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Subcortical Backup Tibial Fixation in Anterior
Cruciate Ligament Reconstruction Has Similar

Maximal Strength to Current Techniques
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Margaret A. Nowicki, Ph.D., Matthew A. Posner, M.D., Liang F. Zhou, M.D., and
Shawn M. Gee, M.D.
Purpose: To evaluate the biomechanical profile of subcortical backup fixation (subcortical button [SB]) in anterior
cruciate ligament (ACL) reconstruction as compared with a bicortical post and washer (BP) and suture anchor (SA) when
used with interference screw (IS) primary fixation and to evaluate the utility of backup fixation for tibial fixation with
extramedullary cortical button primary fixation. Methods: Fifty composite tibias with polyester webbingesimulated graft
were used to test constructs across 10 methods. Specimens were separated into the following groups (n ¼ 5): 9-mm IS
only, BP (with and without graft and IS), SB (with and without graft and IS), SA (with and without graft and IS),
extramedullary suture button (with and without graft and IS), and extramedullary suture button with BP as backup
fixation. Specimens were tested under cyclic loading and then loaded to failure. Maximal load at failure, displacement, and
stiffness were compared. Results: Without a graft, the SB and BP had similar maximal loads (802.46 � 185.18 N vs
785.67 � 100.96 N, P ¼ .560), and both were stronger than the SA (368.13 � 77.26 N, P < .001). With graft and an IS,
there was no significant difference in maximal load between the BP (1,461.27 � 173.75 N), SB (1,362.46 � 80.47 N), and
SA (1,334.52 � 195.80 N). All backup fixation groups were stronger than the control group with IS fixation only (932.91
� 99.86 N, P < .001). There was no significant difference in outcome measures between the extramedullary suture button
groups with and without the BP (failure loads of 721.39 � 103.32 N and 718.15 � 108.61 N, respectively). Con-
clusions: Subcortical backup fixation in ACL reconstruction has similar biomechanical properties to current methods and
is a viable backup fixation alternative. Backup fixation methods work synergistically with IS primary fixation to
strengthen the construct. There is no advantage to adding backup fixation to extramedullary button (all-inside) primary
fixation when all suture strands are secured to the extramedullary button. Clinical Relevance: This study provides
evidence that subcortical backup fixation is a viable alternative for surgeons during ACL reconstruction.
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nterior cruciate ligament (ACL) rupture is among
Athe most common injuries in active individuals,
with roughly 250,000 injuries per year.1 As a result,
ACL reconstruction is one of the 10 most performed
orthopaedic procedures annually.2 Techniques and
technology for ACL reconstruction continue to evolve,
and minimizing soft-tissue graft slippage is a focus of
recent advancements.3,4 The 2 fundamental forms of
ACL graft fixation are interference fixation and sus-
pensory fixation. In constructs that use a soft-tissue
graft, tibial-sided interference screw (IS) fixation has
been identified as the weak point, leading many sur-
geons to add a backup form of fixation.4-9

Although adding supplementary tibial fixation adds
cost and time to the procedure, studies have found that
backup fixation improves the ultimate failure load and
decreases elongation of a reconstructed ACL through
load sharing between the primary and backup fixation
devices.3,9-17 There are many options for backup fixa-
tion, and 2 commonly used methods in current practice
are a bicortical post and washer (BP) and a suture an-
chor (SA). Verioti et al.9 recently compared the
displacement and ultimate strength of ACL grafts with a
post and washer versus an SA for backup tibial fixation
in a porcine study. Their study showed a higher
maximal load to failure in the group with post-and-
washer backup fixation compared with the SA group;
however, there was no statistically significant difference
between groups. Although a bicortical post offers stout
suspensory fixation, it places a large washer on the
medial cortex of the tibia and often leads to hardware
irritation. Additionally, although a knotless SA provides
low-profile fixation, it requires a large drill hole and
relies on interference fixation.
Cortical suspensory buttons are another fixation op-

tion commonly used for soft-tissue fixation.18-22

Cortical buttons can be used in an intramedullary or
extramedullary fashion through a small drill hole. In
ACL reconstruction, cortical buttons are most
commonly used in an extramedullary fashion on the
femoral side and are becoming increasingly popular for
tibial-sided fixation in all-inside constructs. Intra-
medullary subcortical buttons (SBs) have shown similar
strength to ISs in subpectoral biceps tenodesis19 and
may offer another low-profile backup fixation option in
ACL reconstruction, as described by Gee et al.23 (Fig 1).
The purposes of this study were to evaluate the

biomechanical profile of subcortical backup fixation in
ACL reconstruction as compared with a BP and SA
when used with IS primary fixation and to evaluate the
utility of backup fixation for tibial fixation with extra-
medullary cortical button primary fixation. Our
hypotheses were that intramedullary SB backup fixa-
tion would provide similar maximum strength and graft
displacement to current techniques and that adding
supplementary fixation to an extramedullary cortical
button suspensory construct would not increase the
ultimate load to failure of the construct.

