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Secure fixation of femoral bone plug with a suspensory button
in anatomical anterior cruciate ligament reconstruction with

bone-patellar tendon-bone graft
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Abstract

Purpose: the efficacy and safety of using a suspen-
sory button for femoral fixation in anatomical anterior
cruciate ligament (ACL) reconstruction with bone-
patellar tendon-bone (BPTB) graft have not been esta-
blished. The purpose of the current study was to eva-
luate bone plug integration onto the femoral socket
and migration of the bone plug and the EndoButton
(EB) (Smith & Nephew, Andover, MA, USA) after
rectangular tunnel ACL reconstruction with BPTB
autograft.

Methods: thirty-four patients who underwent anato-
mical rectangular ACL reconstruction with BPTB
graft using EB for femoral fixation and in whom
three-dimensional (3D) computed tomography (CT)
was performed one week and one year after surgery
were included in this study. Bone plug integration
onto the femoral socket, bone plug migration, soft tis-
sue interposition, EB migration and EB rotation were
evaluated on 3D CT. The clinical outcome was also
assessed and correlated with the imaging outcomes.
Results: the bone plug was integrated onto the femo-
ral socket in all cases. The incidence of bone plug
migration, soft tissue interposition, EB migration and
EB rotation was 15, 15, 9 and 56%, respectively. No
significant association was observed between the ima-
ging outcomes. The postoperative mean Lysholm
score was 97.1 £ 5.0 points. The postoperative side-to-
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side difference, evaluated using a KT-2000 arthrome-
ter, averaged 0.5 = 1.3 mm. There were no complica-
tions associated with EB use. Imaging outcomes did
not affect the postoperative KT side-to-side difference.
Conclusions: the EB is considered a reliable device
for femoral fixation in anatomical rectangular tunnel
ACL reconstruction with BPTB autograft.

Level of evidence: Level IV, therapeutic case series.

Keywords: anterior cruciate ligament reconstruction,
bone-patellar tendon-bone, EndoButton, suspensory
fixation.

Introduction

Aperture fixation with interference screws has been
commonly used for femoral fixation in antetior crucia-
te ligament (ACL) reconstruction using bone-patellar
tendon-bone (BPTB) graft (1). By providing a secure
fixation close to the articular surface (2), this technique
avoids concerns related to graft-tunnel motion.
However, complications associated with interference
screw femoral fixation, including graft laceration, intra-
articular migration and femur fracture have been
reported (3-5). Meanwhile, femoral fixation with
suspension buttons has been reported to be a reliable
technique in ACL reconstruction using hamstring ten-
dons (6-9), although it allows graft-tunnel motion (10).
By contrast, there are only a few articles that report
using only suspensory buttons in ACL reconstruction
with BPTB graft (11). Shino et al. reported the use of
an interference screw or the other fixation techniques
including a suspensory button for femoral fixation in
their anatomical rectangular tunnel ACL reconstruc-
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tion using BPTB graft (12). To date, suspensory button
fixation of BPTB grafts has not been thoroughly exa-
mined from the perspective of graft healing and risk of
migration. Therefore, the purposes of the current
study were to evaluate bone plug integration onto the
femoral socket and migration of the bone plug and
EndoButton (EB) (Smith & Nephew, Andover, MA,
USA) after rectangular tunnel ACL reconstruction
with BPTB autograft. Furthermore, we investigated
the effect of these variables on the clinical evaluation.
Our hypothesis was that the incidence of bone plug
migration in the femoral socket and EB migration
would be low following the procedure.

Methods

Participants

Of the 56 consecutive patients undergoing rectangu-
lar tunnel ACL reconstruction using BPTB autograft
at our institute between July 2009 and August 2012,
34 were included in this study. The inclusion criteria
for the study were as follows: i) no prior intra-articu-
lar ligament reconstruction or osteotomy around the
knee joint had been performed; and ii) a 3D compu-
ted tomography (CT) scan of the operated knee had
been performed at one week and one year after sur-
gery. There were 17 patients who did not meet the
first inclusion criterion, and 5 who did not meet the
second; therefore, in total, 22 patients were excluded.
The patients included in the study were 8 females and
26 males, with a median age of 25 years (range, 16- 50
years). The patient information is summarized in

Table 1. The institutional review board approved this
retrospective study. The patients and their families
were informed that data from their cases would be
submitted for publication, and they all provided con-
sent.

