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Abstract

Purpose To establish recommendations for diagnosis, classification, treatment, and rehabilitation of posteromedial corner
(PMC) knee injuries using a modified Delphi technique.

Methods A list of statements concerning the diagnosis, classification, treatment and rehabilitation of PMC injuries was
created by a working group of four individuals. Using a modified Delphi technique, a group of 35 surgeons with expertise
in PMC injuries was surveyed, on three occasions, to establish consensus on the inclusion or exclusion of each statement.
Experts were encouraged to propose further suggestions or modifications following each round. Pre-defined criteria were
used to refine item lists after each survey. The final document included statements reaching consensus in round three.
Results Thirty-five experts had a 100% response rate for all three rounds. A total of 53 items achieved over 75% consensus.
The overall rate of consensus was 82.8%. Statements pertaining to PMC reconstruction and those regarding the treatment
of combined cruciate and PMC injuries reached 100% consensus. Consensus was reached for 85.7% of the statements on
anatomy of the PMC, 90% for those relating to diagnosis, 70% relating to classification, 64.3% relating to the treatment of
isolated PMC injuries, and 83.3% relating to rehabilitation after PMC reconstruction.

Conclusion A modified Delphi technique was applied to generate an expert consensus statement concerning the diagnosis,
classification, treatment, and rehabilitation practices for PMC injuries of the knee with high levels of expert agreement.
Though the majority of statements pertaining to anatomy, diagnosis, and rehabilitation reached consensus, there remains
inconsistency as to the optimal approach to treating isolated PMC injuries. Additionally, there is a need for improved PMC
injury classification.

Level of evidence Level V.

Keywords Posteromedial corner - Knee - Diagnosis - Treatment - Delphi - Medial collateral ligament

Introduction

The posteromedial corner (PMC) of the knee consists of sev-
eral overlapping ligaments, capsular thickenings and tendons
that contribute to knee stability [2]. Injury is common [19]
and compromise of the medial restraints may result in the

D4 Jorge Chahla development of valgus and rotatory laxities, increased forces
Jachahla@msn.com on the cruciate ligaments or persistent pain and dysfunc-
Extended author information available on the last page of the article tion [2, 7, 8, 24]. Although many low-grade PMC injuries
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can heal with rehabilitation alone [10, 15, 16], some remain
symptomatic following conservative treatment and may
require operative intervention [19]. Similarly, determining
which higher-grade PMC injuries warrant surgical repair or
reconstruction can be challenging and many surgical tech-
niques have been described.

There has been much effort to optimise intra-articular
cruciate ligament reconstructions, but more recently there
has been increased interest in the importance of the periph-
eral structures [1, 13] and of the need to reconstruct these,
in addition to the cruciate ligaments, if they have been dam-
aged. Despite the frequency of PMC injuries, the lack of
evidence-based recommendations for diagnosis and classi-
fication and the lack of standardised treatment algorithms
pose a challenge for the improved understanding and man-
agement of these injuries [2, 5, 23]. Therefore, creating a
set of recommendations around both currently accepted and
controversial issues in the management of PMC injuries
would be of great utility to clinicians, helping to improve
understanding and optimize patient outcomes.

The purpose of the current study was to develop an inter-
national consensus statement on the diagnosis, classification,
treatment, and rehabilitation concepts of PMC injuries and
to provide future directions for further research to address
important gaps in the literature.

Materials and methods
Delphi panel selection

Four individuals (initials blinded for review.) collaborated,
as a working group, to create and facilitate the development
of consensus statements using a modified Delphi technique.
This process (Fig. 1) was conducted under the leadership of
the chair of the ESSKA Knee Collateral Ligament working
group (initials blinded for review) and the consensus project
leader (initials blinded for review). A total of 35 internation-
ally recognized experts in the management of PMC injuries
participated. Experts were defined as surgeons that have per-
formed more than 50 posteromedial reconstructions and/or
who have scientific interest and have published on the topic
of posteromedial corner reconstruction.

Statement development and item inclusion

Statements for inclusion within the first round survey were
prepared by the working group based on an analysis of three
recently published systematic reviews [2, 4, 7]. A compre-
hensive list of statements was generated under seven catego-
ries: anatomy and biomechanics, diagnosis, classification,
treatment (isolated PMC injuries), treatment (combined
PMC/Cruciate injuries), reconstruction and rehabilitation.

