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Abstract

Purpose The purpose of this study was to evaluate and
compare the resulting knee kinematics and stability of an
anatomic superficial MCL (sMCL) reconstruction and a
non-anatomic SMCL reconstruction.

Methods In a cadaveric model, normal knee stability and
kinematics were compared with SMCL deficient knees and
with two experimental sMCL reconstructions. The first
reconstruction (AnatRecon) attempted to anatomically
reconstruct the SMCL. The second reconstruction (Short-
Recon) used a shorter graft to mimic the effect of failing to
reproduce the anatomic length of the SMCL. Changes in
position of the femur with respect to the tibia were mea-
sured with an electromagnetic tracking system during
simulated active knee extension and during passive knee
stability testing in the sMCL intact knee, the SMCL defi-
cient knee, and the two experimental reconstructions.
Results  Simulated active knee extension demonstrated a
significant increase in external tibial rotation of Short-
Recon compared to AnatRecon between 30° and 80° of
knee flexion (mean difference <3.0° over the range of knee
flexion angles; P < 0.008), and a significant increase in
external tibial rotation of ShortRecon compared to the
intact sSMCL was found at 60° and 70° of knee flexion
(mean difference <2.0°%ver the range of knee flexion
angles; P < 0.008). Passive joint stability testing demon-
strated that division of the SMCL produced approximately
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6° of valgus laxity at 30° of knee flexion and increased
external tibial rotation of approximately 5° at 30°, 9° at
60°, and 10° at 90° of knee flexion, respectively. Anat-
Recon restored normal knee kinematics and stability.
Additionally, passive stability testing demonstrated a sig-
nificant increase in external tibial rotation of ShortRecon
compared to AnatRecon at 60° (mean difference = 3.7°;
P < 0.05) and 90° of knee flexion (mean difference = 4.9°;
P < 0.05).

Conclusion Anatomic reconstruction of the sMCL
effectively restored knee kinematics and stability in the
sMCL deficient knee. Altering the normal ligament length
resulted in measurable changes in knee kinematics
and stability. This study suggests that in cases of chronic
valgus knee instability, anatomic sMCL reconstruction
would provide better results than non-anatomic sMCL
reconstruction.

Keywords Medial collateral ligament - Graft
reconstruction - Knee kinematics - Joint stability

Introduction

Isolated injury of the medial collateral ligament (MCL) of
the knee usually heals uneventfully without surgery [1, 5,
13, 14, 21], and combined injury of the anterior cruciate
ligament (ACL) and MCL can be treated by non-operative
management of the torn MCL [10, 19]. However, com-
bined injury of the MCL, one or both cruciate ligaments,
and posterior oblique ligament (POL) can lead to chronic
valgus laxity of the knee [11, 12]. In acute cases, persistent
valgus instability after cruciate ligament reconstruction can
be addressed by repairing the superficial MCL (sMCL) and
POL. In chronic cases, however, the sMCL becomes
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scarred and contracted, and anatomic repair may not be
possible. In the knee with chronic functional valgus
instability, reconstruction of the sMCL may be indicated,
as results of non-operative treatment have been found to be
poor [15]. The options for SMCL reconstruction include
advancement of local medial capsule, rerouting, and
tenodesis of the pes tendons or free tendon graft such as
bone-patellar tendon-bone or semitendinosis [3, 16, 18, 20,
24, 30].

When considering SsMCL reconstruction, it is important
to note the significant contributions of both the sMCL and
the POL to valgus and rotational stability of the knee [7, 8,
22, 26]. While it may be possible to advance or imbricate
the POL in cases of chronic valgus laxity, it is difficult to
anatomically restore the anatomic origins and insertions of
the sMCL with tissue advancement. The sMCL is an
unusually long ligament which originates on the medial
femoral epicondyle and inserts on the proximal medial tibia
approximately 60 mm distal to the joint line [25]. Given
the length of this ligament, it is apparent that advancement
of local scar tissue, rerouting of hamstring tendons or even
reconstruction with patellar tendon would not reproduce
the anatomic length of the sMCL. As in most cases of
ligament reconstruction, failure to mimic normal anatomy
may lead to over constraint of a joint and stiffness or
attritional failure of the reconstruction and recurrent
instability.