Table 1. Preoperative patient information.

Number of patients 34
Gender (female/male) 8/26

Age (years) 25 (16-50)
Body height (cm) 169 £ 6
Body weight (kg) 68 = 14
Body mass index (kg/m?) 2331338
Tegner activity scale score 7 (5-10)

Data are given as means * standard deviations or medians (range).

Interyentions
ACL reconstruction with BPTB was performed arth-
roscopically using a 3D fluoroscopy-based navigation
system to create the rectangular femoral sockets, as
described previously (13, 14). Autologous BPTB
grafts were 10 mm in width and harvested with bone
plugs at both ends from the central portion of the
patellar tendon. The femoral bone plug for a rectan-
gular socket was typically 5 X 10 X 15 mm as descri-
bed by Shino et al. (15). It was connected to an EB
(Smith & Nephew Endoscopy, Andover, MA, USA)
using No. 5 Fiber Wire (Arthrex, Inc., Naples, FL,
USA) and No. 3 non-absorbable suture (Fig. 1). The
femoral insertion site for the rectangular socket was
determined by monitoring the bony landmarks (i.e.,
the lateral intercondylar ridge

15 mm
5 mm
10 mm

patzllar tendan
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and the lateral bifurcate ridge)
both by arthroscopic view and
on the navigation screen
(Stealth Station TRIA™ plus,
Medtronic, Louisville, CO,
USA) (16, 17). The priority, in
creating the femoral socket,
was to position the femoral
socket aperture within the
femoral footprint of the ACL.
Two parallel guidewires for the
femoral socket were then pla-
ced and were overdrilled for
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Fig. 1. Scheme of bone-patellar tendon-bone graft.

an appropriate length using a
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5-mm cannulated drill through a far anteromedial por-
tal (18). The two sockets were interconnected using a
dilator (Smith & Nephew) and the lateral femoral cor-
tex was drilled through the center of the two sockets
using an EB drill (Smith & Nephew Endoscopy). On
the tibial side, a guidewire was positioned at the center
of the tibial footprint of the ACL and overdrilled 25-
35 mm. Then, two parallel guidewires were inserted
just anterior and posterior to the guidewire which had
been inserted previously using a parallel guide (Smith
& Nephew). They were overdrilled the full length
using a cannulated drill, and the two tunnels were
interconnected using a dilator (Smith & Nephew
Endoscopy). The tibial insertion site was arthroscopi-
cally determined in reference to the ACL remnant,
posterior cruciate ligament, medial tibial eminence,
intermeniscal ligament, and anterior horn of the late-
ral meniscus (19). After creating a femoral socket and
tibial tunnel, the graft was passed through, and the EB
loop was flipped outside of the femoral cortex in the
usual manner. The bone plug was set far enough into
the femoral socket so that the ligament end of the
graft was inset 1 mm into the femoral socket to avoid
protrusion of the bone plug from the femoral socket.
Tibial fixation of the BPTB graft was accomplished
over a suture-post fixation with a fully threaded 6.5-
mm cancellous screw and washer (Meira Corp.,
Nagoya, Japan). The BPTB graft was fixed at full knee
extension.

The knee was not immobilized, but was protected for
five weeks with a functional brace. Active and assisted
range of motion exercises were initiated immediately
after the surgery. Partial weight-bearing was allowed
two days after surgery and full weight-bearing at one
week. Running was allowed at four months, followed
by return to previous sporting activity at an average of
eight to nine months after surgery.

