 90° of flexion [16]. This is in contrast
to the posterior oblique ligament where the load is highest in
internal rotation at full extension [17•, 18•].

The structures of the PMC are taut in full extension, pro-
viding stability and resistance to valgus stress in the fully
extended position [15, 20]. These structures begin to slacken
as the knee flexes. At this point the superficial MCL becomes
tight and provides the stability in the coronal plane [13]. The
POL also acts as in concert with the MCL to resist rotational
forces [17•, 18•]. When the MCL complex and PMC are both
no longer competent, external rotation of the tibia is signifi-
cantly increased. It is most likely with combined MCL and
PMC injuries that patients develop anteromedial rotatory in-
stability (AMRI) [21]. Sims and Jacobson reviewed injury
patterns in patients who demonstrated AMRI. In their series
88 % had sustained combined injuries to the POL and MCL
[12]. They demonstrated that the medial tibial plateau under-
goes an anterior rotator subluxation around the central axis of
the posterior cruciate ligament (PCL). In a study in 2006
Robinson demonstrated that the phenomenon of AMRI seems
to be increased with increasing degrees of knee flexion, and
found it highest at 90o [20]. Furthermore, biomechanical studies
have shown that the POL acts as a secondary stabilizer prevent-
ing posterior tibial translation at full extension. This has signif-
icant effects if the PCL is injured as well, since the posterior
tibial translation is significantly increased in a combined injury
at both neutral and external rotation of the tibia [19, 22].

Diagnosis

Understanding the complex anatomy of the medial side of
the knee is an integral part of developing the diagnosis. In
order to achieve successful outcomes in patients with com-
plex knee injuries, it is important that the surgeon properly
differentiate between isolated injuries of the MCL and those
that involve the PMC structures. As with all patients with
orthopedic injuries, the first step in diagnosing a knee injury
is obtaining a clear history that includes the mechanism of
injury. A direct force to the outside of the leg produces a
valgus stress and can result in isolated injuries to the MCL,

as can be seen in athletes involved with contact sports [10].
If an external rotation force is coupled with that valgus
stress it is more likely to result in an injury that also involves
PMC structures. Higher energy mechanisms can lead to
knee dislocations, resulting in injuries to multiple ligaments
about the knee [23, 24•]. After obtaining a thorough history
from the patient, an extensive physical examination is per-
formed to further investigate the suspected diagnosis.

The physical examination begins with evaluation of the soft
tissues surrounding the knee. Note any areas of ecchymosis or
effusion involving the knee joint. Isolated edema medially is
often indicative of an isolated MCL injury. An effusion of the
knee often results from intra-articular pathology, such as injury
to the cruciate ligaments, or meniscus [10, 13]. High energy
trauma can occasionally result in open injuries and should be
treated according to the guidelines for open fractures. The
neurovascular status of the limb should also be evaluated,
especially in those patients with multiligamentous knee inju-
ries, as the popliteal artery and common peroneal nerve can be
injured [25–28]. Injury to the popliteal artery can be limb
threatening and should be addressed promptly. An ankle-
brachial index (ABI) should be performed if any concern of
arterial injury arises following physical examination. Mills et
al. reported a 100 % sensitivity and specificity with ABIs <0.9
for patients with a clinically significant arterial injury [27]. If
the vascular physical examination is normal the patient should
be admitted and observed for at least 48 hours tomake certain a
late vascular occlusion does not occur [25].

When an injury to the medial knee is suspected specific
physical examination maneuvers are used to determine if
this is isolated to the MCL complex, or if the structures of
the PMC are involved. Distinguishing between the 2 is the
key step to developing the proper treatment algorithm. The
examiner applies a valgus stress to the knee at both 0° and
30° of flexion. Valgus laxity with the knee flexed at 30° is
the most sensitive test for medial knee injuries [29]. This,
however, does not differentiate between PMC and isolated
MCL injuries. The hallmark of injury to the PMC is the
presence of anteromedial rotary instability (AMRI). AMRI
is defined as external rotation with anterior subluxation of
the medial tibial plateau relative to the distal femur [11, 21].
The PCL acts as the central axis during this translation. To
diagnose AMRI, an anterior drawer test is performed with
the knee flexed at 90° and the foot held in 10° of external
rotation [30]. The degree of translation is noted and is
compared with an anterior drawer test with the foot in
neutral rotation. Increased translation with the tibia in ex-
ternal rotation is indicative of AMRI. When a coexisting
PCL injury is suspected a posterior drawer test is performed
with the foot in neutral and internal rotation. The PMC acts
as a secondary stabilizer with an isolated PCL injury, there-
by decreasing tibial translation when the foot is held in
internal rotation, if intact. With a combined PCL-PMC
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injury translation during posterior drawer testing is in-
creased when the tibia is internally rotated, since these
secondary stabilizers are no longer competent [19].