To our knowledge, the potential effects of knee motions
and valgus stability resulting from reconstruction of the
sMCL with differing graft lengths have not been studied.
To this end, the purpose of this study was to determine the
effect of two common graft lengths used for sMCL
reconstruction on knee kinematics and stability, and to
determine which reconstruction more closely restored
normal knee motions and stability. The effects of sMCL
reconstruction graft lengths were evaluated biomechani-
cally using simulated active knee extension and passive
joint stability testing in a human cadaver model. It was
hypothesized that reconstruction of the SMCL with ham-
string tendon grafts to replicate the normal length and
attachment of the SMCL would restore normal knee kine-
matics and stability.

Materials and methods

Twelve human leg specimens extending from mid-thigh to
foot were procured from the University of California at
Davis donated body program. The specimens had an
average age of 67 years (range, 56-76) and frozen at
—10°C until experimentation. Five specimens were from
women and seven from men. None of the specimens
exhibited visual evidence of deformity or prior knee

surgery. During inspection of knee structures after experi-
mentation, all intra-articular ligaments appeared normal
and only focal areas of mild to moderate chondromalacia
were observed on the articular surfaces.

Testing methods and apparatus

The effect of two sMCL reconstruction graft lengths on
knee kinematics and stability was evaluated through sim-
ulated knee extension and passive joint stability testing.
Quadriceps-activated knee extension was used to evaluate
knee kinematics during simulated active knee extension of
each subject. Passive joint stability testing evaluated knee
rotation in response to knee moments applied at the tibia.

An electromagnetic tracking device (Flock of birds,
Ascension Technology, Burlington, VT) was used to
measure changes in knee flexion angle, internal-external
rotation, and varus—valgus angulation during both simu-
lated active knee extension and passive joint stability
testing. The device sensed position and orientation of a
transmitter in six degrees-of-freedom with respect to a
receiving unit. The transmitter for the device was attached
to an acrylic square mounted on the most anterior aspect of
the tibial tubercle using titanium lag screws (Fig. 1). The
orientation of the transmitter, as described by the manu-
facturer, was visually aligned with the long axis of the
tibia. The receiver unit was rigidly mounted on a bench top
approximately 30 cm from the transmitter, within the
optimal range of 22-64 cm [17]. Additionally, aluminum
metals and other common orthopedic alloys were used in
the experimental apparatus and testing protocol to mini-
mize electromagnetic signal interference. With these steps,
the electromagnetic tracking device has been shown to
detect differences of 0.1° in rotation [17]. Motion of the
tibia with respect to the femur was calculated using custom
Visual C++-software (v6.0, Microsoft Corporation, Seattle,
WA). The software was used to record data output from the
electromagnetic tracking device mounted on the tibia, first
in a reference position and then in subsequent positions.

A custom testing apparatus was designed to allow
measurement of knee rotations during simulated active
knee extension (Fig. 1). The testing device consisted of a
femoral fixation frame that allowed for rigid attachment of
the femur to a bench top using two 4-mm transfixion pins
inserted through the femur. The design of the apparatus and
the femoral alignment allowed the knee, leg, and foot to
extend over the edge of the bench top, using gravity to
flex the knee 90°, and determine the initial reference
position of tibia varus—valgus angulation and internal—
external rotation.

