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�� The medial collateral ligament (MCL) and the poste-
rior oblique ligament (POL) are the main static valgus 
restraints of the knee.

�� Most isolated medial injuries can be treated with bracing 
and early knee motion.

�� Combined MCL and ACL (anterior cruciate ligament) inju-
ries can be managed with bracing of the knee followed by 
a delayed reconstruction of the ACL.

�� Residual medial laxity may be addressed at the time of ACL 
surgery.

�� Bony avulsions, incarceration of the distal MCL under the 
meniscus or over the pes anserinus tendons, open inju-
ries, MCL tears combined with PCL or bi-cruciate injuries 
should be treated surgically.

�� Chronic symptomatic medial instability can be managed 
with the recently described reconstruction techniques using 
free tendon grafts located at anatomical insertion sites.
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Injuries to the medial side of the knee have tradition-
ally been treated conservatively with bracing and early 
motion, achieving satisfactory results in most patients.1 
Recent research on the anatomy and biomechanics of the 
medial side of the knee, coupled with the more anatomi-
cal techniques of reconstruction, have led to an increased 
interest in the surgical treatment of these injuries. This arti-
cle will discuss the current treatment options in isolated 
and combined medial side injuries, with a special focus on 
the indications and techniques of surgery.

Anatomy and biomechanics
Following the description of the three layer concept of 
Warren and Marshall,2 many authors, most notably Müller3 

and Hughston,4 have contributed to our understanding of 
the anatomy and kinematics of the medial structures.

The three main static stabilizers on the medial side of 
the knee are the superficial and the deep medial collateral 
ligament and the posterior oblique ligament.2–5 The 
superficial medial collateral ligament (sMCL) originates 
slightly proximal and posterior to the medial epicondyle 
of the femur and courses distally to attach in 2 tibial sites. 
The proximal tibial attachment is 1 cm below the joint line 
and is mainly to the soft tissues, while the distal insertion 
is 5–7 cm below the joint line and attaches directly to 
bone on the tibia.5,6 The sMCL is the main valgus stabilizer 
of the knee in all flexion angles.7

The deep medial collateral ligament (dMCL) originates 
1 cm distally from the insertion of the sMCL on the medial 
epicondyle and courses deep to the sMCL. It has strong 
attachments to the medial meniscus and attaches a few 
millimetres distal to the joint line on the tibia. It functions 
as a secondary valgus stabilizer and has a minor role in the 
prevention of anterior tibial translation.

The posterior oblique ligament (POL) is the thickening 
of the posteromedial capsule that originates distal and 
anterior to the gastrocnemius tubercle, then broadens 
and assumes a fan shape as it courses distally. The central 
part of the POL blends with and is slightly anterior to the 
attachment of the semimembranosus tendon. The POL 
acts as a stabilizer of valgus, internal and external rotation 
of the knee.8 Its role in valgus stability is more prominent 
in extension. The POL also acts as a secondary posterior 
stabilizer; this becomes more important in the absence of 
the PCL.8

Injury mechanisms
Medial side injuries of the knee most commonly occur 
during sports. Most of the injuries are isolated MCL tears, 
but injuries to the cruciates and POL may occur with 
increasing severity of the trauma. A recent study has found 
an incidence rate of 7.3 per 1000 person-years in an ath-
letic population.9 Contact sports such as soccer, American 
football and skiing carry a high risk of medial side injuries. 
Grade III MCL injuries are associated with a cruciate liga-
ment injury in 80% of cases; the ACL is involved in the 
majority of cases.10 High energy trauma such as motor 
vehicle and industrial accidents are usually associated 
with multi-ligament injuries and should be treated as knee 
dislocations.
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Healing of medial injuries
The rich vasculature, the absence of contact with the syn-
ovial fluid, the concave geometry of the medial tibial pla-
teau and the natural varus alignment of the knee 
contribute to the high spontaneous healing capacity of 
medial injuries. The healing of MCL has been studied 
extensively in animal models. Rabbit studies have con-
firmed the negative effects of immobilization, with early 
motion resulting in a mechanically superior healing 
response.11 Smoking has been shown to impair healing.12 
The findings derived from these animal experiments have 
formed the basis of conservative treatment in humans; 
namely early range of motion in a protective brace and 
controlled weight-bearing.

Clinical findings
Patients present with pain and swelling on the medial side 
of the knee after a trauma involving a valgus strain. Physi-
cal examination reveals pain on palpation and valgus 
stress along the course of the ligament. Pain around the 
medial epicondyle may persist for several weeks and pre-
vent full extension of the knee.

