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Remnant preserving augmentation using an adjunct
anterolateral portal in anterior cruciate ligament
reconstruction
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Anterior cruciate ligament (ACL) tears are rarely found without remnant tissue. Remnant tissue is usually found either attached to the posterior cruciate ligament (PCL) or bridging the femoral and tibial footprints. Keeping the remnant tissue
intact during ACL reconstruction has been favored because it has been thought to promote revascularization of the graft
and recovery of joint position sense. However, in our experience, we found that using the remnant preserving technique
for ACL reconstruction led to unexpected complications such as blockage of the arthroscopic view by the remnant tissue itself and separation of the remnant tissue during tunnel formation. To overcome these complications associated
with the remnant-preserving technique, we developed a novel technique using an adjunct anterolateral portal and a
polydioxanone suture to stabilize remnant ACL tissue in place.
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INTRODUCTION
The repair of anterior cruciate ligament (ACL) lesions primarily aims to restore stabilization of the knee joint and
the pre-injury level of sport and prevent trauma-induced
meniscal injuries and arthritis [1]. Besides its restorative
and preventative aims, an ACL repair must also address
the function of ACL as a mechanoreceptor. Reporting that
the number of mechanoreceptors in an ACL positively
correlates with accuracy in joint position sense, Nobuo
et al. found that preserving remnant tissue in ACL reconstruction was associated with good clinical outcomes,
such as enhanced position sense [2]. Past studies have
shown that mechanoreceptors are found in remnant tissue of torn ACLs and abundantly in the synovium around
tibial attachment sites [3,4].
Remnant ACL has also been shown to adhere to the
replacement graft and contribute to its remodeling and
“ligamentization”, in particular the revascularization of
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the graft [5]. In an animal study by Arnoczky et al. [6],
grafts with preserved remnant ACL were associated with
thicker fibrous covering than those without.
In this study, authors employed a remnant preserving
technique in ACL reconstruction, for its advantages such
as the ligamentization of the graft and restoration of joint
position sense, but were confronted with complications
such as a blocked arthroscopic view and, subsequently,
inaccurate tibial and femoral tunnel positioning. Previously, Ahn et al. [7] had reported of using an adjunct
anteromedial portal to medially pull the remnant ACL
tissue, obtaining better arthroscopic view. We report the
clinical outcomes of employing an adjunct anterolateral
portal to pull the remnant ACL in an anteroinferior and
lateral fashion, achieving both undisturbed arthroscopic
view and minimal remnant tissue loss during ACL reconstruction.
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TECHNIQUE
We wrapped the proximal femur of the patient, who was
placed under spinal anesthesia and in supine position,
with a tourniquet. A “working” anteromedial portal and a
“viewing” anterolateral portal were used as standard portals for the arthroscopic ACL reconstruction. To pull the
remnant ACL, we made an adjunct anterolateral portal 0.5
cm superior to the articular surface and 1.5 to 2 cm lateral
of the viewing portal (Fig. 1).
After arthroscopically confirming the complete tear of
the ACL, we harvested the allo-Achilles tendon graft of
the patient. The allo-Achilles tendon-bone was prepared
as a cylindrical-shaped graft, 10 mm in diameter and
90 mm in length. For the femoral tunnel, we pierced a
hole in the calcaneal tendon, trimmed into a 30-mm-
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length graft, and passed a No. 2 Ethibond suture (Ethicon,
Somerville, NJ, USA) through the piercing. Similarly, the
Achilles tendon, trimmed also into a 30-mm-length graft,
was pierced and a No. 2 Ethibond suture was passed in a
baseball whipstitch fashion. The intramedullary ligament
was reconstructed into a length of 30 mm.
After allograft preparation, we passed two polydiozanone sutures through the anteromedial portal and, using a suture hook, pierced them through the remnant
tissue. Then, each end of the polydioxanone suture was
retrieved through the adjunct anterolateral portal, using a
suture retriever, and pulled anteroinferiorly and laterally.