Quadriceps-activated knee extension was performed in
each specimen to determine knee kinematics during a
simulated cycle of knee extension. To simulate active knee
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Fig. 1 A custom testing apparatus was designed to allow measure-
ment of knee rotations during quadriceps-activated knee extension
and passive joint stability testing. The femur and tibia of each
specimen were fixed to the apparatus using respective fixation frames.
Quadriceps-activated knee extension was simulated using the stepper
motor and freeze clamp attached to the quadriceps tendon. Passive

extension, the quadriceps tendon was connected to the
stepper motor using a liquid nitrogen freeze clamp [23].
Quadriceps-activated knee extension was performed from
90° to 5° flexion by configuring the stepper motor to pro-
duce extension at a rate of 0.5° per second. Five degrees of
flexion was chosen as the maximum amount of knee
extension due to the inability of four knees to be extended
beyond this point using the stepper motor. During quadri-
ceps-activated knee extension, knee rotations (flexion—
extension, varus—valgus angulation, and internal-external
rotation) from the reference position were determined at a
rate of two measurements per second.

The custom testing apparatus also allowed measurement
of knee rotations during passive joint stability testing
(Fig. 1). A flexion—extension jig was constructed to allow
precise duplication of knee flexion angles between knee
specimens during passive joint stability testing. A tibial
fixation frame was mounted to each specimen using two
4-mm transfixion pins inserted into the distal tibia to allow
for controlled measurement of tibial rotations. The tibial
fixation frame included an extension rod distal to the foot
to which an aluminum glide mechanism was attached. The
glide mechanism included rollers to allow for low friction
varus—valgus angulation and a bushing connection to the
extension rod to allow for internal-external rotation. This
design permitted isolated measurement of either varus—
valgus or internal—external rotations at fixed flexion angles
during applied moments.

Passive joint stability testing was performed in each
specimen to determine the knee rotations in response to
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joint stability testing was performed by applying a varus—valgus
angulation moment about the knee with a force transducer (not
shown) at the ankle, or by applying an internal-external rotation
moment about the knee with a torque wrench (not shown) at the glide
mechanism. Knee rotations were determined using an electromagnetic
tracking device (ETD) receiver and transmitter

applied moments. At 0° and 30° of knee flexion, varus—
valgus moments of 10 Nm about the knee were applied at
the ankle with a force transducer. At 0°, 30°, 60°, and 90°
of knee flexion, internal-external rotation moments of
5 Nm were applied through the extension rod of the tibial
fixation frame using a torque wrench. Tibial rotation
measurements (varus—valgus or internal-external rotation,
depending on the applied moments) were determined as the
difference in rotation between the position the tibia
assumed during the applied moment and the position that
the tibia naturally assumed initially at the fixed flexion
angle. Tibial rotation measurement were repeated twice,
and averaged for statistical analysis. Passive stability test-
ing was performed in eight specimens that could be fully
extended to 0°.

Experimentation: testing of intact, divided,
and reconstructed sMCL

Simulated active knee extension and passive joint stability
testing were used to evaluate four experimental conditions:
(1) normal knees (intact SMCL), (2) knees with a divided
sMCL, (3) knees with a SMCL reconstruction graft length
equal to the length of the native sMCL (AnatRecon;
Fig. 2), and (4) knees with sMCL reconstruction graft
length equal to the length of the patellar tendon (Short-
Recon; Fig. 2). At the time of experimentation, the length
of the intact SMCL was measured for each specimen from
the medial epicondyle of the femur to its proximal tibial
insertion beneath the pes anserine tendons. The length of
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Fig. 2 MCL reconstruction with the graft length equal to the length
of the patellar tendon (ShortRecon), above, and the length of the
anatomic MCL (AnatRecon), below. The graft tendon was transferred
to the course of the MCL and fixed to the medial femoral epicondyle
with distal fixation on the tibia. Note the divided MCL reflected at its
distal insertion

the patellar tendon was measured from the inferior pole of
the patella to the proximal insertion on the tibial tuberosity.
Additionally, prior to testing, preconditioning of the knee
was accomplished through ten manual cycles of passive
flexion and extension.

Following simulated active knee extension and passive
joint stability testing of the intact SMCL, the sSMCL was
divided using a standardized protocol. A longitudinal
medial incision was used to expose the origin and insertion
of the sMCL. The sMCL was sharply divided at the joint
line, taking care to avoid injury to the deep MCL or the
POL. Simulated active knee extension and passive joint
stability testing were then performed on the divided sMCL
specimens.