Ountcome measurements

Bone integration was considered to be achieved
when trabecular continuity without any gap between
the bone plug and femoral bone socket was observed
on at least three consecutive axial CT images (Fig.
2A). Two orthopedic surgeons evaluated the bone
integration. Migration of the bone plug was measu-
red on axial CT images. The shortest distance bet-
ween the bone plug and the femoral socket aperture
was measured, and the distance on the identical
image at one year after surgery was compared with
that at one week postoperatively (Fig. 2B). Bone
plug migration was considered to have occurred
when the bone plug end had moved more than 1 mm
on the axial view postoperatively. EB migration and
EB rotation were measured on CT images using the
method described by Mae et al. (20). The shortest
distance between the lateral femoral cortex and EB
was measured on coronal CT images, and the distan-
ce on the identical image at one year after surgery
was compared with that at one week postoperatively.
Positive soft tissue interposition was considered pre-
sent when there was a distance of more than 1 mm
between the lateral femoral cortex and EB on the
coronal CT image, and EB migration was considered
present when the EB had moved more than 1 mm on
the coronal view (Fig. 3). An angle formed by the
posterior cortex and the long axis of EB was measu-
red on the 3D reconstructed CT model. EB rotation
was considered to have occurred when the EB had
rotated by more than 5°, between one week and one
year postoperatively (Fig. 4). An orthopedic surgeon
evaluated bone plug migration, soft tissue interposi-
tion, EB migration and EB rotation.

A 3D CT scan of the operated knee was performed
one week and one year after surgery in all patients,
using a helical high-speed Aquilion 64™ 64 or Aqui-
lion ONE™ (Toshiba Medical Systems Cozrp., Tokyo,

Fig. 2. Measurement on axial CT image.

The shortest distance between the bone plug
end and the femoral socket aperture (white line)
was measured on an axial computed tomogra-
phy (CT) image taken one week after surgery
(A) and one year after surgery (B). Bone integra-
tion was considered to be achieved when there
was presence of trabecular continuity without
any gap between the bone plug and femoral
bone socket (white arrows) on axial CT images.
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Fig. 3. Measurement on coronal CT image.

The shortest distance between the lateral femoral cortex and the
EndoButton was measured on a coronal computed tomography
image (Black arrow). White arrow shows the one.

Fig. 4. Measurement on 3D CT bone model.

An angle formed by the posterior cortex and the long axis of the
EndoButton was measured on a 3D reconstructed computed tomog-
raphy model.

Japan) CT machine. The axial images were obtained at
0.5-mm intervals. The ZIOSTATION software pac-
kage (Ziosoft Inc., Tokyo, Japan) was used for coronal
and 3D reconstruction of the operated knee. The
coronal images were reconstructed at 2-mm intervals

and a 3D bone model was also reconstructed. The
tibia and the patella were removed from the 3D
model. A true lateral view of the femur was establis-
hed by superimposing the posterior aspects of the
femoral condyles. Measurement of EB rotation was
done on the surface of the lateral view of the 3D
femoral model.

Clinical assessment was performed one year after sur-
gery, which corresponded to the time period of CT
assessment. All patients were subjectively evaluated
using the Lysholm score. Anterior knee stability was
quantitatively assessed using a KT-2000 arthrometer
(MEDmetric Corp. San Diego, CA, USA).
Reconstructed and contralateral knees were measured
with a 134-N anterior force applied to the proximal
tibia at 20° of knee flexion. The side-to-side differen-
ce in anterior translation was used as a representative
indicator of restored knee stability. The pivot shift test
was graded as negative, glide, clunk or gross to deter-
mine rotational stability. The range of motion of both
knees was also evaluated. Complications associated
with EB use were also recorded.

Data analysis

Statistical analysis was performed using the EXCEL
statistics 2012 software package for Microsoft
Windows (SSRI Co., Ltd., Tokyo, Japan) and the
Statistics for Microsoft Windows: the intraclass cor-
relation coefficient (Vector Inc., Tokyo, Japan).
Fisher’s exact test was used to evaluate the relations-
hip between two out of four variables on CT: bone
plug migration, EB migration, EB rotation, or soft
tissue interposition. A Student’s t-test was used to
analyze the clinical results according to the four
variables on CT. The statistical significance level was
set at p < 0.05. Inter-observer reliability for the eva-
luation of bone integration was assessed with Kappa
statistics. Absolute agreement was observed for this
variable (k coefficient = 1). Intra-observer reliability
for the radiographic parameters was represented by
intraclass correlation coefficients (ICCs). A period of
four weeks elapsed between test and retest measure-
ments. The ICCs in the pilot study of 10 cases, who
were extracted from this case series, were 0.973 for
distance measurement on CT and 0.952 for angle
measurement on CT. Data in the text are expressed
as means * standard deviations (SDs) or as the inci-
dence.
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Results

CT evaluation

Bone integration was achieved in all cases one year after
surgery. Bone plug migration was observed in 5 cases
(15%) with a mean difference between the two time
points (1 week and 1 year after surgery) of 0.4 £ 0.4
mm. Positive soft tissue interposition was observed in
five cases (15%). EB migration and rotation were
observed in 3 cases (9%) and 19 cases (56%),
respectively, with a mean difference between the two
time points of 0.4 £ 0.5 mm and 14° * 15°, respecti-
vely (Tab. 2). There was no statistical relationship bet-
ween any pair of the four variables on CT (Tab. 3).