Imaging studies are used to support the physical exami-
nation findings, but are not to be used to replace a thorough
examination. Plain radiographs of the knee are first obtained
to evaluate osseous structures for fracture, subluxation, or
dislocation. A recent article by LaPrade recommends the use
of valgus stress radiographs at 0° and 20° of flexion to
evaluate for medial injury as well as monitoring postopera-
tive follow up [31•]. Medial joint space widening greater
than 3.2 mm when compared with the unaffected knee at
20° of flexion indicates a probable grade III MCL complex
sprain [31•]. Significant medial gapping with the knee at full
extension may indicate a coexisting anterior cruciate liga-
ment (ACL) or PCL injury [31•]. Garavaglia et al. describe
the use of posterior stress radiographs to evaluate combined
PCL and PMC injuries, where >12 mm of posterior transla-
tion at 80° of flexion is considered a positive test [32].

Magnetic resonance imaging (MRI) is likely the most
useful imaging study to evaluate the extent of injury. If an
MRI is to be performed, it should be done prior to fixation
of any co-existing peri-articular fractures, as metal artifacts
can affect the quality of the study. MRI is particularly useful
when evaluating patients with multiligamentous knee inju-
ries; however, it has been shown that MRI tends to overes-
timate injury to ligamentous structures [33]. It is for this
reason that the MRI should be used to supplement the
physical examination, and not replace it as the only tool
used for surgical planning. Injuries to the MCL complex are
best seen on coronal images. Bony edema of the lateral
condyle of the femur and lateral tibial plateau are seen in
up to 45 % of patients with medial sided injuries [10, 34].
Co-existing injury to the menisci or osteochondral surfaces
are best evaluated by MRI or diagnostic arthroscopy. Ex-
amination under anesthesia continues to be the most accu-
rate tool when diagnosing a complex knee injury and should
be performed in detail using the examination maneuvers
listed above prior to any surgical reconstruction.

Treatment

Isolated injury to the MCL complex will typically heal with
favorable results without operative intervention, especially in
the instance of grade I or grade II injuries [29, 35–38]. The
extra-articular location of the MCL allows the superficial
MCL the potential to heal primarily, without repair or recon-
struction [10, 39]. This is thought to be in contrast to the ACL,
which is constantly bathed in synovial fluid and has limited
blood supply due to its intra-articular location, thereby limit-
ing its healing potential [10, 39]. Complete disruption of the
MCL (grade III injury) is often associated with injury to

another ligament, most often the ACL [10, 13, 29, 38]. There
is significant controversy when dealing with combined ACL
and MCL injuries among the literature. Often the ACL is
reconstructed and the MCL is left to heal primarily with some
success [38–40]. Some recent concern has developed with
following this method. Multiple studies have shown patients
to have greater anterior to posterior translation at 90° and
increased valgus laxity at 30° with these combined injuries
when compared with isolated ACL patients [38, 41]. In addi-
tion, increased valgus laxity with incomplete healing of the
MCL complex has been shown to increase stress across the
reconstructed ACL [1, 42•, 43]. For this reason, some have
proposed addressing these injuries separately [10, 13]. These
patients undergo a 4- to 6-week period of bracing to allow
healing of the MCL, while simultaneously doing rehabilita-
tion exercises to increase range of motion in preparation of the
ACL reconstruction. Finally, at the time of ACL reconstruc-
tion an examination under anesthesia is performed. Any sig-
nificant residual valgus laxity is addressed at the same time as
the ACL reconstruction; with reconstruction of the MCL in an
effort to decrease the likelihood of late graft failure [10, 13].