A positive valgus stress test at 30 degrees of knee flexion 
is the hallmark of a sMCL rupture. The test produces both 
pain and abnormal medial opening and should always be 
compared to the uninvolved knee. A medial opening of 
3–5 mm indicates sMCL injury. This increases to 5–7 mm 
with the involvement of POL, and valgus stress test becomes 
positive in full extension. An opening of the medial side 
greater than 10 mm indicates an ACL injury, while an open-
ing greater than 20 mm suggests a bicruciate injury. A 
more objective way of quantifying the valgus stress test is 
to use stress radiographs. Stress radiographs are difficult to 
perform in acute injuries due to pain and guarding by the 
patient; however, they can be very useful once the pain 
subsides. Laprade has shown that isolated sectioning of the 
sMCL produces a 3.2 mm abnormal medial opening com-
pared to the uninjured knee. This opening increases to 
9.8 mm with complete sectioning of the medial structures 
including the sMCL, dMCL and POL.13

The injury has been classified into 3 grades depending 
on the severity of the injury:14

�� Grade I injury: The medial structures have microscopic 
injury with strain of the fibres and foci of haemorrhage. 
The patient exhibits mild pain and tenderness but no 
clinical instability.

�� Grade II injury: The medial structures are partially torn 
with some fibres still intact. The pain is more pro-
nounced and there is valgus instability with a firm 
end-point.

�� Grade III injury: The medial structures are completely 
torn. Pain and functional loss is evident. There is a sig-
nificant valgus instability without a firm end-point at 

20 degrees of flexion. A rotatory instability may be pre-
sent. This increased external rotation can be assessed 
with a positive dial test. This abnormal external rota-
tion should be differentiated from the dial test observed 
in postero-lateral knee injuries using the varus stress 
test.

Imaging
All patients should undergo standard radiographs. Bony 
avulsions of the medial structures are rare and are usually 
from the femoral insertion. Stress radiographs compared 
to the uninvolved knee may be helpful in defining the 
severity of the injury in chronic cases as noted in the previ-
ous section (Fig. 1). These can be performed manually or 
using a mechanical stressing instrument such as the Telos 
device. Linear ossification along the MCL may be seen in 
chronic cases (Fig. 2).

Magnetic resonance imaging (MRI) is a valuable 
adjunct to clinical examination in the diagnosis of acute 
MCL injuries. The location and severity of injury, accom-
panying lesions of the cruciates, menisci and cartilage can 
clearly be seen in MRIs (Fig. 3). Traumatic bone bruises in 
the lateral compartment should alert the surgeon to the 
presence of severe medial injury. Miller et al have reported 
the prevalence of bone bruises in the lateral femoral con-
dyle or lateral tibial plateau to be 45% in acute isolated 
MCL injuries.15

Conservative treatment
Almost all isolated Grade I and II MCL injuries can be 
treated conservatively. Following a short period of rest, 
bandage and cold therapy, early knee motion in a varus-
valgus constrained brace with partial weight-bearing is 
the treatment of choice. Immobilization in a cast should 
be avoided owing to its negative effects on ligament heal-
ing and residual stiffness. No limits should be set in flex-
ion-extension during bracing and early restitution of full 
knee extension should be the goal, especially in cases 
with injuries near the femoral insertion. Gradual return to 
sports after active quadriceps and hamstring rehabilita-
tion and sports-specific training is possible. Lundberg 
and Messner reported excellent results in 38 Grade I or II 
MCL injuries followed prospectively for ten years. The 
median Lysholm score was 100 at 4 years and 95 at ten 
years.16 Return to sports is correlated with the severity of 
injury, and has been reported to be 11 days for Grade I 
and 20 days for Grade II injuries in one series.17 Although 
animal studies suggest that platelet-rich plasma (PRP) 
injections promote the early stages of ligament healing 
and the structural properties of the repair tissue in the 
rabbit model,18 only a single case report has been pub-
lished with favourable outcome and early return to sport 
for MCL injuries.19
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Isolated Grade III medial knee injuries are rare; these 
cases should also undergo a trial of conservative treat-
ment similar to Grade II injuries. Indelicato has reported 
that return to sports was possible at 9.2 weeks after early 
functional rehabilitation in Grade III injuries.20 Patients 
with symptomatic residual instability after conservative 
treatment should be treated surgically.

