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Abstract — Introduction: A variety of techniques have been described for femoral fixation in medial patellofemoral
ligament reconstruction (MPFLr). The aim of this study was to compare the biomechanical performance of the most
used methods for graft fixation in the femur using human cadaveric tissue. We wondered what is the best fixation
method for femoral fixation in MPFL reconstruction? Hypothesis: A suspensory fixation device provides the best
femoral fixation. Material and method: Twenty cadaveric knees were tested. Four femoral fixation methods were
compared (5 knees per group): interference fixation with a Biosure© RG 5 mm and a 7 mm, suture anchor (Healicoil
Regenesorb 4.75 mm ©) and suspensory fixation with the Ultrabutton©. The testing was divided in preconditioning,
cyclic loading and load to failure. Load to failure, elongation, stiffness and mode of failure were recorded and com-
pared. Results: The Ultrabutton© had the highest mean ultimate load (427 + 215 N (p = 0.5)), followed by Healicoil
anchor © (308 + 44 N (p > 0.05)) and the interference screw of 7 mm (255 = 170 N (p > 0.05)). Mean stiftness was
similar in the Ultrabutton© and 4.75 mm. Healicoil anchor © groups (111 = 21 N/mm and 119 *+ 20 N/mm respec-
tively), and lowest in 7 mm Biosure© screw fixation group (90 = 5 N/mm). The Biosure© 5 mm RG screw presented
100% of premature rupture because of tendon slippage. The Ultrabutton© presented the lowest premature rupture
(40%). Discussion: A suspensory fixation for the femur had the lowest number of graft failures and highest load to
failure. This study has implications for surgeons’ choice of graft fixation in MPFLr. It is the first study to test the most

Introduction

Medial patellofemoral ligament reconstruction (MPFLr)
is the most performed surgery for lateral patellar instability
[1-3]. Commonly a two-bundle technique is utilized with either
a semitendinosus or gracilis autograft to fashion two free limbs
that replicate the broad attachment site of the native MPFL
(broad insertion) on the patella [4-9].

Multiple methods exist for bony attachment of the graft to
the patellar and femoral sites in MPFLr as screw fixation,
endobutton, suture anchors [5, 6, 10-14] and soft tissue fixation
[15]. Several studies have examined the biomechanical perfor-
mance of fixation devices for the patella [5, 10, 11, 16-19], less
for the femur [20, 21] and in some studies, it has been simulta-
neously tested (femur and patella) limiting interpretation of
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commonly femoral used fixation methods, allowing direct comparisons between each method.

Key words: Biomechanical evaluation, Cadaveric study, Medial patellofemoral ligament, Patellar instability.

individual fixation methods [22-25]. The biomechanical
strength of femoral fixation in MPFLr has been studied less.
This is despite the fact it is perhaps the most important of the
two to consider as it is the more likely site to fail in MPFLr [26].

This study aimed to compare the biomechanical strength of
commonly described graft-fixation methods for femoral graft
anchor sites in MPFLr performed using a double bundle ham-
string technique in human cadaveric tissue. The hypothesis was
that the suspensory fixation provides the best femoral fixation.

Materials and methods
Patients

This cadaver study was approved by the IRB (Institutional
Review Board) of the University. A total of 20 fresh-frozen
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Figure 1. Femoral fixation techniques. (A) Groups F1, F2, interference fixation with a 5 mm for F1 and a 7 mm screw for F2 (Biosure© RG
5 mm and Biosure© RG 7 mm). (B) Group F3, anchor fixation (Healicoil Regenesorb 4.75 mm Anchor). (C) Group F4, suspensory fixation

using an endobutton (Ultrabutton®©).

cadaveric knees were obtained from an anatomical program at
our institution (10 matched pairs; 7 females, 3 males; mean age
87.5 £ 12.5). None of the cadavers studied had a history of
bone or soft tissue injury, surgery, or osteoporosis. Specimens
were randomly assigned to one of four groups for femoral
fixation. Allocation was performed so that when one knee
was designated to a group, the opposite knee from the same
specimen was assigned to another group.

Specimen preparation

An anteromedial approach was used to harvest semitendi-
nosus autografts which was used for femoral testing. This has
previously been described for MPFLr with satisfactory results
[12, 27]. Once the tendons had been fixed and the bone fully
prepared, specimens were stored at —20 °C and thawed at room
temperature for 24 h prior to testing.