¢ Review of literature
¢ Creation of statements for review in seven categories

Working Group

¢ Anatomy, Diagnosis, Classification, Treatment of Isolated PMC Injury, Treatment of Combined PMC/Cruciate Injury, PMC reconstruction, and Rehabilitation

N = 35 experts
63 Statements

Expert Group.

¢ Summary of all antonym scores
¢ Compendium of all comments
First Round * 63 statements
Delphi
~
¢ Summary of all antonym scores
¢ Compendium of all comments
* 64 statements
Y,
\ ¢ Summary of all antonym scores
N ¢ Compendium of all comments
hird R * 64 statements
/

V

Fig. 1 Flow diagram of consensus process
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These categories were created to aid in a broad set of con-
cepts to effectively understand and manage PMC injuries.

Establishing consensus using delphi methods

Delphi methods were used to establish group consensus on
whether statements should be included in an international
expert consensus document [27] relating to PMC injuries.
Online surveys were generated to allow respondents to rate
whether items should be included within minimum reporting
requirements with five possible responses on a Likert [20]
scale: “strongly agree”; “agree”; “neither agree nor disa-
gree”; “disagree” or “strongly disagree”. The survey was
piloted by three experts for face validity, understanding and
acceptability, resulting in minor modifications.

The PMC expert group participated in three rounds of
surveys between April and August of 2020 to establish
consensus on the inclusion/exclusion of each item. In addi-
tion to rating agreement through a Likert Scale, a free-text
comments section was included to allow for suggestions of
modifications or additional items. Pre-defined criteria were
used to refine item lists after each survey. Finally, the work-
ing group compiled the final information to represent the
additive opinion of the expert panel.

First-round surveys were analysed, 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 suggestions by responders.

The second-round survey included any new items sug-
gested by experts in round one in addition to those deemed
essential. In round two, participants were asked to re-
score items and provide free-text comments. In round two,
responses were analysed 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-analysed 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 [6].

Results
After screening relevant literature sources for evaluation

and management strategies concerning PMC injuries, a total
of 63 items were created based on a previously performed
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critical analysis review [2]. These items were categorized
into seven groups: (1) anatomy, (2) diagnosis, (3) classifica-
tion, (4) isolated PMC treatment, (5) combined PMC treat-
ment, (6) reconstruction techniques, and (7) rehabilitation.
For all three rounds, a 100% response rate was observed
for all items. General results of each round are displayed
in Table 1.

Round three evolved to include a total of 64 items after
consideration of new items from the panel of experts. In this
final round, consensus for agreement was reached for 53/64
(82.8%). Of those not reaching consensus, one reached near
agreement (74.3% agreement). The final list of statements
reaching consensus is displayed in Table 2. Statements not
reaching consensus are listed in Table 3. A summary of
consensus findings is outlined in the proceeding sections.
Statements pertaining to treatment of combined PMC and
cruciate injuries and PMC reconstruction reached 100%
consensus. Consensus was reached in 85.7% of statements
relating to anatomy of the PMC, 90% relating to diagnosis,
70% relating to classification, 64.3% relating to treatment of
isolated PMC injuries, and 83.3% relating to rehabilitation
after PMC reconstruction.

Anatomy

Understanding the anatomy of the PMC and the biomechani-
cal roles of each structure is essential for performing PMC
reconstruction with the aim of restoring near normal knee
kinematics after PMC injury. To this end, the expert group
agreed that the key passive restraining structures of the
PMC are the superficial medial collateral ligament (SMCL),
the deep MCL (dMCL), and the posterior oblique liga-
ment (POL). In particular, the SMCL is the primary passive
restraint to valgus rotation, and its rupture leads to valgus
laxity at all knee flexion angles, whilst isolated rupture of the
dMCL does not cause a clinically discernible increase in val-
gus laxity. Furthermore, experts agreed that the sMCL is the
most important medial restraint to external tibial rotation.
Experts also agreed that the POL is an important restraint
to internal tibial rotation while the knee is in extension.
Consensus was reached regarding the role of the semimem-
branosus as an important dynamic restraint but there was

Table 1 Summary of results at completion of each survey round in
the Delphi process to establish an expert consensus on posteromedial
corner injury evaluation and management

