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Posterolateral corner knee injuries: a narrative review
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B Limited knowledge of the anatomy and biomechanics of
the posterolateral corner (PLC) of the knee, coupled with
poor patient outcomes with non-operative management,
resulted in the PLC often being labelled as the ‘dark side’
of the knee. In the last two decades, extensive research
has resulted in a better understanding of the anatomy and
function of the PLC, and has led to the development of
anatomic reconstructions that have resulted in improved
patient outcomes.

B Despite considerable attention in the clinical orthopaedic
literature (nearly 400 articles published in the last decade),
a standardized algorithm for the diagnosis and treatment
of the PLC is still lacking, and much controversy remains.

B Considering the literature review, there is not a recon-
struction technique that clearly prevails over the others.
As anatomic, biomechanical, and clinical knowledge of
PLC injuries continues to progress, finding the balance
between re-creating native anatomy and safely perform-
ing PLC reconstruction provides a big challenge. Treat-
ment decisions should be made on a case-by-case basis.
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Introduction

Injuries to the posterolateral corner (PLC) of the knee have
long been recognized as a component of knee instability,
but the incidence was initially presumed to be infrequent.
An early large single-centre study of 735 knee ligament
injuries from Delee et al' reported 12 cases of isolated
posterolateral instability (1.6%), 22 cases combined with
anterolateral instability (3%), and a further 10 cases with
straight lateral instability (1.4%). The current reported
incidence of isolated injuries remains at less than 2% of

patients presenting with a ligamentous knee injury.’-3
However, of patients presenting with significant ligamen-
tous knee injuries, trauma centres have now reported inci-
dences of PLC injury ranging from 16% to 28%.23

Hughston et al first reported the clinical significance of
a PLC injury in 1976; however, at that time the combina-
tion of injuries to different anatomical structures was yet
to be explored.* Limited knowledge of the anatomy and
biomechanics, coupled with poor patient outcomes with
non-operative management, resulted in the PLC often
being labelled as the ‘dark side’ of the knee.> In the last
two decades, extensive research-? has resulted in a better
understanding of the anatomy and function of the PLC
and led to the development of anatomic reconstructions
that have improved patient outcomes.

Anatomy and biomechanics

Three primary static stabilizing structures form the PLC:
the fibular (or lateral) collateral ligament, the popliteus
tendon, and the popliteofibular ligament (Fig. 1).

Fibular (or lateral) collateral ligament (FCL)

The FCL is the most lateral structure of the PLC, with the
centre of the origin of the ligament 1.4 mm proximal and
3.1 mm posterior to the lateral femoral epicondyle. The
insertion is at the most lateral aspect of the fibula head,
8.2 mm posterior to the anterior margin and 28.4 mm
distal to the apex of the fibular styloid process.® The FCL
acts as the primary varus stabilizer of the knee,”1%-12 while
also providing restraint to tibial external rotation up to 30°
of knee flexion,'3 and as a secondary stabilizer to internal
rotation.™

Popliteus tendon (PT)

The PT has a centre of origin directly anterior to the FCL
on the lateral femoral condyle, within the proximal fifth
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Fig. 1 Left: posterolateral corner anatomy depicting the main stabilizing structures — fibular collateral ligament, popliteus tendon,
and the popliteofibular ligament. Right: representation of the anatomical footprints of the structures depicted on left.

Note. LGT (lateral gastrocnemius tendon), FCL (fibular collateral ligament).

Source: Reproduced from LaPrade RF, Ly TV, Wentorf FA, Engebretsen L. The posterolateral attachments of the knee: a qualitative and quantitative morphologic
analysis of the fibular collateral ligament, popliteus tendon, popliteofibular ligament, and lateral gastrocnemius tendon. Am J Sports Med 2003;31:854-860.

of the popliteal sulcus. The tendon courses medial to the
FCL and posteromedially to become intra-articular, pass-
ing through the popliteal hiatus of the lateral meniscus.
It continues its course to the posterior aspect of the tibia
reaching its musculotendinous junction and a fan-shaped
muscle belly, which has a narrow and broad tendinous
insertion at the posteromedial aspect of the proximal
tibia.6 Whilst the popliteus assists in the initial flexion of
the knee joint, the PT also has functions similar to a liga-
ment, by functioning as a stabilizer for external rotation
in the knee,'%15 while also providing secondary stabiliza-
tion to varus stress.’>16 Another feature of the PT includes
minor contributions to anteroposterior tibial translation
(specifically in full extension or deficiency of either cruci-
ate ligament).10,15,17

