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Abstract Introduction: The rupture of the anterior cruciate ligament (ACL) is the most common type of knee injury.

Reconstructive surgery is the ‘gold standard’ treatment. During the immediate post-operative period, the fixation
of the graft is entirely dependent on the ability of the grafted implant to be secured inside the bone tunnel
under the cyclical loads associated with daily tasks. Poor fixation can lead to graft slippage, thus impairing
the healing and integration of the graft. The aim of this study was to evaluate the biomechanical performance
of tendon graft fixation devices with metallic and bioabsorbable interference screws. Methods: Twenty
ACL reconstructions were carried out in porcine tibias using deep flexor tendons to fix 9 x 20 mm metallic
(n=10) and PLLA 70/30 bioabsorbable screws (n=10). To verify the ability of a construct to resist immediate
postoperative (PO) rehabilitation protocols for immediate load bearing, a cyclic loading test was applied with
50-250 N of tensile force at 1 Hz for 1000 cycles, and the displacement was measured at 10, 50, 100, 500 and
1000 load cycles to quantify the slippage of the graft during the test. After the cyclic loading test, a single-
cycle load-to-failure test was applied. Results: The slippage of the graft using metallic screws did not differ
(P =0.616) from that observed when using bioabsorbable screws. Conclusion: The results obtained in this
experiment indicate that metallic screws may promote a similar amount of graft slippage during low cyclic
loading as bioabsorbable screws. Additionally, there was no difference in the biomechanical performance of

these two types of screws during high failure loads.
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Introduction

The rupture of the anterior cruciate ligament
(ACL) is the most common type of knee injury.
Reconstructive surgery is the ‘gold standard’ treatment.
This procedure requires special care during the
postoperative period because the fixation of the graft
at this stage is strongly dependent on the implant
performance. Poor fixation may lead to graft slippage
and tension loss, impairing the healing of the graft
and the process of integration into the bone tunnel
(Rodeo et al., 1993). Postoperative slippage at the
fixation sites, including graft elongation and reduced
graft construct stiffness, contributes to increasing joint
laxity and recurrent instability (Bartz et al., 2007;
Cuppone and Seedhom 2001; Daniel et al., 1985;
Lopezetal., 2013). Clinically significant laxity occurs
in 10-30% of knees within the 4 postoperative months
(Hapa and Barber 2009; Roos et al., 2004). Graft
tension loss during implantation and postoperative
cyclical loading accounts for 17% of the cases of
ACL reconstruction laxity (Ekdahl et al., 2008;
Grover etal., 2005; Tyler etal., 1999; Woo et al., 2006)
or fixation failures (Brand et al., 2000; Fu et al., 1999;
Giurea et al., 1999). Thus, the early postoperative
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period following the reconstruction of the ACL is a
critical time in relation to the success of the surgery
(Becker et al., 2001; Brown et al., 1996).

Different implant technologies are available for
fixing the graft inside the bone tunnel during the
postoperative period. Since Kurosaka et al. (1987)
reported their results, interference screws have been
the preferred option of many surgeons for the fixation
of the graft on the tibial side. The functionality of
interference screws is dependent on their ability to
act as a compression-loaded wedge to secure the ACL
substitute graft within the bone tunnel, providing graft
fixation (Figure 1).

Currently, two types of interference screw
technologies are used: metallic and bioabsorbable.
Metallic screws are used because of their strength,
longevity and biocompatibility (Barber et al., 2000).
Although they offer reliable performance, a drawback
is the difficulty associated with remotion in revision
surgeries (Almazan et al., 2006; Matthews and Soffer,
1989). The issue may lead to bone loss and the need
for a bone graft to create the bone tunnel (Beevers,
2003). Bioabsorbable screws eliminate the need for
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remotion when revision surgery is required and do
not interfere with MRI images (Kaeding et al., 2005).
However, this type of screw is prone to breaking during
surgery. The material may induce an exacerbated
inflammatory response (Ghalayini and Banks, 2008;
Shafer and Simonian, 2002). The migration of the
screw in the joint space has also been occasionally
reported (Baums et al., 2006). Given the advantages
and drawbacks of each type of screw, no clear best
option is evident. Few studies on this subject have
been published, despite the recognized importance
of ACL fixation.