Next, the two experimental sSMCL reconstructions were
performed, and simulated active knee extension and pas-
sive joint stability testing were repeated. The order of
reconstructions and testing was randomized for each

specimen. The gracilis and semitendinosis tendons were
harvested for sMCL reconstruction, obtaining a minimum
of 22 cm length for each tendon. For each reconstruction,
the tendons were doubled over a post at the medial femoral
epicondyle and secured with a spiked ligament washer. For
AnatRecon, the hamstring tendon graft was fixed to the
proximal tibia with a screw and spiked ligament washer at
the anatomic insertion of the sMCL. This resulted in a graft
length of 80.5 £ 5.0 mm for AnatRecon. For ShortRecon,
the hamstring graft was fixed to the proximal tibia with a
screw and spiked ligament washer along the course of the
sMCL at a length that corresponded to the length of the
patellar tendon. This resulted in a graft length of
38.5 = 6.0 mm for ShortRecon.

Statistical analysis

To determine the effect that dividing the sMCL and the
effect that reconstructing the sSsMCL with two different
graft lengths had on the kinematics and static stability of
the normal knee, the experimental data was analyzed
using a two-factor analysis of variance (ANOVA). For
simulated active knee extension, a two-factor ANOVA
was performed at 10° increments of flexion angle.
Treatment was set at four levels (intact SMCL, divided
sMCL, AnatRecon, and ShortRecon). Given a significant
treatment effect, contrasts between the intact SMCL and
each of the other three treatments were performed with
differences considered significant at P < 0.05. For pas-
sive joint stability testing, a separate two-factor ANOVA
was performed at each combination of knee flexion angle
(0°, 30°, 60°, and 90°) and knee angulation and rotation
(varus—valgus angulation and internal and external rota-
tion). The two factors were specimen with eight levels
and treatment with four levels. The contrast between
normal and each of the other levels was considered sig-
nificant at P < 0.05. Using this analysis, our statistical
power was capable of detecting significant differences as
small as 1.6°.

Results
Quadriceps-activated knee extension

Quadriceps-activated knee extension demonstrated no sig-
nificant differences between AnatRecon (graft length equal
to the length of the intact sMCL; 80.5 £ 5.0 mm) and the
intact SMCL. However, significant differences were dem-
onstrated between the divided SMCL and the intact sMCL,
ShortRecon (graft length equal to the length of the patellar
tendon; 38.5 £ 6.0 mm) and the intact sSsMCL, and Short-
Recon and AnatRecon.
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During quadriceps-activated knee extension, a pattern of
increased valgus angulation occurred in the divided sMCL
compared to the intact SMCL (Fig. 3a). The effect of
dividing the SMCL caused a significant increase in valgus
at 90° of knee flexion (mean difference = 2.5°;, P < 0.01)
and a visible trend of less than 1.0° throughout the
remaining arc of rotation. Similarly, a pattern of increased
internal rotation occurred in the divided sMCL compared
to the intact SMCL from 0° to 75° of knee flexion (Fig. 3c).
The effect of dividing the sMCL caused a significant
increase in external rotation at 90° of knee flexion (mean
difference = 3.8°; P < 0.01) and a visible trend of less
than 2.0° from 75° to 90° of knee flexion.

Quadriceps-activated knee extension measurements of
knees with a reconstructed sMCL showed no differences in
varus—valgus angulations as compared to the intact sSMCL
over the 90° to 5° range of flexion angles (Fig. 3b).
A noticeable, but not significant, increase of approximately
1.3° in valgus angulation of the divided sMCL from the
intact sSMCL occurred at 15° and 20° of knee flexion.
However, quadriceps-activated knee extension measure-
ments of knees with a reconstructed sMCL did show a

Fig. 3 Varus—valgus angulation a

difference between graft types in internal-external rotation
(Fig. 3d). Whereas no significant differences were found in
internal-external rotation between AnatRecon and the
intact sSMCL during knee flexion, a significant increase in
external rotation of ShortRecon compared to AnatRecon
was found between 30° and 80° of knee flexion (mean
difference <3.0° over the range of knee flexion angles;
P < 0.008). Further, a significant increase in external
rotation of ShortRecon compared to the intact sSMCL was
found at 60° and 70° of knee flexion (mean difference <2.0°
over the range of knee flexion angles; P < 0.008). Addition-
ally, a noticeable, but not significant, increase of less than 3.0°
in internal rotation of ShortRecon from the intact sSMCL
occurred at 15° and 20° of knee flexion.

