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1. sMCL superfical medial collateral ligament
• Primary stabilizer in Valgus between 0-90°
• Secondary stabilizer in IR and ER 
• Proximal and distal insertion important

2. POL posterior oblique ligament
• Primary stabilizer for IR primarly in Extension
• Secondary stabilizer to valgus and ER 

3. dMCL deep medial collateral ligament
• Secondary stabilizer to valgus in 60°
• Secondary stabilizer to IR
• Lowest load to failure and stiffness



Valgus-external rotation 
injury
• most common type of injury

• high incidence of MCL injury

Duncan et al., AJSM 1995; 23,Cimino et al., Arthroscopy 1994; 10



5Chahal J et al. KSSTA 2010

MCL injuries in 22/27 patients
• Superficial MCL in 17/27 patients (7 partial, 10 complete)
• Pol injured in 14/22 patients
• Semitendinosus and expansion in 14/22 patients
• Meniscotibial ligament on 11/22 patients.
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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 
development of valgus and rotatory laxities, increased forces 
on the cruciate ligaments or persistent pain and dysfunc-
tion [2, 7, 8, 24]. Although many low-grade PMC injuries 
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• Consensus based on the Delphi method
• 35 experts in the field of multiligament injuries
• 63 statements



 Knee Surgery, Sports Traumatology, Arthroscopy

1 3

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 (dMCL) and the Posterior 
Oblique Ligament (POL)

100 0

 The sMCL is the primary restraint to valgus rotation 100 0
 Isolated rupture of the dMCL does not cause a clinically discernable increase in valgus laxity 82.9 17.1
 The sMCL is the most important restraint to external tibial rotation on the medial side of the knee 100 0
 The POL is an important restraint to internal tibial rotation in the extended knee 100 0
 The semimembranosus is an important dynamic restraint 100 0

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

injury
97.1 2.9

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

100 0

 Valgus laxity with the knee in slight flexion (15–30 degrees) indicates injury to the sMCL 100 0
 Pronounced valgus laxity, with the knee in extension, indicates a combined injury of the sMCL and POL, and 

possibly an ACL injury
97.1 2.9

 A positive dial test may indicate anteromedial rotatory laxity 100 0
 A strongly positive anteromedial draw test, with the knee at 90 degrees of flexion, may indicate combined 

injury to the dMCL, sMCL and ACL
94.3 5.7

 Magnetic resonance imaging should always be performed in the case of suspected grade 3 MCL injury 100 0
 Valgus stress radiographs constitute an important diagnostic tool to assess the extent of an MCL injury, par-

ticularly in chronic cases (> 6 weeks)
97.1 2.9

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

88.6 11.4

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

97.1 2.9

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

91.4 8.6

 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

100 0

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

100 0

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

100 0

 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)

100 0

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

100 0

Isolated PMC treatment
 Isolated Partial ruptures of the sMCL should be treated conservatively with a range-of-motion brace 94.3 5.7
 Early, immediate range of motion (0–90 degrees) within the brace should be allowed to prevent stiffness 94.3 5.7
 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
100 0

 Displaced tibial sMCL avulsions with valgus laxity are best addressed surgically 97.1 2.9
 Displaced femoral sMCL avulsion is an indication for acute refixation 94.3 5.7
 Intra-articular entrapment is an indication for acute MCL repair/reconstruction 100 0
 An “MCL Stener lesion” (The distal sMCL displaced and lying superficial to the Pes Anserinus tendons) is 

an indication for acute MCL repair/reconstruction
100 0

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

94.3 5.7
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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.
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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 
development of valgus and rotatory laxities, increased forces 
on the cruciate ligaments or persistent pain and dysfunc-
tion [2, 7, 8, 24]. Although many low-grade PMC injuries 
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Severity of injury

• Grade I      Partial rupture of few fibers of the MCL, stabile in 0°and 30°of knee flexion
• Grade II     sMCL# / POL intact, stabile in 0, unstabile in 30°(gapping 1.2mm in 0°)
• Grade III    sMCL# + POL #, unstabile in 0°and 30°(gapping of 3.2mm in 0°)

Hughston, JBJS-Am 1976; Fetto et al., Clin Orthop 1978 LaPrade Sports Med Arthrosc Rev 2015



