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Abstract: Arthroscopic anterior cruciate ligament reconstruction (ACL-R) is a technique that continues
to evolve. Good results have been established with respect to reducing anteroposterior laxity. However,
these results have come into question because nonanatomic techniques have been ineffective at restoring
knee kinematics and raised concerns that abnormal kinematics may impact long-term knee health.
Anatomic ACL-R attempts to closely reproduce the patient’s individual anatomic characteristics. Mea-
surements of the patient’s anatomy help determine graft choice and whether anatomic reconstruction
should be performed with a single- or double-bundle technique. The bony landmarks and insertions of the
anterior cruciate ligament (ACL) are preserved to assist with anatomic placement of both tibial and
femoral tunnels. An anatomic single- or double-bundle reconstruction is performed with a goal of
reproducing the characteristics of the native ACL. Long-term outcomes for anatomic ACL reconstruction
are unknown. By individualizing ACL-R, we strive to reproduce the patient’s native anatomy and restore
knee kinematics to improve patient outcomes.
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Anterior cruciate ligament (ACL) ruptures largely
affect the younger, physically active population

and, when left untreated, can result in recurrent insta-
bility, inability to return to full activity, meniscal
tears, and articular cartilage damage.1 Given these
consequences, surgical reconstruction has been rec-
ommended in this population. With the introduction of
arthroscopic anterior cruciate ligament reconstruction
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(ACL-R), techniques were developed to safely and
reliably place the femoral tunnel in the notch. These
techniques led to nonanatomic graft placement.2 Con-
entional, nonanatomic single-bundle (SB) techniques
ave been largely successful at short-term follow-up.3

These results have come into question because recent
studies have identified a subset of patients who con-
tinue to have subjective knee instability preventing
their return to previous activities.4,5 Furthermore,
ong-term evaluation has shown that SB reconstruc-
ion does not completely restore knee kinematics and
an lead to long-term degenerative changes.6-8

Conventional, nonanatomic SB ACL-R may restore
nteroposterior stability; however, because the func-
ion of the posterolateral (PL) bundle is largely ne-
lected, rotational laxity may persist.9,10 These find-

ings appear to be the result of nonanatomic position of
the graft. Recently, ACL-R has focused on moving
tunnels from the conventional, nonanatomic position
to the native insertion of the ACL to restore normal
knee kinematics and improve patient outcomes.

The definition of anatomic ACL-R is the functional

restoration of the ACL to its native dimensions.11 This
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goal may be achieved by either an SB or double-
bundle (DB) reconstruction, depending on the pa-
tient’s individual anatomy. This technical note de-
scribes the theory and surgical technique of an
anatomic ACL-R.

TECHNIQUE

atient Evaluation

The patient evaluation begins with a comprehensive
istory and physical examination during which patient
xpectations, activity level, associated injuries, and
omorbidities are assessed. In addition to knee laxity,
ange of motion is carefully examined and addressed
efore surgical intervention. Routine imaging includes
lain radiographs and magnetic resonance imaging,
ncluding oblique sequences oriented in the plane of
he ACL (Fig 1). It is imperative to carefully assess
he patient’s anatomy on preoperative imaging to de-
elop an adequate preoperative plan. Measurements of
CL insertion site size, inclination angle, graft size,

nd ACL length are critical (Fig 2).

raft Options

Anatomic ACL-R is not requisite on one graft type.
epending on the patient’s anatomy, various graft

ypes may be beneficial and the surgeon should be
dept at graft harvest and preparation. The quadriceps
tendon has tremendous versatility for SB and DB
reconstructions given its superior length and thickness
especially when compared with the patellar ten-
don.12,13

Patient Positioning

The patient is positioned supine on the operating
table with a nonsterile tourniquet on the proximal
thigh (Video 1). The operative leg is secured within a
eg holder and positioned to allow greater than 120° of
exion (Table 1). The contralateral leg is positioned
way from the surgical field in the lithotomy position.

ortals

Three portals are used for arthroscopy: high antero-
ateral portal, central portal, and accessory medial
ortal (Fig 3).14 The high lateral portal is placed above
he fat pad to optimize visualization for diagnostic
rthroscopy and evaluation of the tibial insertion. A
pinal needle is used to locate the appropriate position
f the central and accessory medial portals to provide
he proper trajectory and visualization.

ntraoperative Evaluation/Decision Making

The patient’s native anatomy is preserved by careful
issection of the native tibial insertion. Both antero-
edial (AM) and PL bundles are identified using a

hermal device (Arthrocare, Austin, TX), and mea-

FIGURE 1. Oblique magnetic
resonance imaging sequences
oriented in same plane as ACL.
(A) Coronal oblique image of
ACL. (B) Sagittal oblique im-
age of ACL. (AM, anteromedial
bundle; LFC, lateral femoral
condyle, where ACL inserts;
MFC, medial femoral condyle;
PL, posterolateral bundle.)
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surements of tibial footprint length and width are
obtained using a flexible, reusable, arthroscopic ruler
(Smith & Nephew, Andover, MA) (Fig 4). In patients
with a tibial insertion site length of 14 mm or less, the
native anatomy may be better reproduced with an SB

FIGURE 2. Preoperative mag-
netic resonance imaging mea-
surements. (A) Tibial insertion
site length. (B) ACL inclina-
tion angle. (C) ACL length. (D)
Quadriceps tendon thickness
and patellar tendon thickness.

