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Abstract
We conducted a study to biomechanically compare
4 tibial hamstring tendon fixation devices commonly
used in anterior cruciate ligament reconstruction.

Quadrupled human semitendinosus—gracilis tendon
grafts were fixed into porcine tibias using 4 separate
fixation devices. For each device, 10 specimens were
tested (1500-cycle loading test at 50-200 N). Speci-
mens surviving the cyclic loading then underwent a
single load-to-failure test. Failure mode, stiffness, ul-
timate load, and residual displacement were recorded.

Eight of 10 Delta screw (Arthrex), 2 of 10 Retro-
screw. (Arthrex),-10.of 10 WasherlLoc (Arthrotek);.and
10 of 10 Intrafix (Depuy Mitek) devices completed
the 1500-cycle loading test. Residual displacement
was significantly (P <.001) lower forntrafix (2.9 mm),
WasherLoc (5.6 mm), and Delta (6.4 mm) than for Ret-
roscrew (25.5 mm). Mean stiffness was significantly
(P < .05) higher for Intrafix (129 N/mm) than for the other
devices. Mean load to failure was highest for Intrafix
(656 N), then WasherLoc (630 N), Delta (430 N), and
Retroscrew (285 N).

The Intrafix device demonstrated superior strength
in the fixation of hamstring grafts in the tibia. Washer-
Loc was close behind.

f'the procedures performed by surgeons specializing in
sports medicine and by general orthopedists, anterior
cruciate ligament (ACL) reconstruction remains one
of the most common.' Recent years have seen a trend toward
replacing the “gold standard” of bone—patellar tendon—bone
autograft with autograft or allograft hamstring tendon in ACL

reconstruction.” This shift is being made to try to avoid the do-
nor-site morbidity of patellar tendon autografts and decrease the
incidence of postoperative anterior knee pain. With increased
use of hamstring grafts in ACL reconstruction, it is important
to determine the strength of different methods of graft fixation.

Rigid fixation of hamstring grafts is recognized as a crucial
factor in the long-term success of ACL reconstruction. Grafts
must withstand early rehabilitation forces as high as 500 N.?
There is therefore much concern about the strength of tibial
fixation, given the lower bone density of the tibial metaphysis
versus the femoral metaphysis. In addition, stability is more
a concern in the tibia, as the forces are directly in line with
the tibial tunnel.*

The challengethas been torengineer devices thatprovidessta-
ble, rigid graft fixation that allows expeditious tendon-tobone
healing and increased construct stiffness*Many new fixation
devices are being marketed. Thereds much interest in determin-
ing which devices have the most fixation strength,*” but so far
several products have not been compared with one another.

We conducted a study to determine if tibial hamstring
fixation devices used in ACL reconstruction differ in fixation
strength. We hypothesized we would find no differences.

Materials and Methods
Forty porcine tibias were harvested after the animals had been
euthanized for other studies at our institution. Our study was
approved by the institutional animal care and use committee.
Specimens were stored at—25°C and, on day of testing, thawed
to room temperature. Gracilis and semitendinosus tendon
grafts were donated by a tissue bank (LifeNet Health, Virginia
Beach, Virginia). The grafts were stored at —25°C; on day of
testing, tendons were thawed to room temperature.

We evaluated 4 different tibial fixation devices (Figure 1):
Delta screw and Retroscrew (Arthrex, Naples, Florida), Wash-
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Figure 1. Four tibial fixation devices (left to right): WasherLoc,
Delta screw, Retroscrew, Intrafix.

erLoc (Arthrotek, Warsaw, Indiana), and Intrafix (Depuy Mi-
tek, Raynham, Massachusetts). For each device, 10 ACL fixation
constructs were tested.

Quadrupled human semitendinosus—gracilis tendon grafts
were fixed into the tibias using the 4 tibial fixation devices.
All fixations were done according to manufacturer specifica-
tions=Alkinterferencerscrews wereplacedjeccentrically. The
testing apparatus and procedure are described in an article by
Kousa and colleagues.® The specimens were mounted on the
mechanical testing apparatus by threaded barsand custom
clamps to secure fixation (Figure 2). Constant tension was
maintained on all 4 strands of the hamstring grafts to equal-
ize the tendons. After the looped end of the hamstring graft
was secured by clamps, 25 mm of graft was left between the
clamp and the intra-articular tunnel.

In the cyclic loading test, the load was applied parallel to
the long axis of the tibial tunnel. A 50-N preload was initially
applied to each specimen for 10 seconds. Subsequently, 1500
loading cycles between 50 N and 200 N at a rate of 1 cycle
per 120 seconds were performed. Standard force-displacement
curves were then generated. Each tibial fixation device under-
went 10 cyclic loading tests. Specimens surviving the cyclic
loading then underwent a single-cycle load-to-failure (LTF)
test in which the load was applied parallel to the long axis of
the drill hole at a rate of 50 mm per minute.

