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Background: Femoral-sided graft fixation in medial patellofemoral ligament (MPFL) reconstruction is commonly performed using
an interference screw (IS). However, the IS method is associated with several clinical disadvantages that may be ameliorated by
the use of suture anchors (SAs) for femoral fixation.

Purpose: To compare the load to failure and stiffness of SAs versus an IS for the femoral fixation of a semitendinosus autograft in
MPFL reconstruction.

Study Design: Controlled laboratory study.

Methods: Based on a priori power analysis, a total of 6 matched pairs of cadaveric knees were included. Specimens in each pair
were randomly assigned to receive either SA or IS fixation. After an appropriate reconstruction procedure, the looped end of the
MPFL graft was pulled laterally at a rate of 6 mm/s until construct failure. The best-fit slope of the load-displacement curve was
then used to calculate the stiffness (N/mm) in a post hoc fashion. A paired t test was used to compare the mean load to failure and
the mean stiffness between groups.

Results: No significant difference in load to failure was observed between the IS and the SA fixation groups (294.0 £ 61.1 vs
250.0 + 55.9; P = .352), although the mean stiffness was significantly higher in IS specimens (34.5 + 9.6 vs 14.7 £ 1.2;
P = .004). All IS reconstructions failed by graft pullout from the femoral tunnel, whereas 5 of the 6 SA reconstructions failed
by anchor pullout.

Conclusion: In this biomechanical study using a cadaveric model of MPFL reconstruction, SA femoral fixation was not significantly
different from IS fixation in terms of load to failure. The mean load-to-failure values for both reconstruction techniques were greater
than the literature-reported values for the native MPFL.

Clinical Relevance: These results suggest that SAs are a biomechanically viable alternative for femoral-sided graft fixation in
MPFL reconstruction.
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The medial patellofemoral ligament (MPFL) is the primary
soft tissue restraint to lateral patellar dislocation.*®1% A
variety of reconstructive procedures have been described
to treat MPFL rupture, but there is a lack of consensus in
terms of a gold standard technique for MPFL reconstruc-
tion.'®2! Several soft tissue grafts, both autograft and allo-
graft, have been utilized.>”3* The fixation of the soft tissue
graft to the patella has been performed using a number of
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different strategies, including transosseous tunnels, suture
anchors (SAs), or an interference screws (IS).82428 Multiple
prior studies have reported the biomechanical properties of
these fixation methods on the patellar side.!3:1%:22:26:27
Adequate graft fixation to the femur is also critical to pre-
venting the laxity of the reconstructed MPFL. Femoral fixa-
tion is commonly performed using an IS placed at the MPFL
insertion point defined by Schottle et al.?® However, the IS
method of femoral fixation has some possible disadvantages,
including the potential for injury to the distal femoral physis,
which can lead to iatrogenic growth alteration and ulti-
mately result in angular growth deformities.®16:20:3
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Figure 1. (A) Insertion of an interference screw over the nitinol guide wire, violating the distal femoral physis. (B) A bone punch
angled parallel to the medial aspect of the distal femoral physis. (C) A suture anchor placed anatomically at the MPFL femoral

attachment site, avoiding the distal femoral physis.

SA femoral fixation of the MPFL graft may be an appeal-
ing alternative to the IS method. In contrast to an IS, SAs
allow the surgeon to avoid violating the curvilinear distal
femoral physis without compromising the appropriate ana-
tomic location of the MPFL femoral attachment (Figure 1).
SAs may confer a greater ability to control the tension of the
individual graft limbs and do not require reaming of bone
tunnels, thereby eliminating the potential for tunnel-
related adverse sequelae.

Although SA fixation has demonstrated utility in patel-
lar fixation, the potential role for an SA fixation method on
the femoral side is not well-established. One clinical study
reported good preliminary results after MPFL reconstruc-
tion with SA fixation on both the patellar and femoral
sides,? but the biomechanical viability of SA femoral fixa-
tion remains unclear. Thus, the aim of the present study
was to compare the load to failure and stiffness of SAs ver-
sus an IS for the femoral fixation of a semitendinosus auto-
graft in MPFL reconstruction. The null hypothesis was that
there would be no difference in biomechanical properties
between the SA and IS construct for the femoral fixation
of an MPFL graft.

