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Purpose: The use of graft tissue fixation using bioabsorbable interference screws
(BISs) in anterior cruciate ligament (ACL) reconstruction offers various advantages,
but limited pullout strength. Therefore, additional tibial fixation is essential for ag-
gressive rehabilitation. We hypothesized that additional graft tissue fixation using
bioabsorbable suture anchors (BSA) would provide sufficient pull-out strength. Ma-
terials and Methods: Twenty four fresh frozen porcine distal femur and patellar
tendon preparations were used. All specimens were divided into three groups based
on additional fixation methods: A, isolated BIS; B, BIS and BSA; and C, BIS and
post cortical screw. Tensile testing was carried out under an axial load. Ultimate fail-
ure load and ultimate failure load after cyclic loading were recorded. Results: The
ultimate failure loads after load to failure testing were 166.8 N in group A, 536.4 N
in group B, and 438 N in group C; meanwhile, the ultimate failure loads after load
to failure testing with cyclic loading were 140 N in group A, 466.5 N in group B,
and 400 N in group C. Stiffness after load to failure testing was 16.5 N/mm in group
A, 33.5 N/mm in group B, and 40 N/mm in group C. An additional BSA fixation re-
sulted in a significantly higher ultimate failure load and stiffhess than isolated BIS
fixation, similar to post screw fixation. Conclusion: Additional fixation using a
BSA provided sufficient pullout strength for ACL reconstruction. The ultimate fail-
ure load of the BSA technique was similar to that of post cortical screws.

Key Words: Anterior cruciate ligament reconstruction, graft, tissue fixation, su-
ture anchor

INTRODUCTION

The prevalence of anterior cruciate ligament (ACL) injury is increasing due to life
style changes and more frequent outdoor activity. Reportedly, ACL reconstruction
as an operative treatment offers a success rate of 70-90%.'? Early fixation of grafted
tendons during early rehabilitation therapy is one of the most important factors of
ACL reconstruction. Tibial fixation is also an important factor that can lead to early
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failure, as it is known to be a weak point during the early
stage of biological fixation after ACL reconstruction. Grafts
used during ACL reconstruction include bone-patellar ten-
don-bone and hamstring tendon grafts; however, their use is
now less favored due to complications arising from the graft-
ed site. Currently, free soft tissue grafts are more widely ac-
cepted in ACL reconstruction. Most hamstring graft tibial
fixation techniques utilize interference screws, especially
bioabsorbable interference screws (BISs), for increased fix-
ation with less damage to the soft tissues.> However, when
interference screws are used for tibial graft fixation, the graft
sometimes loses its tension, so that a hybrid fixation tech-
nique (with more than one method of fixation) must be ap-
plied. Biomechanical studies showed that interference
screws combined with additional indirect distal hamstring
tendon fixation techniques can withstand much higher tear-
ing forces than one type of fixation alone.*” However, addi-
tional metallic fixation devices (e.g., spike washers, post
screws, and metal buttons) cause irritation of the soft tissue
around the tibial cortical area, thus causing limitations such
as metal removal.*® Therefore, we hypothesized that using
BISs simultaneously with additional bioabsorbable suture
anchor (BSA) devices could augment early fixation. The
purpose of this study was to investigate the effectiveness of
BSA devices by comparing them to metallic post cortical
screws in this biomechanical study.

MATERIALS AND METHODS

Study design

Experimental materials

Cadaveric knee joints are not easily accessible in our coun-
try. Instead, we chose to use porcine knee joints in our study,
which are anatomically similar and have similar tibial stre-
ngth. Twenty four fresh frozen porcine distal femur and pa-

Fig. 2. Additional fixation devices used for this study. (A) 9x25 mm BioScrew®. (B) 6x16.5 mm Duet™. (C) 3.5 mm cortical screw.

tellar tendon preparations were used for the experiments.
We harvested distal femurs and patellar tendons from 6-
month-old experimental pigs, weighing approximately 100
kg. After obtaining the samples, we divided them in half on
a sagittal plane using a saw. Each sample, comprising a fe-
mur and a patellar tendon, was frozen at -70°C until the
study began, and was thawed for 12 hours at 4°C and for
another 4 hours at room temperature just before the experi-
ments. The patellar tendon samples (5 cm in length and 8
mm in thickness) were harvested from the center of the ten-
don, and were sutured using a continuously interlocking su-
ture method with a Krackow whip stitch, forming four loops
at each end of the tendon (Fig. 1).