Residual displacement, stiffness, and ultimate LTF data were
recorded from the force-displacement curves. Residual dis-
placement data were generated from the cyclic loading test;
residual displacement was determined by subtracting preload
displacement from displacement at 1, 10, 50, 100, 250, 500,
1000, and 1500 cycles. Stiffness data were generated from the
single-cycle LTF test; stiffness was defined as the linear region
slope of the force-displacement curve corresponding to the
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steepest straight-line tangent to
the loading curve. Ultimate LTF
(yield load) data were generated
from the single-cycle LTF test;
ultimate LTF was defined as the
load at the point where the slope
of the load displacement curve
initially decreases.

Statistical analysis generated
standard descriptive statistics:
means, standard deviations, and
proportions. One-way analysis
of variance (ANOVA) was used
to determine any statistically sig-
nificant differences in stiffness,
yield load, and residual displace-
ment between the different fixa-
tion devices. Differences in force
(load) between the single cycle
and the cyclic loading test were
determined by ANOVA. P < .05
was considered statistically sig-
nificant for all tests.

Figure 2. Testing appa-
ratus. Tibias were potted

in epoxy, custom clamp
was placed on hamstring
tendons about,25 mm from
bone tunnel, and specimen
was oriented so load was
applied parallel to axis of
tibial tunnel:

Results

The modes of failure for the de-
vices were similar. In all 10 tests,
Intrafix was pulled through the
tunnel with thehamstring allografts. WasherLoc failed in each
test, with the tendons eventually being pulled through the
washer and thus out through the tunnel*Delta screw and Ret-
roscrew bothfailedéwith slippage of the fixation deyice and
the tendons pulled out through the tunnel.

For the cyclic loading tests, 8 of the 10 Delta screws and
only 2 of the 10 Retroscrews completed the 1500-cycle loading
test before failure. The 2 Delta screws that did not complete
the testing failed after about 500 cycles, and the 8 Retroscrews
that did not complete the testing failed after about 250 cycles.
All 10 WasherLoc and Intrafix devices completed the testing.

Residual displacement data were calculated from the cyclic
loading tests (Table). Mean (SS) residual displacement was
lowest for Intrafix at 2.9 (1.2) mm, followed by WasherLoc at
5.6 (2.2) mm and Delta at 6.4 (3.3) mm. Retroscrew at 25.5
(11.0) mm had the highest residual displacement, though only
2 completed the cyclic tests. Intrafix, WasherLoc, and Delta
were not statistically different, but there was a statistical dif-
ference between Retroscrew and the other devices (P < .001).

Stiffness data were calculated from the LTF tests (Table).
Mean (SD) stiffness was highest for Intrafix at 129 (32.7)
N/mm, followed by WasherLoc at 97 (11.6) N/mm, Delta at
93 (9.5) N/mm, and Retroscrew at 80.2 (8.8) N/mm. Intrafix
had statistically higher stiffness compared with WasherLoc
(P < .05), Delta (P < .01), and Retroscrew (P < .05). There
were no significant differences in stiffness among WasherLoc,
Delta, and Retroscrew.
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Mean (SD) ultimate LTF was highest for Intrafix at 656
(182.6) N, followed by WasherLoc at 630 (129.3) N, Delta
at 430 (90.0) N, and Retroscrew at 285 (33.8) N (Table).
There were significant differences between Intrafix and Delta
(P < .05) and Retroscrew (P < .05). WasherLoc failed at a
significantly higher load compared with Delta (P < .05) and
Retroscrew (P < .05). There were no significant differences in
mean LTF between Intrafix and WasherLoc.

Discussion

In this biomechanical comparison of 4 different tibial fixa-
tion devices, Intrafix had results superior to those of the other
implants. Intrafix failed at higher LTF and lower residual dis-
placement and had higher stiffness. WasherLoc performed well
and had LTF similar to that of Intrafix. The interference screws
performed poorly with respect to LTF, residual displacement,
and stiffness, and a large proportion of them failed early into
cyclic loading.

Intrafix is a central fixation device that uses a 4-quadrant
sleeve and a screw to establish tensioning across all 4 ham-
string graft strands. The theory is this configuration increases
the contact area between graft and bone for proper integra-
tion of graft into bone. Intrafix has performed well in other
biomechanical studies. Using a study design similar to ours,
Kousa and colleagues’ found the performance of Intrafix to
be superior to that of other devices, including interference
screws and WasherLoc. Starch and colleagues'®reported that,
compared with a standard interference screw, Intrafix required
significantly higher load to cause a millimeter of graft lax-
ity.JTheyseconcludedrthat this demonstratesssuperiorfixation
strength and reduced laxity of the graft after ¢yclic loading.
Coleridge and Amis* found that, compared with WasherLoc
and variousinterferencescrews, Intrafix had the lower residual
displacement. However, they also found that, compared with
Intrafix and interference screws, WasherLoc had the highest
ultimate tensile strength. Their findings may be difficult to
compare with ours, as they tested fixation of calf extensor
tendons, and we tested human hamstring grafts.

