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Purpose: The purpose of this study was to evaluate dual fixation with different fixation mechanisms, determine the advantages, and compare the
outcomes between single and dual femoral fixation.

Materials and Methods: From April 2004 to September 2007, 19 patients who received single femoral fixation and 22 patients who received dual
femoral fixation were enrolled in the study. Single femoral fixation was performed using a cross-pin expansion mechanism. Dual femoral fixation was
performed using a cross-pin expansion mechanism and an EndoButton CL loop suspensory mechanism.

Results: No significant differences were found in the incidence of cross-pin problems between the two groups (p=0.35-0.83) or in the stability
assessment using a KT-2000 arthrometer and pivot shift test preoperatively (p=0.79 and 0.77, respectively) or postoperatively (p=0.89 and 0.75,
respectively). In addition, no significant differences were detected between the two groups in the Lysholm, Tegner activity, or International Knee
Documentation Committee knee scores preoperatively (p=0.07-0.47) or postoperatively (p=0.15-0.89).

Conclusions: This study showed that dual fixation with different fixation mechanisms was not advantageous over the single fixation mechanism.

Outcomes using the dual femoral fixation mechanism were not superior to those using the single femoral fixation mechanism.
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Introduction

Various options can be applied for femoral fixation of an
anterior cruciate ligament (ACL) reconstruction with a hamstring
autograft' ™, but each fixation mechanism has both advantages
and disadvantages®”. The cross-pin system utilizes the expansion
mechanism and is widely used”. The pins, however, are inserted
into the space between longitudinal collagen fibers, which
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can potentially allow slippage, although the significance of the
slippage has not been well established”. The mechanical strength
of the cross pin is comparable to other devices in experimental

1,8,11,12 o . . 13
) clinical series'”,

model"”'”, but several cyclic loading tests
and cases'*" have reported negative aspects of the cross pin. As
the cortical suspensory fixation”, the EndoButton CL (Smith
& Nephew, Andover, MA, USA) is placed outside of the cortex
and can be used together with the cross pin”. Moreover, the
EndoButton CL can be used as a single fixation device for
femoral fixation during ACL reconstruction'®; however, it can
cause tunnel widening because the joint cavity is away from the
fixed area””.

We have experienced some problems with the cross-pin system
such as breakage and wrong posterior pin directions on follow-
up magnetic resonance images (MRIs), and stronger fixation
was needed. Dual fixation using simultaneous cross pins with
the EndoButton CL was introduced to overcome these problems
in the hope that each fixation would compensate for the
aforementioned disadvantages.

The purpose of this study was to evaluate dual fixations with
different fixation mechanisms, determine the advantages, and
compare the outcomes between single and dual femoral fixation.
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Materials and Methods

1. Demographics and Evaluation Methods

From April 2004 to September 2007, 202 patients received
hamstring autograft ACL reconstruction with cross-pin single
femoral fixation or dual femoral fixation using a cross pin and
EndoButton CL. Among them, we included 41 patients who had
a follow-up MRI and who had no surgically managed ligament,
cartilage, or meniscal injury (except for a partial meniscectomy).

We divided the patients into two groups according to the
femoral fixation method (single versus dual femoral fixation
groups). Single femoral fixation was performed using a cross-pin
(RigidFix system®, DePuy Mitek/Johnson & Johnson, Norwood,
MA, USA) expansion mechanism (Fig. 1). Dual femoral fixation
was carried out using a cross-pin expansion mechanism and the
EndoButton CL closed loop (Smith & Nephew, Andover, USA)
suspensory mechanism (Fig. 2).

We compared the follow-up MRI between the two groups based
on the problems (>1 mm slippage on the coronal plane, breakage
of the pin on the coronal plane, and a posteriorly directed cross
pin to the posterior condylar line on an axial image). MRI results
were compared to evaluate whether dual fixation was helpful
for overcoming the disadvantages of the cross pin. Preoperative
and final follow-up clinical and stability results were evaluated
between the two groups. Stability results were evaluated with
a KT-2000 arthrometer (MEDmetric, San Diego, CA, USA)
and a pivot-shift test. Clinical results were evaluated with the
Lysholm, International Knee Documentation Committee (IKDC)
subjective score and Tegner activity score.