Combined anterior cruciate ligament and 
medial collateral ligament injuries
Grade III MCL injuries are usually associated with an ante-
rior cruciate ligament (ACL) injury. The optimal treatment 
for these combined injuries is controversial. Surgical repair 

of both ligaments, popular in the 1980s, has led to unac-
ceptably high rates of stiffness with similar stability com-
pared to conservative treatment and has fallen out of 
favour. Current treatment of combined ACL and MCL inju-
ries involves bracing up to 6 weeks to allow for healing of 
the medial injury, followed by reconstruction of the ACL 
when full knee motion has recovered. If medial laxity per-
sists after conservative treatment, the medial structures can 
be reconstructed at the time of ACL surgery. Failure to rec-
ognize and treat the medial side results in abnormal strains 
on the ACL graft and is a significant reason for failure.21

In a systematic review of combined ACL and MCL inju-
ries, Grant et al have reported that the best results were 
achieved in patients with delayed ACL reconstruction, 

Fig. 1  A patient with antero-medial rotatory instability.  
a) Valgus stress radiographs; b) Manual valgus stress testing;  
c) Severe damage to the medial structures seen during surgery.

Fig. 2  The Pellegrini-Stieda lesion. Ossification along the course 
of MCL.

Fig. 3  Complete sMCL injury in T2 fat suppressed MRI. Peri-ligamentous oedema and complete mid-substance injury is observed.
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allowing the MCL to heal and recovery of knee range of 
motion.22

An alternative approach to combined injuries is isolated 
reconstruction of the ACL in the acute setting, followed by 
a brace treatment for MCL. The proponents of this treat-
ment believe that ACL reconstruction provides a favourable 
environment for MCL healing and does not lead to loss of 
motion. Halinen et al have reported on 47 combined inju-
ries in which isolated ACL reconstruction was compared 
with combined repair of the ACL and MCL. Similar stability 
was found in both groups and the authors concluded that 
isolated ACL reconstruction was sufficient to restore knee 
stability if performed in the acute setting.23 Hara et al per-
formed isolated ACL reconstruction in patients with associ-
ated Grade II medial injuries. They reported that their results 
were comparable to isolated ACL injuries and the residual 
medial laxity was not an issue.24 The disadvantage of early 
isolated ACL reconstruction in combined injuries is that the 
patient might need a second surgical intervention if the 
medial side fails to heal adequately.

Indications for acute medial surgery
Although the majority of the MCL injuries will heal with 
conservative treatment, several indications exist for acute 
medial surgery. These are:

1.	 Bony avulsion of MCL from the medial epicondyle. 
Since the ligament is structurally intact in most of 
these cases, internal fixation of the fragment results in 
excellent stability. Screw fixation is the treatment of 
choice. “Peel-off” injuries of the POL can be addressed 
with suture-anchor fixation.25 Large implants should 
be avoided and the fixation should be stable enough 
to allow early range of motion exercises.

2.	 Interposition of the distal part of the MCL under the 
medial meniscus. Surgical repair of the MCL and 

menisco-tibial ligaments is mandatory in these 
cases to preserve meniscal function (Fig. 4).

3.	 Combined posterior cruciate ligament (PCL) and 
MCL injury. Unlike combined ACL and MCL inju-
ries, acute postero-medial injuries require surgical 
repair. The recommended treatment is PCL recon-
struction with a tendon graft and primary repair 
or reconstruction of the medial structures. The 
MCL, POL and semimembranosus corner should 
be explored in the first 3 weeks after injury and 
repaired if the tissues are of adequate quality. The 
POL plays an important role in the posterior sta-
bility of the knee and should be meticulously 
repaired to avoid excessive strain on the PCL 
graft.26 Primary reconstruction with a tendon 
graft should be performed for the medial struc-
tures if the injury is too severe to preclude a solid 
primary repair. Stannard has reported a failure 
rate of 20% for primary repair compared to 4% for 
primary reconstruction.27

4.	 MCL injury associated with a bi-cruciate injury. This 
injury should be considered a knee dislocation and 
patients should undergo reconstruction of the ACL 
and PCL, with primary repair/reconstruction of the 
medial side in the first 3–4 weeks following injury (see 
Video i).28,29 Some authors advocate a staged approach 
to prevent stiffness in these complex injuries.27 The 
PCL reconstruction and repair/reconstruction of the 
medial side is performed first, followed by ACL recon-
struction 6 weeks later. Reconstruction of all injured 
ligaments should have been performed before the 
patient starts weight-bearing.

5.	 Open medial injuries. These are usually a result of 
high-energy trauma and associated with multi-
ligament injuries and fractures. A few simple sutures 
during primary wound closure will increase knee 
stability until definitive surgery.

Fig. 4  Coronal MR images of interposition of the distal MCL under the medial meniscus after being torn from the tibial attachment. 
Widespread bone bruising in the lateral compartment indicates the severity of valgus injury.
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6.	 Relative indications. Complete tibial side MCL inju-
ries in athletes have a worse prognosis for healing 
and are considered to require surgery by some 
authors.30 Similarly, surgical treatment of the 
medial side may be considered for combined ACL 
and MCL injuries in valgus knees.

