Technical Note

Revision Anterior Cruciate Ligament Reconstruction = ®
Using Semitendinosus Tendon With Bone Fragment
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Abstract: After anterior cruciate ligament (ACL) reconstruction, the tibial tunnel becomes widened over time. A
revision surgery of the ACL reconstruction is required to fill the widened tunnels. Bone—patellar tendon—bone
grafts often are used to fill enlarged bone tunnels. However, due to the variation in tendon length, it is often
difficult to adjust the position of the bone fragment to the enlarged part of the bone tunnel. This study describes
an arthroscopic ACL reconstruction technique using the semitendinosus tendon as well as a bone fragment which
is placed in the enlarged tibial tunnel. The tendon and cortical bone were collected together at the tendon
attachment using a flat chisel. The bone fragment was inserted through the tendon in a controlled manner and
ultimately placed at the posterior wall of the tibial foramen. This technique was determined to be less invasive
than using bone—patellar tendon—bone in a 2-stage revision ACL reconstruction. In addition, this technique can be
easily performed by any surgeon who is accustomed to conventional ACL reconstruction using the semitendinosus
tendon and does not require any special equipment. Our findings suggest that this technique may be useful for

revision ACL reconstruction.

fter anterior cruciate ligament (ACL) reconstruc-

tion, the tibial tunnel becomes widened over
time."' The revision of the ACL reconstruction is used to
fix the widening. The position and fixation of the
transplanted tendon worsens when the tunnel is
enlarged on the tibial side; therefore, it is necessary to
devise a surgical procedure. Bone—patellar ten-
don—bone (BTB) grafts are often used to fill the

From the Department of Orthopaedics, Kyoto Interdisciplinary Institute of
Community Medicine (H.K., M.H., S.K.); Department of Orthopaedics,
Graduate School of Medical Science, Kyoto Prefectural University of Medicine
(HK., AL, M.H., S.K., K.T.); and Department of Sports and Para-Sports
Medicine, Graduate School of Medical Science, Kyoto Prefectural University of
Medicine (S.N., Y.A.), Kyoto, Japan.

The authors report that they have no conflicts of interest in the authorship
and publication of this article. Full ICMJE author disclosure forms are
available for this article online, as supplementary material.

Received July 22, 2022; accepted August 24, 2022.

Address correspondence to Yuji Arai, M.D., Ph.D., Department of Sports
and Para-Sports Medicine, Graduate School of Medical Science, Kyoto Pre-
fectural University of Medicine, 465 Kawaramachi-Hirokoji, Kamigyo-ku,
Kyoto 602-8566, Japan. E-mail: y123arai@koto.kpu-m.ac.jp

© 2022 THE AUTHORS. Published by Elsevier Inc. on behalf of the
Arthroscopy Association of North America. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).

2212-6287/22945

hitps://doi.org/10.1016/j.eats.2022.08.047

Arthroscopy Techniques, Vol 11, No 12 (December), 2022: pp e2397-¢2401

enlarged bone tunnel.” However, because the length of
the tendon varies, it is often difficult to adjust the po-
sition of the bone fragment to fit the enlarged part of
the bone tunnel. The length of the semitendinosus
tendon (STT) can easily be adjusted; however, it is
difficult to fill the enlarged bone tunnel. This report
describes the use of an arthroscopic reconstruction
technique for patients with re-rupture after ACL
reconstruction using the STT with a bone fragment for
the enlarged tibial tunnel.

Methods

Indications

This method was found to be suitable for patients with
re-rupture after ACL reconstruction, whereby the femoral
tunnel could be created independently of the tunnel used
in the initial surgery, and the posteriorly expanded tibial
tunnel could be filled with bone fragments (Fig 1).