TABLE 1. Key Points in Performing Anatomic
ACL Reconstruction

Patient positioning is critical to allow for knee hyperflexion
during femoral tunnel preparation.

The 3-portal technique allows for thorough visualization of the
native ACL anatomy.

Preparation of the femoral tunnel through the medial portal
allows for accurate tunnel placement.

Notchplasty is not necessary for visualization and eliminates
anatomic landmarks.

Preservation of native landmarks can be accomplished with
careful debridement with a thermal device.

Careful measurement of notch and ACL insertion dimensions
allows for individualized reconstruction.

Individualized surgery requires an appreciation of each patient’s

unique ACL structure and bony anatomy.
reconstruction. Those with an insertion site length of
14 to 18 mm may undergo ACL-R by either an SB or
DB technique. In patients with a tibial insertion length
greater than 18 mm, a DB ACL-R is recommended
(Table 2). Similarly, the technique used may be dic-
tated by dimensions of the femoral notch because a
shallow or narrow notch may not accommodate a
larger graft. Measurements of notch width and height
are obtained using a flexible, reusable arthroscopic
ruler (Smith & Nephew). We recommend SB ACL-R
in patients whose notch width is less than 12 mm
(Table 2). By individualizing our technique, we may
e able to more thoroughly reconstruct the ACL to
ccommodate the patient’s individual needs.

Visualization of the femoral insertion is best
chieved through the central and accessory medial
ortals (Table 1). The femoral insertion is obscured
hen one is viewing from the lateral portal.14 As such,

a 3-portal technique negates the role of notchplasty to
improve visualization. During identification and char-

acterization of the femoral insertion, the knee is main-
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tained in 90° of flexion. Bony landmarks within the
femoral notch help to identify the native ACL inser-
tion. The lateral intercondylar ridge delineates the
ACL insertion onto the femur, and the bifurcate ridge
identifies the junction of the femoral AM and PL
bundles.15

Tunnel Preparation

When one is using quadriceps tendon autograft, a
single femoral tunnel is used at the center of the

FIGURE 3. Three-portal arthroscopic technique. (CP, central por-
tal; LP, high anterolateral portal; AM, accessory medial portal.)
femoral ACL insertion. An awl is used to identify
appropriate position between the AM and PL bundles
(Fig 5). The knee is hyperflexed when the surgeon is
using a straight guide pin and reamer to produce a
tunnel of adequate length that does not violate the
articular cartilage or place neurologic structures at
risk. A preliminary tunnel is reamed to allow for
assessment of the distance to the lateral cortex before
enlarging the tunnel to the desired dimensions. In
certain cases, flexible guide pins and reamers (Stryker,
Kalamazoo, MI; Smith & Nephew) can be beneficial
because they produce a more spherical tunnel and do
not require knee hyperflexion.

Next, tibial tunnel placement is addressed. A longitu-
dinal incision is centered over the proximal aspect of the
AM tibia. When a DB reconstruction is indicated, the
tibial guide (Smith & Nephew) is set at 45° and placed in
the center of the PL bundle for guide pin passage. The
tibial guide is adjusted to 55° and centered within
the AM footprint for passage of the AM guide pin.
Measurements are performed to assess for adequate pin
spread (Fig 6). Graft size is taken into account when
determining final tunnel dimensions. Tunnels are reamed

FIGURE 4. Tibial insertion site
measurements by use of ar-
throscopic ruler. (A) Tibial in-
sertion site length (anteroposte-
rior). (B) Tibial insertion site
width (mediolateral). (AM, an-
teromedial bundle; LFC, lateral
femoral condyle; MFC, medial
femoral condyle; PL, postero-
lateral bundle.)

TABLE 2. Algorithm for Determining Surgical Technique
Based on Tibial Insertion Site Length and Notch Width

Recommended Repair Technique

ibial insertion length
�14 mm SB reconstruction
14-18 mm SB or DB reconstruction
�18 mm DB reconstruction

otch width
�12 mm SB reconstruction
�12 mm SB or DB reconstruction
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e27INDIVIDUALIZED ANATOMIC ACL RECONSTRUCTION
and dilated to the desired dimensions, and measurements of
tunnel aperture are confirmed.

As discussed previously, in some cases the patient’s
anatomy is best reproduced with an SB reconstruction.
Once the anatomic insertion of the AM and PL bun-
dles is determined, a single guide pin is passed mid-
way between the AM and PL tunnels. This tunnel is
then reamed and dilated to the appropriate size. Mea-
surements of tunnel aperture are confirmed.