Popliteofibular ligament (PFL)

The PFL originates from the proximal and lateral aspect
of musculotendinous junction of the popliteus and its
tendon, composed of an anterior and a larger posterior
division.® The anterior division attaches distal and later-
ally on the anterior downslope of the medial aspect of
the fibular styloid process, 2.8 mm distal to the tip of the
fibular styloid. The posterior division attaches at the apex
of the fibular styloid process.® The PFL acts as a secondary
stabilizer to varus and internal rotation.

Other static structures that form the PLC are thicken-
ing of the lateral capsule with meniscofemoral and menis-
cotibial ligaments, and variably the fabellofibular ligament

and the arcuate ligament. A PLC injury with an avulsion
of the fibula styloid is termed an arcuate fracture. The
dynamic stabilizers are the lateral head of the gastrocne-
mius, the iliotibial band (ITB), and biceps femoris, which
can also be injured alongside the PLC. Recently there has
been anatomical focus on the importance of the relation
between the lateral meniscus and the PLC; however, the
clinical relevance of this ligamentous complex is still not
well understood.'® The stability of the proximal tibiofibu-
lar joint also plays a role. The incidence of disruption is
reported at 9% in multiligament knee injuries, with evi-
dence that subsequent stabilization of this joint plays a
role in PLC repair and reconstruction outcomes.'?

Injury mechanism

The mechanism of injury to the PLC usually involves a
direct varus stress to the knee, contact or non-contact
hyperextension, or twisting of the knee when combined
with multiple ligamentous injury, including tibiofemoral
dislocation. Of all PLC injuries, 28% occur in isolation,
with the rest being typically associated with central pivot
tears.%20 Vascular injury occurs in 7% to 15% of knee
dislocations in contemporary series.?! The rate of com-
mon peroneal nerve palsy in cases of knee dislocation is
approximately 25%.22 Especially in the setting of knee dis-
locations (type KD llI-L), PLC injuries have been associated
with concomitant common peroneal nerve injury (OR
42.0) and popliteal artery injury (OR 9.2).23

Downloaded from Bioscientifica.com at 01/17/2022 03:05:04PM
via free access



EFORT Open rerieuss

Physical examination

Physical examination of the ligamentous stability of the
knee is paramount, particularly in cases of sub-acute and
chronic instability. In the acute phase after injury, swell-
ing and pain can prevent a full physical examination, but
examination is likely to detect gross instability.

Alongside a careful examination for anterior cruciate
ligament (ACL), PCL and medial collateral ligament (MCL)
insufficiency, examination techniques specific to the PLC
should be performed whenever possible. Varus stress test-
ing at 0° and 30° is compared to the contralateral side.
Increase in varus gapping at 0° is indicative of injury to the
PLC and one or more cruciate ligaments. Increase in varus
gapping only at 30° is indicative of isolated injury to the
FCL. Routinely, aperture opening is classified as grade | for
a 0 to 5 mm increase, grade Il for 5 to 10 mm, and grade
Il for greater than 10 mm.*

Hughston’s external rotation recurvatum test is per-
formed by stabilizing the distal thigh of a supine patient
with one hand and lifting the leg by the great toe with the
other. The resulting knee hyperextension is compared to
the contralateral side with increasing values representing
disruption of the posterior ligamentous structures includ-
ing the PLC.24

The dial test is performed with the patient in a prone
position. External rotation of the foot at 30° and 90° of
knee flexion is measured by thigh foot angle and is com-
pared to the contralateral side. An increase of 10° to 15°
of external rotation at 30° of knee flexion is indicative of an
isolated PLC injury and at 90° is indicative of a combined
posterior cruciate ligament (PCL) and PLC injury.?

In cases of chronic injury, specific attention should be
given to the patient’s weight bearing lower limb align-
ment to look for a collapse into varus, and the patient’s
ambulation should be carefully observed for a varus thrust
gait. A posterior sag and hyperextension at the peak of
stride in the non-weight bearing leg may be seen if the
PCL is injured.