Surgical Technique (With Video lllustration)

Surgery is performed with the patient in the supine
position under general anesthesia. After disinfection of
the lower limb, an air tourniquet is attached and 280-
mm Hg pressure is applied. The portals are prepared
on the medial and lateral sides of the patella. ACL in-
juries are initially evaluated using routine arthroscopy.
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The tendon length is determined by measuring the
distance between the femoral and tibial tunnels (Fig 2).
This distance is often approximately 25 to 30 mm. A 4-
to 5-cm skin incision is made on the medial side of the
tibial tuberosity. The attachment of the gracilis tendon
and STT is checked, and an incision is made in the
sartorius fascia, which is located directly above the
attachment. The STT is removed from the muscle using
a tendon harvester (CONMED, Utica, NY). An incision
is made in the periosteum at the tendon attachment in
an 8- to 10-mm square. The cortical bone is pre-drilled
with a Kirschner wire of ®1.0 mm, and the tendon and
cortical bone are collected together at the tendon
attachment using a flat chisel (Fig 3). As much
cancellous bone as possible should be collected. The

Anterolateral view

Fig 2. Measuring of the distance between the femoral and
tibial tunnels to determine the length of the tendon.
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Fig 1. Preoperative computed
tomography images (A, trans-
verse view, B, sagittal view)
showing how the tibial tunnel
expands posteriorly.

length of the STT is fine-tuned such that when the STT
is quadruple-folded, the bone fragments are in the
enlarged part of the tibial tunnel. The bone fragment is
shaved with the Luer bone rongeurs to fit the width of
the tunnel. If the distance between the tunnels is
25 mm and a quadruple bundle of tendons is pulled
into the tunnel by 15 mm, the required tendon length
would be (15 4+ 25 4+ 15) x 4 = 220 mm.
Considering that the length of the tendon is lost at the
point where the tendon is folded back, it is advisable to
increase the length of the tendon to approximately
240 mm. The STT is arranged in a 4-fold loop with a
diameter of approximately 8 mm. One end of the stump
is sutured with 0 Surgilon (Medtronic, Dublin, Ireland),
and 8 sutures are placed for fixation. A RIGIDLOOP
device (DePuy Synthes Mitek, Raynham, MA) is
attached to the looped end of the graft for femoral
fixation. In addition, the adjustable type made it easier
to fine-tune the position of the bone fragments. A Telos
artificial ligament (Aimedic MMT, Tokyo, Japan) is
connected to the sutured end of the graft for tibial fix-
ation (Fig 4). In the case of reoperation, the tibial tunnel
position is determined with reference to the previous
tunnel using a special instrument (ACL Guide System;
CONMED). A passing pin (Smith & Nephew, Andover,
MA) is passed through the joint from the tibial tunnel to
the femoral tunnel. With the passing pin, the
RIGIDLOOP—STT is pulled into the femoral tunnel
through the tibial tunnel and pulled out on the lateral
cortex. The RIGIDLOOP is flipped and fixed as an an-
chor. When passing through the tendon, the bone
fragment is controlled by grasping it with tweezers or
Kocher forceps so that the bone fragment touches the
posterior wall of the tibial foramen. The space between
the posterior wall and bone fragment is filled with the
preserved cancellous bone. The Telos artificial
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Fig 3. Pre-drill with a Kirschner
wire of ®1.0 mm (A) and collect
the tendon together with the
cortical bone at the tendon
attachment with a flat chisel (B).

ligaments are pulled distally and fixed onto the tibia
using a ligament button (KYOCERA, Kyoto, Japan) or a
6.5-mm cancellous post screw (CONMED) with the
knee flexed at 20°. Postoperatively, the positions of the
RIGIDLOOP and ligament buttons are confirmed by 2-
direction radiography (Video 1).

Postoperative Therapy

Isometric exercises used to strengthen the quadriceps
muscle are started 2 days postoperatively. Partial
weight-bearing is initiated following 1 week of post-
operative non—weight-bearing exercises, with full
weight-bearing exercises initiated 3 weeks after sur-
gery. Range of motion exercises are performed without
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Flat chisel

restrictions. Radiography and computed tomography
imaging are performed 3 to 6 months later to confirm
bone union (Fig 5 A and B), after which the patients are
allowed to return to their jobs and play sports without
any restrictions. The fixation device is removed 1 to
2 years after surgery, and arthroscopy is performed.

