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Abstract: Arthroscopy of the knee is among the most frequent procedures worldwide in orthopaedic surgery. To avoid
iatrogenic cartilage injury, adequate visualization and working space are mandatory to perform complex procedures.
Narrow femorotibial joint space is often encountered, and it is challenging to obtain consistent satisfactory results. Medial
collateral ligament release is safe and reliable for facilitating medial joint widening. Current clinical studies support lateral
collateral ligament (LCL) healing capacity in isolated injuries. This article describes a simple, safe, and reproducible
technique of LCL release through a multiple-puncture method to facilitate lateral compartment visualization and
instrumentation, the so-called lateral pie-crusting.
nee arthroscopy is one of the most performed
1
Korthopaedic procedures. Surgical complexity in

meniscal repair, meniscal allograft transplantation, and
other advanced procedures demand the need for proper
identification and knowledge of anatomic structures.
Femorotibial joint space is often narrow, decreasing
arthroscopic visualization. This provides a limited
working space that can hinder technical execution and
create articular damage that might influence out-
comes.2 Compton et al.3 have reported an evident iat-
rogenic cartilage injury incidence of 35.4%.
Different methods have been published to improve

arthroscopic visualization and increase femorotibial
space.4-6 These methods have been described and are
focused exclusively on the medial compartment. The
medial collateral ligament (MCL) release, the so-called
pie-crusting technique, is a frequent surgical proced-
ure that seems safe without producing residual medial
Department of Orthopaedic Surgery and Traumatology, Centro
ónsalud Aribau, Barcelona, Spain (G.S.); Department of Or-
rgery and Traumatology, Instituto Musculoesquelético Europeo,
encia, Spain (J.G.); Department of Orthopaedic Surgery and
y, Fundació Hospital de l�Esperit Sant, Santa Coloma de Gra-
lona, Spain (I.S.); Department of Human Anatomy, Universidad
, Barcelona, Spain (I.S.); Department of Orthopaedic Surgery
atology, Complexo Hospitalar do Médio Ave, Porto, Portugal
epartment of Orthopaedic Surgery and Traumatology, Hospital
rto, Portugal (G.V.).
rs report that they have no conflicts of interest in the authorship
tion of this article. Full ICMJE author disclosure forms are
this article online, as supplementary material.

Arthroscopy Techniques, Vol 11, No 12
knee instability.7 Several cadaveric studies have shown
that the bony geometry of the medial compartment
makes it inherently stable and with the potential of the
MCL to heal.8 On the other hand, lateral knee injuries
have been described as having less healing capacity,
leading to varus instability.9,10 However, this argument
could be biased by the joint involvement of multiple
damaged structures of the posterolateral corner (PLC).
Recent studies have shown that isolated lateral collat-
eral ligament (LCL) injuries have potential healing,
especially grade 1 and 2 tears, that can be managed
conservatively.11-13 Surgical indications for LCL repair
or reconstruction should include grade 3 LCL injuries
and multiligament knee injuries involving the LCL.13,14

This Technical Note describes a percutaneous LCL
release potentially useful for arthroscopic procedures to
allow greater access and working space to the lateral
compartment of the knee.
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Surgical Technique
The patient is positioned supine and spinal anesthesia

is usually carried out. A single-leg holder is used, and
the knee is flexed at 90�. A high-thigh tourniquet is
placed on the operative limb inflated at 300 mm Hg.
A standard high anterolateral (AL) portal is made. The

anteromedial portal is done under direct vision. A
comprehensive diagnostic arthroscopy is performed,
and associated injuries are addressed. The knee is held
in a “figure-of-4” position for the opening of the lateral
femorotibial space. In cases where there is not enough
lateral compartment working space, the lateral pie-
crusting technique can be used in 30� of flexion and
constant knee varus force (Video 1). This technique
improves the visualization and instrumentation of the
lateral structures (Fig 1).
Release of the LCL may be necessary when a narrow

femorotibial space is found, especially in complex pro-
cedures such as lateral meniscal repair or lateral allo-
graft transplantation. The ideal candidate for this
percutaneous release is a patient with a valgus knee
pattern with no associated ligamentous lesions. Care
should be taken in patients with varus alignment,
lateral ligament laxity, or concomitant ipsilateral
posterolateral ligamentous injuries. The advantages and
risks of the LCL release are summarized in Table 1.
Anatomic Landmarks
Bone references in the lateral side of the knee are the

lateral epicondyle, Gerdy’s tubercle, and the fibular
head. Laprade et al.15 have measured the anatomic
relation between these bony landmarks and the lateral
knee stabilizers insertion site. Those surgical landmarks
are palpated and marked on the skin. An anatomic
dissection has been performed to improve the anatomic
understanding of structures of the lateral side of the
Fig 1. The patient is positioned supine and a leg holder is used to h
is placed in a standard anterolateral (AL) viewing portal of the ri
crusting: Incomplete meniscal visualization with probable iatrogen
the LCL pie-crusting: Increased lateral joint space with safe and p
knee and validate this technique in a cadaveric model
(Figs 2-3).
However, according to Kremen et al.,16 there is a