Delphi round Response Total items Items Modifica-
rate (%) reaching tions or new
consensus items
1 100 62 43 (69.4%) 11
100 64 51(797%) 5
3 100 64 53(82.8%) O
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Table 2 List of statements reaching consensus after Delphi round 3

Statement

% Agreement % Disagreement

Anatomy

The key passive restraining structures of the Posteromedial Corner (PMC) of the Knee are the Superficial
Medial Collateral Ligament (sMCL), the Deep Medial Collateral Ligament (AIMCL) and the Posterior
Oblique Ligament (POL)

The sMCL is the primary restraint to valgus rotation

Isolated rupture of the dMCL does not cause a clinically discernable increase in valgus laxity

The sMCL is the most important restraint to external tibial rotation on the medial side of the knee

The POL is an important restraint to internal tibial rotation in the extended knee

The semimembranosus is an important dynamic restraint

Diagnosis

Clinical examination, including valgus stress testing, is highly effective in diagnosing a posteromedial corner
injury

Both valgus and tibiofemoral rotation should be assessed and taken into consideration when planning treat-
ment of posteromedial corner of the knee

Valgus laxity with the knee in slight flexion (15-30 degrees) indicates injury to the sSMCL

Pronounced valgus laxity, with the knee in extension, indicates a combined injury of the sMCL and POL, and
possibly an ACL injury

A positive dial test may indicate anteromedial rotatory laxity

A strongly positive anteromedial draw test, with the knee at 90 degrees of flexion, may indicate combined
injury to the dMCL, sMCL and ACL

Magnetic resonance imaging should always be performed in the case of suspected grade 3 MCL injury

Valgus stress radiographs constitute an important diagnostic tool to assess the extent of an MCL injury, par-
ticularly in chronic cases (> 6 weeks)

Valgus stress radiographs, to assess PMC stability, are a useful assessment tool following a period of non-
operative management or following surgery

Classification

A subjective classification system based on valgus laxity findings at 0 degrees and 15-30 degrees of knee
flexion (Grade 1=No laxity, Grade 2 =Laxity at 15-30 degrees, Grade 3 =Laxity at both 0 degrees and
15-30 degrees) is prognostic and guides treatment

An objective classification system (e.g. based on joint-line opening on stress radiographs) is prognostic and
guides treatment

Complete rupture of the POL in addition to sMCL rupture with valgus gapping in full extension is prognostic
of residual valgus laxity following conservative treatment

Improved classification systems are required for posteromedial corner injuries (for example classifying grade
of SMCL injury, POL injury and rotational laxities)

MRI classification of PMC injury should report on the integrity and portions (meniscofemoral and meniscoti-
bial) of the sMCL, dMCL and POL

Grade 3 injury on MRI is represented by complete ligamentous discontinuity with laxity or waviness, sug-
gesting disruption of all three components of the PMC (sMCL, dMCL and POL)

MRI of a chronic PMC injury will not provide information as to the extent of injury nor degree of laxity of
the anatomic structures

Isolated PMC treatment
Isolated Partial ruptures of the SMCL should be treated conservatively with a range-of-motion brace
Early, immediate range of motion (0-90 degrees) within the brace should be allowed to prevent stiffness

Isolated, complete PMC ruptures that are femoral sided (meniscofemoral) or mid-substance have a more
favorable outcome with conservative treatment compared to tibial sided injuries

Displaced tibial sSMCL avulsions with valgus laxity are best addressed surgically

Displaced femoral sMCL avulsion is an indication for acute refixation

Intra-articular entrapment is an indication for acute MCL repair/reconstruction

An “MCL Stener lesion” (The distal SMCL displaced and lying superficial to the Pes Anserinus tendons) is
an indication for acute MCL repair/reconstruction

The evidence for Polyethylene tape re-enforcement (“Internal Bracing”) does not support its use in treatment
of isolated, acute, partial SMCL injuries

100

100
82.9
100
100
100

97.1

100

100
97.1

100
94.3

100
97.1

88.6

97.1

914

100

100

100

100

100

94.3
94.3
100

97.1
94.3
100
100

94.3

29

11.4

29

8.6

5.7
5.7

29
5.7

5.7
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Table 2 (continued)