Methods

Specimens
Fifty composite tibia specimens (fourth-generation

composite, model 3402; Sawbones, Pacific Research
Laboratories, Vashon, WA) were used to test fixation
techniques across 10 methods. All specimens were
prepared with an anteromedial 9.5-mm drill tunnel
by a single investigator (D.F.C.) using a custom
3-dimensionally printed jig for standardization. The
tibias were then separated into groups according to
which fixation device would be tested, with 10 groups
of 5 specimens each: polyester graft with 9 � 28emm
metal IS alone (Arthrex, Naples, FL), BP alone
(Bi-cortical Post and Washer; Arthrex), BP with graft
and IS (IS-BP), SB alone (BicepsButton; Arthrex),
intramedullary SB with graft and IS (IS-SB), 4.75-mm
SA alone (SwiveLock; Arthrex), SA with graft and IS
(IS-SA), extramedullary button alone (Attachable
Button System [ABS]; Arthrex), extramedullary button
with graft and IS (IS-ABS), and extramedullary button
as primary fixation with bicortical post as backup fixa-
tion (ABS-BP). To test fixation devices without graft
and an IS, two 15-cm strands of highetensile strength
suture were secured in the tibia with the fixation device
of interest 2 cm distal to the tibial tunnel and were
then routed through the tunnel. A 30-cm length of
2-cm-wide polyester webbing (Uline, Pleasant Prairie,
WI) was used to simulate the graft. The polyester
webbing was doubled over to form a loop, and the
opposite end was secured with 2 strands of highetensile
strength suture (FiberWire; Arthrex) with 5 Krackow
stitches each. The graft was fixed in the bone tunnel
with a 9 � 28emm cannulated metal IS except when
used with the extramedullary button.
Specimens in each group were then placed in a

custom 3-dimensionally printed jig, and a bicortical drill
hole specific to each implant size was created in the
same location, 2 cm distal to the anteromedial graft
tunnel (Fig 2). In the SB group, the simulated cancel-
lous material was removed from the anteromedial
cortex with a curette to ensure that the suture button
would seat appropriately.
Specimens were then mounted to the servohydraulic

mechanical testing system (MTS) (858 Mini Bionix II;
MTS Systems, Eden Prairie, MN) with the graft tunnel
in line with the load cell and actuator. Specimens were
fixed in place on the MTS to measure the initial fixation
tension generated by the surgeon. A single, sports
fellowshipetrained investigator (XXX) assessed all tibias
and performed all fixation procedures.



Fig 1. Anteroposterior (A) and lateral (B) radiographs of right knee after anterior cruciate ligament reconstruction with inter-
ference screw and subcortical backup fixation in tibia. (C) Subcortical backup fixation with suture strands looped through metal
button and anchored to intramedullary cortex of tibia.
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Biomechanical Testing
Specimens were affixed to the MTS actuator via a

custom fixture and pins (Fig 3). The loose end of the
graft was secured in a gripper mounted directly to the
load cell in line with the MTS actuator. Specimens were
preloaded at a constant 50 N in tension for 10 seconds
and were then cyclically loaded from 50 to 250 N for
500 cycles at 1 Hz. After cyclic loading and a subsequent
10-second constant 50-N preload, specimens were
loaded to failure at a constant longitudinal distraction
rate of 5 mm/min until the load across the specimen
failed to maintain 25% of the maximum load detected
Fig 2. Examples of specimens in 3 backup fixation groups mounte
(A) Interference screw primary fixation with bicortical post-and-
subcortical backup. (C) Interference screw primary fixation with
throughout distraction or until the graft was completely
pulled out of the tunnel. Force and displacement were
continuously recorded at 102 Hz by the MTS actuator
and in-line load cell throughout the cyclic loading and
load-to-failure testing.

Data Reduction
Force and displacement data were filtered using

a fourth-order zero-lag Butterworth filter (sampling
frequency, 102 Hz; cutoff frequency, 1 Hz) and
processed with custom MATLAB scripts (vR2020a; The
MathWorks, Natick, MA). Cyclic displacement
d to testing apparatus with tibial plateau oriented toward floor.
washer backup. (B) Interference screw primary fixation with
suture anchor backup.