Fig. 1. The cross-pin expansion mechanism was only used in the single
femoral fixation group.

2. Surgical Procedure for Dual Femoral Fixation and

Rehabilitation

All patients underwent arthroscopic surgery with spinal or
general anesthesia. After a thorough evaluation of the cartilage
and meniscus status, proper surgical procedures were performed
if necessary. Semitendinosus and gracilis hamstring autografts
were harvested and prepared with a quadruple strand coupled
with the EndoButton CL. Four free ends were sutured with
Ethibond no. 2 sutures using an interlocking whip stitch
technique, and the folded end was sutured with Vicryl no. 2
(VICRYL, Ethicon, Somerville, NJ, USA) sutures after coupling
it with the EndoButton CL. After removing the remnant medial
wall ACL tissue from the lateral femoral condyle, we marked
an entry point for the femoral tunnel using a microfracture awl
at the 10 to 10:30 oclock position on the right knee and 1:30 to
2 oclock position on the left knee. A tibial tunnel was created
using an ACL drill guide positioned just anterior to the medial
collateral ligament to make an oblique femoral tunnel. We
started reaming the tibial tunnel using a 2 mm smaller than the
graft diameter, and the tunnel was dilated up to the anticipated
diameter using a serial tunnel dilator in increments of 0.5 mm to
achieve a press-fit fixation. The final tunnel length for the graft
was determined after measuring the total length of the femoral
tunnel. Most of the graft tunnels of femoral and tibial sides were
8-8.5 mm diameter and 30-35 mm length. After drilling both the
tibial and femoral tunnels, the hamstring graft was passed from
a distal to proximal direction. When the EndoButton CL was
retrieved out of the femoral cortex and confirmed by toggling
the EndoButton CL, the graft was firmly pulled out in the distal

Fig. 2. The cross pin and EndoButton CL were used concomitantly in
the dual fixation group.



direction so that it was placed tightly on the femoral cortex.
Two rigid-fix pins were inserted with firm tension on the graft.
After performing pretensioning by pulling the graft distally and
cycling the knee 15 times, the distal end was fixed into the tibial
tunnel with an interference bioabsorbable screw and a metal
staple. Tibial fixation was done using a bioabsorbable screw and
it was usually 1 mm larger in diameter because the tibial tunnel
tended to be dilated slightly while making the bone tunnels. All
patients immediately began active quadriceps isometric exercises
and active range of motion exercises. The patients were allowed
tolerable weight bearing with full extension locked in a brace
for 3 weeks after the surgery. Crutch walking was maintained
for 6 weeks. At 3 weeks, 90° motion was allowed and at 6 weeks,
120° motion was allowed. At 3 months, straight line running
was allowed and at 6 months, we recommended that the patients
participate in sports activity.

3. Statistical Methods

A difference of more than 3 mm on the KT-2000 arthrometer or
10 points on the IKDC score was clinically meaningful. The alpha
was 0.05 and the power was 0.8. The required sample size was 21
cases. The analysis was performed as a nonparametric test using
the SPSS ver. 12.0 (SPSS Inc., Chicago, IL, USA). The chi-square
test was used to compare MRI problems, and the t-test was used
to compare stability and the clinical results. A p-value<0.05 was
considered significant.

Table 1. Fixational Problems in Each Group

Single fixation (n=19)  Dual fixation (n=22)

Positive ~ Negative  Positive ~ Negative
Slippage (>1 mm) 1 18 4 18
Breakage 6 13 8 14
Posterior direction 4 15 6 16
Total problem 8 11 10 12

Table 2. Outcome Analysis between the Single and Dual Fixation Groups
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Results

Fifteen men and 4 women were in the single fixation group;
their mean age at the time of the operation was 32.7 years (range,
17 to 51 years). The mean follow-up was 28 months (range, 18
to 52 months). Eighteen men and 4 women were in the dual
fixation group; their mean age at the time of the operation was
29.3 years (range, 18 to 41 years). The mean follow-up period was
34 months (range, 22 to 60 months).

Detailed comparisons of the fixational problems between the
two groups are listed in Table 1. Some patients had more than
one problem (32%). No significant differences were observed in
the incidence of slippage (p=0.35), breakage (p=0.75), posterior
direction (p=0.73), or total problems (p=0.83).