Fixation devices

A 10-mm tunnel was created and an 8-mm strip of patellar
tendon was fixed using a 9x25 mm BIS (BioScrew®; Lin-
vatec Corp., Largo, FL, USA) on the midline of the sagittal
plane from the intercondylar notch. According to the hybrid
fixation technique, we also used a BSA or a cortical screw
as additional fixative methods respectively in the following
three groups: group A received BIS fixation only (Fig. 2A);
group B was fixed with a 6x16.5 mm Duet™ Suture An-
chor (Linvatec Corp., Largo, FL, USA) after BIS fixation
(Figs. 2B and 3); and group C was fixed with a 3.5 mm cor-
tical screw after BIS fixation (Fig. 2C). FiberWire® (Arthrex,
Naples, FL, USA) was connected to the patellar tendon and

Fig. 1. Graft preparation using Krackow whip stitches, forming four loops at
each end of the tendon.
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each end was ligated. The tendon was then fixed to the clamp
of an 858 Table Top System® (MTS Systems Corporation,
Eden Prairie, MN, USA) machine with the femoral tunnel
parallel to the force of traction for simple and cyclic loading
stress tests (Fig. 4). Approximately 10 MPa was applied in

Fig. 3. (A) Bioabsorbable suture anchor (Duet™). (B) Separated suture an-
chor tip and FiberWire® (Arthrex) connecting the tendon. (C) Reassembled
bioabsorbable suture anchor.

Fig. 4. The 858 Table Top System® testing apparatus is shown with a por-
cine femur and graft. The free end of the patellar tendon graft was fixed to
the inferior clamp of the machine with FiberWire®.

800.000 20.000

UFL ..f-f___,-" I
emeeeem 10000 E

-~

A

400.000 -

0.000 b i 20000 Fo
-400.000 - --10.000
-800.000 T ————— -20.000

0.00 50,00 100.00 15000  200.00

Fig. 5. Load elongation curve of the load to failure test (Elongation=Eu-Eo).
UFL, ultimate failure load.

order to fix the patellar tendons to the cyclic loading clamp.
Experimental groups

Group A

An 8-mm patellar tendon strip was inserted into the 10-mm
femoral tunnel and fixed with a 9x25 mm BioScrew® with-
out additional fixation.

Group B

In addition to the process used for group A, a 6x16.5 mm
Duet™ Suture Anchor was fixed 1 cm away from the Bio-
Screw® on the lateral femoral condyle. The ends of the Fi-
berWire® that was connected to the patellar tendon were li-
gated to each other and fixed in place.

Group C

In addition to the process used for group A, a 3.5 mm corti-
cal screw was fixed 1 cm away from the BioScrew® on the
lateral femoral condyle. The ends of the FiberWire® that
was connected to the patellar tendon were ligated to each
other and fixed in place.

Experimental programs

Tensile testing before cyclic loading

Four samples from each group were used for load to failure
tests using the 858 Table Top System®. Fixed grafted ten-
dons were maintained at a loading speed of 50 mm/min in
the direction of the femoral tunnel. The ultimate failure load
was measured and recorded for analysis (Fig. 5).

Tensile testing after cyclic loading

In four samples from each group, a load of 50 N was ap-
plied for 30 seconds to prevent any effects of a sudden load.
A cyclic loading test was then performed consisting of 100
cycles from 50-250 N with 1 Hz frequency. The direction
of force was parallel to the traction force. Load, graft stiff-
ness, failure load, failure mode, and sliding of the graft from
the fixation were recorded and analyzed. After the cyclic
loading test, a simple loading test was reapplied to the grafted
tendon, and the ultimate failure load and stiffness were mea-
sured. We analyzed rupture of the graft, graft slippage and
breakage, and pull-out of the additional fixation (Fig. 6).

Statistical analysis
Statistical analysis was performed with SPSS software (Ver-
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sion 11, SPSS Inc., Chicago, IL, USA). Comparison was
carried out using Kruskal-Wallis test, and Mann-Whitney U
test was performed to detect differences between the three
groups. Differences with a significance level of p<0.05 were
considered as statistically significant.