Injury to the PMC becomes more common in higher energy
bicruciate knee injuries and knee dislocations [24•]. Due to
increased posterior translation of the tibia encountered with
coexisting injuries to the PCL and PMC (specifically the POL)
[19, 22, 44], this injury pattern is best treated with operative
management consisting of reconstruction of both anatomic
structures [19, 24•]. Patients with multiple ligament injuries
and evidence of AMRI on physical examination benefit from
stabilization and reconstruction of the PMC [24•, 45•]. There is
a difference of opinion on what order to address the injured
structures. Some authors recommend addressing injuries to
both cruciate and collateral ligaments in the same surgery
[29]. Our preference is to reconstruct the PCL and PMC in 1
setting, and addressing the ACL in a delayed fashion [24•].
This is felt to maximize the rehab protocols for each cruciate
ligament, and allows the patient to recover range of motion
prior to reconstructing the ACL. This way if motion is still
limited at the time of the ACL reconstruction either a manip-
ulation under anesthesia or lysis of adhesions can be performed
to improve motion. Still others recommend addressing the
cruciate ligaments while allowing time to see if the medial
sided knee structures will heal nonoperatively [40, 46]. This is
now thought to have less favorable results: recent studies have
proven the significant role that the POL and PMC play as a
stabilizer of internal rotation and valgus stress [22].

Surgical technique: authors preferred treatment

When multiple ligaments are to be reconstructed, our pre-
ferred order of treatment is as follows: examination under
anesthesia, diagnostic arthroscopy, repair or resection of
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meniscus tear as indicated, reconstruction of the PCL using an
inlay technique without tensioning or fixation of the graft on
the femur, followed by reconstruction of the MCL/PMCwith-
out tensioning on the tibia [24•, 47]. Once the PMC graft is in
place, the PCL is tensioned and fixed. The final step is fixation
of the PMC graft. The same reconstruction procedure is per-
formed in instances of MCL injuries and of those involving
the PMC. If the ACL is to be reconstructed we prefer to do this
as a staged procedure 6 weeks following reconstruction of the
PMC/PCL to optimize the rehab protocols for each ligament.
In this section we will describe only the preferred technique
for reconstruction of the PMC. Primary repair of the PMC has
been utilized; however, in a recent study published by the
senior author we noted a significantly higher failure rate with
repair (20 %) vs reconstruction (4 %) [24•]. We recommend
using a technique for ACL and PCL reconstruction that the
operating surgeon feels comfortable with to allow for best
results of complex injuries.

Either allograft or autograft may be used when recon-
structing the PMC. When multiple ligaments are to be
addressed, it is often beneficial to use allograft to limit
morbidity to the patient. Currently the authors’ preference
is to use 2 semitendinosus allografts for reconstruction [47].
Each end of the graft is prepared for passage with a perma-
nent number 2 suture passed in a locking fashion. A

Fig. 1 A biotenodesis screw (Arthrex, Naples, FL) has been anchored
at the isometric point (*) with the 2 semitendinosus grafts attached. The
anterior graft (sMCL) is oriented longitudinally and reconstructs the
superficial MCL. The posterior graft (POL) has been tunneled oblique-
ly under the semimembranosis (SM) to reconstruct the course of the
posterior oblique ligament. Both limbs of the graft will be anchored to
the tibia with the screw and spiked ligament washer at the distal aspect
of the incision. (P=proximal; D=distal)

Table 1 Outcomes of MCL/PMC repairs or reconstructions

Number of patients Repair vs
reconstruction

Graft used Follow-up Outcomes measures

Kim et al.
2008 [48]

24 MCL+POL Reconstruction
MCL/PMC

Semitendinosus autograft
with preserved tibial
attachment

Mean 52.6 mo Lysholm score 91.9

(range 25–92) (range 80–100)

2 mm medial joint space
opening in 22 of 24

Lind et al.
2009 [45]

13 isolated MCL Reconstruction Ipsilateral semitendinosus
autograft with preserved
pes attachment

Median 40 mo KOOS score improved
average of 10 points

34 ACL+MCL MCL/PMC (range 26–68) 91.2 % satisfied or very
satisfied

14 multiple ligaments IKDC 98 % grade A or B
medial laxity

Yoshiya et al.
2005 [49]

12 MCL+ACL Reconstruction Semitendinosus and
gracilis autograft

Mean 27 mo 83 % stable to valgus stress

7 MCL+PCL sMCL only (range 24–48) 17 % mild valgus instability

3 MCL+PCL+ACL Side to side difference of
2 mm or less in 100 %

2 isolated MCL IKDC normal or near normal
in 88 %

Stannard et
al. 2012 [24•]