Femoral fixation

The femur was transected 30 cm from the joint line and dis-
sected free of all soft tissue attachments except the insertion of
the native MPFL. Femoral fixation methods are summarized in
Figure 1.

In group F1 a 5 mm interference screw was used (S5-F)
(Biosure© RG 5 mm). A K wire was placed in the middle of
the native MPFL insertion and following the creation of a
4.5 mm bicortical tunnel, a 5 mm cannulated drill was used
to create a socket 30 mm deep. The end of the graft which
was marked at 30 mm was passed through the tunnel and fixed
with a 5 x 20 mm interference screw.

In group F2, a 7 mm interference screw was used (S7-F)
(Biosure© RG 7 mm). The same steps were followed but the
socket was drilled to 30 mm depth using a 7 mm diameter
cannulated drill and the graft was fixed with a 7 x 20 mm inter-
ference screw.

In group F3, an anchor was used (Healicoil Regenesorb
4.75 mm Anchor ©). A pilot hole was created. and the anchor

placed in the center of the anatomical footprint of the MPFL.
Next, the graft was secured using 6 alternating half-hitch knots
of No. 2 Ultrabraid (Smith & Nephew).

In group F4 an endobutton was used (Ultrabutton©).
A K-wire was placed in the center of the anatomical footprint
of the MPFL and a 4.5 mm cannulated drill was used to create
a bicortical femoral tunnel. The end of the graft was sized and
marked at 30 mm. A femoral socket was drilled to a 30 mm
depth and to a diameter that was matched to the size of the
graft. The graft, with the endobutton loaded, was passed
through the femoral tunnel while counter tension was applied.
The button was flipped and verified by direct inspection to
ensure it was seated flush with the lateral cortex of the femur,
and the ends tied once the graft had been shuttled to a depth
of 30 mm (as marked on the tendon).

Methods

Biomechanical testing

Specimens’ bony parts were embedded into a custom-made
metallic pot containing a fixative solution (Polyuréthane-84).
Free ends of grafts were then linked to the testing machine with
a specific clamp. A 55 mm length of graft was kept, which
corresponds to the anatomic length of the MPFL [28]. Tests
were executed based on a worst-case scenario with the tension
line parallel to the anchors, screws, and the tunnel.

Methods of assessment

Testing protocol

The grafts were tested using an Instron machine —
INSTRON 8802 (High Wycombe, England). All tests were
filmed at 50 Hz with a PHOTRON SA3 black and white
camera (Tokyo, Japan). The testing protocol was divided into
three steps: preconditioning, cyclic loading, and load to failure.
During the preconditioning phase, 10 loading-unloading cycles
between 0 and 20 N were applied to the specimens at 1 Hz.
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Table 1. Biomechanical comparison of Femoral fixation methods.

Femoral fixation

Premature rupture

Ultimate load (N) Elongation (mm) Stiffness (N/mm)

during cycling (Mean = SD) (Mean + SD) (Mean = SD)
Group F1: Biosure© RG 5 mm 5/5 (100%)
Group F2: Biosure© RG 7 mm 2/5 (40%) 255 £ 170 6.7+45 90 + 5
Group F3: Healicoil Regenesorb 4.75 mm Anchor © 3/5 (60%) 308 + 44 74+ 14 119 = 20
Group F4: Ultrabutton© 2/5 (40%) 427 + 215 10.7 £ 3.8 111 + 21
P-value 0.506 0.389 0.208
During cyclic loading, 1000 cycles between 20 N and 100 N B. FEMUR
were applied at 1 Hz. Finally, loading of the specimens up to 700 _
failure was performed at the constant velocity of 6 mm/min. —__couehQ s e
During the whole test, load (N) and displacement (mm) were o .,Z,ﬂijiiﬁ.‘°§egeneso,b -7

recorded with a 1000 N load cell (accuracy of 0.5%) and an
LVDT sensor (accuracy of 1%) respectively. Elongation
(mm) was measured after cycling. Stiffness (N/mm) was calcu-
lated as the slope of the linear portion of the load-displacement
curve. Load to failure (N) was extracted from the experimental
data. The failure mode was directly observed and recorded on
video. Failure was defined as rupture of either the graft or pull-
out of the fixation device and was considered early if it occurred
during cycling, and late failure if it occurred during load-to-
failure testing.