RESULTS

Tensile testing before cyclic loading

The ultimate failure mode of tensile testing before cyclic
loading consisted of a pull-out pattern in all three groups.
The ultimate failure load of tensile testing before cyclic
loading was an average of 166.8+15.2 N (range, 120.5-
190.5 N) for group A, 536.4+47.9 N (range, 487.7-700 N)
for group B, and 438.0+46.2 N (range, 360.7-561.9 N) for
group C [Kruskal-Wallis test p-value (pK)=0.01]. The ulti-
mate failure load of group A was significantly lower than
those of groups B and C, while the ultimate failure loads of
groups B and C were not significantly different [Mann-
Whitney U test p value (pM)=0.02] (Table 1).

Tensile testing after cyclic loading
The ultimate failure mode of tensile testing after cyclic load-
ing comprised a pull-out pattern in all three groups. The ulti-

mate failure loads during tensile testing after a cyclic loading
of 100 cycles with a 50 N preload for 30 sec were on average
140.0+£13.6 N (range, 72.1-188.6 N) for group A, 466.5+37.6
N (range, 330.0-520.0 N) for group B, and 400.0£50.8 N
(range, 350.0-480.0 N) for group C. The ultimate failure load
after cyclic loading of group A was significantly lower than
those for groups B and C, and the failure loads for groups B
and C were not significantly different (Table 1). There were
no graft failures in the ligament portion for all three groups;
all failures demonstrated graft slippage in the tunnel without
BIS pull-out. There was one case of screw pull-out in group
B (additional BSA) and one case of screw pull-out in group
C (additional cortical fixation screw). When stiffhess was ex-
amined, groups B and C had similar results, while group A
had significantly lower stiffness (Table 2).

DISCUSSION

Implant fixation during ACL reconstruction is weakest ear-
ly after surgery, and fixation of the tibia is relatively weaker
than that of the femur.*!*'? Scheffler, et al."* reported that
the main reasons for this include the relatively weaker bone
density of the tibia tunnel when compared to the femur and
excessive loading on the implants during knee joint flexion.
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Fig. 6. Load elongation curve of the cyclic loading test (Elongation=Ew-Eo). UFL, ultimate failure load.

Table 1. Analysis of Ultimate Failure Load

Group Failure load before cyclic loading (N)  Failure load after cyclic loading (IN)
A: Isolated BioScrew” 166.8+15.2 140.0+13.6
B: BioScrew"+Duet™ 536.4+47.9 466.5+37.6
C: BioScrew"+cortical screw 438.0+46.2 400.0+30.8
Table 2. Analysis of Failure Mode and Stiffness
Group Graft failure (%) Implant failure (%) Stiffness (N/mm)
A: Isolated BioScrew” Pull-out (100) None 16.5£3.4
B: BioScrew"+Duet™ Pull-out (100) Duet"" breakage (25) 33.4£5.6
C: BioScrew"+cortical screw Pull-out (100) Cortical screw pull-out (25) 40.0£7.2
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Several reports have demonstrated clinically significant re-
sults when using BISs for tibia fixation."* In contrast, Yoo,
et al.” reported that a BIS with an additional cortical screw
and spike washer for fixation of the distal hamstring tendon
to the tibia results in a higher load at failure and stiffness
when compared to either a single BIS or cortical screw and
spike washer fixation alone. However, metallic tibial fixa-
tion (with a spike washer or staple) leads to postoperative
soft tissue irritation and kneeling pain, which can result in
hardware removal.*® This study was designed to investigate
whether additional soft tissue graft fixation using a BSA
generates as much pull-out strength as metallic devices for
early rehabilitation, since the use of BSA devices could pre-
vent complications, such as soft tissue irritation.