METHODS

Six fresh-frozen matched pairs of male cadaveric knees
(mean age, 52.8 years [range, 44-62 years]) were obtained
from donations to the state anatomy board and thawed for
24 hours. A priori power analysis was conducted based on
the results of the study by Joyner et al,'* who previously
reported the mean load-to-failure values for IS (261.6 + 67.8
N, 267.1 £ 88.5 N, 191.2 + 82.7 N) and SA (120 + 21.6 N)
graft fixation in MPFL reconstruction. It was determined
that 5 specimens per group would provide a power of 80%

to detect a difference (o < .05) 0f 119.9 N in the mean load to
failure. An additional specimen pair was procured to
ensure that any unforeseen technical or specimen compli-
cations would not affect the sample size required to obtain
adequate power.

The cadaveric specimens were assessed for study inclu-
sion by the senior author (R.Y.H.), a fellowship-trained
orthopaedic sports medicine surgeon. None of the speci-
mens had a history of osteoporosis, trauma, or procedures
to the knee. Specimens in each pair were randomized to SA
or IS fixation. Semitendinosus autografts were harvested
using the method described by Russ et al.2® The proximal
aspect of the tendon graft was debrided of any excess mus-
cle, and the 2 free limbs of each graft were arranged side by
side to create a looped configuration. The femur was then
isolated and stripped of all soft tissue attachments, with
care taken to preserve the periosteum surrounding the
medial epicondyle and associated structures. The looped
end of the graft was aligned beside the native MPFL to
determine the anatomically appropriate graft length.
Finally, the native MPFL was carefully divided from its
attachment site on the femur.

In SA reconstruction, the anatomic attachment of the
MPFL on the femur was identified using fluoroscopy in the
manner described by Schéttle et al.?° A 5.5-mm biocompos-
ite SA with 2 embedded No. 2 FiberWire sutures (Arthrex)
was inserted at the native MPFL femoral insertion point
(Figure 2).

A bone punch and a bone tap were used to create a pilot
hole to place the anchor. The anchor was then inserted, and
an appropriate purchase was confirmed by applying ten-
sion to the sutures. Each limb of the semitendinosus auto-
graft was individually secured to the MPFL femoral
insertion point using 3 running locked suture throws
placed medially to laterally, and then laterally to medially,
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Figure 2. Medial femoral condyle of the left knee, 2-limb ham-
string autograft with a bone punch, and a 5.5-mm biocompos-
ite suture anchor at the Schéttle point.

Figure 3. Medial femoral condyle of the left knee, 2-limb ham-
string autograft with a 5.5-mm biocomposite suture anchor,
with the proximal limb fixed and the distal limb not yet fixed.

in a Krackow configuration (Figure 3). After SA fixation,
the graft was trimmed to the appropriate length, and a
supplemental figure-of-8 suture was placed posterior to the
graft to provide an additional point of backup fixation to the
periosteum (Figure 4).

In IS reconstruction, the anatomic femoral insertion of the
MPFL was again identified.2’ A Beath pin was introduced
across the femur, parallel to the joint line and exiting at the
lateral epicondyle. A reamer was then used to create a fem-
oral tunnel that extended to the lateral cortex. The free ends
of the suture attached to the semitendinosus autograft were
placed in the eyelet of the Beath pin, and the graft was
reduced into the femoral tunnel. Finally, a 6-mm biocompos-
ite interference screw (Arthrex) was advanced over a nitinol
wire to secure the graft within the tunnel (Figure 5).

The femur was secured to the MTS Mini Bionix load
frame (MTS Systems) and oriented parallel to the floor,
with the looped end of the hamstring graft attached directly
to the load cell (Figure 6).
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Figure 4. Medial femoral condyle of the left knee, femoral
fixation of 2-limb hamstring autograft, with a 5.5-mm biocom-
posite suture anchor and a supplemental figure-of-8 suture
placed posterior to the suture anchor.

Figure 5. Medial femoral condyle of the right knee, femoral
fixation of 2-limb hamstring autograft with a 6-mm biocom-
posite interference screw.