Statistical analysis

Statistical analysis was performed using SPSS version 25.0
(IBM). Mean and standard deviation values were reported
for descriptive statistics. Mean ultimate loads and stiffness
were compared between groups using the Kruskall-Wallis
and independent Samples t-tests method. Significance was set
at <0.05.

Results

Twenty femoral specimens underwent biomechanical test-
ing. Four methods of fixation were tested creating 4 groups
of 5 knees. These results are summarized in Table 1.

Femoral fixation

Over the 20 femoral tests, 12 graft failures occurred early
during cycling and were excluded from the statistical analysis.

Failure mode

The failure mode of the reconstruction is represented in
Figure 2. Seven early failures occurred because of tendon slip-
page, (all five Biosure© RG 5 mm and two with Biosure RG
7 mm ©), three because of anchor failure (Healicoil Regenesorb
4.75 mm Anchor ©), and two with Ultrabutton© (one passed
through the lateral cortex and one had a suture breakage).
During load-to-failure testing, three specimens failed by graft
rupture (one Biosure© RG 7 mm and two with Ultrabutton©),
two by anchor failure (two Healicoil Anchor ©), two by tendon
slippage (Biosure© RG 7 mm) and one Ultrabutton© had a
suture breakage.

0 1 2 3 4 5 6
Displacement (mm)

Figure 2. Biomechanical testing results for ultimate load of femoral
fixation methods.

Graft elongation

Graft elongation after cycling is represented in Figure 3.
It was greatest in the endobutton group (10.7 + 4 mm) and
lowest in the interference fixation group with the 7 mm
Biosure© screw (6.7 = 5 mm) and in the Healicoil anchor ©
group (7.4 = 1 mm).

Stiffness

The evolution of the stiffness during cycling is represented
in Figure 4. Regarding Stiffness at 1000 cycles, mean stiffness
was similar in the endobutton and 4.75 mm Healicoil anchor
groups (111 = 21 N/mm and 119 + 20 N/mm respectively),
and lowest in the 7 mm Biosure© screw fixation group
(90 = 5 N/mm).

Load to failure

The comparison of ultimate load to failure between groups
is summarized in Figure 5. The endobutton (Ultrabutton©) had
the highest mean ultimate load (427 + 215 N; p > 0.05) and
interference fixation with the 7 mm Biosure© RG screw, the
lowest (255 + 170 N; p > 0.05). Healicoil anchor © presented
a mean ultimate load of 308 = 44 N (p > 0.05).

Discussion

The most important finding of this study was that a suspen-
sory fixation device for the femur (endobutton) provided the
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Figure 3. Biomechanical testing results for stiffness of femoral
fixation methods.
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Figure 4. Biomechanical testing results for graft elongation of
femoral fixation methods.

most robust strength of MPFL graft fixation as demonstrated by
the lowest number of early failures and highest load to failure.
The interference screw of 7 mm for the femoral fixation pro-
vided graft behavior that most closely resembled previously
described values of the native MPFL. This is not the first
study to examine these fixation devices, however, it is the first
study to test the most commonly femoral-used fixation
methods, allowing direct comparisons between each method
in a human cadaver. Indeed, previous literature has usually
compared two techniques [20, 21, 29]. Only one study com-
pared anchors, interference screw, and suspensory cortical
fixation but this study was performed using an allograft tendon
with a single bundle reconstruction and tested femoral
and patella attachments simultaneously rather than isolating
individual sites [22].

The findings of the present study demonstrated that most of
the common fixation methods are stronger than the tensile
strength of the native MPFL which has been shown to range

from 178 = 46 N to 208 = 90 N [16, 23]. The endobutton fix-
ation provided more than double the strength of the native
MPFL (427 + 215 N), followed by the Healicoil suture anchors
and the 7 mm Biosure screw.

Fixation failure modes

The most common mode of failure with anchors was pull
out, whereas slippage was the commonest mode of failure for
interference screw fixation. Despite the same fixation protocol
being used for 7 mm and the 5 mm interference screws, the rate
of premature rupture was 100% in the interference screws of
5 mm. The increased diameter of the interference screw has
not been correlated to the reduction of graft slippage previously
[30, 31].