Suture anchors have proven to be safe and of use in sev-
eral fields for additive fixation to the articular capsule, liga-
ments, and tendons, and are an alternative to staples and me-
tallic screws in orthopedic surgery.'> Bioabsorbable screws,
which are a more desirable alternative to metallic fixation,
are advantageous in that they reduce the complications as-
sociated with the use of metal, which may dissolve in the hu-
man body. They also exhibit excellent biodynamical strength
due to their poly L-lactic acid content, which is derived from
polylactic acid. However, these screws were originally asso-
ciated with problems, such as fixation failure; this was due
to their polyglycolic acid content.'*” Weiler, et al.'® investi-
gated the additional fixation effect of EndoPearl (Livatec,
Largo, FL, USA) applied to interference screws in soft tis-
sue implants, such as distal femurs and hamstring tendons.
Endopearl has a much greater tensile strength than interfer-
ence screws. They demonstrated a similar maximum failure
power between biodegradable screws and fully-threaded
cortical screws on tensile strength testing, which was ap-
proximately three times more intense than when additive
fixation was not performed. This result was similar to that
reported by Yoo, et al.” In a biodynamical experiment they
showed that cortical screws and hybrid fixation added to a
washer exhibit a maximum failure power twice that of pre-
vious method used. In addition, a simple tensile strength
test also demonstrated similar maximum failure power.
Their report supported the idea that additive fixation for the
tibia in ACL reconstruction is critically important.

Suggs, et al.” analyzed the graft strength and kinetics of
the knee joint after ACL reconstruction using a 3-dimen-
sional computer simulation program. They stated that graft
strength has a direct effect on the biokinetics of the knee
joint. It is also important to choose both an appropriate graft

material and a suitable fixation location for the revitaliza-
tion of normal knee biokinetics. In the current study, groups
B and C, which received additional fixation, showed a high-
er strength score than group A. These results indicated that
additional fixation of the tibial graft helps in preventing
failure of reconstruction. Taking the results of Suggs, et al."”
into consideration, the current study also supported that ad-
ditional fixation may be important in recovery of the knee
joint to its normal state.

By analyzing the failure patterns resulting from maximum
damage strength, we showed that true rupture of the grafts
and pull-out of interference screws is not prevalent, while
slippage of the grafts was seen in the femoral tunnel. Partial
pull-out occurred in approximately 50% of each case in the
groups with additional fixation. From these results, we dis-
cerned that single fixation of interference screws alone is not
strong enough for ACL reconstruction, and additional fixation
is recommended for early accelerated rehabilitation therapy.

In studies with porcine bones, Nurmi, et al.’ reported that
the trabecular bone density of the porcine tibia was signifi-
cantly higher than that of the human tibia, as assessed by pe-
ripheral quantitative computed tomography scanning. The au-
thors concluded that porcine tibias do not provide a
reasonable surrogate for human cadaveric tibias, when evalu-
ating ACL reconstruction. The bone mineral density of human
proximal tibias in younger active populations has been report-
ed to range from 1.09-1.30 g/em?>%"3 Sim, et al.** reported
that the bone density of the porcine femur is on average
1.498+0.141 g/em? (1.381-1.750 g/em?), and it was consid-
ered that the porcine femur provided sufficient bony support.

Limitations of this study are that first, we performed this
study with porcine bone and ligaments due to the limited
availability of human cadavers. Even if the porcine femur
has sufficient bone density comparable to that of a human,
we believe that human cadavers are better substitutes for
this type of study. Second, the biomechanical experiments
of this study cannot reflect overall normal kinetics of hu-
man knee. The tensile force was applied to the grafts in the
same single direction as the femoral tunnel. This direction
of force does not correctly reflect the kinetics of the human
ACL, which provides resistance against anterior-posterior
and rotational forces. Thirdly, the effect of bioabsorbable
suture anchor is affected by the relationship between the
bony shape and the tunnel location. For this reason, we
maintained the same settings and other conditions, such as
bone preparation, tunnel location, and tunnel inclination,
except the fixation method. We considered that only a dif-
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ference in fixation methods was an independent factor of
this experimental study. Although this study has biome-
chanical flaws, we believe that it is meaningful comparison
of fixation strength between bioabsorbable interference
screw and additional fixation, such as metallic screw and
bioabsorbable suture anchors, under controlled conditions.

In conclusion, additional fixation using a BSA or a post
cortical screw provided sufficient pull-out strength for the
tibial side during ACL reconstruction. In simple and cyclic
loading tests, the BSA technique for additional fixation
showed similar fixation strength to the cortical screw tech-
nique. Both techniques had superior fixation strength when
compared to the group with no additional fixation. In ACL
reconstruction, additional fixation using BSA devices for
fixation of grafted tendons to the tibial side provides good
fixation strength similar to that of metallic cortical screws
in early accelerated rehabilitation.
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