Statement

% Agreement % Disagreement

The evidence for Polyethylene tape re-enforcement (“Internal Bracing”) does not support its use in treatment
of isolated, complete sSMCL injuries

Combined PMC treatment

The treatment of choice for partial PMC injuries, combined with ACL rupture, is a period in a range-of-
motion brace before delayed, isolated ACL reconstruction

The treatment of choice for complete PMC injuries, combined with ACL rupture, is a period in a range-of-
motion brace before delayed, isolated ACL reconstruction, if medial stability is reasonably restored

Combined ACL rupture and tibial sMCL avulsion is an indication for early MCL repair/reconstruction and
ACL reconstruction

Isolated ACL reconstruction in the presence of valgus laxity of <3 mm side-to-side laxity is reasonable

Combined ACL, PMC reconstruction is indicated for residual medial laxity following conservative treatment
of the PMC injury

The evidence for Polyethylene tape re-enforcement (“Internal Bracing’) does not support combined acute
“Internal Bracing” of the Medial side and ACL reconstruction for the treatment of combined, complete
ACL and MCL rupture

It is reasonable to treat acute PMC injuries with complete PCL rupture with a dynamic PCL brace

Three ligament ruptures (KD3) involving the MCL (e.g. ACL, PCL, MCL) are best managed by early surgical
reconstruction of all ligaments

Reconstruction
Posteromedial corner reconstructions should address both valgus and rotational laxity

Individual PMC structures should be reconstructed only if lax, avoiding reconstruction of structures that are
not damaged/lax

PMC reconstructions should address the anatomic deficiency based upon combined clinical examination and
imaging findings

Anatomic reconstructions with elements to reconstruct the SMCL and POL are the reconstruction of choice
for chronic PMC laxity

Long limb radiographs should be ordered, in all cases where PMC reconstruction is being considered, to
evaluate for the presence of valgus alignment

For cases of chronic PMC laxity, valgus alignment (mechanical axis alignment within the lateral compart-
ment) should be corrected before or with PMC reconstruction

Ipsilateral hamstring autograft is a reasonable option for PMC reconstruction
Allograft is a valid option for PMC reconstruction
Synthetic grafts are NOT a usual first-line option for PMC reconstruction
Rehabilitation
A staged rehabilitation is vital for a successful outcome
A knee brace should be utilized after posteromedial corner reconstruction
Early (day 1) range of motion should be implemented to avoid stiffness
Return to sport following PMC reconstruction should be based on objective functional tests

Return to sport following PMC reconstruction is not recommended before 6 months after surgery

91.4 8.6
100 0
88.6 11.4
100 0
94.3 5.7
100 0
91.4 8.6
80 20
94.3 5.7
100 0
100 0
100 0
100 0
97.1 29
100 0
80 20
91.4 8.6
100 0
100 0
100 0
97.1 29
100 0
100 0

PMC Posteromedial Corner, sMCL superficial medial collateral ligament, dMCL deep medial collateral ligament, POL posterior oblique liga-

ment, ACL anterior cruciate ligament

disagreement as to the importance of the semitendinosus and
the gracilis as dynamic restrains, with the majority (57.1%)
indicating that they felt these structures were not important.

Diagnosis
Accurate and reproducible methods to diagnosis of PMC
injuries are essential to their timely treatment, especially in

the context of other ligamentous injuries. Experts agreed
that clinical examination, including valgus stress testing, is

@ Springer

a highly effective method for diagnosing PMC injuries. The
importance of specific clinical tests was also emphasized,
such as the dial and anteromedial drawer tests, to assess for
anteromedial rotary laxity.

With regard to imaging for PMC injuries, MRI was
deemed a valuable tool in diagnosing acute pathology and
should be requested where grade III MCL injury is sus-
pected. Valgus stress radiographs were a commonly used
diagnostic tool and particularly important for more chronic
injuries. Experts agreed that these radiographs can be useful
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Table 3 List of statements failing to reach consensus after Delphi round 3