Classification

PLC injuries can be classified according to the damage to
the lateral structures or the degree of posterolateral rota-
tory instability. The two following classifications are the
most commonly used (Table 1).

Table 1. Posterolateral corner injury classifications

The Hughston classification,* is based on the assess-
ment of varus instability or rotational instability under
varus stress with the knee in full extension. Grade | rep-
resents minimal tearing of the PLC with no abnormal
motion (0—5 mm lateral aperture or 0-5° rotation). Grade I
injury shows partial tearing with slight or moderate
abnormal motion (5-10 mm lateral aperture or 5-10°
rotation). Grade Il injury refers to complete tearing with
marked abnormal movements (> 10 mm lateral aperture
or > 10° rotation). Despite its subjectivity and lack of rela-
tion to anatomic studies, this classification method is still
important in determining treatment choices.

Fanelli and Larson?¢ classified PLC injuries into type
A, B, and C based on damage to structures of the PLC.
Type A injuries involve the PFL and PT. Clinically, only an
increase in tibial external rotation is observed. Type B inju-
ries affect the PFL, PT, and FCL. Instability is observed in
the varus stress test at 30° of knee flexion along with an
increase in tibial external rotation. Type C injuries involve
the entire PLC and probable associated injuries (central
pivot injuries). Marked varus instability is seen in type C
injuries at 30° of knee flexion with an increase in tibial
external rotation.

Imaging

Minimum routine plain radiographs are anteroposterior
(AP) and lateral views are taken to assess joint congruence
and assess for soft tissue swelling and fractures. Lateral
joint space widening or anteromedial tibial fractures or
fibular head avulsion fractures (arcuate fracture) can be
seen on the AP view.?” A standing long leg AP view must
be taken in the case of chronic injuries for assessment of
limb malalignment in the coronal and sagittal planes.?®
Plain film radiographs are important to demonstrate that
the knee is aligned in the coronal and sagittal planes and
magnetic resonance imaging (MRI) is essential to assess
for ligamentous and concomitant injuries. Contrarily, in
the chronic setting, the use of MRI alone for detection of
PLC injury can be unreliable, as the sensitivity of MRI for
detection of clinical instability is as low as 48% to 57%.29:30

Varus stress and kneeling PCL stress radiographs are
useful tools in the diagnosis of PLC injuries. LaPrade et al*!
assessed varus stress radiographs with the knee at 20° of
flexion to provide objective measures of lateral compart-
ment gapping. They reported that an increased opening

Hughston Grade | Grade Il Grade IlI
0—5 mm aperture or 0-5° rotation 5-10 mm aperture or 5-10° rotation > 10 mm aperture or > 10° rotation
Fanelli A B C
Increase in tibial external rotation Increase in tibial external rotation plus Increase in tibial external rotation plus
mild—moderate instability in varus stress severe instability in varus stress
678
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Fig. 2 Magnetic resonance imaging coronal T2-weighted
image showing an arcuate fracture with avulsion of the fibular
collateral ligament.

of more than 4 mm might indicate a grade Ill PLC injury.
The kneeling PCL stress radiograph also facilitates objective
quantification of isolated or combined (PCL+PLC) injuries.32

MRI is essential in both the acute and sub-acute stages
(Fig. 2). Reconstructed coronal oblique T2-weighted
images are more useful in the evaluation of the PLC struc-
tures than the traditional coronal or sagittal view. It has
been reported that only 26% of patients with PLC injuries
can be diagnosed when an MRI is taken after 12 weeks
post injury.33

Treatment

Despite considerable attention in the clinical orthopae-
dic literature (nearly 400 articles published in the last
decade), a standardized algorithm for the diagnosis and
treatment of the PLC is still lacking and much controversy
remains.3* This is likely a result of these injuries most
often presenting as part of a variety of different com-
plex multiligamentous injuries rather than in isolation,
as well as their lower incidence in comparison to single-
ligament injuries.3% In a recent international expert con-
sensus review on the PLC, Chahla et al identified multiple
areas reaching an expert consensus such as diagnostic
aids, timing of treatment, and the need for anatomical
reconstruction of injured structures.34