Clinical evaluation

The postoperative mean Lysholm score was 97.1 £
5.0 points. The postoperative side-to-side difference
in anterior translation measured with the KT-2000
arthrometer averaged 0.5 = 1.3 mm. The postoperati-
ve pivot shift test was graded as negative in all cases.
With respect to the range of motion of the knee, we

Table 2. Results of radiographic evaluation.

Cases (%)  Mean difference

34 (100%)

Bone integration

Bone plug migration 5 (15%) 0.4 £ 0.4 mm
Soft tissue interposition 5 (15%) 0.5 £ 0.5 mm
EndoButton migration 3 (9%) 0.4 £ 0.5 mm
EndoButton rotation 19 (56%) 14.1 £ 15.0°

Data are given as means T standard deviations or incidence.

Table 3. Statistical relations between each phenomenon on CT.

observed no loss of extension ot loss of flexion of
more than 5 degrees compared with the contralateral
knee. The KT side-to-side difference at one year was
unaffected by any variables (bone plug migration, EB
migration, EB rotation or soft tissue interposition)
(Tab. 4). There were no complications, such as painful
irritation, associated with EB use.

Discussion

In all the cases in the current study, the bone plug was
integrated onto the femoral socket following anatomi-
cal rectangular tunnel ACL reconstruction with BPTB
graft using EB for femoral fixation. In addition, the
incidence of bone plug migration was low and the
mean distance of bone plug migration was short.
Moreover, the current procedure provided satisfactory
short-term clinical outcomes without complications
associated with EB use. On the basis of these results,
the EB can be considered a reliable fixation device for
femoral fixation in rectangular tunnel ACL recon-
struction with BPTB graft.

Short bone plug migration, as observed in the current
study, did not affect postoperative knee stability.
However, bone plug migration can result in loss of
initial tension of the graft. Consequently, bone plug
migration must be avoided. To avoid bone plug migra-
tion due to a breakage of the bone plug and detach-
ment of thread, we not only threaded a hole created
on the bone plug but also hooked an additional blade
on the bone-tendon junction (Fig. 1). To avoid knot

Bone plug migration

Soft tissue interposition

EndoButton migration EndoButton rotation

Bone plug migration - p = 1.00 p=0.39 p =035
Soft tissue interposition p = 1.00 p = 1.00
EndoButton migration - p = 1.00
Table 4. Relations between the KT side-to-side difference and CT evaluation.
Positive Negative p value

Bone plug migration 1.0 £ 1.8 mm 0.5+ 1.2 mm 0.43
Soft tissue interposition 1.0 £ 0.9 mm 04+ 1.4 mm 0.39
EndoButton migration 0.0 £ 0.0 mm 0.6 £ 1.3 mm NA*
EndoButton rotation 0.6 £ 1.3 mm 0.5t 1.4 mm 0.84

Data are given as means * standard deviations.
*NA: not available (p value could not be calculated, because the data of positive EndoButton migration did not have deviations).
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unraveling which can result in bone plug migration, it
was also important to tie the knot tightly. We introdu-
ced a 5-throw square knot for sutures used to connect
EB to the bone plug, and this may have contributed to
the positive results in this study.