Graft elongation

The present study demonstrated no statistically significant
difference between fixation methods regarding graft elongation.
For femoral fixation, the suspensory fixation showed the great-
est elongation (10.7 mm) and the 7 mm interference screw the
shortest elongation (6.7 mm). It is unknown if the small differ-
ences of 3-4 mm between the methods tested have clinically
meaningful effects on outcomes. Joyner et al. showed that
approximately 40 mm translation is required for patellar sublux-
ation [22]. Given the unclear effects of elongation and the small
differences between methods in this study, it appears the meth-
ods studied provide similar results for graft elongation for
MPFLr.

Stiffness

Stiffness (change in length/ultimate load) of the native
MPFL has previously been reported to vary from 8§ to
12 N/mm [26, 32]. In the current study, all fixation methods
demonstrated higher stiffness than the native MPFL and there
was no significant difference between techniques. For the
femoral reconstruction, interference fixation with a 7 mm screw
gave the closest stiffness value (90 N/mm) to the native MPFL.
Previous studies have described a wide range of stiffnesses in
graft construct, which may be due to differences in cycling
protocol, study methodology, and definitions. A construct that
has less stiffness may be less susceptible to over-tensioning
or be more affected by small changes in tunnel position
[32, 33].

Femoral fixation load to failure

In the current study, the Ultrabutton had the highest
ultimate load to failure (427 + 215 N) and the least number
of premature failures. Gould et al reported results comparing
femoral interference screw to anchor fixation and found a mean
load to failure of 294.0 N for interference screw and 250.0 N
for anchor fixation [9]. In the present study, the anchor group
had a mean load to failure of 308 + 44 N and interference screw
fixation of 255 + 170 N. Joyner et al. similarly showed a
combination of patellar interference screw fixation and femur
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a.  Ultrabutton© endobutton : failure by suture
breakage

b. Biosure© RG 5 mm Interferece screw : (A
failure by graft slippage out

Healicoil © Anchor : failure by anchor pull

Figure 5. Record of graft failure modes. (A) Suspensory fixation device Ultrabutton© failure by suture breakage. (B) Interference screw
Biosure© RG failure by graft slippage. (C) Suture anchor Healicoil Regenesorb 4.75 mm failure by anchor pull-out.

suspensory cortical fixation to the highest mean load to failure
of all combinations tested [22].

Limitations

This study has several weaknesses. The number of failures
during cyclic loading reduced the sample size in the statistical
analysis. However, the number of early failures was consistent
with previous studies that have reported 60% early failure and
is reflective of the nature of this testing and still provide impor-
tant information about the utility of these fixation methods [6].
This study analyzed time zero strength, and any subsequent
healing could not be considered. The tendons were not first
subjected to a pre-loading before being fixed which prevented
us from evaluating the mechanical properties of the hamstring
alone. But this is by our clinical practice as the grafts are not
pre-loaded during MPFLr surgery, before fixation. Further-
more, an inherent problem with all cadaveric testing is that
the behavior of tissue may differ in vivo, and in 3 femoral
MPFLr failure was due to the tendon rupture and not the failure
of the fixation method. This may be related to the average age
of specimens which was older than that of patients who would
normally undergo MPFLr and to the freezing thawing process
that may alter the tendon biomechanical properties. However,
it is difficult to obtain younger cadaveric tissue and the speci-
mens used in this study are comparable to the literature. There
were more females than males in the cadaveric testing, and
while the specimens did not have a history of osteoporosis, bone
mineral density in post-menopausal females is known to be less
than for aged-matched males which has affected the test results.
A final limitation is that the linear pull-out test used to evaluate
reconstructions in the current study does not consider the nor-
mal movement and stresses of the patellofemoral joint. Linear
testing, however, represents a worst-case scenario for the forces
that would be applied to the graft in vivo.

Significance

This study has clinical relevance to surgeons when consid-
ering the choice of graft fixation in MPFLr. No statistically sig-
nificant difference was demonstrated in the biomechanical
performance of the evaluated femoral fixation methods in terms
of maximum load to failure, stiffness, and elongation.

Conclusion and clinical application

This study has implications for surgeons’ choice of graft
fixation in MPFLr. It is the first study to test the most com-
monly femoral-used fixation methods, allowing direct compar-
isons between each method in a human cadaver. If the surgeon
wants to limit the risk of graft failure, he should choose a sus-
pensory fixation for the femur (endobutton), which gives the
lowest number of graft failures and the highest load to failure.
If the surgeon wants to reach the native behavior of the MPFL
he should use a 7 mm interference screw which ensures the
closest rigidity to the MPFL.
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