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ABSTRACT

Background: The medial patellofemoral liga-
ment (MPFL) is the most frequently injured soft
tissue structure following acute lateral patellar
dislocation. MPFL reconstruction has become a
popular option to restore patellar stability following
lateral patellar dislocation due to the high inci-
dence of recurrent instability following conserva-
tive management. Anatomic reconstruction of the
MPFL minimizes graft length changes during full
knee range of motion and restores patellar stability.

Materials & Methods: Four fresh frozen cadaver
specimens underwent biomechanical testing in a
materials testing machine. With the knee fixed in
30° of flexion, the patella was translated laterally a
distance of 10 mm and continuous force-displace-
ment data was collected with the intact MPFL and
again following a newly described MPFL reconstruc-
tion technique. Lateral force-displacement and
stiffness data were calculated, allowing comparison
between the intact and reconstructed MPFL.

Results: The average lateral restraining force
provided by the intact MPFL was 10.6 + 5.7, 36.6
+ 2.7, and 69.0 = 5.9 N while the lateral restrain-
ing force following MPFL reconstruction was 0.4
+4.3,50.3 + 16.3, and 110.2 + 17.5 N at 1, 5,
and 10 mm of lateral displacement, respectively.

Conclusion: Anatomic MPFL reconstruction
displays similar lateral restraining force com-
pared to the intact MPFL at low levels of lateral
displacement. At higher levels of displacement,
the reconstructed MPFL provides increased lateral
restraining force compared to the intact MPFL,
improving patellar stability in pathologic knees.
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INTRODUCTION

Bony anatomy, soft tissue restraints, and the dynamic
action of the quadriceps all play a role in maintaining
patellar stability throughout knee motion. The medial
patellofemoral ligament (MPFL) serves as the primary
soft tissue restraint to lateral patellar displacement dur-
ing low degrees of flexion when the patella has yet to
engage the femoral trochlea™. Following acute lateral
patellar dislocation, the MPFL is the most frequently
injured soft tissue structure, disrupting one of the key
components required to maintain patellar stability®S.
Acute lateral patellar dislocations occur most frequently
in the second decade, with recurrent episodes of insta-
bility reported in 15-44% of patients treated nonopera-
tively”8. Due to the high rate of recurrent episodes of
instability following conservative management of acute
lateral patellar dislocation, numerous bony and soft tis-
sue procedures have been described to restore patellar
stability including MPFL repair and reconstruction®2,

Disruption of the MPFL has been identified as an
essential lesion following acute lateral patellar disloca-
tion, occurring in up to 96% of individuals following the
injury'®. Early MPFL repair fails to achieve the same
load to failure characteristics as the native MPFL*, and
clinical studies have not shown a difference between
early MPFL repair and conservative management of
acute lateral patellar dislocations'>'”. MPFL reconstruc-
tion aims to restore the form and function of the native
MPFL, making it a popular option following acute injury.
In vivo, the native MPFL originates between the me-
dial epicondyle and adductor tubercle of the femur and
courses extracapsularly just distal to the vastus medialis
obliquus (VMO) before inserting on the proximal one-
third of the patella®>*#2!, The MPFL plays an important
role in guiding the patella into the femoral trochlea dur-
ing the first 20-30° of knee flexion by providing a passive
checkrein to lateral patellar translation before the bony
architecture of the femoral trochlea directs patellar mo-
tion in higher degrees of flexion®2.

During MPFL reconstruction, numerous biome-
chanical studies have noted the importance of anatomic
graft placement, particularly on the femoral side, in
order to minimize graft length changes throughout full
knee range of motion®>*?. Failure to achieve anatomic
graft fixation may over-constrain the patella and lead
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Figure 1. Experimental setup with the knee mounted in the Bionix IT
material testing machine with the quadriceps loaded using a custom
pulley system through the cloth loops. The load cell is connected
to the patella using a rod with a ball joint at the end to allow out of
plane patellar motion. The patella was cyclically translated 10 mm
while collecting continuous force and displacement data.

to premature osteoarthritis due to increased medial
patellofemoral contact pressures or result in recurrent
instability due to graft failure?®®, Additionally, excessive
tensioning with more robust auto- and allograft materials
has been shown to alter normal patellar motion??%. In
order to replicate the actions of the native MPFL while
avoiding over-constraint, tensioning with as little as 2 N
of force has been suggested??’,

While the role the native MPFL plays in maintain-
ing patellar stability has been extensively investigated,
relatively few studies have investigated patellar stability
following anatomic MPFL reconstruction. The purpose
of this study is to describe our preferred anatomic MPFL
reconstruction technique, while also comparing patel-
lar stability following anatomic MPFL reconstruction
with patellar stability in the native knee using a cadaver
model. While popular autograft and allograft tendon
options undoubtedly display different biomechanical
properties compared to the native MPFL!L12142829 " e
believe that anatomic reconstruction of the MPFL can
restore patellar stability by recreating the checkrein
function of the native MPFL.

