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Background: To the best of our knowledge, there has beenno detailed study on bone–patellar tendon–bone (BTB)
grafts for remnant-preserving, selective-bundle anterior cruciate ligament (ACL) augmentation. Therefore, we
aimed to develop such a technique using a BTB graft.
Method: A total of five patients underwent surgery using the presented procedure. These patients were young,
male, and with high body mass index, and hence required very high durability of reconstructed ACL. A femoral
bone tunnel was created using the inside-out technique via an accessory far-medial portal, protecting the rem-
nant using a probe, regardless of the presence of an anteromedial (AM) or posterolateral (PL) tunnel. A single tib-
ial tunnelwas drilled at the center of theAMor PL attachment and two transverse skin incisionsweremade in the
ipsilateral knee. The central third of thepatellar tendon attached to a patellar and tibial bone plug autograftwith a
width of sevenmillimeters was harvested by subcutaneous tunneling. The femoral side was fixed using a cortical
fixation device for BTB and the tibial bone plugwas fixed using an interference screwwith the knee at an angle of
20° of flexion by applying maximal manual traction.
Results: Bone tunnel enlargement, whichwasmeasured by computed digital radiography, was not observed in all
cases. A BTB autograft for remnant-preserving, selective-bundle ACL augmentation offers reduced risk of tunnel
enlargement.
Conclusion: The presented procedure might be considered one of the potentially available options for patients
with ACL partial tear who require very high durability of reconstructed ACL.
Level of evidence: 5

© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

Anatomical and biomechanical studies conducted in the last decade
have shown that restoration of normal knee biomechanicswith double-
bundle anterior cruciate ligament (ACL) reconstruction is more efficient
than that with single-bundle ACL reconstruction. This is because an
altered rotational axis results in a significantly higher translation of
the lateral compartment in single-bundle ACL reconstruction [1]. On
the contrary, Crain et al. reported that arthroscopic evaluation of ACL
reconstruction often reveals several types of ACL remnants in the
intercondylar notch [2], and a recent ACL reconstruction with preserva-
tion of the original remnant or selective-bundle reconstruction has re-
sulted in good clinical outcomes [3–8]. Almost all of these procedures
used hamstring grafts. However, potential complications are associated

with tunnel enlargement using grafts with soft tissues such as ham-
strings [9–11]. One of the popular grafts for ACL reconstruction is a
bone–patellar tendon–bone (BTB), which exhibits high strength. To
the best of our knowledge, there has been no detailed study on BTB
grafts for remnant-preserving, selective-bundle ACL augmentation.
Therefore, this study aimed to develop such a technique using a BTB
graft for patients requiring very high durability of reconstructed ACL.

2. Surgical procedures

2.1. Arthroscopic evaluation

Surgery was conducted in patients with supine position under gen-
eral anesthesia. An arthroscope was inserted into the joint cavity
through the medial and lateral portals with the knee flexed at an
angle of 90°. The status of the ACL remnant, meniscus, and articular car-
tilage was determined. An ACL remnant bridging the femur and tibia

The Knee 23 (2016) 554–558

⁎ Corresponding author. Tel.: +81 985 85 0986; fax: +81 985 84 2931.
E-mail addresses: kingt2@hotmail.com, ttajima@med.miyazaki-u.ac.jp (T. Tajima).

http://dx.doi.org/10.1016/j.knee.2015.11.024
0968-0160/© 2016 Elsevier B.V. All rights reserved.

Contents lists available at ScienceDirect

The Knee

http://crossmark.crossref.org/dialog/?doi=10.1016/j.knee.2015.11.024&domain=pdf
http://dx.doi.org/10.1016/j.knee.2015.11.024
mailto:ttajima@med.miyazaki-.ac.jp
Journal logo
http://dx.doi.org/10.1016/j.knee.2015.11.024
Unlabelled image
http://www.sciencedirect.com/science/journal/09680160


was considered to be a good indication for remnant-preserving,
selective-bundle augmentation.