Passive joint stability testing

Passive joint stability testing demonstrated no significant
differences between AnatRecon and the intact sMCL.
However, significant differences were demonstrated
between the divided sMCL and the intact sSMCL, as well as
between ShortRecon and AnatRecon.

at knee flexion angles during
quadriceps-activated extension.
a An increase in valgus in the
divided MCL knee compared to
the intact knee with a significant
difference detected at 90° of
knee flexion (P < 0.01).

b Compares rotation data from
both MCL reconstructions

(reconstruction 1 or AnatRecon,
and reconstruction 2 or
ShortRecon) with normal knee

— Intact MCL

* Reconstruction 1

— Intact MCL

* Divided MCL + Reconstruction 2

showing no statistical
differences. Data showing
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internal-external rotation at
knee flexion angles during
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Fig. 4 a Varus and valgus stability testing at 0° of knee flexion. No
statistically significant difference was measured for the divided MCL
or either reconstruction (reconstruction 1 or AnatRecon, and recon-
struction 2 or ShortRecon) of the MCL compared with the intact
MCL. Errors bars indicate & one standard deviation. b Varus and
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Fig. 5 a Internal rotation stability testing at 0°, 30°, 60°, and 90° of
knee flexion. At 30° and 60° of knee flexion, there was a significant
increase in internal rotation in the divided MCL compared to the
intact MCL (P < 0.005). This increase in rotation is stabilized using
either reconstruction (reconstruction 1 or AnatRecon, and reconstruc-
tion 2 or ShortRecon). Errors bars indicate + one standard deviation.
b External rotation stability testing at 0°, 30°, 60°, and 90° of knee

Passive joint stability testing of varus—valgus angulation
demonstrated no significant differences between the divi-
ded and intact SMCL at 0° of knee flexion (Fig. 4a). Fur-
ther, AnatRecon and ShortRecon showed no differences
from the intact SMCL at 0° and 30° of knee flexion.
However, division of the sMCL caused a significant
increase in valgus angulation compared to the intact sMCL
at 30° of knee flexion (mean difference = 5.8°; P < 0.005;
Fig. 4b).
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valgus stability testing at 30° of knee flexion. There was a significant
increase in valgus in the divided MCL compared to the intact MCL
(P < 0.005). Both reconstructions (reconstruction 1 or AnatRecon,
and reconstruction 2 or ShortRecon) restore stability. Errors bars
indicate &+ one standard deviation
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flexion. At 30°, 60°, and 90° of knee flexion, there was a significant
increase in external rotation in the divided MCL compared to the intact
MCL (P < 0.005). This increase in rotation is stabilized using either
reconstruction, however, AnatRecon (reconstruction 1) offers more
resistance to external rotation than ShortRecon (reconstruction 2), with
a significant difference found at 90° of knee flexion (P < 0.05). Errors
bars indicate & one standard deviation

In internal rotation (Fig. 5a), passive joint stability
testing demonstrated a significant increase in internal
rotation of the divided SMCL compared to the intact sMCL
at 30° (mean difference = 3.2°; P < 0.005) and 60° (mean
difference = 3.4°; P < 0.005).

In external rotation (Fig. 5b), passive joint stability
testing demonstrated a significant increase in external
rotation of the divided sMCL compared to the intact sMCL
at 30° (mean difference = 5.3° P < 0.005), 60° (mean
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difference = 9.4°; P < 0.005), and 90° (mean differ-
ence = 9.7°; P < 0.005). Additionally, passive joint sta-
bility testing demonstrated a significant increase in external
rotation of ShortRecon compared to the AnatRecon at 60°
(mean difference = 3.7°; P < 0.05) and 90° (mean dif-
ference = 4.9°; P < 0.05).