Fig 3. Biomechanical testing apparatus with composite tibia
specimen mounted in custom jig. The simulated graft is
secured into the bone tunnel with an interference screw and
anchored to a mounting device attached to the load cell.

e4 D. F. COLANTONIO ET AL.
(in millimeters), cyclic stiffness (in newtons per milli-
meter), failure load (in newtons), pullout displacement
(in millimeters), pullout stiffness (in newtons per
millimeter), and load at 5 mm of displacement
(in newtons) were determined for each specimen and
then for each of the 10 groups. To calculate these met-
rics, initial displacement (D0), displacement at the
beginning of cyclic loading (after 1 cycle) (D1),
displacement at the end of cyclic loading (after 500 cy-
cles) (D500), and displacement at the beginning of the
load-to-failure test (D2F) were manually selected for
each specimen (Fig 2). Maximum load at failure was
extracted from the load-to-failure testing after cyclic
loading. Maximum displacement was calculated from
the final displacement measurement at failure and the
initial displacement measurement during the brief 50-N
preload that followed cyclic loading. Load at 5 mm of
displacement was recorded as a second method of
measuring strength at failure, where failure was defined
as 5 mm of displacement. Stiffness was calculated as the
slope of the linear portion (approximately one-third) of
the load-displacement curve produced during load-to-
failure testing. Descriptive statistics (mean � standard
deviation) were calculated for each metric. Modes of
failure included (1) suture rupture, (2) suture slippage in
backup fixation, and (3) graft pullout.

Statistical Analysis
Mean failure load, displacement, and stiffness values

were compared between backup fixation groups
without primary fixation (no simulated graft and IS)
and those with primary fixation (with simulated graft
and IS) using 1-way analysis of variance followed by
Bonferroni-adjusted post hoc pair-wise comparisons.
The significance level was set a priori at a ¼ .05. A
power analysis was performed and the available sample
was determined to be adequate to detect a difference of
100-N force in failure load at a power of 86%. All sta-
tistical analyses were performed with the rstatix pack-
age using R (version 4.0.2; R Foundation for Statistical
Computing, Vienna, Austria) in the RStudio program
(version 1.3; RStudio, Boston, MA).

Results

Backup Fixation Only
When specimens were tested without a simulated

graft and IS to isolate the supplementary fixation, the
SB group had a greater failure load than the SA group
(Table 1). There was no significant difference in
maximum failure load between the SB group and the
BP or ABS group (P > .100). The BP construct with-
stood a significantly greater failure load than the ABS
construct. The ABS group had a greater failure load
than the SA group. Similarly, the SB construct with-
stood a greater force at 5 mm of displacement than the
SA construct (Table 1) and was not different from the
BP and ABS constructs (P > .100). There were no sig-
nificant differences in load at failure in all other com-
parisons (P > .05).
The SA and ABS groups displayed less pullout

displacement than the SB group (Table 1). There was
no difference in pullout displacement between the SB
and BP groups, nor was there any difference in cyclic
displacement among all 4 groups (P > .05).
The shapes of the total force-displacement curves of

the SB, BP, and ABS groups were similar; the fixation
constructs behaved like brittle materials, whereas the
SA behaved more like a ductile material (Fig 4).
Compared with the SB group, the ABS group had
greater pullout stiffness (Table 1). The ABS group had
the greatest pullout stiffness of the 4 groups. There were
no other significant differences in pullout stiffness
values. Compared with the SB group, the BP group
showed greater cyclic stiffness. The BP group also
showed greater cyclic stiffness than the SA group. There
was no significant difference in cyclic stiffness in the
other comparisons (Table 1).

Primary and Backup Fixation
The control group with graft and an IS only as the

primary fixation had a mean maximum load to failure
of 932.91 � 99.86 N. When specimens were tested with
a graft, IS, and backup fixation, the SB, BP, and SA
groups showed greater failure loads than the control
group (IS) (P < .001, Table 2). There was no statistically
significant difference between the IS-SB group and the