MATERIALS AND METHODS

Specimens and Specimen Preparation

Four fresh frozen cadaver specimens from two sub-
jects aged 57 and 95 years (mean 76 years) were ob-
tained for this study. The specimens included 20 cm of
femur and 15 cm of tibia as well as overlying soft tissue
structures. Visual inspection of all specimens failed to
reveal evidence of prior surgery. Specimens were stored
at -20° C prior to thawing at room temperature for a

period of 24 hours. Magnetic resonance images (3.0-T
MRI, Siemens Medical Solutions, Erlangen, Germany)
were acquired for all specimens, and all investigators
independently reviewed the images to confirm the con-
tinuity of the MPFL prior to testing. Preparation of the
specimens included careful removal of the fibula and all
soft tissue structures with the exception of the medial
patellofemoral ligament and distal quadriceps extensor
mechanism. Prior to testing, the MPFL was isolated
from the surrounding medial retinacular structures
which were subsequently excised. The distal quadriceps
was then separated into three components including the
vastus lateralis (VL), vastus medialis (VM), and com-
bined rectus femoris/vastus intermedius (RF/VI) muscle
bellies. Cloth strips were looped around the free ends of
the isolated quadriceps muscle bellies and attached using
sutures in standard Krakow fashion through the muscle
bulk in order to allow loading of the quadriceps extensor
mechanism through a pulley mechanism as described by
Farahmand et al*. The ends of the tibia and femur were
potted in polymer resin (Bondo™, 3M Corporation, St.
Paul, MN) with wood screws placed through the femoral
and tibial diaphysis to enhance interdigitation.

Experimental Setup

Lateral displacement of the patella was achieved using
a biaxial servo-hydraulic 858 Bionix II materials testing
machine (MTS Corporation, Eden Prairie, MN). All
four specimens were tested with the native MPFL intact
and again following MPFL reconstruction. Specimens
were mounted in the materials testing machine using a
custom fixture that allowed the specimens to be fixed
at varying degrees of knee flexion. For the purpose of
this study, all knees were mounted and tested in 30° of
flexion where lateral restraining forces are lowest and
optimal graft fixation is achieved!$??%°3!, The isolated
quadriceps components were loaded with a total of 178
N of force taking into consideration loading direction
and physiologic cross-sectional area of the muscles us-
ing previously established patellofemoral models?6032,
Briefly, the VL, VM, and RF/VI were loaded with 35,
25, and 40% of the total force, respectively. The VL was
oriented 20° lateral and 0° anterior, the VM 35° medial
and 0° anterior, and the RF/VI 0° lateral and 5° ante-
rior relative to the axis of the femoral diaphysis using a
custom pulley system. The loading cell was connected
to the patella using a screw and a ball joint at the end
of the load cell which allowed for rotation of the patella
about the anterior-posterior and proximal-distal axes.
The screw was placed in the center of the patella per-
pendicular to the coronal plane without disrupting the
underlying cartilaginous surface. The experimental setup
can be seen in Figure 1. Using displacement control,
the patella was cyclically translated 10 mm laterally from
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Figure 2. Anatomic medial patellofemoral ligament reconstruction
using a split tibialis anterior allograft. The graft was fixed to the su-
perior one-third of the medial patellar border and the two free ends
tunneled extracapsularly between layers two and three of the medial
side of the knee before being fixed in the femur in the saddle between
the medial femoral epicondyle and adductor tubercle.

a neutral position at a rate of 100mm/minute®. The pa-
tella underwent four cycles of lateral displacement, with
force-displacement data collected on the fourth cycle.

Description of MPFL Reconstruction

After testing of the intact MPFL, the MPFL was
sectioned and an anatomic MPFL reconstruction was
performed. A split tibialis anterior allograft was prepared
with Krakow suturing of the terminal ends.

A two incision MPFL reconstruction was then per-
formed, with the first incision centered along the medial
border of the patella. The apex of the prepared tibialis
anterior allograft was secured along the proximal one-
third of the patella using two SutureTak® suture anchors
(Arthrex, Inc., Naples, FL) in order to recreate the
footprint of the MPFL on the patella. A second incision
was centered over the medial femoral epicondyle. In
the absence of superficial soft tissues in this cadaver
study, the saddle between the medial femoral epicon-
dyle and the adductor tubercle was directly visualized
and palpated. This portion of the procedure is typically
performed under fluoroscopic guidance as palpation
and visualization of the osseous landmarks is often dif-
ficult intraoperatively®. The two free limbs of the tibialis
anterior allograft were then tunneled extracapsularly
between layers two and three of the medial knee. A 2.4
mm Beath pin was then placed in the previously identi-
fied saddle between the medial femoral epicondyle and
adductor tubercle and driven through the femur. An
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Figure 3. Femoral tunnel positioning using the landmarks described
by Schottle et al?°. The dashed lines represent the posterior cortical
extension and perpendicular lines intersecting the most posterior
aspect of Blumensaat’s line and tangent to the posterior femoral
condyle. The black circle represents Schéttle’s point, the anatomic
femoral insertion of the MPFL. The white circle represents an 8 mm
expansion of Schottle’s point considering reamer width as described
by Servien et al.?3 A tunnel was considered anatomic when the center
of the tunnel fell within the 8 mm expansion.