Discussion

This study evaluated the kinematic and passive stability of
two sMCL reconstructions and compared them to the
sMCL intact knee. The important finding of this study is
that failing to reconstruct the anatomic sMCL length causes
measurable alterations in joint kinematics and passive
rotational stability of the knee. As would be expected,
restoration of the anatomic origin and insertion of the
sMCL effectively restores knee kinematics and stability.

Isolated injuries to the sMCL usually heal uneventfully
with appropriate non-operative management [1, 5, 13, 14,
21]. Complete rupture of the MCL, including the posterior
oblique ligament, can result in chronic valgus laxity of the
knee. Non-operative treatment of these more severe MCL
injuries can result in poor long-term outcomes [15]. Sur-
gical treatment of severe medial knee injuries is indicated
when chronic valgus laxity persists despite an appropriate
course of non-operative treatment.

Ligament reconstruction should not only strive to restore
joint stability, but also to reproduce normal joint kine-
matics. The concept of anatomic MCL reconstruction has
recently gained popularity [2, 4, 6]. In order to evaluate the
effectiveness of an anatomic reconstruction of the sMCL,
this study tested static knee stability and simulated active
knee extension before and after ligament reconstruction,
and compared these measurements to normal knee motions
and stability. A non-anatomic MCL reconstruction as an
experimental control was also tested.

This current experimental model confirmed the impor-
tance of the SMCL as a significant valgus and rotational
stabilizer in the flexed knee. During static stability testing, a
5.8° increase in valgus angulation in the sMCL deficient
knee flexed to 30° was found, compared to an MCL intact
knee. sMCL insufficiency also resulted in a significant
increase in internal rotation of the tibia with the knee flexed
30° or 60° and a significant increase in external rotation of
the tibia with the knee flexed 30°, 60°, or 90°. Laceration of
the sSMCL did not, however, result in a significant change in
valgus or rotational stability in a fully extended knee. These
results confirm previous studies that show the SsMCL is an
important valgus and rotational stabilizer of the flexed knee,
and that the SsMCL does not contribute significantly to the
stability of an extended knee when the cruciates and POL
are intact [7-9, 22, 26]. Furthermore, by demonstrating the
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expected valgus and rotational stability in the sMCL defi-
cient knee, the ability of the electromagnetic joint tracking
system utilized in this study to reproducibly measure
angular and rotational changes in our cadaveric knee model
was validated.

In addition to static knee stability testing, this study
showed that SMCL deficiency results in kinematic altera-
tions during simulated active knee extension. An increase
in knee valgus alignment during active knee extension, free
of applied valgus load was measured. Likewise, the sSMCL
deficient knees showed a significant increase in tibial
internal rotation from 5° to 70° of knee flexion and a sig-
nificant increase in tibial external rotation at 90° of flexion.
This represents the first demonstration of altered knee
motions secondary to SMCL insufficiency, independent of
applied valgus or rotational loads to the knee.

Next, the ability of two different sMCL reconstructions
to restore normal knee motions and valgus and rotational
stability of the knee was evaluated. The first reconstruction
attempted to reproduce the anatomic position and length of
the native sMCL. No significant difference in the simulated
active knee kinematics when comparing the anatomic
sMCL reconstruction with the intact sMCL knee kine-
matics was found. Additionally, static valgus and rotational
stability of the anatomically reconstructed knee were
similar to that found in the sMCL intact knee.

The second reconstruction that was tested was made
purposefully non-anatomic. The origin and course of the
second reconstruction were identical to the first recon-
struction, but the insertion was made more proximal, by
using a shorter tendon graft. The non-anatomic sMCL
reconstruction resulted in measurable alterations in knee
kinematics and static stability. There was a significant
increase in tibial external rotation during simulated active
knee extension and during static stability testing in the
flexed knee. No difference was found with respect to val-
gus stability when the non-anatomic reconstruction was
compared with either the anatomic reconstruction or the
intact SMCL knee.