Preoperatively, no significant differences existed between the
two groups in the assessment of the Lysholm score (p=0.47),
IKDC subjective score (p=0.07), Tegner activity score (p=0.28),
KT 2000 arthrometer evaluation (p=0.79), or the pivot-shift test
(p=0.77). Postoperatively, no significant differences were detected
between the two groups in the assessment of the Lysholm score
(p=0.59), IKDC subjective score (p=0.15), Tegner activity score
(p=0.18), KT 2000 arthrometer evaluation (p=0.89), or the pivot-
shift test (p=0.75) (Table 2).

Discussion

The principal finding of this study was that dual fixation with
different fixation mechanisms was neither advantageous nor
helpful for overcoming the disadvantages of single fixation with
cross pins. Anatomic aperture fixation with an interference
screw at the original ACL insertion site has rationale due to
the disadvantages of extra-articular indirect graft fixation. In
some hamstring graft fixation studies, interference screws have
provided sufficient initial fixation strength during biomechanical
tests'>*"*”, but a possible disadvantage of this fixation method
is the contact of the screws with the intra-articular cavity.

Singe fixation (n=19)

Dual fixation (n=22)

Pre-operation

Last follow-up

Pre-operation Last follow-up

KT 2000 3.837 1.51
Pivot grade 1.63 0.26
Lysholm 67.68 90.68
Tegner 2.74 5.47
IKDC 56.77 87.36

4.459 191
1.83 0.36
71.23 90.32
1.95 4.63
53.32 74.21

IKDC: International Knee Documentation Committee.
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Some studies have reported inflammatory reactions after using
this fixation method'>*. In the cross-pin method, the grafts
are fixed by two biodegradable pins piercing tendon strands
perpendicularly’”. The biomechanical properties of the cross
pin are acceptable and superior to the interference screw for
femoral fixation of the hamstring graft”*'®"" with good clinical
results”. However, negative aspects of cross pins have also been
reported. The maximal failure load is inferior to the suspensory
mechanism and the failure mechanism is pin fracture"**'”. Choi
et al.” reported that pin breakage is a common phenomenon,
and broken cross pins are a factor related to the laxity of ACL
reconstruction. Some case reports have reported pin breakage
and loose intra-articular migration of pins'*'”. We also
experienced some problems in follow-up MRIs such as breakage
and posteriorly directed pins even though they showed good
clinical results and stability. Therefore, we concluded that stronger
fixation would be needed in active persons and that these must
be compared to clinical and stability results.

The EndoButton CL is included in the cortical suspensory
fixation”. This fixation mechanism has some merits for
overcoming disadvantages of the expansion mechanism. The
EndoButton CL has comparable mechanical strength but
can cause tunnel widening due to a 2-3 mm graft-tendon
micromotion under a physiological range load in which the
articular surface is away from the fixed area, although many
possible causes of tunnel widening exist'” .

Therefore, we used the dual fixation method to overcome the
disadvantages. Our comparison is reliable because we used the
same rehabilitation protocol in the two groups, so that only the
fixation method was different. No significant difference was
found between the two groups, contrary to our expectations, and
dual fixation had no additional advantage. This suggested that
the graft-tunnel fixation was fairly stable and contributed to early
healing due to the use of press-fit fixation with a tunnel dilator
in 0.5 mm increments during surgery. Using the single fixation
with cross pins may have provided sufficient stability because we
only allowed full extension with a locked brace for 3 weeks and
partial weight bearing with crutches for 6 weeks without applying
an accelerated rehabilitation protocol postoperatively. The
most notable finding in our study was that although breakage
occurred, the posterior directed pin position did not result in
clinical instability during single fixation, implying that the initial
press-fit fixation and proper protection are more critical than
additional fixation mechanism. Our results do not apply to
accelerated rehabilitation, and the fixation differences under this
condition are beyond the scope of this study.

However, our study had several limitations: the sample size was
relatively small according to the power analysis and the study was
limited to patients who checked a MRI. Therefore, some selection
and randomization bias could not be eliminated.

Conclusions

This study showed that dual fixation with different fixation
mechanisms was neither advantageous for overcoming the
disadvantages of the single fixation mechanism nor superior in
terms of the outcomes.
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