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Abstract: The superficial medial collateral ligament (sMCL) and associated knee structures are the most commonly
injured structures of the knee. Most isolated sMCL tears are treated nonoperatively. Several studies have described
different algorithms for treatment of sMCL lesions, as well as different types of techniques, both in the acute and in chronic
settings. The purpose of this article was to detail our anatomic sMCL augmentation technique using semitendinosus and
gracilis tendon autografts.

Superficial medial collateral ligament (sMCL) tears
represent more than one-third of knee injuries.1

Most sMCL tears are treated nonoperatively. However,
some require surgical intervention in the acute setting or
when nonoperative treatment fails.2 Several surgical
techniques have been described for reconstruction and
augmentation of sMCL lesions. Most authors now agree
that anatomical restoration of the sMCL is the key point
in re-establishing native knee biomechanics.3

The posteromedial knee complex is composed of the
sMCL, the posterior oblique ligament (POL), and the
deep medial collateral ligament (MCL).4 These struc-
tures are the primary and secondary static stabilizers
against valgus stress, and for external and internal
rotational stability.4,5 Anatomic and biomechanical
studies have been performed to examine the insertion
sites and the functionality of the individual components
of the medial structures of the knee to ultimately

develop an anatomical augmentation technique.6,7 The
purpose of this study was to describe an anatomic
augmentation technique for the sMCL with semite-
ndinosus and gracilis tendon autografts.

Objective Diagnosis
Stress radiographs are essential for the objective

diagnosis of sMCL lesions.8 Bilateral valgus stress ra-
diographs should be performed at 20! of knee flexion.
Medial gapping should be measured by taking the
shortest distance between the subchondral bone surface
of the most distal aspect of the medial femoral condyle
and the corresponding medial tibial plateau. The results
of the uninjured knee and the injured knee should then
be compared.2

The current diagnostic algorithm of the senior author
(R.F.L.) for a complete lesion of the sMCL is a difference
of 3.2-mm gapping at 20! of knee flexion. The criterion
for a complete tear of all structures of the posteromedial
complex is a difference of 9.8-mm gapping at 20! of
knee flexion.9-12 Magnetic resonance imaging (MRI) is
useful to diagnose acute medial knee lesions, to deter-
mine the location of the damaged structures and to
assess concurrent injuries.

Indications
Acute isolated grade III sMCL tears are typically

initially treated nonoperatively. In addition, combined
anterior cruciate ligament (ACL) and sMCL injuries are
usually treated first nonoperatively with rehabilitation,
focusing on letting the sMCL injury heal, followed by
ACL reconstruction. Surgical management of acute
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sMCL injuries is indicated when there are multiligament
injuries or knee dislocation involving the sMCL.2,13

For chronic grade III MCL injuries, surgery is indi-
cated when functional rotatory or side-to-side insta-
bility persists despite conservative therapy, including
bracing and a rehabilitation program for at least
6 weeks after injury. Patients with valgus malalignment
should undergo a distal femoral osteotomy before
sMCL reconstruction because of increased stress placed
on the graft due to the malalignment. Valgus mala-
lignment is identified when the mechanical axis lies
lateral to the apex of the lateral tibial eminence. In this
situation, preoperative planning aims to shift the me-
chanical axis to pass through the apex of the medial
tibial eminence. If an osteotomy was performed, sMCL
reconstruction is only indicated if instability continues
after healing of the osteotomy and participation in a
rehabilitation program.2,13

Surgical Technique

Patient Positioning and Anesthesia
The patient is placed in the supine position on the

operating table (Video 1). After induction of general
anesthesia, a bilateral knee examination is performed
to evaluate the degree of ligamentous instability. A
well-padded high-thigh tourniquet is subsequently
placed on the operative leg and then it is placed into a
leg holder (Mizuho OSI, Union City, CA), whereas
the contralateral knee is placed into an abduction
stirrup (Birkova Product LLC, Gothenburg, NE). The
foot of the operating table is then lowered, allowing
for the surgeon to freely manipulate the knee as
needed (Fig 1).

Technique
A skin incision is made on the anteromedial aspect of

the knee and centered over the joint line. Proximally,
the incision is performed between the adductor tubercle
(AT) and the medial aspect of the patella, and extend-
ing distally over the midportion of the tibia approxi-
mately 7 to 8 cm distal to the joint line.3,6,7 In cases of
concomitant ACL or posterior cruciate ligament injury,
this approach facilitates the creation of the tibial tunnels
for cruciate ligament reconstruction. Care must be
taken to avoid the saphenous nerve, which courses
5 cm posteriorly to the AT.13 Blunt dissection is per-
formed down to the sartorial fascia, which should be
left intact, and the pes anserinus tendons are identified.
Watchful inspection must be done to precisely identify
all injured structures. In chronic cases, where the
anatomy may be distorted, this inspection can be
challenging. After isolating the semitendinosus and the
gracilis tendons and releasing them from adhesions, an
open-ended hamstring stripper (Smith & Nephew,
Andover, MA) is used to detach them proximally, while
preserving their distal insertions (Fig 2).

