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Abstract

Purpose To develop a statement on the diagnosis, classification, treatment, and rehabilitation concepts of posterolateral
corner (PLC) injuries of the knee using a modified Delphi technique.

Methods A working group of three individuals generated a list of statements relating to the diagnosis, classification, treat-
ment, and rehabilitation of PLC injuries to form the basis of an initial survey for rating by an international group of experts.
The PLC expert group (composed of 27 experts throughout the world) was surveyed on three occasions to establish consensus
on the inclusion/exclusion of each item. In addition to rating agreement, experts were invited to propose further items for
inclusion or to suggest modifications of existing items at each round. Pre-defined criteria were used to refine item lists after
each survey. Statements reaching consensus in round three were included within the final consensus document.

Results Twenty-seven experts (100% response rate) completed three rounds of surveys. After three rounds, 29 items achieved
consensus with over 75% agreement and less than 5% disagreement. Consensus was reached in 92% of the statements relat-
ing to diagnosis of PLC injuries, 100% relating to classification, 70% relating to treatment and in 88% of items relating to
rehabilitation statements, with an overall consensus of 81%.

Conclusions This study has established a consensus statement relating to the diagnosis, classification, treatment, and reha-
bilitation of PLC injuries. Further research is needed to develop updated classification systems, and better understand the
role of non-invasive and minimally invasive approaches along with standardized rehabilitation protocols.

Level of evidence Consensus of expert opinion, Level V.

Keywords Posterolateral corner - Knee - Expert - Consensus - Lateral collateral ligament - Popliteus - Reconstruction

Introduction reconstructive procedures that failed to restore the native

anatomy or biomechanics [17]. Understanding of PLC inju-

The posterolateral corner (PLC) was once considered the
“dark side” of the knee, and it was not until recent times that
consistent anatomic and biomechanical descriptions aided
in improved outcomes [3, 8, 29]. Several factors may have
contributed to previous inconsistent results including poorly
defined diagnostic techniques,[11, 23, 30] non-operative
treatment of high-grade or combined injuries [10, 19] and
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ries including mechanisms of injury, the natural history of
PLC pathology, and advances in the treatment (biomechani-
cally validated anatomic reconstructions techniques [3]) and
rehabilitation protocols with early range of motion to avoid
arthrofibrosis [28] have increased markedly over the last two
decades.

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 these injuries is lacking, and controversies relating to
these injuries remain. For the above-mentioned reasons,
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the purpose of this article was to develop an international
consensus statement on the diagnosis, classification, treat-
ment, and rehabilitation concepts of posterolateral corner
(PLC) injuries of the knee. The overall goal of this study was
to provide guidance on widely accepted and controversial
issues regarding the management of PLC injuries as well as
future directions for further research to address important
gaps in the literature.

Materials and methods

A working group of three individuals (initials blinded for
review) was made responsible for facilitating the develop-
ment of consensus using modified Delphi techniques under
the leadership of the chair of the Knee Collateral Ligament
working group (initials blinded for review) and the consen-
sus project leader (initials blinded for review).

Given the complexity and heterogeneity in the manage-
ment of posterolateral corner injuries reported in the litera-
ture,[2, 3, 8, 26, 30] it was decided to develop an expert
consensus statement to also highlight the areas of further
research. Figure 1 outlines the process used to develop the
expert consensus. A comprehensive list of statements was
generated under four categories: diagnosis, classification,

Fig.1 Flow of consensus
process

Working Group

Expert Group

(N = 27 / 21 countries)

treatment, and rehabilitation to aid in a broad set of concepts
to effectively manage PLC injuries. The PLC expert group
was surveyed on three occasions to establish consensus on
the inclusion/exclusion of each item. In addition to rating
agreement through a Likert Scale, experts were encouraged
to propose further items or modifications. Pre-defined crite-
ria were used to refine item lists after each survey. Finally,
the working group compiled the final information to repre-
sent the additive opinion of the expert panel.