The goal of this study was to evaluate the
biomechanical performance of bone-implant constructs
using metallic and bioabsorbable interference screws.
The focus was to evaluate graft slippage inside the
bone tunnel during cyclical loading and the strength
of each fixation.

Methods

Twenty freshly frozen porcine legs of Landrace
specimens were used in the experiments. They were
stored at —20 °C and thawed 12 hours before the
test. This method allowed for a harvesting of the
soft tissue. Each tibia was dissected and the deep
flexor tendon of approximately 8 mm diameter was
extracted for use as a graft. The use of the autograft
instead of an artificial graft was preferred to mimic
clinical practice. These grafts were then fixed to
the tibia by ten bioabsorbable interference screws,
PLLA 70/30 9%20 mm (Linvatec ®, Largo, Florida
- USA), and ten metallic interference screws, 9x20
mm (Hexagon ®, Campinas, S3o Paulo - Brazil)
(Figure 2). The fixation procedure followed the same
clinical protocol established for ACL reconstruction
in human knees. This procedure was performed by a
trained orthopedic surgeon. In this fixation method, a
9 mm bone tunnel was drilled and an 8 mm graft was
inserted. This procedure created a 1 mm gap between
the graft and the tunnel bone wall. An outside-in
screw insertion technique was performed. The screw
was implanted with the help of a Kirschner wire to
avoid divergence.

Immediately after the graft fixation, each tibia
was clamped to a custom device with bone cement
(PMMA) and screws. This device was then placed
in the testing machine and aligned along the tunnel
axis and loading direction. Therefore, the test was
conducted in a worst case scenario. The free end of
the graft was fixed in the load cell leaving a gage
length of 30 mm to mimic the human intra articular
ACL length (Figure 3). Each specimen was then
submitted to cyclic and monotonic testing.

Metallic and hioabsorbable interference screws: a hiomechanical study

Figure 1. Interference screws in reconstructive surgery of ACL.
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Figure 2. Bioabsorbable screw (on left; Linvatec®, Florida, USA)
and metallic screw (on right; Hexagon®, Séo Paulo, Brazil).

Figure 3. Method of tibia fixation for cyclic-loading and single-cyclic
load-to-failure tests.

The cyclic test started with a preconditioning static
tensile load of 50 N for 2 min followed by 1000 load
cycles at 1 Hz between 50 N and 250 N. The slippage
of the graft-fixation device interface was measured
indirectly through the graft lengthening after 10, 50,
100, 500 and 1000 load cycles. This measurement
represented the combined effect of the fixation device
slippage and tendon stretch. This procedure was
sufficiently accurate for the purposes of this study in
accordance with clinical practice (Fabbriciani et al.,
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2005; Kousa et al., 2003; Roos et al., 2004). Failure
during cyclical loading was assumed to occur in
cases in which a complete slippage of the fixation
device was observed. The specimens that did not fail
were submitted to a single-cycle load-to-failure test
at a displacement rate of 50 mm/min after the static
preconditioning load. The values for the ultimate failure
load (UFL), yield point load (YL), displacement at
UFL, displacement at YL, linear stiffness and energy
were obtained from the load-displacement curves
(200 Hz sampling rate). The force x displacement
curves were used to calculate these to examine the
mechanical behavior of the whole bone-graft-implant
system. The specimens were kept moistened by
spraying with physiological solution (0.9% NaCl).

Two way ANOVA was performed to evaluate the
influence of the interference screw on the laxity during
the cyclic tests. To analyze the effect of screw type
on the UFL, YL, displacement at UFL, displacement
at YL, linear stiffness, and energy, one-way ANOVA
was performed. The significance probability level
was set at 0.05.