Table 1. Biomechanical Testing Results of Fixation Groups Tested Without Graft

Group

Cyclic
Displacement,

mm

Cyclic
Stiffness,
N/mm

Failure
Load, N

Pullout
Displacement,

mm

Pullout
Stiffness,
N/mm

Force at 5 mm of
Displacement, N

BP 4.61 � 1.13 38.36 � 16.86* 785.67 � 100.95y 11.55 � 2.87 60.49 � 3.20y 438.78 � 20.26
SB 6.89 � 1.99 15.31 � 4.43 802.46 � 185.18 9.44 � 2.34 60.26 � 11.34 433.29 � 57.73
SA 9.40 � 5.23 13.27 � 7.87 368.13 � 77.26*,y 5.59 � 1.51* 45.58 � 18.38y 337.79 � 49.60*
Extramedullary button (ABS) 5.36 � 1.20 20.95 � 5.24 587.42 � 100.39 4.96 � 1.75* 78.38 � 9.93* 452.90 � 45.83

NOTE. Biomechanical outcome measures for each backup fixation device tested without simulated interference screw primary fixation are
presented as mean ± standard deviation.
ABS, Attachable Button System; BP, bicortical post; SA, suture anchor; SB, subcortical button.
*Significantly different from SB group at 5% level of significance. The P values for comparison to the SB group were as follows: P ¼ .003 for

failure load, P ¼ .025 for pullout displacement, and P¼ .035 for force at 5 mm of displacement in SA group; P ¼ .028 for pullout displacement and
P ¼ .028 for pullout stiffness in ABS group; and P < .001 for stiffness in BP group.
ySignificantly different from ABS group at 5% level of significance, with P ¼ .014 for failure load in BP group, P ¼ .009 for failure load in SA

group, P ¼ .005 for pullout stiffness in BP group, and P ¼ .011 for pullout stiffness in SA group.
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IS-BP or IS-SA group. The failure loads of the IS-BP and
IS-SA groups were also greater than those of the IS,
ABS, and ABS-BP groups (P ¼ .006 for IS-SA vs. IS and
P < .001 for all other comparisons). The control group
(IS) had a higher failure load than the ABS and ABS-BP
groups (Table 2). There was no significant difference
between the ABS and ABS-BP groups.
The IS and IS-SA groups displayed less pullout

displacement than the IS-SB and IS-BP groups
(Table 2). There was no difference in displacement
between the IS-SB and IS-BP groups (P > .05). The IS
group displayed less pullout displacement than the ABS
and ABS-BP groups. Cyclic displacement in the IS-SB
group was lower than that in the ABS and ABS-BP
groups (Table 2). The cyclic displacement values in
the IS, IS-BP, IS-SB, and IS-SA groups were all lower
than those in the ABS and ABS-BP groups (P < .05) but
were not significantly different from each other.
Unlike the shape of the total force-displacement

curves in the isolated SB and BP groups, the IS-SB
and IS-BP constructs behaved more like ductile mate-
rials. The ABS and ABS-BP constructs still behaved as
brittle materials (Fig 4). Unlike the isolated groups, the
ABS and ABS-BP groups had lower pullout stiffness
values than the IS-SB group whereas the IS-SA group
had greater pullout stiffness. The ABS and ABS-BP
groups had lower pullout stiffness values than all
other groups (P < .001), and the ABS group had lower
pullout stiffness than the ABS-BP group (P < .001). The
IS, IS-BP, and IS-SA groups had greater cyclic stiffness
values than the ABS and ABS-BP groups (P < .001,
Table 2). There were no significant differences in any
other comparisons (P > .05).

Modes of Failure
In 1 specimen in the SA group, failure occurred

during initial cyclic loading; this specimen was excluded
from the results. In addition, 1 specimen in the IS-SA
group was excluded as an outlier. The most common
mode of failure was suture rupture (36 of 48 speci-
mens) or suture slippage (8 of 48). The mode of failure
for the specimens in the SA and IS-SA groups was su-
ture slippage. The mode of failure for all specimens in
the BP, IS-BP, SB, IS-SB, ABS, and ABS-BP groups was
suture rupture.
Discussion
The results indicate that a subcortical suture button

provides similar maximal strength to other methods of
supplementary tibial fixation during ACL reconstruc-
tion. The maximum load at failure was greater than
that of the isolated SA and was not significantly
different from that of the bicortical post or the extra-
medullary button. The results indicate that the isolated
SB and BP constructs have the greatest maximum
failure loads, the isolated ABS construct is the next
strongest, and the SA construct is the weakest. When
primary fixation with a graft and IS were incorporated
into the construct, the SB group again showed maximal
strength similar to the BP and SA groups.
In a similar study, Verioti et al.9 compared the

biomechanical properties of an SA versus a bicortical
post for backup ACL graft fixation with an IS in porcine
tibias. They found a maximal load to failure of 1,148 �
186 N using a bicortical post and a maximal load of
1,007 � 176 N using the same 4.75-mm SA as in our
study. These results were significantly greater than the
maximal load using an IS in isolation (778 � 139 N).
Although these loads are lower than those found in our
study, the trends in differences are similar in that the
bicortical post and SB showed the highest failure loads
and all 3 supplementary devices yielded a higher
maximal load than the IS alone. In another porcine
study, Kim et al.17 showed similar performance be-
tween backup fixation with a 3.5-mm screw and that
with a 6-mm SA. Similarly, Walsh et al.24 found that
tibial ACL graft fixation with a retrograde IS was