Identification of items for inclusion in first-round
survey

Potential information items for inclusion within first-round
survey were prepared by the working group on the basis
of two recently published systematic reviews [8, 29]. Items
were categorized into four groups: diagnosis, classification,
treatment, and rehabilitation. Online surveys were gener-
ated to allow respondents to rate whether items should be
included within minimum reporting requirements with
five possible responses on a Likert [21] scale: “strongly
agree”; “agree”; “neither agree nor disagree”; “disagree”
or “strongly disagree”. A free-text comments section was
included to allow for suggestions of modifications or addi-
tional items. The survey was piloted by three experts for face
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validity, understanding and acceptability, resulting in minor
modifications.

Establishing a consensus using Delphi methods

Delphi methods were used here to establish group consen-
sus on whether items should be included in an international
expert consensus document relating to PLC injuries [33]. A
total of twenty-seven experts took part of whom 15 (55.5%)
were from Europe, 3 (11.1%) were from North America, 3
(11.1%) were from South America, 3 (11.1%) were from
Oceania, 2 (7.4%) were from Asia and 1 expert was from
Africa (3.7%). All were internationally recognized experts
in the management of PLC injuries (all the experts had more
than 50 PLC reconstructions of experience).

Experts participated in three rounds of surveys between
June and July of 2018. In the first round, surveys were ana-
lyzed, and participants were sent an anonymized summary
of the results together with a second survey. In round one,
items were categorized as ‘essential’ and retained for round
two if over 70% of respondents agreed, and fewer than 20%
disagreed. Items not meeting these criteria were discarded
or modified according to responders’ suggestions. The sec-
ond-round survey also included any new items suggested by
experts in round one. In round two, participants were asked
to re-score items and provide free-text comments. In round
two, responses were analyzed retaining items if over 70% of
respondents agreed on their inclusion, and fewer than 20%
disagreed. Items retained after round two were considered in
round three. Questionnaires were re-analyzed and the cycle
repeated in round three. For consensus, defined a priori,
items were included in the final consensus document if over
75% of respondents agreed, and fewer than 20% disagreed
in the third round Delphi survey. Agreement in 75% of par-
ticipants is the most frequently specified determination of a
consensus for Delphi studies [4].

Results

Identification of items for inclusion
in the first-round survey

Review of all data sources describing the management of
PLC injuries generated 20 items for rating within the first-
round survey. Items were categorized into four groups: diag-
nosis, classification, treatment, and rehabilitation.

Establishing consensus through the Delphi process
Twenty-seven experts completed all three rounds of surveys

(100% response rate) within the allotted time. The results of
each survey round are summarized in Table 1. Twenty-nine

Table 1 Summary of results at completion of each survey round in
the Delphi process to establish an expert consensus on posterolateral
corner injuries management

Delphi Responses Total items ~ Items Modifications
round included in  reaching or new items
survey consensus  suggested
27 20 50% 15
27 35 67% 8
27 36 84%

of 36 (81%) individual items included within the final sur-
vey reached consensus (Fig. 2). The final list of statements
reaching consensus is shown in Table 2.

Consensus findings

A summary of the consensus findings is outlined below.

Diagnosis

PLC injuries are frequently associated with other knee
ligamentous injuries and it is therefore important to accu-
rately diagnose all concurrent ligamentous injuries. Clinical
examination including special tests such as the varus stress
test, the posterolateral drawer and the dial test are effective
in diagnosing a posterolateral corner injury. Additionally, a
positive dial test demonstrates external rotation laxity and
is not pathognomonic for a PLC injury. Injury chronicity
should be considered when interpreting physical examina-
tion findings.

In regard to imaging techniques, the expert group felt that
magnetic resonance imaging should always be performed
in the assessment of suspected acute posterolateral corner
injuries. It was recognized that varus stress radiographs con-
stitute an important diagnostic tool to assess the extent of
injury as previously described [11, 13, 23]. Additionally,
when baseline varus stress radiographs are obtained in the
assessment of PLC injury, post-operative varus stress radio-
graphs are a valuable tool to objectively assess PLC recon-
struction stability. For chronic cases, long limb radiographs
should be performed to evaluate for the presence of varus
alignment which has been shown to be a detrimental factor
in chronic PLC treatment outcomes.