8 mm cannulated reamer was then used to create the
femoral tunnel. The two free limbs of the tibialis ante-
rior allograft were then docked into the femoral tunnel.
[With the knee placed in 30° of flexion and the patella
centered in the femoral trochlea, a 9 mm Bio-Tenodesis
Screw™ (Arthrex, Inc., Naples, FL) was used to secure
the graft in the femoral tunnel, while ensuring that the
graft was not loose nor tensioned by ensuring that the
patella remained centered in the trochlear groove dur-
ing gentle passive range of motion.] An example of the
completed procedure can be seen in Figure 2. In all
specimens, a good checkrein to lateral translation was
established with less than 1 cm of lateral patellar transla-
tion with the knee in 30° of flexion.

Graft Positioning

Following testing in the materials testing machine,
fluoroscopy was used to obtain true lateral images of the
specimens in order to confirm anatomic femoral tunnel
positioning. Anatomic femoral tunnel positioning was
confirmed according to the method described by Ser-
vien et al., using Schottle’s point as the anatomic center
of the femoral tunnel which was expanded by 7 mm to
account for the diameter of the femoral tunnel?**. The
7 mm diameter was expanded to 8 mm for this study as
this is the senior author’s preferred tunnel size for MPFL
reconstruction. A tunnel was considered anatomically
positioned when the center of the tunnel fell within the
enhanced anatomic zone as seen in Figure 3.
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Table 1. Comparison of Lateral Restraining
Force in the Intact and Reconstructed MPFL

Displacement (mm) | Lateral

Restraining

Force (N)

MPFL Intact MPFL Reconstruction
0 -16.8 + 3.6 28.1+£6.5
1 10.6 £ 5.7 04 +43
2 24671 165+ 74
3 29.6 + 5.4 281 +11.2
4 31.6 + 6.7 40.8 + 14.6
5 36.6 + 2.7 50.3 + 16.3
6 43.2 + 8.7 61.2 + 18.7
7 45.7 + 3.6 72.5 + 20.6
8 50.9 + 4.3 83.1+19.3
9 579+ 8.1 94.6 + 17.5
10 69.0 + 5.9 110.2 + 17.5

Data Analysis

Continuous force-displacement data was collected dur-
ing biomechanical testing using the software provided
with the 858 Bionix II materials testing machine (MTS
Corporation, Eden Prairie, MN). (Raw data was orga-
nized using Microsoft Excel 2007 (Microsoft Corpora-
tion, Redmond, WA).) The mean lateral restraining force
(N) with associated standard deviations was calculated
in both the intact and reconstructed specimens. The
slope of the force-displacement graph was calculated
to determine the stiffness (N/mm) of the patella in re-
sponse to lateral force displacement for both the intact
and reconstructed MPFL.

RESULTS

The center of the MPFL femoral tunnel was anatomical-
ly placed in all four specimens according to the enhanced
anatomic zone described by Servien et al. and displayed in
Figure 3®. The average lateral restraining force provided
by the intact MPFL with the knee fixed in 30° of flexion
was 10.6 £ 5.7, 36.6 + 2.7, and 69.0 + 5.9 N while the lateral
restraining force following MPFL reconstruction was 0.4
+4.3,50.3 + 16.3, and 110.2 + 175 N at 1, 5, and 10 mm
of lateral displacement, respectively. The average lateral
restraining force is displayed in one millimeter increments
in Table 1 for both the intact and reconstructed specimens.

The average lateral force-displacement curves for the
intact and reconstructed MPFL can be seen in Figure 4.
Two linear regions were observed in both curves from
0-1.5 mm displacement and 1.5-10 mm displacement.
From 0-1.5 mm of lateral displacement, the average
stiffness was 24.5 + 5.0 N/mm in the intact MPFL and
23.1 + 4.1 N/mm following MPFL reconstruction. From
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Figure 4. Force versus displacement graph for the intact and recon-
structed MPFL. The slope of the lines corresponds to the stiffness
of the construct.

1.5-10 mm of lateral displacement, the average stiffness
was 5.00 + 1.6 N/mm in the intact MPFL and 11.2 + 1.8
N/mm following MPFL reconstruction.