variability of the anatomy of lateral knee structures and
a lack of reproducible radiographic criteria to identify
these structures.
The primary stabilizers of the PLC are the LCL, the

popliteus tendon (PLT), and the popliteofibular liga-
ment (PFL). The femoral attachment of the LCL is
1.4 mm proximal and 3.1 mm posterior to the lateral
epicondyle. The LCL inserts distally on the lateral aspect
of the fibular head, slightly posterior to its anterior
margin. The femoral insertion of the PLT is located
18.5 mm anterior and distal from the LCL attachment
and courses posterodistally to insert into the poster-
omedial tibia through the popliteus muscle. The PLT
insertion can be visualized arthroscopically through the
lateral gutter and be used as a reference. The PFL
originates at the musculotendinous junction of the
popliteus and inserts in the medial aspect of the fibular
styloid process with an anterior and a posterior
division.15

Secondary stabilizers of the PLC include the antero-
lateral ligament (ALL), meniscofemoral and menisco-
tibial ligaments, fabellofibular ligament, capsular arm of
the short head of the biceps, biceps femoris tendon, and
the iliotibial band. It is essential to avoid the common
peroneal nerve that lies deep and inferior to the biceps
femoris tendon and emerges posteriorly 1 to 2 cm
proximal to the fibular head.8
The Lateral Pie-Crusting Technique
The arthroscope is placed into the AL portal. A stan-

dard 18-gauge hypodermic needle is used for the
release. Keeping a constant varus stress on the knee
(with a single-leg holder) at 30� of flexion is recom-
mended so that the LCL gets taut. The lateral
old the right knee in a “figure-of-4” position. The arthroscope
ght knee. (A) Before the lateral collateral ligament (LCL) pie-
ic cartilage damage with a 4.2-mm shaver (arrow). (B) After
roper shaver utilization.



Table 1. Advantages and Risks With Lateral Pie-Crusting During Arthroscopic Lateral Femorotibial Compartment Surgery

Advantages Risks

� Allow better visualization and identification of lateral femorotibial compartment
pathology

� Create a working space area without iatrogenic cartilage injury
� Easier to perform complex surgical techniques (meniscal repair, meniscal root

repair, meniscal transplantation, cartilage procedures, intra-articular fractures
management)

� Favorable clinical studies regarding the healing potential
� Easy, safe, and reproducible technique
� Lateral decompression in valgus knee patients

� Potential residual LCL laxity in varus knee patients
� Iatrogenic injury to other PLC knee stabilizers
� Iatrogenic injury to the peroneal nerve

LCL, lateral collateral ligament; PLC, posterolateral corner.
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epicondyle is palpated, and the needle is inserted
slightly posterior (3.1 mm) and proximal (1.4 mm) to
this reference. With the arthroscope in the lateral gut-
ter, the visible part of the PT also serves as a reference as
the LCL insertion is located 15 to 20 mm proximal and
slightly posterior. Generally, several fenestrations are
needed to complete the lateral pie-crusting. A popping
sound can be heard and felt when the LCL is released
and joint aperture seen under direct arthroscopic visu-
alization. Occasionally, a progressive lateral joint space
opening is observed while lateral pie-crusting. An
example of this technique in a cadaver model is shown
in Fig 4.
Once the lateral pie-crusting is completed, there is no

need to maintain maximal varus force to get a proper
visualization. The pearls and pitfalls of this technique
are summarized in Table 2.
Fig 2. Anatomic cadaveric dissection of the lateral side of the
knee (lateral view, right knee, extended position): lateral
collateral ligament (LCL) and popliteus tendon (PT) and their
relation to the lateral epicondyle (LE) and biceps tendon (BT).
Postoperative Rehabilitation
Postoperatively, a knee brace in extension is recom-

mended for 2 to 4 weeks, depending on the procedure.
Knee flexion is limited to 90� through that time frame.
After that period, patients can follow a standardized
individual rehabilitation protocol without a brace. No
varus laxity or instability has been noted either by
clinical or physical examination of the patients 6 weeks
postoperatively. However, a slower rehabilitation pro-
gram should be considered.

Discussion
Adequate visualization and intervention are manda-

tory in knee arthroscopy surgery. Iatrogenic cartilage
lesions and hidden injuries are common in narrow
femorotibial spaces. Several articles have focused their
attention on increasing the medial femorotibial area by
releasing the MCL.4-6 Medial pie-crusting is a common
and efficient technique in increasing joint space
without morbidity in the short or long term.17 To our
Fig 3. Anatomic cadaveric dissection of the lateral femoral
condyle and lateral collateral ligament (LCL) at 90� of flexion
(lateral view, right knee). The popliteus tendon (PT) starts to
enter the popliteal sulcus and gets tight.