Fig 4. Force displacement curves of each backup fixation construct when tested without (A) and with (B) simulated graft and
interference screw primary fixation.
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strongest when used in conjunction with an extra-
medullary suture button as supplementary fixation
compared with the screw or button in isolation. The
failure loads for all fixation methods measured in our
study were most similar to those in the study of Verioti
et al.9; however, they were greater than those reported
in all 3 similar studies. The greater loads measured in
our study may be attributable to using composite tibias
rather than porcine specimens.
Composite bones have been used to simulate human

bone in a variety of biomechanical studies.25-32

Although some studies have shown stronger biome-
chanical properties of composite bones as compared
with osteoporotic human cadaveric specimens,25

fourth-generation composite tibias, as used in this
study, have similar material properties to young human
cadaveric bone.28,30 Fourth-generation composite tibias
and femurs have also been used in ACL-related
research to evaluate for fracture risk around femoral
and tibial drill tunnels.26,29 Although these models may
approximate young human cadaveric bone, it is difficult
to directly compare our results with those of previously
published porcine studies. When this study was per-
formed, our facility did not have the capacity to
accommodate animal or human cadaveric specimens
and, therefore, composite bones were used.
When supplementary fixation devices were tested in

isolation, both the bicortical post and the suture button
were significantly stronger than the SA. This is likely
because of the suspensory nature of the post and suture
button, conferring strength through highetensile
strength sutures, versus the SA, which relies on fric-
tion between the screw-suture-bone interface.
This mechanistic difference is reflected in the differing
failure modes between groups, given that the SA
constructs failed by suture slipping out from the
anchor-bone interface whereas the suspensory devices
failed by the sutures rupturing. Although the differ-
ences were not statistically significant between the
suspensory devices and the SA when the graft was
incorporated, the data trended toward the suture but-
ton and the post providing higher maximal loads.
There was no difference in isolated cyclic displace-

ment, but the ABS and ABS-BP groups showed more
cyclic displacement than the other groups. Cyclic
displacement is permanent elongation that occurs after
the first cycle meant to replicate normal loading con-
ditions. The results of this study indicate that an
extramedullary suture button construct, such as that
used in an all-inside technique, sees more displacement
under normal loading conditions than constructs with
IS fixation. As such, these constructs may be at greater
risk of elongation or loosening during the initial reha-
bilitation phases before the graft heals into the bone
tunnel.
When used with the IS and under load-sharing con-

ditions, the SA showed one of the greatest failure loads,
the greatest load at 5 mm of displacement, and one of
the lowest pullout and cyclic displacement values.
However, the SA was inferior to other fixation methods
in isolation and therefore may be more likely to fail as a
backup device if the IS were to fail. The SB and BP also
showed strong maximum loads, as well as loads at 5
mm of displacement, and low cyclic displacement
values, and they performed well in isolation, meaning
that they would secure the graft if the IS failed. The
ABS performed well in isolation, but it did not perform
well in conjunction with the IS under load-sharing
conditions. Additionally, the SA, IS, and ABS groups
showed less pullout displacement than the BP and SB



Table 2. Biomechanical Testing Results of 6 Fixation Groups Tested With Graft

Group

Cyclic
Displacement

(mm)
Cyclic Stiffness

(N/mm) Failure Load (N)

Pullout
Displacement

(mm)
Pullout

Stiffness (N/mm)
Force at 5 mm of
Displacement (N)