Nakamura et al., AJSM 2003

Grad I

Grad III

Grad II

Grad IV



Taketomi S The Knee 21 (2014) 1151-1155, Munshi M Clinical Journal of sports Medicine 10 (2000) 34-391

Sensitivity Specificity PPV NPV

Anterior cruciate ligament 90 94 77 98

Posterior cruciate ligament 100 100 100 100

Medial Meniscus 97 88 94 94

Lateral Meniscus 77 99 98 89

Sensitivity Specificity Accuracy

MCL 65.6 97.7 93.6
MM 94.1 81.3 90

Fast Spin Echo without Fat Supression



Taketomi S. The Knee 21 (2014) 1151

ruptured ulnar collateral ligament of the metacarpophalangeal joint of
the thumb, more commonly known as Stener lesion [16]. Corten et al.
named MCL tibial side avulsion as a “Stener-like lesion” in their two
case reports [11]. In general, Stener lesion is an indication for operative
treatment, because the adductor aponeurosis becomes interposed be-
tween the ruptured end of the ligament and its insertion.

Similarly, due to the interposed pes anserinus tendons between the
ruptured end of the superficial MCL and the tibial bone surface, direct
healing to the tibial insertion was presumed impossible with conserva-
tive treatment for cases with type 2 or 3 MCL injury. In the cases with
type 1, direct healing to near the tibial insertion may be possible, but
it is expected that the ruptured endof the superficialMCLwould remain
displacedproximal to the tibial insertion and adhere to the loose proximal
ligament. Therefore, symptomatic valgus laxity may also persist with
conservative treatment for type 1 avulsion. In this series, 2 cases of type
1 and type 2 (case 3 and 12) were resistant to 8 weeks of conservative
treatments. As expected, during the surgeries in these 2 cases, the rup-
tured ends of the superficial MCL were noticed to locate proximal to the
tibial insertion and to adhere there with loose proximal ligament. These
experiences support the notion that displaced MCL tibial side avulsion,
treated conservatively, can lead to chronic symptomatic valgus instability.
Similarly, according toWilson et al., complete avulsions of the superficial
and deep MCL from the tibia have a poor prognosis with conservative
treatment and should be managed with acute surgical repair for maxi-
mum benefits [13]. From the review article by Phisitkul et al., operative
treatment was also recommended for a complete injury of both the

superficial and deep MCL from the tibia [12]. Our current study supports
their opinion. Overall, we primarily recommend surgical treatment with
acute repair for MCL tibial side avulsion.

In this study,we also evaluated theMRIfindings of the caseswithMCL
tibial side avulsion and compared them with operative findings. Impor-
tantly, a characteristic waving of the superficial MCL midsubstance por-
tion (“wave sign”) was observed in all cases with MCL tibial side
avulsion on MRI. The injury pattern could be diagnosed based on the
MRI findings. To our knowledge, there has been little literature discussing
this waving feature, although several signs of MCL injury on MRI have
been described, including ligament discontinuity, subcutaneous edema,
internal change of signal intensity, and bone bruises [17,18]. Even studies
specific to MCL tibial side avulsion have so far failed to focus on the
waving of the superficial layer, while the “wave sign”was visible on the
figures in each paper [13–15]. Corten et al. referred to a feature of waving
in the midsubstance portion of the MCL, using the word “bunched” [11].
Why does the superficial MCL appear waved on MRI when avulsed
from the tibial insertion? When the superficial MCL is torn proximally,
the ruptured end is not completely displaced because the proximal super-
ficial MCL is connected to soft tissue such as the posterior oblique liga-
ment and the medial patellofemoral ligament [19]. On the other hand,
the distal tibial attachment of the superficial MCL is directly connected
to the bone [20]. Consequently, once the superficial MCL avulse from
the tibial bone, the ruptured end displaces proximally and the superficial
MCL sags in the middle due to its lack of connection with soft tissue. This
maybe oneof the reasonswhy the superficialMCL appearswavedonMRI

Fig. 1. Scheme of the superficialMCL tibial side avulsions. a, type 1: The ruptured end is located beneath the pes anserinus tendons. b, type 2: The ruptured end is located over or above the
pes anserinus tendons. c, type 3: The ruptured end is trapped in the medial joint.

Fig. 2. a, “Wave sign”: the waving of the superficial layer (triangle). b, The distal end of the superficial MCL (arrow). c, The entrapment of the distal end of the superficial layer into the
medial knee joint (arrow head).

