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Combined anterior cruciate ligament and anterolateral
ligament reconstruction technique in a skeletally immature
adolescent: a technical note
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Reconstruction of the anterior cruciate ligament (ACL) in skeletally immature patients presents distinct challenges from
that in adult patients. Although there is a tremendous amount of scientific data on ACL reconstruction in adolescents
with open growth plates, the best surgical technique continues to be debated. Recent studies have reported that the anterolateral ligament (ALL) is identified as a potentially important structure involved in rotational control of the knee, and
its reconstruction has shown excellent results. We present a combined ACL and ALL reconstruction technique performed
on a 12-year-old female with open physis who sustained an ACL tear after a non-contact twisting injury while playing
Taekwondo.
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INTRODUCTION
With the potentially increasing number of anterior cruciate ligament (ACL) injuries, the management of ACL injuries in the pediatric and adolescent population may be
particularly challenging and controversial [1]. Although
some orthopedic surgeons may attempt to manage these
pediatric patients nonoperatively, multiple studies have
reported that surgical reconstruction offers superior outcomes [2,3].
When performing surgery on adolescent patients,
the surgeons must consider protecting pediatric bone
growth potential while ensuring the stability of the graft
to account for an increased activity level and a longer remaining lifespan. Thus, the two most extensively studied
surgical techniques for graft placement are the transphyseal and physis-sparing (extraphyseal or all-epiphyseal)
approaches [1,4]. Between the two methods, the physissparing approach is more difficult to achieve anatomical
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reconstruction as in adults because it avoids the growth
plate. Recently, biomechanical studies have provided a
rationale for the additional effect observed when anterolateral procedures are performed in conjunction with
ACL reconstruction [5,6]. Anterolateral ligament (ALL)
research has focused attention on the rotational laxity
of the knee after an ACL injury [7]. The purpose of the
present article is to describe the surgical technique for
combined ACL and ALL reconstruction in a skeletally immature adolescent.

TECHNIQUE
A 12-year-old female sustained an isolated non-contact
twisting injury to her right knee while playing Taekwondo
one week before the initial presentation. The patient was
determined to have open growth plates, and magnetic
resonance imaging confirmed the diagnosis of an ACL
tear (Fig. 1A, B). Physical examinations showed a grade 3
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Fig. 1. (A) Preoperative radiographic
views demonstrating the open physeal
status (arrows) of the patient. (B) Sagittal
images of the right knee demonstrating
an anterior cruciate ligament (ACL) tear.
(C) Arthroscopic view of the intercondylar notch of the right knee, with the
arthroscope set through the anterolateral
portal. An ACL tear with tibial remnants
is shown.
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Fig. 3. (A) An anteroposterior-view fluoroscopic image of the knee was
used to avoid the physis while drilling. A 6-mm reamer was used to
ream the tibial tunnel for the anterolateral ligament reconstruction. (B)
A schematic representative of the graft.

Lachmann with a soft endpoint and a grade 3 pivot shift.
Standard diagnostic knee arthroscopy was performed
through the anteromedial and anterolateral portals. All
chondral and meniscal pathologies were addressed appropriately. The intrasubstance ACL tear was identified
(Fig. 1C) and debrided to show the tibial and femoral insertional footprints. Then, the surgeon placed an outside–
in femoral ACL guide (Arthrex, Naples, FL, USA) onto the
center of the femoral footprint through the anterolateral
portal while viewing it with a 30° arthroscope from the
anteromedial portal. A 2-cm incision was made, followed
by the dissection and seating of the guide around the lateral epicondyle, and the positioning distal to the physis
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Fig. 2. (A) The tip of the guide pin is
inserted through the lateral condyle
and exits the femur on the center of the
anterior cruciate ligament footprint, as
visualized from the anterolateral portal.
(B, C) Anteroposterior- and oblique-view
fluoroscopic images of the knee with a
femoral guide pin were used to avoid
physis damage.
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Fig. 4. (A) Placement of the femoral tunnel (white arrow) and tibial tunnel (black arrow) was evaluated using three-dimensional computed
tomography scans obtained on the day of surgery. (B) Schematic representative of combined anterior cruciate ligament and anterolateral ligament reconstruction.