25 patients with direct
repair of PMC

Repair vs
Reconstruction

Semitendinosus allograft
and autograft reconstructed
MCL and POL

Mean 43 mo 20/25 stable to valgus stress
in repair group (80 %)

48 patients with reconstruction
of MCL/PMC

46/48 stable to valgus
stress in reconstruction
group (96 %)*all patients sustained

knee dislocations with
multiligamentous injuries

MCL medial collateral ligament, PMC posteromedial corner, ACL anterior cruciate ligament, PCL posterior cruciate ligament

128 Curr Rev Musculoskelet Med (2013) 6:124–131



biotenodesis screw (Arthrex, Naples, FL) is fixed to the 2
grafts, forming 2 limbs. The graft is then placed aside while
the approach to the medial side of the knee is performed.

Following a diagnostic arthroscopy, the patient’s leg is
placed in the figure-4 position. An incision is made longi-
tudinally following the posteromedial border of the tibia.
The insertion of the semitendinosus tendon marks the distal
aspect of the incision. The distal aspect of the femur is
exposed in the proximal aspect of the incision. Fluoroscopy
is used to obtain a perfect lateral of the distal femur. The
isometric point of the distal femur is then found where
Blumenstaat’s line intersects a line extended along the ante-
rior aspect of the posterior cortex of the femoral shaft [24•,
47]. Once the isometric point is identified a threaded guide
pin is inserted in the femur from medial to lateral. A cannu-
lated reamer is used to drill a socket over the guide pin the
appropriate size to accommodate the diameter of the bio-
tenodesis screw used for fixation. The socket is drilled to a
depth of 25 mm. The screw with the attached graft is
inserted in the socket at the isometric point. The 2 semite-
ndinosus grafts are positioned where the anterior graft will
recreate the MCL and the posterior graft reconstructs the
POL providing stability to the PMC.

Just proximal to the insertion of the semitendinosus ten-
don on the medial tibia, a 3.2 mm drill bit is used to create a
bicortical drill hole. A 4.5 mm screw with a spiked ligament
washer is placed in the drill hole. Prior to fully seating the
screw, the anterior limb of the graft is taken directly inferior
from its femoral insertion in line with the MCL. The poste-
rior graft tunnels under the semimembranosus in a posterior
to anterior direction toward the tibial screw (Fig. 1). This
graft recreates the POL as well as the direct insertion of the
semimembranosus. The knee is flexed to 30° and the tibial
screw with spiked washer is fully seated, securing the graft
in place as a very gentle varus stress is applied to the knee
while at neutral rotation.

Outcomes

The senior author of this review has previously published
outcomes using the above described technique for reconstruc-
tion [24•]. Patients were treated for knee dislocations and a
total of 71 patients with 73 injuries to the PMCwere reviewed.
Patients were divided in 3 groups: primary repair, autograft
reconstruction, and allograft reconstruction. Of the 25 patients
who underwent repair, 5 failures occurred (20 %). This is in
contrast to the reconstruction groups where 48 reconstructions
were performed with 2 failures (4 %). The difference between
repair vs reconstruction was found to be statistically signifi-
cant. There was one failure in the autograft group and one in
the allograft group, which was not statistically different. This
data supports our preference for reconstruction of the PMC

[24•, 47]. A brief review of the most recent studies describing
outcomes of surgical treatment of MCL and PMC injuries are
summarized in the Table 1.

Conclusion

Recent anatomic and biomechanical studies have provided
important insight to the structure and function of the PMC
and MCL complex. It is important to use a thorough physical
examination to differentiate between injuries involving the
MCL and PMC. PMC injuries appear to be more common
in higher energy, multiple ligament injuries, whereas isolated
MCL injury is more common when combined with an ACL
disruption. Failure to recognize and treat an injury to the PMC
can lead to residual valgus laxity, as well as produce a signif-
icant increase in posterior tibial translation that puts added
stress on ACL and/or PCL reconstructions. Primary repair of
the PMC structures appear to have a significantly higher
failure rate when compared with reconstruction when treating
multiple ligament injuries. Our preferred technique of recon-
struction reestablishes the biomechanically important triangle
of the MCL, POL, and semitendinosus sling to recreate the
stability provided by the PMC.

Disclosure KL Bauer: none; JP Stannard: consultant for KCI,
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