It has been well documented that PLC injuries can be
associated with vascular injuries [22, 24]. Further vascu-
lar assessment is indicated when there is clinical suspicion
of vascular injury or when the ABI is less than 0.9 in the
affected limb. Nerve conduction studies should be consid-
ered in the presence of neurological dysfunction on clinical
examination in the chronic setting.
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Fig.2 Stacked leaning bar
chart representing breakdown
in agreement levels in the third
round Delphi survey. Bars to

the left of the Y axis indicate [72)
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Classification

The lack of a comprehensive, prognostic classification sys-
tem was one of the concepts that experts agreed on. For
instance, experts stated that current classification systems
are too vague or too complicated to be implementable in
daily practice and therefore improved classification sys-
tems are required for PLC injuries. Importantly, a future
classification system should allow differentiation between
isolated FCL and Popliteus tendon injuries and combined
PLC injuries. Additionally, it should indicate the structures

@ Springer
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injured, the type of injury (avulsion versus intrasubstance)
and chronicity. Such classification system should also guide
treatment and reflect prognosis.

Treatment

Factors that influence the timing of surgery include con-
current meniscal pathology, concomitant medical status,
soft tissue compromise, and the presence of an associated
neurovascular injury. The majority of the experts (85.7%)
felt that acute posterolateral corner injuries should be
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Table 2 Levels of agreement and disagreement in the items included in R3 survey

% Disagreement % Agreement

Diagnosis
Clinical examination including special tests such as varus stress test, the posterolateral drawer and the dial
test are effective in diagnosing a posterolateral corner injury
A positive dial test demonstrates external rotation laxity and is not pathognomonic for a PLC injury

PLC injuries are frequently associated with other knee ligamentous injuries and it is therefore important to
accurately diagnose all concurrent ligamentous injuries

Magnetic resonance imaging should always be performed in the assessment of suspected acute posterolateral
corner injuries

Varus stress radiographs constitute an important diagnostic tool to assess the extent of injury

‘When baseline varus stress radiographs have been obtained in the assessment of PLC injury, post-operative
varus stress radiographs are a valuable tool to objectively assess PLC reconstruction stability

Instrumented measurements of laxity can be useful in determining lateral sided instability

Long limb radiographs should be performed in cases of chronic PLC injury to evaluate for the presence of
varus alignment

Injury chronicity should be considered when interpreting physical examination findings
A drive through sign is a reliable arthroscopic sign of posterolateral corner injury

Further vascular assessment is indicated when there is clinical suspicion of vascular injury or when the ABI
is less than 0.9 in the affected limb

Nerve conduction studies should be performed in the presence of neurological dysfunction on clinical exami-
nation in the chronic setting

Classification
Current classification systems are too vague or too complicated to be implementable in daily practice
Improved classification systems are required for PLC injuries

Future classification systems should allow differentiation between isolated FCL and Popliteus tendon injuries
and combined PLC injuries

A future classification system should indicate the structures injured, the type of injury (avulsion versus
intrasubstance) and chronicity

A future classification system should guide treatment and reflect prognosis
Treatment
There are indications for conservative management of posterolateral corner injuries in the acute setting

Factors that influence the timing of surgery include concurrent meniscal pathology, concomitant medical
status, soft tissue compromise, and the presence of associated neurovascular injury

Acute posterolateral corner injuries should be surgically addressed within 2-3 weeks following injury

Individual posterolateral corner structures should be reconstructed only if injured, avoiding reconstruction of
structures that are not damaged

An anatomic posterolateral corner reconstruction is the preferred technique when all primary PLC structures
are injured

In chronic cases, varus malalignment should be corrected with a valgus producing high tibial osteotomy prior
to, or at the time of PLC reconstruction

Common peroneal nerve neurolysis should be performed systematically when performing a PLC reconstruc-
tion
Hybrid procedures—reconstruction of primary structures (FCL, popliteus and popliteofibular ligament) and

repair of secondary restraints (biceps avulsions, lateral capsule, iliotibial band avulsions) can yield satisfac-
tory outcomes

Minimally invasive techniques (arthroscopic/mini open) have a role in the treatment of PLC injuries
Repair of primary PLC structures (FCL/popliteus tendon) is a valid treatment option in bone avulsions
Rehabilitation

A sequential staged rehabilitation (range of motion, muscular endurance, strength, and finally power) is
important for a successful outcome