An important concern in the present study was the poor
performance of the interference screws. Other authors recently
expressed concern with using interference screws in soft-tissue
ACL grafts—based on biomechanical study results of increased
slippage, bone tunnel widening, and less strength." Delta
screws and Retroscrews have not been specifically evaluated,

and their fixation strengths have not been directly compared
with those of other devices. In the present study, Delta screws
and Retroscrews consistently performed the poorest with re-
spect to ultimate LTF, residual displacement, and stiffness.
Twenty percent of the Delta screws and 80% of the Retroscrews
did not complete 1500 cycles. The poor performance of the
interference screws was echoed in studies by Magen and col-
leagues' and Kousa and colleagues,’ in which the only complete
failures were in the cyclic loading of the interference screws.

Three possible confounding factors may have affected the
performance of the interference screws: bone density of por-
cine tibia, length of interference screw, and location of screw
placement. In addition, in clinical practice these screws may
be used with other modes of graft fixation. Combined fixa-
tion (interference screws, other devices) was not evaluated in
this study.

Porcine models have been used in many biomechanical
graft fixation studies.**”'>* Some authors have found porcine
tibia to be a poor substitute for human cadaver tibia because the
volumetric density of porcine bone is higher than that of hu-
man bone."*'"* Other authors have demonstrated fairly similar
bone density between human and porcine tibia.'® The concern
is that interference screw fixation strength correlates with the
dengity of the bone in which screws are fixed."” Therefore,
one limitation of our study is that we did not determine the
bone density of the porcine tibias for comparison with that
of young human tibias.

Another important variable that could have affected the
performance of the interference screws is screw length. One
study found nessignificantdifferencerinsserew strengthsbe-
tween varigus lengths, and longer screws failed to protect
against graft slippage.'® However, Selby and-colleagues® found
that, compared with 28-mm screws, 35-mm bioabsorbable
interference screws failed at higher LTF. This is in part why we
selected 35-mm Delta screws for our study. Both 35-mm Delta
screws and 20-mm Retroscrews performed poorly. However,
we could not determine if the poorer performance of Retro-
screws was related to their length.

We used an eccentric placement for our interference screws.
Although some studies have suggested concentric placement
might improve fixation strength by increasing bone—tendon
contact,” Simonian and colleagues” found no difference in
graft slippage or ultimate LTF between eccentrically and con-
centrically placed screws. Although they were not biomechani-

Table. Summarized Results for the 4 Fixation Devices, Sorted by Load to Failure

Residual Displacement, Stiffness, Load to Failure,
mm N/mm N
Fixation Device Mean SD Mean SD Mean SD
Intrafix 29 1.2 129 33 656 183
WaSherLOC56 ................... 2 2 .................. 97 .................. 12 .................. 630 ................... 129 ..........
Dehascrew ............................ 6 4 ................... 3 3 .................. 93 .................. 9 5 .................. 43090 ...........
Retroscrew ............................ 255 .................. 11 .................. 802 ................. 8 8 .................. 28534 ...........
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cally tested in our study, a few grafts were fixed with concen-
trically placed screws, and these tendons appeared to be more
clinically damaged than the eccentrically placed screws.

Combined tibial fixation techniques may be used in clinical
practice, but we did not evaluate them in our study. Yoo and
colleagues® compared interference screw, interference screw
plus cortical screw and spiked washer, and cortical screw and
spiked washer alone. They found that stiffness nearly doubled,
residual displacement was less, and ultimate LTF was signifi-
cantly higher in the group with interference screw plus cortical
screw and spiked washer. In a similar study, Walsh and col-
leagues” demonstrated improved stiffness and LTF in cyclic
testing with the combination of retrograde interference screw
and suture button over interference screw alone. Further study
may include direct comparisons of additional tibial fixation
techniques using more than one device. Cost analysis of use of
additional fixation devices would be beneficial as well.

Study results have clearly demonstrated that tibial fixation is
the weak point in ACL reconstruction®" and that early aggres-
sive rehabilitation can help restore range of motion, strength,
and function.”** Implants that can withstand early loads dur-
ing rehabilitation periods are therefore of utmost importance.

Conclusion

Intrafix demonstrated superior strength in the fixation'of ham-
string grafts in the tibia, followed closely by WasherLoc: When
used as the sole tibial fixation device, interference screws had
low LTF, decreased stiffness, and high residual displacement,
which may have clinical implications for early rehabilitation
afterACLreconstruction.
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