1153S. Taketomi et al. / The Knee 21 (2014) 1151–1155

Waving of the 
superficial layer

Waving of the 
Distal end

Entrapment in the medial 
compartment



Hamstrings

Displacement of the MCL superficially to the Pes anserinus = “Sterner lesion” of the knee 

Surgery
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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.
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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 
development of valgus and rotatory laxities, increased forces 
on the cruciate ligaments or persistent pain and dysfunc-
tion [2, 7, 8, 24]. Although many low-grade PMC injuries 
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• Valgus laxity with the knee in slight valgus (15-30°) indiccates sMCL injury

• Pronounced valgus laxity in knee extension indicates combined injury sMCL, POL and ACL

• Dial test may indicate anteromedial rotatory laxity

• MRI compulsary

• Stress radiographies in chronic cases (after 6 weeks)

• Valgus stress radiographies helpful for aassessment of conservative treatment



• Acute bony avulsion form the tibial or femoral site

• Large acute avulsion from the tibial site

Wilson et al., Orthopedics 2004



Singel stage surgery recommended



In multiligament injuries primary repair with anchors 

Courtesy S. Scheffler



Hughston et al., JBJS-Am, 1994

Repair of the posterior oblique ligament by Hughston



• MCL tear and grad III instability in 0° +  30°of flexion

Kannus et al., Clin Orthop 1988

Increased incidence of persistant medial instability
Risk of secondary instability after ACL reconstruction

• Grade III Injury of the superficial and deep MCL (MRI)

Nakamura et al., AJSM 2003

In combination with ACL rupture increased rate of both medial and
anterior injury

SINGLE STAGE PROCEDURE IN ACL AND MCL INJURY



Significant more valgus instability when hamstrings are used for ACL reconstruction in MCL 
insufficient knees

• Quadriceps tendon
• Patella tendon
• Allograft

Kremmen et al. AJSM 2018, Herbort et al., Am J Sports Med 2016

Cadaver testing of valgus rotation: ACL - /  MCL +
ACL - /  MCL – -30% increase in valgus rotation      
ACL recon. + ST/G-loading + -restoration of valgus stability
ACL recon. – ST/G-loading - -19% increase of valgus rotation



M. Lind AJSM 2009

Reconstruction of both sMCL and POL using the semitendinosus tendon



The authors report that the 1-strand interference screw
technique has fewer hardware complications and no loss of
clinical stability. However, they prefer to use the 2-strand
technique for larger individuals or those they feel need more
collagen in the augmentation due to poor native tissue or a
tenuous repair. For patients under 85 kg, the 1-strand
technique is an acceptable alternative.

A reconstructive technique proposed by Kim et al28

also use a semitendinosus autograft with an intact tibial
insertion (Fig. 4A). After finding the isometric point on the
femur, a screw and soft-tissue washer is placed 9mm (the
radius of the washer) proximal to this point. The graft is
looped around the screw and tensioned at 30 degrees of

knee flexion with a varus moment placed on the knee. The
screw is tightened to provide fixation. The remaining limb
of the graft is then passed behind the direct head of the
semimembranosus, tensioned with the knee at 30 degrees of
flexion, and sutured to itself.

Stannard29 describes a modification of Kim’s technique,
with either autograft or allograft (Fig. 4B). Instead of suturing
the graft to itself around the direct head of the semi-
membranosus, he reports suturing the graft’s end to the
semitendinosus insertion. He also recommends tensioning at
40 degrees of knee flexion with a varus moment. If adequate
tension is not achieved at this point, the distal angle of the
triangular construct can be sewn together in a V-Y manner.

FIGURE 4. Reconstructive techniques. A, Illustration of Kim’s reconstruction technique. B, Illustration of Stannard modification to Kim’s
technique. C, Illustration of Lind modification to Kim’s technique. D, Illustration of 2-graft technique by Wijdicks et al.30 Reproduced
with permission from Bonasia et al.23

Roth and Taylor Sports Med Arthrosc Rev ! Volume 23, Number 2, June 2015

74 | www.sportsmedarthro.com Copyright r 2015 Wolters Kluwer Health, Inc. All rights reserved.

repaired back to bone with either suture anchors or a
staple.23

Despite the utilization of primary repair of the MCL
and PMC, augmentation or reconstruction have been rec-
ommended by many authors due to greater failure rates of
repair and reported excellent results of recon-
struction.16,26–28 A variety of successful techniques have
been described, using both autograft and allograft,
attempting to anatomically reconstruct or augment both
the MCL and POL.14,16,28–30