The degree of injury and type of surgical treatment performed should be considered when formulating post-
operative rehabilitation strategies

An early mobilization protocol (starting with range of motion on day 1) should be implemented to avoid
arthrofibrosis

0.0
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0.0

0.0

0.0
3.6

0.0
0.0
0.0

0.0

25.0%
3.6

3.6
7.1
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0.0
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0.0

25.0%
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96.4
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96.4

89.3
71.4%
96.4

92.6

92.9
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96.4

100.0

96.4
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92.9
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100.0

46.4%
89.2

100.0

100.0
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Table 2 (continued)

% Disagreement % Agreement

A knee brace should be utilized for at least 6 weeks following PLC surgery 0.0 96.4

Patients should remain non-weight-bearing or toe touch weight-bearing for a minimum of 6 weeks following ~ 32.1* 64.2%
PLC surgery

Return to sport after an isolated PLC reconstruction is not recommended before 9 months 0.0 82.1

Return to sport after an isolated PLC reconstruction should be based on objective functional tests 0.0 89.3

Comparative isokinetic assessment is an important tool that can help objectify return to sport 14.3 60.7*

Functional assessment before return to sports such as running with cutting movements or figure-of-eight run- 0.0 96.4

ning should be performed

*Represents items not reaching consensus

surgically addressed within 2—-3 weeks following injury.
In chronic cases, varus malalignment should be corrected
with a valgus producing high tibial osteotomy prior to, or
at the time of PLC reconstruction.

Concerning surgical treatment techniques, individual
posterolateral corner structures should be reconstructed
only if injured, avoiding reconstruction of structures that
are not damaged. When all primary PLC structures are
injured, an anatomic posterolateral corner reconstruction
is the preferred technique. Hybrid procedures involving
reconstruction of primary structures (FCL, popliteus and
popliteofibular ligament) and the repair of secondary
restraints (biceps avulsions, lateral capsule, iliotibial band
avulsions) can yield satisfactory outcomes. Importantly,
repair of primary PLC structures (FCL/popliteus tendon)
is a potential treatment option only in bone avulsions.

Rehabilitation

Although the degree of injury and type of surgical treat-
ment performed should be considered when formulating
post-operative rehabilitation strategies, all experts agreed
that a sequential staged rehabilitation protocol (range of
motion, muscular endurance, strength, and finally power)
is important for a successful outcome. For the immediate
post-operative protocol, a knee brace should be utilized
for at least 6 weeks following PLC surgery. Notably, early
mobilization (starting with range of motion on day 1)
should be implemented to avoid arthrofibrosis.

Return to sport was one of the most controversial top-
ics in the expert consensus. However, experts agreed that
after an isolated PLC reconstruction return to sport is not
recommended before 9 months and should be based on
objective functional tests. Functional assessment before
return to sports such as running with cutting movements
or figure-of-eight running should be performed.

@ Springer

Discussion

The most important finding of this study was that consen-
sus among international experts on the management of
posterolateral corner injuries was reached on the major-
ity of the statements (81%). Significant agreement was
reached on the importance of a comprehensive physical
examination and objective diagnosis (and prognostic) tools
such as stress radiographs and MRI. Furthermore, experts
were in agreement that current classifications systems are
too vague and/or complicated to be implementable and
therefore there is a need for an updated system. There was
heterogeneity reflected on the treatment (30%) and reha-
bilitation protocols (22%).

The differences in treatment and rehabilitation
approaches seen by experts in the field delineate the
importance of creating updated treatment and rehabili-
tation algorithms based on well-designed clinical trials.
Most of the experts agreed that a prompt diagnosis and
management is crucial for patients with PLC injuries,
because improved clinical outcomes have been reported
with PLC reconstructions performed within three weeks
of injury [7]. Additionally, an objective assessment of lat-
eral compartment structures was deemed to be important
through MRI scans (which can be a useful modality in
the diagnosis and pre-operative planning of acute PLC
injuries) [5, 6, 16] and the use of varus stress radiogra-
phy (also useful for chronic cases). Bilateral varus stress
radiographs with a physician-applied force at 20° of knee
flexion are obtained and have been reported to be highly
reproducible [13, 18].