Mae et al. studied, on plain radiographs, migration of
EB after anatomical double-bundle ACL reconstruc-
tion using hamstring tendon grafts (20). They reported
that tissue interposition between EB and femoral cor-
tex was found in 25.2% of EBs immediately after sur-
gery; they also reported that EBs with tissue interposi-
tion migrated more frequently than those without. Soft
tissue interposition affected by other variables, such as
bone plug migration, EB migration or EB rotation, was
not observed on CT. The small number of patients
included have been the reason why no statistical rela-
tionship was obtained for these processes, in the pre-
sent study. We did not find that tissue interposition or
migration of EB affected the clinical outcomes.
Similarly, no statistical relationship between any varia-
bles on CT and the KT side-to-side difference was
found in our study. Our results showed that 9% of EBs
had migrated after one year, while Mae et al. found that
35.1% of EBs showed migration during the same time
period. There are several possible reasons why the inci-
dence of EB migration in ACL reconstruction with
BPTB graft was comparatively lower than that in dou-
ble-bundle ACL reconstruction with hamstring tendon
graft. First, the friction between the bone plug and the
bone socket seemed to be high compared to that bet-
ween the soft tissue and the bone socket; therefore, the
BPTB graft was not as movable as the soft tissue graft.
Moreovert, the bone plug must be harder to move in a
rectangular socket than in a cylindrical socket. Second,
in ACL reconstruction with BPTB graft, bone-to-graft
healing should be achieved faster and more securely
compared with that achieved in ACL reconstruction
with a soft tissue graft, and this would result in shorter
graft or EB migration. Finally, the results could be
affected by the timing of the first CT. We performed
the first CT one week after surgery. Mae et al. found
that more than half of the migrated EBs had moved
within the first week postoperatively. Therefore, there
was the possibility that EB migration or bone plug
migration occurting immediately after surgery could
not be detected in the current study; this may a reason
for the low incidence.

In the current study, the bone plug was integrated in the

femoral socket in all cases a year after surgery. The time
period for graft-socket integration in ACL reconstruc-
tion with BPTB graft using a suspensory button as
femoral fixation is uncertain. Suzuki et al. reported that
bone plug-femoral tunnel integration was almost com-
plete by eight weeks after rectangular tunnel ACL recon-
struction with BPTB graft using an interference screw as
a femoral fixation device (21). By contrast, Lomasney et
al. reported that bone plug-tibial tunnel integration was
obtained in only 34.5% of cases at five months posto-
peratively after conventional round tunnel ACL recon-
struction with BPTB allograft using a bioabsorbable
interference screw (22). Future studies are needed to
investigate the time period for graft-socket integration
using the procedure described in this study.

In the current study, no complications related to the use
of a suspensory button for femoral fixation were obser-
ved, whereas serious complications associated with
interference screw femoral fixation have been reported
(3-5), as previously mentioned. Surgeons should be
aware of potential complications related to suspensory
button fixation, including tunnel enlargement, button
migration, symptomatic extensor mechanism or ilioti-
bial band irritation, and intratunnel fixation (20, 23-20).
Although the incidence of EB migration or bone plug
migration was low, considering that more than half of
EBs were rotated, micro-motion of the bone plug in
the femoral socket must occur. This phenomenon can
result in tunnel widening after ACL reconstruction,
even when using BPTB graft (27). Although aperture
fixation with an interference screw should, in theory,
decrease the micro-motion of the bone plug, it is unk-
nown whether aperture fixation prevents tunnel wide-
ning after anatomical ACL reconstruction with BTPB
graft compared to suspensory fixation. In the future, a
study aiming to clarify whether any type of fixation
device affects bone plug-socket integration, the clinical
result, tunnel widening or complications associated
with the fixation device in a newly-developed rectangu-
lar ACL reconstruction with BPTB graft is warranted.
There were several limitations to this study. First, this
was a retrospective study without a compatrison group
using an interference screw. Second, the current study
involved a small number of patients. If the study had
involved a large number of patients, statistical differen-
ces might have been found. Third, the study did not
evaluate bone integration onto the tibial tunnel or bone
plug migration in it. Although the femoral fixation
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method may affect these endpoints, we focused on the
femoral side in this study. Fourth, tunnel widening after
ACL reconstruction, which is one of the complications
associated with suspensory fixation, was not evaluated
in the current study. Finally, CT images at only two time
points were available in this study. Therefore, as pre-
viously stated, there was the possibility that EB migra-
tion or bone plug migration that occurred immediately
after surgery could not be detected.

In conclusion, the bone plug was integrated onto the
femoral socket in all cases following anatomical rectan-
gular tunnel ACL reconstruction with BPTB graft using
EB for femoral fixation. Although micro-motion of the
bone plug in the femoral socket was suspected, the inci-
dence of bone plug and EB migration was low and
there was a satisfactory short-term clinical outcome.
The EB is considered to be a reliable fixation device for
femoral fixation in the current procedure.
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