Each graft was preconditioned from 0 to 30 N for 10 cycles
to reduce tissue hysteresis. The graft was then loaded
parallel to the joint line to simulate the force vector of a
lateral patellar dislocation. The graft was pulled at a rate
of 6 mm/s until a sudden decrease in load was observed,
which was defined as failure.?® The mode of failure as well
as the load-to-failure value were recorded. The mean load to
failure was compared between groups using paired ¢ tests.
The stiffness of each MPFL reconstruction was calculated
in a post hoc fashion using the best-fit slope of the load-
displacement curve (N/mm).

RESULTS

Load to failure was not significantly different between the
IS and SA femoral fixation groups (Table 1).
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Figure 6. Biomechanical testing setup with the left femur
secured to the MTS Mini Bionix load frame with the looped
end of the 2-limb hamstring autograft attached to the load
cell.

The mean stiffness was significantly higher in the IS
group compared with the SA group. All IS reconstructions
failed by the graft pulling out of the femoral tunnel. Five of
the 6 SA reconstructions failed by the anchor pulling out of
the femur. The remaining SA construct failed at the
anchor-suture interface, with the sutures tearing from the
fixation point on the anchor, while the anchor itself
remained embedded in the bone.

DISCUSSION

No significant difference in the mean load to failure was
observed between the IS and SA femoral fixation methods,
although the mean stiffness was higher in the IS group
compared with the SA group. These findings may support
the use of an SA construct over an IS construct because SAs
demonstrate similar biomechanical strength while elimi-
nating many of the clinical disadvantages associated with
IS femoral fixation.

In contrast to SA fixation, IS fixation necessitates ream-
ing a large tunnel across the femur, which may create the
potential for long-term osteolysis, as has been reported
after anterior cruciate ligament reconstructions and distal
biceps tendon repairs.?2%37 Reaming across the distal
femur also puts the physis at risk, which is of particular
consequence in skeletally immature patients. Previous
studies have demonstrated that the MPFL femoral attach-
ment is most commonly located just distal to the medial
aspect of the distal femoral physis.!1*!"33 Given the concave
morphology of the distal femoral physis, a tunnel placed at
the anatomic femoral attachment of the MPFL and drilled
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TABLE 1
Comparison of IS and SA Femoral Fixation®
Outcome IS Group SA Group P Value
Load to 294.0 + 61.1 250.0 + 55.9 .352
failure (N),
Stiffness 34.5+9.6 147+1.2 .004°
(N/mm),
Failure Graft pullout from Anchor pullout from  N/A
method femoral tunnel: femur:n =5

n = 6 (100.0%) (83.3%)
Sutures torn from
anchor:n =1

(16.7%)

“Values are presented as mean * SD. IS, interference screw;
N/A, not applicable; SA, suture anchors.

bA statistically significant between-group difference was set at
P < .05.

parallel to the joint line is in danger of violating the physis.
A deliberate, nonanatomic tunnel malpositioning to avoid
the physis is not an ideal compensatory strategy because
tunnels placed more proximally can overload the patellofem-
oral compartment, while tunnels placed more distally can
result in a loose, nonfunctional graft.>1%3%36 Although it is
possible to place an IS at an oblique trajectory that enters
through the MPFL femoral attachment site and avoids the
curvilinear morphology of the distal femoral physis, an SA
fixation may be advantageous because it minimizes the risk
of iatrogenic physis injury while avoiding the need to drill a
tunnel through the intercondylar notch. Furthermore, SAs
may confer a greater ability to control the tension of the
individual graft limbs, which may be valuable given the
emerging body of evidence, suggesting that double-bundle
MPFL reconstruction provides superior outcomes compared
with single-bundle reconstruction.'®