Statement % Agreement % Disagreement
Anatomy The semitendinosus and gracilis are important dynamic restraints 42.9 57.1
Diagnosis Ultrasound is a valuable tool in the evaluation of PMC injury 29 97.1
Classification A subjective classification system for PMC injury recording mm of joint opening 25.7 74.3
(Grade 1 =3-5 mm, Grade 2=6-10 mm, Grade 3> 10 mm) is prognostic and
guides treatment
A subjective classification system based on: Gradel: ligament sprained but intact, 2.9 97.1
Grade 2: partial tearing with mild laxity, Grade 3: complete tear with valgus laxity
is prognostic and guides treatment
Existing classifications encompass the majority of the injuries and have a prognostic 0 100
and treatment correlation
Isolated PMC treatment Isolated complete ruptures of the PMC (sMCL, dMCL and POL) can be treated 40 60
conservatively and successfully with a range-of-motion brace
For isolated, complete PMC injuries, it is not necessary to initially lock the range-of- 74.3% 25.7
motion brace in extension / slight flexion for a short period (e.g. 2 weeks)
NSAIDs do not impair healing of PMC injuries 62.9 37.1
PRP injections augment the healing of PMC injuries 5.7 94.3
Peri ligamentous corticosteroid injection is reasonable for ongoing medial pain fol-  48.5 51.5
lowing conservative treatment
Rehabilitation Following PMC reconstruction, patients should remain non-weight-bearing / toe- 343 65.7

touch weight-bearing for a minimum of six weeks

PMC Posteromedial Corner, sMCL superficial medial collateral ligament, dMCL deep medial collateral ligament, POL posterior oblique liga-

ment, ACL anterior cruciate ligament
*
Reached near consensus

to determine residual laxity following conservative manage-
ment and also to assess graft/repair function postoperatively.

Classification

It was recognised that valgus laxity should be assessed with
the knee in 15 to 30 degrees flexion and with the knee in
extension and joint-line opening can be objectively assessed
with stress radiographs at both flexion angles. The degree
of opening is prognostic and guides treatment. In particular,
combined rupture of the SMCL and POL causing significant
valgus laxity in the extended knee is prognostic of resid-
ual valgus laxity following conservative treatment. There,
however, remains a lack of comprehensive and prognostic
classification systems to evaluate injury extent and guide
treatment. To this end, experts agreed that it is important
to develop improved classification systems for PMC inju-
ries. Such classifications should incorporate MRI findings
of the integrity and portions of the sMCL, dMCL, and POL
involved and consider injury chronicity.

Treatment of isolated PMC Injury

The timing and extent of PMC involvement influence the
management of these injuries. There was broad consensus
that isolated partial ruptures of the SMCL should be treated
conservatively with a range-of-motion (ROM) brace. There

was disagreement as to whether isolated grade 3 PMC
injuries (where SMCL, dMCL. and POL are injured) can
be treated conservatively in a brace. However, most agreed
that for isolated, complete PMC injuries, it is not neces-
sary to initially lock the range-of-motion brace in exten-
sion/slight flexion for a short period (74.3% agreement),
although this statement did not reach the consensus thresh-
old of 75%. Experts agreed that factors necessitating acute
surgical intervention included both tibial and femoral bony
avulsions, intra-articular entrapment, and identification of an
MCL “Stener lesion” (where ruptured layer 2 lies superficial
to the layer 1 [sartorius fascia]) [3]. Experts felt strongly
that there was a lack of evidence supporting the treatment of
both partial and complete SMCL injuries with polyethylene
tape re-enforcement. Experts felt strongly that PRP injec-
tions do not augment MCL healing. There was no consensus
as to whether NSAIDs may impair PMC healing (62.9% of
experts disagreed) although it was discussed that this may
be dose-dependent. There is no consensus on the role of
peri-ligamentous corticosteroid injection for persistent pain.

Treatment of combined PMC and cruciate injury
Experts agreed that the treatment of choice for both partial and
complete PMC injuries, when combined with an ACL rupture,

is a period in a ROM brace prior to delayed ACL reconstruc-
tion. There was agreement that isolated ACL reconstruction
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was reasonable in the presence of persistent valgus laxity
of <3 mm (side-to-side difference). If increased medial laxity
is observed following the period of conservative treatment,
then combined ACL and PMC reconstruction is indicated.
Similar to isolated PMC injury, experts recommended against
the use of polyethylene tape reinforcement of the medial side
for combined injuries. When ACL rupture is associated with
a tibial SMCL avulsion, ACL reconstruction should not be
delayed and the MCL should be simultaneously and acutely
repaired/reconstructed. For combined acute PMC injury with
PCL rupture, experts agreed that it is reasonable to treat these
injuries with a dynamic PCL brace. Three ligament ruptures
(ACL, PCL, and MCL) should also be managed with acute
reconstruction.