Results

Three fixation devices for each type of screw
(metallic and bioabsorbable) failed during the
cyclical-loading test. Consequently, these results
were excluded from the statistical analysis. Figure 4
shows the displacement obtained for each fixation
method. The slippage of each screw model indicated
no significant differences in relation to the mechanical
behavior (F = 0.254; P = 0.616). In addition, no
significant differences were observed between the
metallic and bioabsorbable screws in terms of the
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Figure 4. Fixation displacement during cyclical loading test.
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UFL, YL, displacement at UFL, displacement at YL,
linear stiffness and energy (Table 1).

Discussion

The method used for the fixation of an ACL graft
must ensure that it is (1) secure enough to resist
slippage under cyclic loading during the first 1 to
2 months after reconstruction, (2) stiff enough to
restore the load-displacement response of the knee
to normal, and (3) strong enough to avoid failure.
Any fixation device with poor structural properties
in slippage, stiffness or strength has the potential to
compromise the clinical outcome.

The aim of this study was to evaluate the
biomechanical performance of the tendon graft
fixation device using two different implants. Special
attention was given to the behavior under cyclic
loading. Despite differences in the raw material
(metallic and bioabsorbable) and the thread design
of the two types of tested screws, the results showed
that they displayed similar performances in relation
to graft slippage. After 1000 load cycles, the fixation
displacement results for the metallic and bioabsorbable
screws were not significantly different: 3.28 + 0.55
and 3.77 £ 0.97, respectively.

Magen et al. (1999) was the first to use graft-end
displacement as a measure of the construct slippage.
However, the methodological differences between
their study and that reported herein hinder any direct
comparisons of the results.

Kousa et al. (2003) performed a biomechanical
study on several graft fixation techniques, including
interference screws. The ACL reconstructions were
performed by grafting quadrupled human semitendinosus-
gracilis tendons into porcine tibias. In the cyclical
testing the constructs were loaded for 1500 cycles at
50t0 200 N at a frequency of 0.5 Hz. The displacement
after 1000 cycles of load was approximately 3.8 mm
for the bioabsorbable BioScrew screws (Linvatec,
Inc.) and 5.3 mm for the metallic Soft Silk screws
(Acufex Microsurgical, Inc.). Their reported values
obtained were consistent with those reported herein.

The fixation strength is related to the UFL values
and must be sufficient to support the loading applied
during daily tasks and accelerated rehabilitation

Table 1. Averages and standard deviations of single-cycle load-to-failure test.

Metallic screw (n=7) Bioabsorbable screw (n=7) P
Ultimate Failure Load (N) 628.41 £234.93 607.11 +97.49 0.83
Yield Point Load (N) 501.85 +82.28 509.98 +94.03 0.87
Displacement at UFL (mm) 5.52+£3.06 540+1.74 0.92
Displacement at YL (mm) 3.76 +1.43 4.17+2.12 0.68
Linear Stiffness (N/mm) 141.63 +30.28 138.97 +39.82 0.89
Elastic Strain Energy (J) 2.30+2.64 1.89+0.72 0.64
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programs. Morrison (1970) reported 169 N as the
ACL force during normal level walking. Noyes et al.
(1984) reported that the maximum force on the graft
fixation device occurs while descending stairs and
is estimated to be approximately 445 N. A load of
250 N was applied in our cyclic loading protocol.
Previous studies have shown that ligament loads of
this magnitude can be generated during quadriceps
muscle contraction at full knee extension (Rupp etal.,
1999). Considering that our study represents a worst
case scenario, with loads applied to the graft in
a direction corresponding to the axis of the tibial
tunnel, the value of 250 N seemed to be a reasonable
selection for the force that the graft should be able to
repeatedly withstand during in vitro testing.

In the study reported herein, 30% of the metallic
and 30% of the bioabsorbable screws failed by slippage
during the cyclic testing with a maximum load of
250 N. Nevertheless, all constructs were considered
to be secure enough for their intended use. Our study
represents a worst case scenario with loads applied to
the graft in a direction corresponding to the axis of
the tibia tunnel. This differs from the clinical situation
in which an anterior displacement of the tibia causes
graft loading at various degrees of knee flexion.