The present study suggests that SA femoral fixation is
biomechanically similar to IS fixation in terms of load to
failure. These findings differ from those of Joyner et al,'*
who examined the tensile strength of 5 reconstruction tech-
niques and concluded that suspensory cortical fixation to
the femur with IS fixation to the patella was the strongest
configuration and suspensory cortical femoral fixation with
SA patellar fixation was the weakest. In contrast to our
reconstruction method, Joyner et al used a gracilis allograft
with suspensory cortical fixation on the femoral side and an
unspecified size of bioabsorbable SA on the patellar side.
None of the 5 MPFL reconstruction techniques in that
study included SA fixation on the femoral side. A separate
biomechanical study by Russ et al2® investigating patellar
graft fixation using SA and IS techniques found that IS
fixation to the patella was significantly stronger than SA
fixation in both stiffness and load to failure. Our results
regarding the greater stiffness of the IS construct on the
femoral side are consistent with those of Russ et al on the
patellar side. However, we found no difference in the load to
failure between IS and SA fixation to the femur. Variations
in bony architecture have been shown to have a significant
effect on the biomechanical performance of SAs.2 The bony
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structure of the patella, composed of predominantly cancel-
lous bone, is inherently different from the cortical and can-
cellous architecture of the medial femoral condyle. The
disparity between our load-to-failure results and those of
Russ et al may be related to the inferior bony purchase of
their patellar anchors compared with our SAs on the fem-
oral side.

Both MPFL fixation constructs in the present study
exceeded the load to failure of the native MPFL, suggesting
that both an IS and SAs are biomechanically viable options
for femoral fixation of the MPFL graft. Two previous stud-
ies have reported the tensile strength of the native MPFL to
be 208 + 90 N and 178 + 46 N, respectively, with all liga-
ment failures occurring by either midsubstance rupture or
bony avulsion from the femur.!”?3 The stiffness of the
native MPFL is unknown, and no consensus exists with
regard to the optimal stiffness of a reconstructed MPFL
graft.

Finally, there were important differences between IS and
SA femoral fixation methods with regard to the mode of
failure. All IS specimens failed by graft pullout from the
femoral tunnel, whereas 5 SA specimens failed by anchor
pullout from the femur. The remaining SA specimen failed
by the sutures tearing from their fixation point on the
anchor. These differences in failure mechanism were
expected, given the mechanical differences between the
2 fixation constructs. Securing the graft with an IS does not
entail the direct fixation of the graft to the screw. The graft
is placed into a tunnel and held in position by the force of
static friction between the screw and surrounding bone. In
contrast, SAs have an attachment site between the suture
and the anchor itself. Thus, the 2 most likely points of fail-
ure are the bone-anchor and anchor-suture interface. The
majority (5) of SA specimens (83.3%) failed at the bone-
anchor interface, suggesting that our suturing method was
sufficiently robust to withstand the laterally directed force
applied to the graft and that the weakest point of the over-
all construct was the bony purchase obtained by the anchor.

Several limitations to our study design can be identified.
The cadaveric tissue imperfectly mimics living tissue and
represents only a time-zero snapshot that does not account
for longitudinal healing potential or biological remodeling.
This study did not include the native MPFL as a control
group. Although biomechanical data exist in the literature
regarding the tensile strength of the native MPFL, meth-
odologic differences between studies may not permit defini-
tive conclusions to be drawn from these comparisons.
Additionally, the MPFL grafts in our study were biome-
chanically loaded in a laterally directed vector parallel to
the joint line. Although this method is substantiated by
prior biomechanical studies in the literature, it may not
accurately represent the constellation of forces to which
an MPFL reconstruction is subjected in vivo, particularly
given that the patellar attachment of the graft was not
present in our cadaveric model. This study exclusively
reported load to failure and stiffness. We did not measure
other biomechanical parameters, such as cyclic displace-
ment, nor did we perform a comparative cost analysis of the
2 repair techniques. Also, the length of the looped portion of
the MPFL graft was determined by the length of the native
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MPFL before dividing the ligament. Thus, the final work-
ing length of the looped graft was not standardized between
individual specimens or between the IS and SA specimen
groups. This may have confounded our stiffness calcula-
tions because the IS fixation technique requires the free
limbs of the graft to be buried within a bone tunnel, thereby
decreasing the working length of the looped graft in that
group of specimens. As a result, the stiffness values
reported in the study should be considered to represent only
the stiffness of the femoral fixation itself and not the stiff-
ness of the entire MPFL reconstruction construct.

CONCLUSION

In this biomechanical study, using a cadaveric model of
MPFL reconstruction, SA femoral fixation was not signifi-
cantly different from IS fixation in terms of load to failure.
The mean load-to-failure values for both reconstruction
techniques were greater than the literature-reported
values for the native MPFL. Our results suggest that SAs
are a biomechanically viable method of femoral fixation in
the setting of MPFL reconstruction.
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