Reconstruction techniques

Experts strongly agreed that the goal of PMC reconstruction
should be to address both valgus and rotational laxity and that
structures should only be reconstructed if found to be compro-
mised with resultant laxity. Consequentially, reconstruction
techniques should address the anatomic and biomechanical
deficiencies observed during clinical examination and review
of imaging (MRI and stress radiographs). For chronic PMC
laxity, anatomic reconstruction of the sMCL and POL is rec-
ommended. If valgus alignment on long-limb radiographs
is observed in the context of chronic PMC laxity, alignment
should be corrected prior to, or simultaneously, with PMC
reconstruction. Use of allografts or ipsilateral hamstring auto-
grafts is a reasonable option for PMC reconstruction, though
synthetic grafts are not a usual first-line option.

Rehabilitation

Rehabilitation must be considered in the context of the
degree of injury and type of treatment performed, though
experts agreed on certain practices regardless of these fac-
tors. All experts agreed that a staged rehabilitation is impera-
tive for a successful outcome after PMC reconstruction and
that a knee brace should be utilized in all cases. Early range
of motion should begin on the first post-operative day one to
avoid knee stiffness. For PMC injuries in the athlete, return
to sport should be based on objective functional tests and is
not recommended before postoperative month six (Fig. 2).
There was no consensus as to post-operative weight-bearing
status.

Discussion
The main finding of the current study was the high level of

consensus amongst international experts on the management
of injuries to the PMC reached on the majority of statements

@ Springer

(82.8%). Broad agreement was found regarding the anatomy,
diagnosis, reconstruction, and rehabilitation practices for
PMC injuries.

The complex anatomy of the PMC has also been high-
lighted and described by numerous studies. [7, 25, 26].
Successful treatment of injuries of the PMC of the knee
requires a comprehensive understanding of the structures,
their interactions and biomechanical properties essential for
stability and normal knee kinematics. Experts agreed that
key passive restraining structures are the sMCL, dMCL, and
the POL. The importance of these structures, with regard to
both valgus and rotational stability, is recognised and there is
arisk of force being transferred to the cruciates as a result of
PMC compromise [2]. For reconstruction, it is essential that
the anatomy of these structures is understood as failure to do
so may result in short tunnels or collisions between drilled
tunnels, especially when combined with cruciate ligament
reconstruction [12].

The current expert consensus highlighted the importance
of a diagnostic approach and classification to guide appro-
priate treatment. Specifically, there was considerable agree-
ment in the assessment of valgus stress testing in flexion
and extension, assessing for tibiofemoral rotation, and the
use of the dial and anteromedial drawer tests as important
components of the physical exam. MRI may be used to char-
acterize high-grade PMC injuries and identify concomitant
soft tissue or cruciate injuries but experts also highlighted
the importance of obtaining long-limb radiographs to assess
for valgus knee alignment and valgus stress radiographs to
assess for extent of injury, particularly in chronic cases.
These recommendations are in accordance with Cinque et al.
[2] who also emphasized that valgus stress radiographs and
MRI are the two primary imaging modalities for diagnosis
of PMC injuries. House et al. [14] also reported the benefits
of using MRI for detailing the structures of the PMC and
its implications in management and prognosis, highlight-
ing the intimate relationships of these structures, which are
best visualized on MRI. Geiger et al. [11] reported that MRI
offers an accurate diagnostic tool for these injuries and that it
is imperative to evaluate the PMC using this modality prior
to surgical intervention as it may avoid complications result-
ing from occult injury and may provide additional insight
for preoperative planning. Despite relative consensus among
experts and in the literature regarding PMC injury diagnosis,
classification systems for prognosis and treatment remain
lacking. The expert consensus highlighted the need for an
improved classification system based on injury severity and
rotational laxity, which should be the subject of future stud-
ies to optimize the transition between evaluation and treat-
ment as well as postoperative outcomes.