Lonergan and Taylor16 describe a 1- and 2-strand
augmented repair with semitendinosus autograft (Fig. 1).
Leaving the tibial insertion intact, the semitendinosus ten-
don is stripped from the muscle and routed just superficial
to the deep MCL. It is first anchored at the superficial MCL
tibial insertion point with a screw and soft-tissue washer.
The isometric point at the medial femoral condyle is then
identified. The graft is tensioned with the knee in 45 degrees
of flexion with a varus stress and fixated at this point with
either a screw and washer or in a blind tunnel with an
interference screw. When using a screw and washer, the
remaining graft can be brought back down to the tibial
insertion for a double-strand reconstruction (Fig. 1). When
using an interference screw, secondary fixation can be
gained with a cortical button on the lateral femoral cortex
(Figs. 2, 3). The deep MCL and POL are then sewn to the
graft. The superficial MCL is then repaired over the
augmentation.

FIGURE 1. Computer-generated lateral view of 2-strand aug-
mentation with semitendinosis autograft. Reproduced with per-
mission from Lonergan and Taylor.16

FIGURE 2. Anterior view of 1-strand augmentation technique.
Reproduced with permission from Lonergan and Taylor.16

FIGURE 3. Lateral view of 1-strand augmentation technique. MCL
indicates medial collateral ligament; POL, posterior oblique liga-
ment. Reproduced with permission from Lonergan and Taylor.16

Sports Med Arthrosc Rev ! Volume 23, Number 2, June 2015 Acute Isolated Medial and Posteromedial Knee Instability

Copyright r 2015 Wolters Kluwer Health, Inc. All rights reserved. www.sportsmedarthro.com | 73Technique by 
Lonergan and Taylor

Technique by Kim

Technique by Lind

Stannard modified technique to Kim

Technique by Wijdicks

Kim SE JBJS-Br (2008) 1323-1327, Roth J Sports Med Arthrosc Rev (2015) 2, 71-76



Severity of injury
• Grade I      Partial ruptur of few fibes of the MCL, stabile in 0°and 30°of knee flexion
• Grade II     sMCL# / POL intact, stabile in 0, instabile in 30°
• Grade III    sMCL# + POL #, instabile in 0°and 30°

Hughston, JBJS-Am 1976; Fetto et al., Clin Orthop 1978

Therapy
• Grade I      Conservativ
• Grade II     Conservativ, some times surgery in case of subjective instability
• Grade III    Surgery

CAVE: COX-2 inhibitor delay MCL healing

Reider et al., AJSM, 1994; Indelicato et al., Clin Orthop 1990Jones et al., Clin Orthop 1986



23
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Isolated PMC treatment

• Early, immediate range of motion up to 90° within a brace to prevent stiffness
• Isolated, complete PMC ruptures at the femoral side or midsubstance more 

favorable for conservative treatment 
• Polyethylene tape re-enforcement (“internal bracing”) not recommended

• Displaced tibial avulsion with laxity
• Displaced femoral alvusion acute refixation
• Intra-articular entrapment acute repair/reconstruction
• MCL - Sterner lesion repair or reconstruction
• Internal bracing not recommended

conservative

surgery
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Combined PMC treatment
• Partial and complete PMC injuries + ACL rupture: 1. ROM-brace for PMC

2. ACL-reconstruction

• sMCL + ACL rupture:  early repair or reconstruction and ACL reconstruction

• Isolated ACL reconstruction in case of side-to-side valgus laxity of <3mm 

• PMC + ACL reconstruction in case of residual medial laxity following conservative treatment

• Internal bracing is not reccommended

• PMC + PCL rupture treated with a dynamic PCL brace

• Three ligament injuries involving MCL best treated by early reconstruction of all ligaments
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Reconstruction

• PMC reconstruction should address both valgus and rotational laxity

• Individual PMC structures should be reconstructed preserving the intact parts

• Chronic PMC laxity requires reconstruction of the MCL and POL

• Long leg full weight bearing radiographies are necessary to assess alignment

• Varisation osteotomy should be considered

• Ipsilateral hamstring graft or allograft is the graft of choice for reconstruction

• Synthetic grafts are not recommended
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