Fig 1. Patient positioning on the operating table. The surgical
limb (left) is placed into leg holder allowing the surgeon to
freely manipulate the knee during the procedure. Nonoper-
ating limb is kept on a well-padded abduction stirrup.

Fig 2. Left knee image
showing (A) identification and
isolation of the semitendinosus
tendon and (B) the harvest of
the semitendinosus tendon
with an open-ended hamstring
striper, while preserving the
tibial insertion. The same steps
are repeated for the harvest of
the gracilis tendon.
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Ideally, a remnant of the distal insertion of the sMCL is
identified 6 or 7 cm distal to the joint line on the pos-
terior aspect of the medial tibia.3,4,6,7 The use of a spinal
needle marking the medial joint line and a ruler helps
the surgeon to identify this point (Fig 3). After
measuring the distance, 2 double-loaded suture anchors
(Mitek, Westwood, MA) are then fixed. The first is
placed as far posterior as possible, on the posteromedial
aspect of the tibia. The second anchor is placed slightly
anterior and proximal to the first one in order to avoid
convergence and allow room to suture the hamstrings in
between them (Fig 4). Both grafts are then sutured to
the tibia at this location (keeping their distal insertion)
along with any remnant tissue of the sMCL (Fig 5). A
small incision is then made in line with the sartorial
fascia fibers to create a passage through which the
semitendinosus and the gracilis grafts are passed.
Attention is then turned to the proximal aspect of the

reconstruction. It is important to initially locate the
adductor magnus tendon (AMT), because it will guide
the surgeon to find the AT and ultimately all the

important landmarks in the medial aspect of the knee.
To isolate the AMT, the surgeon should follow the
medial aspect of the vastus medialis obliquus and
bluntly dissect the interval between this muscle and the
AMT (Fig 6A). After isolating the AMT, it becomes
easier to follow it and locate the AT. If the surgeon still
has difficulty in locating the tubercle, he can apply
traction to the tendon and follow its path by palpation.
Of note, the AT constitutes the most reliable surgical
landmark for the senior author (R.F.L.). To locate the
femoral insertion of the sMCL, the surgeon should first
identify the medial epicondyle, which is located
12.6 mm distal and 8.3 mm anterior to the AT.4 The
sMCL insertion can then be identified 3.2 mm proximal
and 4.8 mm posterior to the medial epicondyle.4

Once the femoral attachment of the sMCL is found,
sharp dissection is performed down to the bone to clear
the area from soft tissues. An eyelet pin is placed at this
point with an aiming guide (Arthrex, Naples, FL)

Fig 3. Intraoperative image of left knee showing the joint line
marked with a spinal needle and a ruler used to identify the
distal tibial attachment of the superficial medial collateral
ligament, 6 cm distal to the joint line.

Fig 4. Intraoperative image of
a left knee showing the correct
placement of (A) first tibial
distal suture anchor at the
posteromedial crest of the tibia
and (B) second tibial distal su-
ture anchor slightly anterior
and superior to the first one.
Note that both anchors are
placed in a converging direc-
tion around the posteromedial
aspect of the tibia in a way that
the grafts (as well as any su-
perficial medial collateral liga-
ment remnant) will remain
between them.

Fig 5. The distal tibial fixation of the superficial medial
collateral ligament (sMCL) augmentation reconstruction is
complete. Note that both hamstrings are tied together be-
tween the 2 suture anchors previously placed in the poster-
omedial aspect of the tibia. Any identified sMCL remnant
should be tied along with the sutures.
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exiting anterior and proximal, to avoid the trochlea and
tunnel convergence in multiligament cases (Fig 6B). A
7-mm tunnel is then over-reamed (Reamer, Arthrex)
to a depth of 35 mm to create a socket and a passing
suture is placed to facilitate later grafts passage. The
semitendinosus and the gracilis grafts are then marked
30 mm proximal to the distance between their distal
insertion and the entrance of the tunnel (Fig 7A). A
whipstitched suture is applied over the mark and the
excess length of the grafts are amputated (Fig 7B).
Both grafts are then pulled into the femoral tunnel

using the passing suture previously left in place, and the
knee is positioned at 20! of flexion with neutral rota-
tion. At this position, the surgeon applies a gentle varus
force reduction and a 7 " 25 mm bioabsorbable screw
(Arthrex) is used to fix the graft in place, whereas the
assistant applies traction to the suture.

For the purpose of reproducing the proximal tibial
attachment of the sMCL, a third double-loaded suture
anchor (Mitek) is inserted 12 mm distal to the joint line,
directly over the most anterodistal attachment of the
anterior arm of the semimembranosus, securing the
graft to the proximal tibial attachment of the sMCL. To
accurately place this last anchor, it is advisable to use
the same previously described measuring technique,
making use of a spinal needle to define the joint line.
Once the anchor is placed, the sutures are tied to the
grafts with the knee positioned at 20! of flexion and
neutral rotation. No varus force is needed at this time. A
schematic illustration of this procedure is shown in
Figure 8.
Once fixation is complete, the knee is flexed to

determine the “safe zone” range of movement, which
can be initiated on postoperative day 1. It is important

Fig 6. Intraoperative pictures of a left knee showing (A) identification of the adductor magnus tendon following the medial
border of the vastus medialis obliquus (VMO) muscle and (B) passage of a guide pin into the proximal attachment site of the
superficial medial collateral ligament (sMCL) on the femur. It is recommended to use an aiming device to make sure that the exit
point will be located slightly anterior and proximal relative to the entry point to avoid damaging the trochlea or collision with
other tunnels in multiligament cases.