DISCUSSION

Anatomic reconstruction of the MPFL is important
to restore patellar stability and prevent proposed com-
plications including increased patellofemoral contact
pressures and early graft failure®?%. Less is known about
patella contact pressures, forces, and graft biomechanics
following anatomic MPFL reconstruction. Additionally,
other factors, including the material properties of the
graft and tensioning of the graft intraoperatively, may
affect patellar biomechanics. Numerous techniques and
graft options have been described for MPFL reconstruc-
tion'?7%3, This study used an anatomic MPFL reconstruc-
tion technique similar to the technique described by Farr
and Schepsis, with the exception that the apex of the
graft was placed on the patellar side, allowing the broad-
based insertion of the MPFL on the proximal one-third
of the patella to be recreated'>*. We typically prefer to
use fluoroscopy intraoperatively to guide femoral tunnel
placement, as we agree with Servien et al. that the sole
use of palpation and visualization does not allow consis-
tent anatomic tunnel placement. Interestingly, Servien
et al. did not find any subjective differences between
anatomic and nonanatomic femoral tunnel placement at
minimum 2-year follow-up®. Additionally, we take great
care to set the appropriate graft tension by placing the
knee in 30° of flexion and making sure the patella is
centered in the femoral trochlea when the graft tension
and length are secured®?".

In this study, the MPFL reconstruction technique
with fluoroscopic confirmation of anatomic femoral tun-
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nel placement yielded similar biomechanical properties
compared to the intact MPFL. The MPFL reconstruction
produced similar lateral restraining force compared to
the intact MPFL from 0-3 mm of displacement, sug-
gesting that the reconstruction did not over constrain
the patella as has been cited as a concern previously
(Figure 4)%. At higher values of displacement, the MPFL
reconstruction resulted in increased lateral restraining
force compared to the intact MPFL. This could poten-
tially be accounted for by the material properties of the
tibialis anterior allograft used in this study, which has
a load to failure strength of 1553 N and stiffness of 236
N/mm compared to the load to failure strength of 208
N and stiffness of 12 N/mm exhibited by the native
MPFL?2142829 Furthermore, in pathologic knees that
exhibit trochlear dysplasia and vastus medialis obliquus
(VMO) deficiency, which both reduce the amount of
force required to displace the patella laterally®. increased
lateral restraining force at higher values of displacement
may be beneficial.

Our results are similar to those previously reported
using intact MPFL specimens. The shape of the force-
displacement curve (Figure 4) is similar to the curves
presented by Fahramand et al. and Senavongse et al**%,
The average lateral restraining force of the intact MPFL
in this study was 69.0 N at 10 mm of displacement, which
is similar to the 75 N value reported by Senavongse
et al®®. The stiffness of the intact MPFL in the present
study, 5.0 N/mm, was lower than the 17.6 N/mm value
reported by Senavongse et al*>. who tested knees in full
extension as opposed to 30° of flexion in the present
study, limiting comparison of these values.

Limitations of the present study include the small
number of specimens, which does not allow determina-
tion of statistically significant differences between the
intact MPFL and MPFL reconstruction. Additionally,
the mean age of the specimens in this study, 76 years,
is older than when patients typically present with acute
patellar dislocation, which may affect the soft tissue
properties of the specimens. The specimens in this
study also failed to exhibit pathologic characteristics
that often predispose to patellar instability including
rotational abnormalities, VMO deficiency, and trochlear
dysplasia*. Specimens in this study were only tested
in 30° of flexion, which has been cited as the angle at
which the MPFL is longest and is therefore optimal for
fixation'???2, Other studies have extensively explored the
way knee flexion affects lateral restraining force, with
the general consensus that knees are least stable from
20-30° of flexion®"?2,

Despite the assumption that anatomic reconstruction
is essential to restore normal patellar motion, relatively
little has been done to determine whether current recon-
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struction techniques actually restore the native function
of the MPFL. This study describes a new technical de-
scription of MPFL reconstruction that not only restores
the femoral anatomic footprint, but also restores the
wide footprint of the MPFL on the proximal portion of
the medial patella.

CONCLUSION
The MPFL reconstruction technique presented in
this study produced similar patellar stability compared
to the intact MPFL tested in the present study as well as
previously reported in the literature. The similar lateral
restraining forces between the intact MPFL and MPFL
reconstruction during low levels of displacement sug-
gests that the described technique also avoids the most
frequent concerns associated with MPFL reconstruction,
namely medial patellar overload and excessive tension-
ing of the graft leading to graft failure. While this study
is limited by sample size, it provides a basis for future
studies to explore MPFL reconstruction biomechanics
while confirming that meticulous attention to detail with
regard to graft position and tensioning can produce

biomechanically satisfactory results.
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