Fig 4. Lateral pie-crusting tech-
nique in a cadaveric model. The
right thigh is held at a 30� flexion
angle while applying gentle and
constant varus force. Lateral (A)
and frontal (B) views show an 18-
gauge needle pointing into the
femoral attachment of the lateral
collateral ligament (LCL) (ar-
rows), which is slightly proximal
and posterior to the lateral epi-
condyle (LE). The popliteus
tendon (PT) femoral attachment is
in the opposite directiondante-
rior and distald18.5 mm from the
LCL attachment. An arthroscopic
view can also serve as a guide to
avoiding PT injuries.
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knowledge, there is no previous description for lateral
femorotibial compartment controlled opening. This
article represents a detailed Technical Note description
of a percutaneous LCL “pie-crusting” technique.
It is generally accepted that the LCL is the primary

restraint to varus stress. The most significant stabilizing
varus effect of the LCL is observed at 30� of knee
flexion.10 In addition, Coobs et al.18 have shown that
sectioning the LCL increases external rotation in knee
flexion and internal rotation through all ranges of
flexion. However, they reported that the amount of
tibia rotation controlled by LCL is relatively few. Wilson
et al.19 showed that MCL tensile strength is about twice
that of the LCL, supporting previous reports that sug-
gest all parts of the PLC are equally crucial for knee
stability.20 PFL with the rest of the connections of the
popliteus complex (also known as arcuate ligament)
plays an essential role in limiting external rotation,
especially at the flexed position.21 Meanwhile, internal
rotation is controlled by the ALL, PLT, and the anterior
cruciate ligament (ACL) as flexion increases.22 LaPrade
et al.23 demonstrated that varus stability at 20� is also
Table 2. Pearls and Pitfalls of the Lateral Pie-Crusting Technique

Pearls

� Palpate the LE and mark the puncture landmark site slightly
proximal and posterior

� Apply gentle and constant varus stress in 30� of flexion so that LCL
can serve as a reference

� Direct visualization under arthroscopy and snapping of the liga-
ment confirm the correct lateral joint aperture

� Popliteal sulcus can be noted and avoided in thinner patients
� Several punctures are needed until a cracking sound and space

widening occurs
� Introduce the arthroscope in the lateral gutter to confirm PT

integrity

LE, lateral epicondyle; LCL, lateral collateral ligament; PT, popliteus ten
dependent on the number of ligaments injured. They
found that a gapping distance on varus stress radio-
graph increases by 2.71 mm when the LCL is torn and
6.55 mm when the PLT, PFL, and ACL are also
damaged. Our anatomic dissection on a cadaveric
model noted that PLT slackens at lower flexion angles,
whereas LCL keeps tensioned at 30� of flexion. As
described, the effect of a ligament function depends on
the flexion angle and associated injuries. Therefore,
isolated LCL release is crucial to reduce further insta-
bility after lateral pie-crusting. We advocate following a
rigorous standardized technique to avoid PLT or PFL
injury and exclude patients with concomitant ligament
injuries. Through our dissections, we could verify that
even if the popliteus tendon was punctured inadver-
tently, it was not injured, possibly due to its different
ultrastructure from that of a ligament.
Over time, it has been argued that a torn LCL does not

heal as well as a torn MCL.24 Concerns are based on a
convex lateral femoral condyle that articulates with a
convex lateral tibial plateau, combined with lateral
meniscus mobility. Animal models studied by LaPrade
Pitfalls

� Release of the PT femoral attachment
� Release LCL in patients with concomitant ipsilateral ligament

injuries

don.
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et al.10 and Griffith et al.25 demonstrated residual
instability 12 weeks after untreated grade III PLC le-
sions. There are a limited number of clinical studies on
the lateral knee-healing capacity. In 1989, Kannus
et al.9 showed that patients with grades 2þ and 3þ
(according to the American Medical Association classi-
fication) resulted in residual laxity when treated non-
operatively.26 In 1998, Krukhaug et al.27 pointed in the
same direction, but a subgroup of patients with 1þ
varus and primarily mobilized was found to be
completely stable at follow-up. As pointed out by LaP-
rade et al.23 and Domnick et al.,28 PLC classifications
need to be reconsidered. Grade 1þ varus laxity (0 to
5 mm) could include LCL, PLT, and PFL injuries. The
opinion of the authors of this study is that there is no
published classification of isolated LCL injury because of
its low frequency and its ability to heal. In 2009,
Bushnell et al.29 identified 9 elite-level patients with
isolated high-grade LCL tears and found that nonop-
erative treatment achieved a more rapid return to play
than surgery. A study by Temponi et al.12 demonstrated
by magnetic resonance imaging complete healing of
isolated LCL tears when a hinged knee brace was used
during the first 2 to 6 weeks.
Postoperative bracingmay be a reasonable option after

lateral pie-crusting. However, it is not mandatory after
the MCL release.17 According to our clinical observa-
tions, 2 to 4weeks of bracingwith knee extensionmay be
enough to achieve knee stability after LCL release.
In conclusion, percutaneous LCL release during knee

arthroscopy effectively improves lateral joint space and
provides safer instrumentation and visualization.
Lateral epicondyle landmarks and intraoperative
arthroscopy are essential methods for safely performing
a lateral pie-crusting. Current clinical evidence supports
healing of isolated LCL injuries with no laxity at
6 weeks postoperatively. However, caution should be
taken in patient selection until prospective outcomes
studies are performed.
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