Non-operative treatment

Few studies exist on the outcome of non-operatively
treated isolated PLC knee injuries. Non-operative treat-
ment is usually recommended for patients with grade | or
grade Il injuries, with follow-up scores showing positive
results of return of activity level and radiographic evalua-
tion displaying little to no evidence of posttraumatic oste-
oarthritis.3¢ Krukhaug et al?” reported that patients with
grade | injuries had good outcomes despite persistent
instability. Unfortunately, the mentioned studies do not
describe specific rehabilitation protocols, only mentioning

early mobilization as an important goal to be achieved.
Non-operative management of grade Il injuries, how-
ever, not only displays persistent lateral instability but
also commonly includes multidirectional knee instability.3¢
Therefore, surgical management is recommended to restore
knee stability in grade Ill PLC injuries.38-40

Operative treatment

For grade Ill and grade Il PLC injuries accompanied by
other structural injuries, surgical management is recom-
mended. The decision to repair or reconstruct the main
structures of the PLC in grade lll injuries has been debated
in the literature. In general, a direct repair of the PLC is
often unachievable due to tissue disruption, but focuses
primarily on reattachment of the FCL and other impor-
tant structures to their anatomic locations. Reconstruc-
tion aims to use autogenous or allograft tendons placed
through bone tunnels at the appropriate anatomic attach-
ment sites. Based on lower reported failure rates with PLC
reconstruction, the pendulum has swung in favour of
PLC reconstruction in most patient situations.

Stannard and colleagues*' used a modified two-tailed
technique for complete PLC reconstructions relative to
repairs and reported failure rates of the repair cohort
(37%) significantly higher than the reconstruction cohort
(9%). Similar results were reported by Levy and col-
leagues,*> when comparing the reconstruction versus
repair of PLC tears; they found an overall failure rate of
40% for the repair cohort and 6% for the reconstruction
cohort. Both studies included a postoperative rehabilita-
tion protocol that was identical for both the repair and
reconstruction groups. An aggressive early motion regi-
men beginning on postoperative day 1 in all patients was
established in Stannard et al’s*' study, while a more con-
servative approach was set in Levy et al’s study.*?

Conversely, a recent multicentre retrospective review
evaluated PLC reconstruction and repair in the setting of
combined ACL and PLC injuries. Equivalent functional
and patient-reported outcomes were seen in the repair
and reconstruction groups.*> Notably, only combined
ACL and PLC injury patterns were assessed in this study,
and time to surgery was a median of 19 days in the repair
group and 121 days in the reconstruction group. Thus,
the results do not apply to repair in the chronic setting
and are not comparable to repair of the PLC in higher
energy three and four ligament patterns seen in previous
repair versus reconstruction studies.

Regarding timing for repair, Shelbourne et al*4 reported
that patients treated later than four weeks after injury had
worse scores than a group that underwent repairs within
four weeks of the injury. In an attempt to elucidate what
fixation method should be chosen for repairs, Hodax
et al,*> in a cadaveric biomechanical study, analysed three
types of arcuate fragment fixation (suture tunnel, screw
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and washer, or suture anchor) revealing robust fixation
among all methods, supporting surgeon preference for
fixation when a repair is attempted.

In the setting of a chronically injured knee (greater than
six months), significant varus malalignment, especially
with a dynamic varus gait thrust, is a contraindication
to isolated PLC reconstruction. High tibial osteotomy is
required before reconstruction is performed for multiliga-
mentous knees with varus alignment. In a study by Arthur
et al,*¢ biplanar proximal tibial osteotomy was used as the
initial treatment for varus malalignment in the setting of
multiligament knee injuries; 38% of patients obtained suf-
ficient stability from osteotomy alone and did not require
further ligamentous reconstruction. In this study, sagit-
tal slope was decreased in the setting of combined ACL
and PLC injury and increased in the setting of combined
PCL and PLC injury. Noyes et al*’ reviewed 41 patients
with ACL deficiency and classified them as either double
or triple varus. All of these patients underwent a lateral
closing wedge high tibial osteotomy and ACL reconstruc-
tion. A total of 18 patients who were triple varus had a
subsequent PLC reconstruction due to residual instabil-
ity. The indication for an osteotomy in the context of PLC
injuries has not had specifically cutoff values described
in the literature, and the decision should be made on a
case-by-case basis, taking into consideration the severity
of malalignment if it is constitutional, changes in previous
limb alignment related to the chronicity of the injury, the
presence of varus thrust and damage in the tibiofemoral
compartments.