was verified by fluoroscopy (Fig. 2). Once the position
was confirmed, the femoral tunnel was made using an
8-mm-diameter cannulated reamer. A wire was advanced
through the femoral tunnel, delivered out the anteromedial portal, and tagged for later graft passage. A tibial tunnel was placed in the footprint of the ACL using a tibial
guide at 60° to avoid the oblique tunnel.
Three bony landmarks (lateral femoral epicondyle,
fibular head, and Gerdy tubercle) were identified based
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on previous ALL anatomy research [8]. A tibial guide
pin was then positioned between the fibular head and
Gerdy tubercle at approximately 10 mm below the joint
line under fluoroscopy to avoid physeal damage (Fig.
3A). The tibial socket was made using a 6-mm-diameter
cannulated reamer with a depth of 25 mm. An Achilles
allograft (fresh-frozen) that was irradiated at 50 kGy and
controlled by a tissue preservation technique (Clearant
Process; Korea Bone Bank, Seoul, Korea) was selected (Fig.
3B).
The passed wire was used to shuttle the ACL–ALL graft
transtibially into and then out of the femoral tunnel.
First, femoral graft fixation was performed with an 8-mm
biointerference screw (Smith and Nephew, Andover, MA,
USA). After that, distal pulling was performed for tensioning, and an 8-mm biointerference screw (Smith and
Nephew) and additional staple were used for tibial fixation at 30˚ of knee flexion and neutral rotation. Finally,
ALL tibial graft fixation was performed with a 6-mm biointerference screw (Smith and Nephew) with the knee in
full extension and neutral rotation.
The placement of the femoral tunnel (proximal and
posterior to the lateral epicondyle) and tibial tunnel was
checked using 64-detector row three-dimensional computed tomography scans (LightSpeed VCT XT; GE Medical Systems, Chicago, IL, USA) that were obtained on the
day of surgery (Fig. 4).
A routine ACL rehabilitation program entailing full
weight-bearing after the surgery with an ACL brace and
progressive range of motion exercises was instituted.
Early rehabilitation focuses on obtaining full extension
and quadriceps activation. A gradual return to sports
activities is allowed starting at 6 months for non-contact
sports and at 9 to 12 months for pivoting collision sports.

DISCUSSION
In the all-epiphyseal ACL reconstruction technique,
initially described by Anderson [9], anatomic bone tunnels are placed on both the femoral and tibial sides
without violation of either growth plate. McCarthy et al.
[10] reported that neither all-epiphyseal nor over-thetop reconstruction restored the contact mechanics and
kinematics of the ACL-intact knee. These methods offer
the continued advantages of not crossing the physis with
bone tunnels and not tensioning a graft across the physis
with sutures. However, because physis-sparing techniques may not resemble the native anatomy as closely
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as do the transphyseal ones, biomechanical studies suggest that they may lead to a greater risk of re-rupture
[10,11]. Furthermore, despite producing satisfactory
results, isolated ACL reconstructions do not restore normal kinematics and biomechanics of the knee, and they
particularly do not fully control knee rotational instability
[12]. Therefore, additional anterolateral procedures (lateral extra-articular tenodesis or ALL reconstruction) may
be helpful in physis-sparing ACL reconstruction because
this technique is difficult to achieve anatomical reconstruction as in adults [3].
Although well-designed research on anterolateral procedures is still needed, research on ALL has refocused
attention on the primary restraint of the rotational laxity
of the knee after an ACL injury. Biomechanical studies
indicate that a significant decrease in internal rotation
at 30˚, 45˚, and 60˚ of knee flexion is noted for ACL reconstruction in conjunction with an ALL reconstruction
compared to ACL reconstruction with a deficient ALL
state [13]. According to clinical studies, the overall graft
failure rate in patients who underwent combined ACL
and ALL reconstruction was less than 3%, which is 2.5
times lower than that of patients who underwent isolated
ACL reconstruction using a bone-patella tendon-bone
graft [14]. Furthermore, Rosenstiel et al. [15] reported that
85.7% of professional athletes who underwent combined
ACL and ALL reconstruction returned to their sports by
1-year postoperation, and the ACL graft rupture rate of
these athletes was 5.7% at a mean follow-up of 3.9 years.
The consensus of the ALL Expert Group is that combined
ACL and ALL reconstruction not only allows for better
rotational control but also serves to primarily reduce the
rate of re-rupture among high-risk patients, who are defined as those under 20 years of age, high-level athletes of
pivot-sports, and hyperlaxity patients [16].
The described technique offers the main advantage of
providing adequate anterior and anterolateral control of
knee instability with minimal damage to the growth plate,
adding only percutaneous incisions to the tibia for the
ALL tunnel. Further studies are necessary to determine
whether these combined reconstruction techniques improve the clinical outcomes for an ACL tear in a skeletally
immature adolescent.
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