Thereby, we were able to obtain an unobstructed view of
the tibial and femoral attachment sites (Fig. 2).
The tibial tunnel was created using an ACL tibial guide
(50°; Smith & Nephew, London, England) through the
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Fig. 1. (A) An anterior image of the knee
showing the adjunct anterolateral portal. (B) Intra-articular image of remnant
tissue pulled by a polydioxanone suture.

Fig. 2. (A) Arthroscopic image of the preserved remnant anterior cruciate ligament (ACL) and the intra-articular guide
pin/reamer during tibial tunneling. (B)
Arthroscopic image of the preserved
remnant ACL and the intra-articular
femoral guide/reamer during femoral
tunneling.
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anteromedial portal. The tibial tunnel was positioned at
the following landmarks: in the anteroposterior view, 7
mm anterior to the posterior cruciate ligament (PCL); the
lateral slope of the medial tibial spine; the medial side
of the anterior horn of the lateral meniscus; and in the
lateral view, the frontal slope of the medial tibial spine.
When we could not obtain a sufficient arthroscopic viewing window because of the remnant ACL tissue, we used
the C-arm to change its position (Fig. 3). Following this,
we made a 1.5-cm excision in the anteromedial part of
the proximal tibia (1 cm proximally of the pes anserinus
tendon and 1.5 cm medially of the tibial tuberosity) and
inserted the guide pin. A 6-mm reamer was used to drill
and widen the tunnel. And the tunnel was widened in
1-mm increments to a diameter of 10 mm. Before drilling
the tunnel, by tidying up remnants at the posteromedial
boundary of the tibial attachment site, we were able to
pull the remnant tissue more laterally and obtain a wider
arthroscopic window of the tibial attachment site whilst
reducing loss of remnant tissue during drilling.
The femoral tunnel was made by inserting a 7-mm
over-the-back femoral guide (Smith & Nephew) through
the anteromedial portal. Then, the femoral guide pin was
inserted either in the 1:30 o’clock direction, for the left

knee, or in the 10:30 o’clock direction, for the right knee,
and exposed from the opposite cortical bone. Again, the
remnant ACL tissue was pulled through the adjunct anterolateral portal to obtain a satisfactory window of the
femoral tunnel and to prevent tissue loss. If there was
sufficient space, we pulled the polydioxanone suture
through the tibial tunnel to prevent leakage of synovial
fluid. The femoral tunnel was expanded using a 7-mm
reamer in 2-mm increments until a diameter of 10-mm
was reached.
Afterwards, the Ethibond was connected to the femoral
guide tip. The femoral guide was then pulled towards the
lateral femur and removed, leaving one end of the Ethibond outside the tunnel and the other end intra-articularly. The intra-articular end of the Ethibond was retrieved
through the tibial tunnel and sewed to the allo-Achilles
graft. Together the graft was pulled through the tibial and
towards the femoral tunnel, bringing each end of the
graft into either the femoral or the tibial tunnel. With the
knee in hyper-flexion, a screw guide was used to insert
the Bioscrew (Smith & Nephew) into the femoral tunnel.
After 20 rounds of pre-tension, we inserted another Bioscrew into the tibial tunnel. The remaining allo-Achilles
graft was stabilized using a diameter 6.5-mm-cannulated
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Fig. 3. (A) Intraoperative arthroscopic
images of remnant tissue and graft,
when the remnant tissue is pulled (left)
and when the remnant tissue is adhered
to the graft with a probe (right). (B)
Second-look arthroscopic images of the
knee in neutral position (left) and under
anterior draw stress (right).
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screw and washer. If the remnant tissue was adhered to
the graft, the polydioxanone suture was removed without
making additional sutures, but if the remnant tissue was
either too short or not adhered to the graft or was likely to
collide with another structure, the polydioxanone suture
was used to suture the graft. Lastly, the allograft and the
preserved ACL were assessed arthroscopically, as well as
the stability of the joint and the presence of any collisions
during knee movement.