Discussion
ACL reconstruction with hamstring tendons is one of
the most widely used surgical methods.”* This pro-
cedure can be easily performed by any surgeon who is
accustomed to conventional ACL reconstruction using
STT, and the procedure does not require any special
equipment. It was determined that this method is less

Fig 4. The STT is arranged into a 4-fold
loop with an approximate 8-mm
diameter. One end of the stump is su-
tured with 0 Surgilon, and 8 sutures for
fixation are placed. A RIGIDLOOP is
attached to the looped end of the graft
for the femoral fixation. A Telos artifi-
cial ligament is connected to the other
sutured end of the graft for the tibial
fixation. (STT, semitendinosus tendon.)
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Fig 5. (A) Postoperative CT im-
ages (A, transverse view, B,
sagittal view, C, coronal view)
indicating that the posterior wall
of the tibial tunnel can be shifted
forward by the bone fragment,
which is touching the side wall of
the tibial tunnel. (B) CT images at
6 months after surgery (A,
transverse view; B, sagittal view;
C, coronal view) showing that
bone union between the tibial
tunnel and bone fragment was
achieved. (CT, computed
tomography.)

Bone fragment

invasive than ACL reconstruction using BTB and 2-
stage revision ACL reconstruction. This technique may
be useful for revision ACL reconstruction.

For ACL revision surgery in cases with tunnel
enlargement, 2-stage revision ACL reconstruction has
been reported whereby bone collected from the ipsi-
lateral iliac crest’ or the anterior tibial metaphysis® in
the first surgery is transplanted into the tibial tunnel.
There are surgical indications for large tunnel expan-
sion, but the disadvantage is that multiple surgeries are
required. In addition, there is an extended period of
3 months between the first and second surgery.

BTB grafts often are used to fill the enlarged bone
tunnel” and are found in the tibia as well as the femur.
Due to the variation in tendon length, it is often difficult
to align bone fragments to the expanding area of the
tibial tunnel. The width of the bone fragment is limited
to approximately 10 mm, and it must be fixed with a
thick screw when the tibial tunnel is significantly
enlarged. There are also problems such as pain at the

tendon collection site during kneeling. Additional
complications such as osteoarthritis of the patellar
femoral joint as well as patellar tendon rupture and
fracture in elderly patients also have been reported.”

Using this procedure, bone fragments of approxi-
mately 10 mm? can be collected, which is sufficient for
mild tunnel expansion. If the gracilis tendon also is
collected, a bone fragment with a width of 15 to
20 mm? can be used in cases in which the tibial tunnel
is severely enlarged. Larger bone fragments can make it
difficult for the graft to pass through the tibial tunnel;
therefore, the width of the bone fragment should be
slightly smaller than the width of the tunnel for smooth
passage of the transplanted tendon. Bone fragments are
only taken from the attachment of the STT, and the
procedure for making the transplanted tendon is the
same as that of the primary ACL reconstruction with
STT.

In unsuccessful ACL-reconstruction procedures, it is
often found that the tibial tunnel widens posteriorly
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Table 1. Advantages and Disadvantages of Revision Anterior
Cruciate Ligament Reconstruction Using STT With Bone
Fragment

Advantages

The position of the bone fragment can be finely adjusted by adjusting
the length of the tendon.

No specific instruments are required.

Easier than collecting BTB.

Disadvantages

This technique is not suitable for an enlarged femoral tunnel.

As bone fragments are collected from the attachment part of the STT,
it can only be applied to cases in which the enlargement of the tibial
tunnel is up to approximately 10-12 mm.

BTB, bone—patellar tendon—bone; STT, semitendinosus tendon.

over time. With the arthroscopic technique, it is easy to
adjust the length of the transplanted tendon and it is
possible to adjust the position of the bone fragment to
the enlarged site of the tibial bone tunnel. The value of
this method is represented best in cases in which the
tibial tunnel is severely enlarged. In addition, this
method can be applied in cases in which the femoral
tunnel is enlarged by recreating the femoral tunnel.
During revision ACL reconstruction, the femoral tunnel
often is misaligned when created through the tibial
tunnel. In such cases, it is possible to approach the
posteromedial portal or use outside-in techniques to
create a bone tunnel that is independent of the initial
tunnel.®” This surgical procedure is simple and mini-
mally invasive compared with surgery using BTB grafts
and 2-stage surgery during revision ACL reconstruction
(Table 1).
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