PLC reconstruction techniques

Reconstruction techniques can be classified into non-
anatomical or anatomical. Due to poor results and lack of
control of stability, non-anatomical reconstructions have
largely been abandoned in favour of anatomical recon-
structions. The latter can be classified into fibular-based or
tibiofibular-based.

Larson“*8 was one of the first proponents of a fibular-
based technique (Fig. 3), which reconstructs both the FCL
and PFL ligaments. In 2004, LaPrade et al*® published their
biomechanical results based on an anatomic reconstruc-
tion of the PLC in 10 human cadaveric specimens. The
anatomic locations of the FCL, PT, and PFL were recon-
structed with a combined tibia and fibula-based tech-
nique with two free Achilles allograft tendons (Fig. 4). The
results of their study demonstrated no significant differ-
ence between the intact and reconstructed knees with
respect to varus translation or external rotation at any
flexion angle. In 2005, Arciero®® published a technique
in which the PLC was reconstructed with a fibular-based
free soft tissue graft recreating the insertion sites of the
FCL and PT on the femur using a dual femoral socket

680

Fig. 3 Larson’s posterolateral corner reconstruction technique.

Fig. 4 LaPrade’s posterolateral corner reconstruction technique.

technique (Fig. 5). The author noted in a clinical series
that this reconstruction technique predictably restored
varus and external rotation stability. In Europe, a popular
technique involves performing a Larson procedure*® com-
bined with a popliteus bypass (Fig. 6) originating from the
femoral footprint of the PLT to the posterolateral aspect
of the tibia to restore the biomechanical properties of the
PFL, as first described by Werner Miiller.3?
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Fig. 5 Arciero’s posterolateral corner reconstruction technique.

Fig. 6 Popliteal bypass reconstruction.

Tunnel collision

In multiligament knee reconstructions, where multi-
ple femoral tunnels for reconstruction graft fixation are
required, it may be difficult to determine the best angle
for drilling to avoid tunnel collisions. Tunnel collisions
may lead to graft rupture or to excessively short tunnels.
Regarding this problem, Moatshe et al*? concluded that

femoral tunnel orientations during PLC and ACL recon-
structions need to be adjusted to avoid tunnel conver-
gence. Aiming the FCL and PT tunnels 35° anteriorly
eliminated convergence with the ACL tunnel. They also
showed that PT tunnels aimed at 0° in the axial plane had
an increased risk of violating the intercondylar notch.

Gelber et al*3 found that when PLC reconstructions are
performed in combination with concomitant ACL or PCL
reconstructions, the PT femoral tunnel should be drilled
at 30° axial and 30° coronal angulations and FCL femoral
tunnel at 30° axial and 0° coronal angulations to avoid
tunnel convergence between reconstructions.

Graft selection

Graft selection in multiligament knee injuries needs care-
ful planning, and most of the PLC lesions belong to this
type of injury. From a rational point of view, harvesting
of autograft tissue can increase the morbidity of the knee
and the already damaged soft tissues.>* A recent review>5
shows equivalent clinical results with the use of autografts
or allografts. It remains, however, difficult to generate a
conclusive evidence-based approach due to the paucity
of high-level research. When confronted by the need for
combined reconstructions with multiple grafts, preserva-
tion of synergistic muscles, and adapted postoperative
rehabilitation; the current evidence does offer support for
the use of allograft tissue.

Comparative evidence between techniques

Despite the recent advances in anatomic, biomechanical,
and clinical understanding of the PLC of the knee, there
is still no consensus about which technique is better for
reconstructions.

Treme et al*® compared the Arciero technique and
the LaPrade reconstruction technique in a controlled
laboratory study. They concluded that both techniques
were equally effective at restoring stability to knees with
PLC injuries, but neither reconstruction technique fully
restored stability to knees with combined PLC and proxi-
mal tibiofibular joint injuries.

Van Gennip et al*” presented the clinical results and
varus stability (measured using stress X-rays) of a two-
year follow-up cohort of Larson’s PLC reconstruction in
patients with symptomatic instability of the knee. These
data were compared with data of a previous study>8 from
the same authors where a LaPrade reconstruction of the
PLC was made. No statistically significant differences in
clinical outcomes and stress radiographs were observed.