Postoperative rehabilitation involved a 24-hour cycle
of 18 hours of brace application under full extension and
6 hours of continuous passive motion for ten consecutive days. On the continuous passive motion machine,
the patient performed flexion motions within a 0° to 40°
range on the first day, which was increased, in 5° increments, to 90° by the end of the 10-day regimen. After this
and until the 4th postoperative week, the brace was applied only during gait movement. From around the 10th
postoperative week, the patient was allowed to jog at zero
elevation. From the 6th postoperative month, the patient
was permitted to return to competitive or high-risk sports
if the quadriceps femoris strength was restored to 90% of
its contralateral arm.
At one-year follow-up, we conducted the Lachman test,
the anterior draw test, and the pivot shift test with the
patient under spinal anesthesia. We found that the results
of these tests indicated a stable knee joint in the patient.
We performed diagnostic arthroscopy if the patient complained of pain irrespectively of whether it was trauma
induced. Arthroscopically, we observed that the graft was
sufficiently covered with synovium and that the knee
joint was stable both under neutral position (Fig. 3B; left)
and under anterior draw stress (Fig. 3B; right). Collision
of the graft with the femoral intercondylar notch was not
observed.

DISCUSSION
Compared to the non-preserving approach, the remnant
preserving augmentation in ACL reconstruction has
been shown to be associated with better joint position
sense and stability [8]. Interestingly, these outcomes have
been shown to be attributable to the mechanoreceptors
present in the remnant ACL tissue [4], which have been
reported to be especially abundant in tissue surrounding
the tibial attachment site [5,9]. Because of their benefits
in promoting proprioception, some authors have reported of preserving a small region (around 5 mm) within
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the tibial attachment site even during non–remnantpreserving ACL reconstruction [9]. Given that most ACL
tears occur in the proximal side [10], those that are found
proximally and stably attached to the tibia should be
treated using the remnant-preserving approach, rather
than the remnant-excising approach, to avoid intraoperative blockage of the arthroscopic window and postoperative impingement.
Similar to our study, Ahn et al. [7] reported of having
obtained better arthroscopic view by medially pulling the
remnant ACL through an adjunct anteromedial portal,
which they did by fixing an additional cross-pin onto the
femoral tunnel with appropriate tension. Here, because
we used an anteromedial portal to form and widen the
femoral tunnel, employing the same method as Ahn et
al. [7] would cause reamer-induced ACL injuries. Thus,
we created an adjunct anterolateral portal instead to pull
aside the remnant tissue in an anteroinferior and lateral
fashion, providing an unobstructed arthroscopic view of
tibial and femoral tunnel and preventing loss of remnant
tissue.
Merits of this technique include obtaining a more
anatomical position of the femoral tunnel through the
anteromedial portal and a better arthroscopic window.
Since both the femoral and tibial tunnels were formed in
the medial-to-lateral direction, this meant that we could
examine the femoral and tibial attachment sites unhindered and insert the guide and reamer freely by pulling
the remnant ACL in the lateral and anteroinferior direction. Our novel technique is useful especially in patients
with partially intact cruciate ligaments, irrespectively of
tear site or the quantity of remnant tissue. It may also
prevent leakage of synovial fluid after tibial tunnel formation and lower the incidence of soft tissue edema and
therefore of edema-induced postoperative infections.
However, several limitations to our remnant preserving
technique exist, such as a short follow-up period and a
small study population. Even though we did not observe
any postoperative complications, including collisions
between graft and the femoral intercondylar notch and
remnant tissue-induced cyclops formation, the small
study population means that they may simply have gone
undetected. Nevertheless, we conclude that the remnant
preserving augmentation in ACL reconstruction may be a
useful treatment option for enhancing proprioception after postoperative rehabilitation or return to sports and for
successful graft augmentation. Yet future studies aimed at
developing better surgical techniques are still required to
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further enhance clinical outcomes of ACL reconstruction
using graft augmentation.
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