2.2. Graft harvesting and preparation

Two transverse skin incisions were made in the ipsilateral knee. A
proximal incision (length two to three centimeters) was made in the
distal side of the patella and distal incision (length four centimeters)
in the tibial tuberosity of the medial side (Fig. 1A). The central third of
the patellar tendon attached to a patellar and tibial bone plug autograft
was harvested by subcutaneous tunneling to avoid damage to the
infrapatellar nerve and leave the major portion of the paratenon with-
out incision, as described by Kartus [12]. The tendon was harvested as
a rectangular bone plug on the patella of dimensions 7 (W) × 15
(L) × 7 (D) mm (Fig. 1B) and the defect in the tendon was left exposed.
Both sides of the tissue sample were trimmed and prepared for easy
passage through a diameter of seven millimeters. An EndoButton-CL-
BTB (Smith & Nephew, Andover, MA, USA) or BTB TightRope (Arthrex,
Naples, FL, USA)was attached to the femoral side through a hole (diam-
eter 1.8 mm for EndoButton CL-BTB; 1.2-mm hole for BTB TightRope)
created on the bone plug, and two FiberWires (Arthrex) were attached

to the tibial side (Fig. 1C). Thewidth of the BTB graft was sevenmillime-
ters, as 10-mmgrafts are sometimes unsuitable for Asian and female pa-
tients for whom 10 mm is larger than one-third of the width of the
patellar tendon.

2.3. Notch preparation

An anteromedial (AM) portal and an additional accessory far from
the portal were constructed. Soft tissues in the notch were roughly ex-
cised using punch or mechanical instruments. Care was taken to avoid
damage to the remnant. The remaining fibrous tissues on the lateral
notch wall were delicately pared down to a minimum. Notchplasty
was not routinely performed.

2.4. Tunnel preparation

A guide pin was inserted using the ACL guide system into the joint
from the far-medial portal to prepare a femoral tunnel. A femoral
bone socket and tunnel were created using the inside-out technique
with the knee flexed beyond an angle of 135°, regardless of the AM
and posterolateral (PL) tunnels. The probing technique can be used
carefully to avoid damage to the remnant. After drilling a tunnel using
a cannulated reamer (3.5 mm for BTB TightRope or 4.5 mm for
EndoButton CL-BTB) along the guide pin, a tunnel (width seven milli-
meters) was created using a transportal technique (Fig. 2A and B,
Fig. 3A and B). A tunnel for AM bundle-selective augmentation was set
at the 1:30- or 10:30-o'clock position for the left or right knee, respec-
tively [13]. A tunnel for PL bundle-selective augmentation was set at
the 2:30- or 9:30-o'clock position for the left or right knee, respectively
[13]. When using EndoButton CL-BTB, the tunnel length was measured
by a scaled probe to determine a suitable fixation device size.

A tibial aimer (Smith & Nephew) was used to insert a guidewire for
tibial tunnel preparation. The tip of the aimer was introduced into the
joint cavity through themedial infrapatellar portal with the knee flexed
at an angle of 90°. The tip was placed at the center of the AM remnant
attachment on the tibia for AM bundle-selective augmentation
(Fig. 2C), and immediately behind theAMbundle remnant using a prob-
ing technique for PL bundle-selective augmentation (Fig. 3C and D). A
guidewire (diameter two millimeters) was then drilled into the tibia.
The correct position of the guidewire and the absence of medial collat-
eral ligament penetration were then visually confirmed. Finally, a tibial
bone tunnel (width seven millimeters) was created (Fig. 3).

Fig. 1. Incisions and graft harvesting. A. Two transverse skin incisions and harvested bone–
patellar tendon–bone (BTB) graft. A proximal incision (length two to three centimeters) is
made in the distal side of the patella, and a distal incision (length four centimeters) is
made in the tibial tuberosity to the medial side. B. Harvested BTB graft with a diameter
of seven millimeters. C. The extra-cortical flipped button device is attached to the
femoral side and two FiberWires are attached to the tibial side.

Fig. 2. Anteromedial bundle-selective augmentation with remnant preservation. A and B. Arthroscopic findings of the femoral tunnel position (arrow) with remnant (dotted arrow). C. A
tibial bone tunnel is created at the center of the anteromedial remnant attachment on the tibia (circle). D. Arthroscopic findings of the reconstructed anteromedial bundle with the BTB
graft (arrow) and the preserved remnant (dotted arrow).
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