Drenck et al*® compared the biomechanical proper-
ties of an FCL reconstruction plus popliteus bypass tech-
nique against the Larson technique for the reconstruction
of a combined PLC and PCL injury. The varus angula-
tion was effectively reduced in both groups and did not
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Fig. 7 Author’s surgical decision algorithm. PLC: posterolateral corner, PCL: posterior cruciate ligament, ACL: anterior cruciate

ligament.

significantly differ from the intact knee. Posterior transla-
tion was reduced by both techniques with no differences,
but none of the groups had restored stability to the intact
state, with the exception of the FCL reconstruction plus
popliteus bypass at 0° of flexion. The two techniques
revealed major differences in their abilities to reduce exter-
nal rotational instability, with the FCL reconstruction plus
popliteus bypass restoring rotational instability compared
to the state of the intact knee at all degrees of flexion.
They concluded that the addition of a popliteus bypass
for PLC reconstruction has superior biomechanical prop-
erties related to external rotational stability compared to
the Larson technique.

Vezeridis et al®® analysed the biomechanical integrity
of two PLC reconstruction techniques in eight cadavers.
They concluded that both a fibular-based docking tech-
nique and a tibiofibular-based technique for isolated PLC
reconstruction provided appropriate constraint, yet the
fibular-based technique underconstrained the knee at
90°, and the tibiofibular-based reconstruction overcon-
strained the knee at 60°.

Considering the evidence presented, no technique
seems to clearly prevail over the others. Schillhammer,$!
in an editorial comment, described that as anatomic, bio-
mechanical, and clinical knowledge of PLC injuries contin-
ues to progress, finding the balance between re-creating
native anatomy and safely performing PLC reconstruc-
tion poses a big challenge, and that treatment decisions
should be made on a case-by-case basis.

682

Surgical decision algorithm

A surgical algorithm was developed for this article based
on the article by Weiler et al,52 with some modifications
based on author’s experience (Fig. 7):

1. Malalignment: There are ongoing discussions
regarding which degree of varus malalignment
requires bony realignment prior to reconstruc-
tive ligament surgery.53-65 |t is well known that a
high varus moment increases the stress on a lateral
ligament reconstruction. However, PLC instability
does not necessarily need an osteotomy if there is
no thrust and only mild varus malalignment. Con-
versely, in cases with a higher degree of varus mala-
lignment and/or the presence of a varus thrust, an
additional valgus producing osteotomy prior to the
reconstruction or an osteotomy as a sole procedure
is required.

Central pivot involvement: When there is central
pivot ligament involvement. In these cases, it is
generally accepted that the central pivot needs to
be reconstructed in any case of a lateral instability
irrespective of the degree of instability.56.67 The fol-
lowing order of graft fixation is commonly recom-
mended: PCL graft first, ACL graft second, and the
PLC reconstruction last.

Grade Il PLC injury: Repair can be envisaged, but
reconstruction is the preferred method. The recon-
struction is adapted to the level of injury:

Downloaded from Bioscientifica.com at 01/17/2022 03:05:04PM
via free access



POSTEROLATERAL CORNER KNEE INJURIES

i. Fanelli A (isolated posterolateral rotation): An
isolated reconstruction of the popliteofibular
complex (popliteus bypass) may be consid-
ered, leaving the FCL untreated.

ii. Fanelli B (posterolateral rotation instability with
mild to moderate varus instability): an Arciero
reconstruction technique® may be considered.

iii. Fanelli C (posterolateral rotation instability
with the addition of marked varus instability):
A tibiofibular-based technique (for example
LaPrade*® reconstruction technique) may be
considered.

Conclusion

Injuries to the PLC of the knee are significant and occur
most commonly in the context of a multiligament knee
injury. Improved anatomic, biomechanical, and clinical
understanding has led to the development of anatomic
reconstructions that have resulted in improved patient
outcomes. Non-operative treatment is usually recom-
mended for patients with grade | or grade Il injuries
showing positive results of return of activity level and
radiographic evaluation. For grade Il injuries surgery is
recommended. The surgical procedure depends on the
type and chronicity of the lesion (repair, reconstruction,
osteotomy). Based on lower reported failure rates with
PLC reconstruction compared to repairs, the pendulum
has swung in favour of PLC reconstruction in most patient
situations.
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