Fig 7. Intraoperative images of a left knee showing (A) marking of the graft with a surgical pen 3 cm beyond its distance to the
entrance of the tunnel (this mark will guide the further whipstitching) and (B) amputation of the excess of grafts. The sutures
placed into the grafts will be transported to the lateral side of the knee with the aid of a passing suture previously left into the
tunnel.
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that the sMCL graft is able to be fully flexed with no
excessive tension through a full range of knee motion.

Postoperative Rehabilitation
As one of the main concerns after this surgery is the

prevention of arthrofibrosis, a rehabilitation protocol
based on early mobilization should be adopted. A su-
pervised postoperative rehabilitation should begin on
day 1 with knee motion within the safe zone for the
first 2 weeks after surgery.13 Quadriceps strengthening
exercises and patellar mobilization are also recom-
mended. After the first 2 weeks range of movement
should be allowed as tolerated. Weightbearing should
begin after 6 weeks, with training on how to avoid
pivoting to prevent graft stretching. Excessively stress-
ing of the joint should be avoided to decrease the risk of

effusions. At 16 to 20 weeks, further lower extremity
strength training and proprioception exercises should
be initiated, depending on whether the patient had an
isolated or multiligament reconstruction. Return to
sports and other activities will be based on functional
tests and valgus stress radiographs.14 Pearls and pitfall
to performing this surgical procedure are listed in
Table 1.

Discussion
This sMCL augmentation technique using semite-

ndinosus and gracilis tendon autograft has been re-
ported to restore near native medial stability of the
knee.3,6

In regard to diagnosis, stress radiographs should be
used in all patients with a clinical suspicion of a medial
side injury. LaPrade et al.8 reported that the amount of
medial compartment gapping can be quantified on
valgus stress radiographs for medial knee injuries in the
acute and chronic settings. In addition, the use of MRI is
recommended to diagnose the location of the damaged
structures and any concomitant lesions. Yao et al.15

reported an accuracy of 87% in diagnosing medial
knee injuries with MRI. In a prospective study, Miller
et al.16 reported a 45% incidence of lateral compart-
ment bone bruises with an isolated injury of the MCL.
Other reconstruction techniques have been reported.

Kim et al.17 and Lind et al.18 reported on the use of
semitendinosus autograft leaving the pes anserinus
insertion intact. The graft is subsequently secured at the
femoral insertion of the sMCL, and the free end of the
remaining tendon is used to reconstruct the POL. The
technique by Kim et al.17 loops the free end around the
direct head of the semimembranosus. The method used
by Lind et al.18 involved drilling a tibial tunnel (poste-
rior and lateral to the semimembranosus insertion) to
pull the graft. Both techniques have been reported to

Fig 8. Final aspect of the superficial medial collateral ligament
(sMCL) augmentation technique. The proximal tibial suture
anchor reproduces the proximal attachment of the sMCL on
the tibia, 12 mm below the joint line. The distal tibial
attachment is reconstructed with 2 double-loaded suture an-
chors. Any remnant of the native sMCL should be tied along
with the hamstrings, which remain attached distally. (VMO,
vastus medialis obliquus.) (Adapted with permission from
Wijdicks et al.6)

Table 1. Pearls and Pitfalls

Pearls Pitfalls

# Anteromedial incision in cases of
combined medial and cruciate
ligaments injury makes it easier
to drill the tunnels.

# Distal suture anchors should be
placed as far posterior as possible
on the posteromedial corner of
the tibia.

# Identifying the adductor tubercle
tendon helps locate bony
prominences in the medial aspect
of femoral condyle.

# Femoral fixation should be
performed at 20! while applying
a gentle varus force.

# Making the incision too
posterior can put the
saphenous nerve at risk.

# Not applying varus stress
when securing the graft to
the femur can result in
residual uncorrected laxity.

# Failure to initiate a prompt
rehabilitation program after
surgery increases the risk of
arthrofibrosis.
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restore normal or near-normal medial laxity 2 years
after surgery.
When there is a side-to-side difference between 3.2

and 9.8 mm gapping in stress radiographs, an
augmentation procedure can be performed. However,
when a complete tear of all structures of the poster-
omedial complex is suspected (>9.8 mm difference) or
severe rotational instability exists, the POL should be
reconstructed in addition to the sMCL.
LaPrade and Wijdicks3 reported good results with

both augmentation and reconstruction techniques of
sMCL lesions. Both techniques have been shown to
restore normal laxity of the joint in the most tested
conditions.3,6 Long-term studies should be performed
to ensure the maintenance of the restoration, stability,
and functionality of the knee. We encourage other
groups to test the validity of this technique to assess for
long-term results.
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