The single-cycle load-to-failure test performed
with the specimens that survived the cyclic loading
showed that the ultimate failure load was not
significantly different between the two types of
screws (607.11 £97.49 N and 628.41 +234.93 N for
the bioabsorbable and metallic screws, respectively).
The UFL was above 390 N for all tested graft fixation
devices, and all constructs were considered to be
sufficiently secure for their intended use. The forces
applied in an ACL graft tended to be lower than 390 N
in the early postoperative period (Frank and Jackson,
1997). During this time, the reconstructed knees are
restricted from vigorous use because of pain.

Weiler et al. (1998) performed comparisons
using flexor tendons as grafts and observed different
behaviors between metallic and bioabsorbable screws.
The UFL for the bioabsorbable screw (507 N) was
significantly higher than that for the metallic screw
(419N). Kousa et al. (2003) did not report UFL values
for the constructs after cyclic loading. For the YL, a
significant difference between BioScrew (567 £ 156 N)
and SoftSilk (423 £ 75 N) was not found.

Another requirement for a successful ACL
replacement is the stiffness of the fixation device,
i.e., to reinstate the knee stability and restore the
normal limits of anterior translation. Unsuitable
stiffness results in recurrent knee laxity and may be
a determining factor in the development of premature
osteoarthrosis after ACL reconstruction. It has been
proposed that achieving normal knee kinematics at
the time of reconstruction may be more dependent
on matching the stiffness of the replacement ligament
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to that of the native ACL than on matching the
ultimate strength (Ishibashi et al., 1997). In our
single-cycle load-to-failure test, the linear stiffness
of the bioabsorbable screw (138.97 + 39.82 N/mm)
was not significantly different than that of the metallic
screw (141.63 £ 30.28 N/mm). This could indicate
the need for higher pre-tension to restore normal
laxity when using these screws. The stiffness of the
tested graft fixation devices was lower than that of the
original ACL (182 N/mm (Noyes et al., 1984),242 N/
mm (Woo et al., 1992), 303 N/mm (Rowden et al.,
1997)). Weiler et al. (1998) performed comparisons
with the flexor tendon as a graft and found different
behaviors for metallic and bioabsorbable screws. The
linear stiffness of the bioabsorbable screw (57.9 N/
mm) was significantly higher than that of the metallic
screw (39.7 N/mm). In a study by Kousa et al. (2003),
a significant difference in the values for the linear
stiffness of BioScrew (125 +23 N/mm) and SoftSilk
(120 + 18 N/mm) was not found. Our results were
consistent with those of Kousa et al. (2003).

The expected dependence of the graft fixation
biomechanics on the thread designs generally differs
for polymeric and metallic screws. In our study, the
bioabsorbable screw has an asymmetric thread profile,
while the metallic screw has a symmetric profile. These
types of screws also differ in relation to the depth
(d), pitch (p) and volume between two fillet threads
(see Figure 5). These differences imply a distinct
fixation performance, which was not observed in the
tests. Thus, it is clear that many other mechanical and
tribological issues play important roles at the interfaces,
precluding the proposal of simple explanations for
different fixation behaviors.

The study reported herein was conducted using
animal tissue; however, porcine bone does not have
the same mineral density as young human bone.
Nevertheless, the methodology followed by this study
allows for sample homogeneity and is considered a useful

<« p—>

Figure 5. Relationship between thread depth (d) and pitch (p) and
bone volume allocated between two fillet threads.
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model for ACL reconstruction studies (Nakano et al.,
2000). Additionally, in the study reported herein, the
response during the immediate postoperative period
was investigated, before the healing of the graft in
the bony tunnel. Despite these limitations, our results
corroborate with those obtained in other similar studies
(Almazan et al., 2006; Anderson, 2004).

Overall, the obtained results indicate that both types
of interference screws promote similar biomechanical
performances during low cyclic loading and high
failure loads. Further research is required to determine
the clinical relevance of these findings.
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