Control (IS only) 3.64 � 0.94 29.85 � 5.03 932.91 � 99.86* 4.58 � 2.34* 171.66 � 23.76 760.05 � 146.08
BP 3.45 � 0.60 30.26 � 4.26 1,461.27 � 173.75 14.33 � 4.92 161.57 � 39.94 908.64 � 267.58
SB 3.20 � 0.97 35.61 � 13.34 1,362.45 � 80.46 15.16 � 4.09 137.56 � 32.30 787.36 � 219.77
SA 3.14 � 1.15 35.08 � 13.11 1,275.03 � 165.89 5.93 � 1.16* 189.07 � 25.15* 1,093.76 � 97.20*
Extramedullary button (ABS) 7.43 � 1.70* 14.03 � 2.51* 721.39 � 103.32*,y 8.50 � 1.84*,y 51.82 � 5.46* 450.61 � 34.01*
ABS-BP 7.58 � 1.28* 14.20 � 1.88* 718.15 � 108.61*,y 8.48 � 2.38*,y 67.38 � 0.85* 464.26 � 14.16*

NOTE. Biomechanical outcome measures for each backup fixation device tested with simulated IS primary fixation are presented as mean ±
standard deviation.
ABS, Attachable Button System; BP, bicortical post; IS, interference screw; SA, suture anchor; SB, subcortical button.
*Significantly different from SB group at 5% level of significance. The P values for comparison to the SB group were as follows: P < .001 for

failure load and P < .001 for pullout displacement in the IS group; P ¼ .004 for pullout displacement, P < .001 for pullout stiffness, and P ¼ .037
for force at 5 mm of displacement in the SA group; P ¼ .008 for cyclic displacement, P < .001 for cyclic stiffness, P < .001 for failure load, P ¼ .011
for pullout displacement, P ¼ .008 for pullout stiffness, and P ¼ .010 for force at 5 mm of displacement in the ABS group; and P ¼ .008 for cyclic
displacement, P < .001 for cyclic stiffness, P < .001 for failure load, P ¼ .013 for pullout displacement, P ¼ .008 for pullout stiffness, and P ¼ .011
for force at 5 mm of displacement in the ABS-BP group.
ySignificantly different from IS group at 5% level of significance, with P ¼ .011 for failure load in ABS group, P ¼ .012 for failure load in ABS-BP

group, P ¼ .019 for pullout displacement in ABS group, and P ¼ .031 for pullout displacement in ABS-BP group.
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groups. This is likely because of the stronger fixation at
the anchor point in the SB and BP groups, allowing for
elongation through the graft at maximal loads, whereas
in the IS and SA groups, the construct fails as the su-
tures slip through the interference fit between the de-
vice and the bone. Finally, the isolated SB was less stiff
under cyclic loading conditions than the BP, but in vivo
testing is necessary to determine the impact this may
have on healing.

Limitations
This study has several limitations. First, this was a

biomechanical study using synthetic graft and bone
substitutes rather than human or animal tissue. The
composite tibias ensure consistent biomechanical
properties between groups and specimens and have
been found to adequately replicate the physiological
values for mechanical properties and cancellous screw
pullout.27,28-33 Although the results of this study may
not be directly comparable to those of previous porcine
models, the consistency of the manufactured tibias and
comparability to young human cadaveric bone28,30

likely contribute to a consistent model that accurately
compares fixation device biomechanical properties. To
make this experiment more realistic, one possible
change to the procedures would be to soak the com-
posite tibias in body-temperature water before prepa-
ration and testing to better simulate in vivo
conditions.27 Similarly, this study used polyester
webbing to simulate a soft-tissue ACL graft. Historically,
synthetic grafts have been studied as potential sub-
stitutes for autograft or allograft tissue but have had a
multitude of issues in vivo, largely owing to leaching
effects and third-body particle wear.34-36 Some early
outcome studies of polyester and other synthetic ACL
grafts showed good outcomes regarding knee stability,
but immunologic responses over time led to graft fail-
ure.37,38 Although the synthetic graft used in this study
may make the results difficult to relate to similar
porcine studies, our control group with just graft and an
IS had a similar failure load to that reported by Verioti
et al.,9 suggesting that the synthetic graft is an adequate
substitute at time 0. Another limitation of this study is
the small sample size. Although our ad hoc power
analysis showed 86% power for a sample size of 5, a
post hoc analysis showed that 13 specimens would be
required to determine a difference between fixation
groups. Post hoc power analysis showed that 5 speci-
mens was adequate to determine a 100-N difference in
maximal load between the fixation groups and the
control group, however.
Conclusions
Subcortical backup fixation in ACL reconstruction has

similar biomechanical properties to current methods
and is a viable backup fixation alternative. Backup
fixation methods work synergistically with IS primary
fixation to strengthen the construct. There is no
advantage to adding backup fixation to extramedullary
button (all-inside) primary fixation when all suture
strands are secured to the extramedullary button.
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