Isolated and combined PMC injuries often necessitate dif-
ferent approaches to treatment although there was consensus
that the treatment of choice for both isolated and combined
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Fig.2 Stacked leaning bar
chart representing breakdown

in agreement levels in the third Anatomy
round Delphi survey. Bars to
the left of the Y axis indicate ... ... ... ... . i,
disagreement with bars to the
right indicating agreement I .
maging and
Diagnostic Tests
Classification

Isolated PMC
Treatment

Rehabilitation

mStrongly Disagree

PMC injuries is with a period of conservative treatment in a
ROM brace, with later cruciate reconstruction as required.
There was a broad consensus for acute surgical treatment
when patients present with displaced sMCL avulsion inju-
ries, the presence of an MCL ““Stener lesion” or intra-artic-
ular entrapment. There was agreement that multi-ligament
injuries are best managed by early surgical reconstruction.
Recent literature has suggested that appropriate treatment
of the PMC in multi-ligament injuries is essential to pre-
vent failure associated with instability conferred by other
damaged structures [29]. Whilst there are many studies in
the literature describing the anatomy of the PMC and many
reconstruction techniques described, there is a relative lack
of clinical outcome studies. While few studies have reported
on non-anatomic PMC reconstruction [17, 21], Laprade and
Wijdicks [19] reported the outcomes of 28 patients who

Disagree

Neither Agree nor Disagree Agree mStrongly Agree

underwent anatomic MCL reconstruction and POL recon-
struction with cruciate ligament reconstruction. The authors
found that all patients had resolution of side-to-side insta-
bility at a minimum of 2 years postoperatively, while the
mean International Knee Documentation Committee score
improved from 44 to 76 points. Furthermore, valgus stress
radiographs demonstrated improvements from 6.3-mm to
1.3-mm side-to-side difference and all patients had < 3-mm
joint space widening on valgus stress radiographs. However,
future studies are warranted to confirm the consensus state-
ments generated in our study given the paucity of literature
characterizing the long-term outcomes of anatomic PMC
reconstruction.

Consensus on rehabilitation practices was observed for all
but one statement, where experts disagreed on the need for
patients to be toe-touch or non-weight-bearing after PMC
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reconstruction. Interestingly, few studies have advocated
non-weight-bearing or partially-weight-bearing after PMC
construction, which is in accordance with this disagreement
[18, 28, 30]. However, there was agreement for the use of
staged rehabilitation, use of a ROM knee brace, early mobi-
lization, and protocols for return to sport stressing the impor-
tance of both functional goal attainment as well as time. This
consensus is in accordance with literature suggesting that
early protected range of motion and rehabilitation should
be performed to avoid stiffness [19, 22]. Furthermore, the
literature supports the consensus of return to sport after six
months of rehabilitation assuming appropriate progression
and achievement of strength and function milestones [9, 21].

The current study which established a set of consensus
statements generated by a panel of 35 international experts
has strengths which include: (1) the 100% response rate
across all three rounds, (2) the use of a Delphi method which
overcomes limitations inherent in group-based processes
including subject anonymity and inability to meet face-to-
face, especially in the current environment of the COVID-19
pandemic at the time of this writing; and (3) the ability to
modify, refine and add statements based on the experiences
and observations of these experts. This expert consensus
helps define current best practice for the evaluation and man-
agement of PMC injuries. It also highlights areas of disa-
greement, such as in injury classification and weight-bearing
protocols after PMC treatment (Table 3), allowing clinicians
who treat PMC injuries to be aware of issues of contention.
The lack of accord on some subjects indicates the need for
additional research so that patient care can be optimized.

Though this study exhibits these strengths, certain limita-
tions must also be considered. Ultimately, these statements
represent the opinions and personnel experiences of experts
despite being generated from the literature and published
evidence. Moreover, differences in practices and resources
may preclude these statements from being generalizable,
though it is the goal of this study to induce consistency
and change across practices to optimize the diagnosis and
treatment of PMC injuries. Future research is warranted to
develop objective classification systems to optimize diagno-
sis and treatment and to better understand the outcomes of
PMC treatment based on treatment approach.

Conclusion

A modified Delphi technique was applied to generate an
expert consensus statement concerning the diagnosis, clas-
sification, treatment, and rehabilitation practices for PMC
injuries of the knee with high levels of expert agreement.
Though the majority of statements pertaining to anatomy,
diagnosis, and rehabilitation reached consensus, there
remains inconsistency in optimal approach to treating
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isolated PMC injuries and need for more accurate and prog-
nostic classification systems.
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