FIGURE 5. Single femoral tun-
el placement. (A) Three-
imensional computed tomog-
aphy scan showing location of
M and PL bundles on medial
all of lateral femoral condyle

LFC). The red dot identifies
he placement of the awl when
ne is performing an ACL-R
sing a single femoral tunnel.
B) Arthroscopic image of awl
lacement at desired femoral
unnel position. (AM, antero-
edial bundle; PL, posterolat-

ral bundle.)

FIGURE 6. Pin spread measured with an arthroscopic ruler (Smith
Nephew). AM and PL guide pins are positioned in the center of

he AM and PL tibial insertion sites. (AM, anteromedial guide pin;
FC, lateral femoral condyle; MFC, medial femoral condyle; PL,
losterolateral guide pin.)
Graft Passage and Fixation

During graft passage for a proximal bone block, ap-
propriate orientation is maintained through the accessory
medial portal to prevent graft malposition within the
femoral tunnel. Suspensory fixation (Endobutton, Smith
& Nephew) is used on the femoral side, and position is
confirmed with fluoroscopy. Flexible wires are passed
retrograde through the appropriate tibial tunnels and re-
trieved through the central portal. The sutures for the PL
tunnel are passed from the accessory medial tunnel
through the notch and out the central portal. This suture
is then passed through the loop of the flexible wire and
out the PL tibial tunnel. Passage of the PL graft is
monitored arthroscopically. The AM graft is passed in a
similar fashion (Fig 7). The graft is tensioned and se-
ured by interference screw (Smith & Nephew) in full
xtension for the PL bundle and 45° of flexion for the
M bundle. In cases where interference screw fixation
ay not be adequate, sutures may be tied over a post.
SB graft passage can be performed through the tibial

unnel in certain cases. Another option is to pass the SB
raft in a similar fashion to a DB reconstruction. The
one block is passed through the accessory medial por-
al. Soft-tissue sutures are passed by flexible wires. The
L portion of an SB graft can be guided into its final
osition with a positioning suture placed within the graft.
he PL position is manipulated and viewed intra-articu-

arly before final fixation. The graft is then tensioned in
5° to 20° of flexion with interference screw fixation.

ostoperative Rehabilitation

Immediately after ACL-R, the patient is allowed to
eight bear as tolerated with crutches and the brace
ocked in full extension. Home exercises are initiated
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including quadriceps sets, straight-leg raises, calf
pumps, and heel slides. Use of crutches is continued
for the first month postoperatively. A systematic re-
habilitation program is followed, and return to sport is
expected between 9 and 12 months postoperatively.

DISCUSSION

There is increasing evidence indicating that the
natomic reconstruction of both bundles better re-
tores normal knee kinematics, particularly internal
nd external rotation.16-21 A recent study by Hussein

et al.18 showed that anatomic DB ACL-R better re-
stored anteroposterior and rotational stability when
compared with nonanatomic and anatomic SB ACL-R
at 3- to 5-year follow-up. In addition, anatomic SB
ACL-R showed improved stability when compared
with nonanatomic SB ACL-R. Although this study
shows improved stability with anatomic reconstruc-
tion, one limitation noted by the authors was that they
did not account for individual variation in determining
whether an SB or DB technique should be used. As
previously mentioned, anatomic ACL-R is the re-
creation of the native ACL insertion site with respect
to individual patient characteristics. In individuals
with small insertion sites or narrow notches, a DB

FIGURE 7. Arthroscopic view of anatomic ACL reconstruction.
(AM, anteromedial bundle; LFC, lateral femoral condyle; MFC,
medial femoral condyle; PL, posterolateral bundle.)
reconstruction may be technically compromising to
surrounding knee structures. In such cases the DB
concept can be achieved by an anatomic SB ACL-R.

It is also becoming clear that a “one-size-fits-all”
approach does not adequately reproduce the native
ACL. In fact, it appears that standard tunnels repro-
duce only a fraction of the native ACL. Kopf et al.22

recently described how tibial tunnel aperture varies
with tunnel diameter and angle. This study showed
that with standard drilling, only 57% of the native
tibial insertion is reproduced. With respect to the
femoral insertion, Hensler et al.23 showed that only
61% of the femoral insertion is reconstructed with stan-
dard tunnel preparation. By individualizing ACL-R, we
may be able to reproduce more of the native anatomy
and improve patient outcomes.

Only by gaining an appreciation of each patient’s
unique anatomy will it be possible to perform individ-
ualized, anatomic ACL-R. Our hope is that by closely
examining the approach to anatomic ACL-R, we can
improve the surgical technique and, most importantly,
long-term patient outcomes. By individualizing ACL-R,
we hope to eliminate nonanatomic ACL-R as a risk
factor for osteoarthritis.
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