Importantly, a thorough neurovascular examination
should be performed with careful evaluation of the com-
mon peroneal nerve because this nerve can sustain a trac-
tion injury in up to 15% of PLC-injured patients [14].
However, management of the common peroneal nerve was
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not unanimous during the three rounds. To this point, the
body of literature suggests that its management should
be based on the severity and location of the nerve injury,
timing of presentation, and associated injuries requiring
surgical management [27]. Generally, the common pero-
neal nerve should be identified and released from the sur-
rounding soft tissue during a reconstruction of the PLC to
avoid neuropraxia or injury to the nerve, which can occur
if the common peroneal nerve is trapped in soft tissue dur-
ing post-operative swelling [25, 32].

Significant controversy endured the three rounds of
surveys in other topics such as the role of conservative
treatment. In this regard, animal studies have revealed the
natural history of grade III PLC injuries, which do not heal
in the majority of cases [10, 31]. The main reason for this
is the bony anatomy of the lateral compartment, which
consists of two convex surfaces, that creates an unstable
articular congruency relative to the medial compartment
[17]. Kannus [14] reported that the long-term results of
non-operative management of grade II PLC injuries were
acceptable, but those of grade III injuries were less than
optimal. Persistent gross varus laxity and post-traumatic
osteoarthritis were among the most frequent complications
reported following non-operative management of grade II1
PLC injuries. This arthritic effect was further corroborated
by animal models, which showed arthritic changes as early
as six months after injury [10, 31].

In this consensus, the expert panel agreed that pri-
mary PLC components (FCL, popliteus tendon and PFL)
should be reconstructed, while secondary structures can
be repaired (hybrid construct). This is based on previous
literature reporting inferior outcomes when primary PLC
structures are repaired. Stannard et al. [34] evaluated out-
comes of repair versus reconstruction after PLC injuries,
and reported a 37% failure rate in the repair group ver-
sus 9% the reconstruction group [5]. In a similar study
by Levy et al. [20], a 40% failure rate was reported in
the repair group versus 6% in the reconstruction group.
The panel agreed that the most appropriate technique to
address PLC injuries was an anatomy-based, biomechani-
cally validated PLC reconstruction.

Certain basic rehabilitation statements had substantial
disagreement including weight-bearing status after surgery
(32.1%) and the utility of isokinetic testing as a tool to help
objectify return to sport (14.3%). Posterolateral corner inju-
ries rarely occur in isolation, and therefore post-operative
rehabilitation protocols are structured based on the concomi-
tant soft tissue and osseous injury. To date there is only one
prospective study assessing the feasibility of early weight-
bearing for isolated FCL injuries (limited evidence exists on
full PLC injuries). LaPrade et al. [15] demonstrated equiva-
lent post-operative clinical outcomes using an early partial
weight-bearing protocol and a non-weight-bearing protocol

following FCL reconstruction, both in isolation and in com-
bination with ACL reconstruction.

The strengths of this consensus are that the Delphi meth-
ods used for this study are advantageous over group-based
processes, including subject anonymity that can reduce the
effects of dominant individuals [9]. Additionally, Delphi
consensus statements conducted at a distance are as reli-
able as face-to-face panels [35] with further advantages
including the possibility to complete this at the pace of each
expert, being more flexible in the their allotted time [12].
Importantly, this expert consensus statement fulfills estab-
lished criteria for the reporting of Delphi studies [4], using
a validated number of experts balanced from 21 different
countries [1]. One hundred percent response rate across all
three survey rounds highlights the commitment of experts
to establish consensus on how to accurately diagnose, treat
and rehabilitate PLC injuries. Nevertheless, this study is not
without limitations. As with any other consensus statement,
although the statements were created from a review of the
literature, the modifications and suggestions presented are
not directly derived from data but from expert opinions.
Some of the presented statements could not be generalizable
due to the lack of certain resources in all of their practices,
such as stress radiographs or vascular studies.

Conclusion

In conclusion, this study has established expert consen-
sus on the management of PLC injuries in the majority of
the statements (81%) in regard to diagnosis, classification,
treatment, and rehabilitation concepts. Further research is
needed to develop updated classification systems, and better
understand the role of non-invasive and minimally invasive
approaches along with standardized rehabilitation protocols.
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