Reconstruction of medial injuries
Reconstruction of medial knee injuries is indicated for chronic 
symptomatic medial instability after conservative treatment, 
or in cases where tissue quality precludes primary repair in 
acute cases. Historical techniques include a distally-pedicled 
semimembranosus graft,30 distally-based semitendinosus 
graft,31 pes anserinus transfer,32 proximal advancement or 
recession of the MCL on the medial epicondyle,33 and 
advancement of the tibial insertion of sMCL.34 These have 
been followed by single or double bundle reconstructions35 
using autografts (mostly hamstrings) or allografts.35,36

In a cadaveric study, Wijdicks et al have shown that 
anatomical augmented repairs and anatomical recon-
structions were able to improve knee stability and provide 
less than 2 mm of medial joint gapping at 0° and 20° of 
flexion.37 Three treatment options are currently employed 
for the reconstruction of medial structures; all of them use 
free tendon grafts fixed at anatomical insertion sites under 
appropriate tension (Fig. 5).

1. Isolated sMCL reconstructions
These techniques are indicated in patients with medial lax-
ity in flexion. A doubled free hamstring tendon graft is usu-
ally preferred. The tendon graft should be placed between 
the supero-posterior part of the medial epicondyle on the 
femur and the tibial insertion of sMCL 5–7 cm distal to the 

joint line. Leaving the semitendinosus distal insertion intact 
is not recommended as the anterior insertion of the ham-
strings is non-anatomical and does not restore adequate 
medial stability. Femoral fixation is usually performed in a 
blind tunnel with an interference screw, while tibial fixa-
tion can be achieved with a staple or a button implant on 
the lateral cortex (Fig. 6).

Large screw/washer combinations should be avoided 
in the femoral fixation. The distal fixation on the tibia is 
important as shorter grafts do not provide adequate rota-
tional stability.38 Yoshiya et al have reported on the 2-year 
follow-up of 24 patients using semitendinosus and graci-
lis tendons and have found normal or nearly normal IKDC 
scores in all patients.30 The contralateral patellar tendon 
was used for ACL reconstruction in this series. Using a 
similar technique, Kim et al have found less than 2 mm 
medial laxity in 22 of 24 patients followed for 52 months, 
with a mean Lysholm score of 91.39

2. Reconstruction of the sMCL and POL 
using a single femoral tunnel
These techniques are employed in patients with medial 
laxity in both full extension and 20 degrees flexion. A two-
tailed graft is placed in a tunnel on the medial epicondyle. 
One limb of the graft is fixed distally on the sMCL on the 
tibia (Fig. 7a) while the other limb is fixed just anterior to 
the semimembranosus insertion on the tibia to reproduce 
the POL (Fig 7b). The sMCL graft is fixed in 20 degrees 
flexion, while the POL graft is tensioned in full extension 
(Fig. 7).

Lind et al have reported on the 2-year follow-up of 50 
patients using this technique. They found that medial lax-
ity was less than 5 mm in 98% of the patients, and 74% 
had IKDC A or B scores.40

Fig. 5  Current medial reconstruction techniques. a) Isolated sMCL reconstruction; b) Reconstruction of the sMCL and POL using a 
single femoral tunnel; c) Anatomical reconstruction of the sMCL and POL using 4 separate tunnels in the femur and tibia.

a)	 b)	 c)
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superficial medial collateral and the posterior oblique liga-
ment using two separate grafts placed in 4 anatomical tun-
nels.41 The sMCL graft is placed between the supero-posterior 
part of the medial epicondyle and 6 cm distal to the joint 
line on the tibia. The POL graft femoral attachment is 7.7 
mm distal and 2.9 mm anterior to the gastrocnemius tuber-
cle, and the tibial insertion is slightly anterior to the direct 
arm attachment of the semimembranosus tendon on the 
tibia. The POL graft is fixed in full extension while the sMCL 
is tensioned and fixed in 20 degrees of flexion. The authors 
have reported excellent results with reduction of valgus lax-
ity from 6.2 mm to 1.3 mm in 28 patients.

Conclusions
Isolated medial side injuries of the knee are common and 
are treated with bracing and early motion with excellent 
functional results. The surgeon should be aware that sev-
eral indications exist for acute repair and not all medial 
side injuries are amenable to conservative treatment. 
Chronic symptomatic medial instability should be recon-
structed with anatomical techniques.

Supplementary material
A video demonstrating surgical repair of acute bicru
ciate and MCL injury is available alongside this article: 
http://www.efortopenreviews.org/content/1/2/27
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