Several techniques have been described to operatively
restore medial knee stability. The majority of these
techniques are non-anatomic repairs or reconstructions.
The advancement or imbrication of the torn ligaments
and capsule has previously been advocated [18, 20].
Another described surgery involves re-routing the semi-
tendinosis, using the distal insertion of the semitendi-
nosis as the non-anatomic insertion of the reconstructed
sMCL [3, 16, 30]. Given the altered knee motions and
rotational stability measured in this study after a subtle
alteration in sMCL anatomy, one could predict that the
previously described non-anatomic sMCL repairs/recon-
structions would either fail through attrition or overly
constrain a knee joint.
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More recently, anatomic reconstruction of the MCL has
been proposed and evaluated in a cadaveric model [4].
Static knee stability was restored to near normal in the
study by Coobs et al., but active motion was not assessed
and a non-anatomic reconstruction was not performed for
comparison. This study showed that active knee kinematics
in addition to static stability could be normalized with an
anatomic SMCL reconstruction. Additionally, this study
showed the potentially deleterious effects of non-anatomic
MCL reconstruction.

The primary focus of this study was to isolate the effect
that altering SMCL graft length has on knee kinematics and
stability. In reality, severe medial instability of the knee
also involves the deep MCL and the POL. The deep MCL
certainly contributes to the stability of the medial side of
the knee, but based on the results of other studies, it plays a
secondary role compared to the SMCL and POL [29]. It is
unknown whether the deep MCL should be repaired or
reconstructed during medial knee stabilization. The POL,
however, is clearly an important element in medial knee
stability and its effects are seen more in the extended knee.
The relationship between the SMCL and the POL have
been described as reciprocal and complementary [27, 28]
and repair or reconstruction of the POL, in addition to the
SMCL, should always be considered when faced with
severe valgus knee instability. Coobs et al. [4] have
recently described an anatomic medial knee reconstruction
that includes both the SMCL and POL to address severe
valgus instability.

There are additional limitations to this study. True active
knee kinematics can only be estimated with a cadaveric
model. The quadriceps-activated knee extension in this
study is an attempt to mimic the kinematics of active open
chain knee extension. This model fails to include the
possible influence that resting tension or co-contraction of
the hamstring tendons may have on knee kinematics and
static stability. Additionally, this study focused on medial
knee stability and kinematics at time zero after ligament
reconstruction. The longer, more anatomic reconstruction
of the SMCL normalized knee kinematics and stability at
time zero in this study. The longer graft may theoretically
have a higher tendency to stretch or loosen when faced
with cyclic loading compared with a shorter graft. This is
something that this study did not evaluate. Another limit to
cadaveric studies, in general, is their inability to demon-
strate the safety and efficacy of new techniques when
applied clinically.

There is currently a paucity of clinical data on the out-
comes of anatomic MCL reconstructions. The clinical
scenario in which MCL reconstruction is indicated is
uncommon. Currently, MCL reconstruction in the knee can
only be recommended when more conventional treatments
such as bracing and cruciate ligament reconstruction (when

indicated) have failed to relieve symptoms of valgus
instability. In such circumstances, the results of this study
suggest that anatomic sMCL reconstruction would be rec-
ommended over previously described medial capsule
advancement and non-anatomic reconstruction procedures.
Future clinical work needs to be done to help identify when
sMCL, POL or deep MCL reconstruction is indicated.
Ideally, clinical trials will eventually compare the results of
non-operative treatment of medial knee instability with the
results of ligament repair and ligament reconstruction.

Conclusion

This current study presents further in vitro evidence sup-
porting anatomic reconstruction over non-anatomic recon-
struction of the SMCL when attempting to restore knee
kinematics and stability to a SMCL deficient knee. Fur-
thermore, this study demonstrates that even slight devia-
tions in SMCL anatomy, such as ligament length, result in
measurable alterations in knee motions and stability.
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