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Intra-articular landmarks for anterior cruciate ligament 
reconstructions: a review

The anterior cruciate ligament (ACL) is one of 
the most important stabilizers of the knee joint. 
It resists anterior tibial translation and serves as 
a secondary restraint to internal tibial rotation 
[1–3]. ACL deficiency frequently leads to symp-
tomatic knee instability, and is associated with 
both short- and long-term consequences, includ-
ing meniscal and articular cartilage lesions and 
progressive osteoarthritic changes [4–6]. ACL 
rupture is generally treated either operatively or 
nonoperatively depending on the patient’s symp-
toms, age, activity level and functional demands 
[7–9]. Arthroscopically assisted reconstruction 
techniques are frequently utilized in the surgi-
cal management of ACL ruptures. Numerous 
techniques have been described and there is cur-
rently no consensus as to which methods yield 
the best functional outcome, patient satisfaction 
and long-term results. 

Currently, there is great interest in reproduc-
ing the native anatomy when reconstructing the 
ACL [10,11]. There is debate regarding the need for 
double-bundle reconstruction. Double-bundle 
reconstructions have been shown to improve 
rotational stability in vitro [12,13], but improved 
clinical outcomes have not been demonstrated 
[14,15]. With all techniques, the ultimate goal 
in ACL reconstructive surgery is to restore the 
translational and rotational kinematics of the 
native knee. Whether single- or double-bundle 
ACL reconstruction is performed, adherence to 
the anatomic reconstruction concept seems to be 
an important factor in achieving this goal [16]. 

Numerous factors affect outcome following 
ACL reconstruction, but the most common 
cause of revision ACL reconstruction is recurrent 
symptomatic instability [17]. Technical errors are 

the most frequent cause of recurrent instability, 
with tunnel malpositioning noted to be the most 
common error [17,18]. On the femur, tunnels are 
often too anterior, leading to impingement in the 
notch and a loss of extension. Placement of the 
femoral tunnel too far posterior can lead to graft 
laxity in flexion or excessive tension in extension. 
Placement of the femoral tunnel vertically in the 
notch may lead to decreased rotational control 
and a persistent pivot-shift in some cases [17]. On 
the tibia, the tunnel may be too far posterior, 
leading to a vertical graft that poorly controls 
anterior translation, or too far anterior, leading 
to impingement of the graft in the notch dur-
ing extension [19]. In order to achieve a successful 
long-term outcome, the surgeon must consider the 
native ACL anatomy during ACL reconstruction. 

The aim of this article is to present the current 
knowledge of the native attachment sites of the 
ACL and the intra-articular landmarks for ACL 
reconstruction.

The anatomy & function of the ACL
The ACL is an intra-articular but extrasynovial 
ligament. Proximally, its origin is on the postero-
medial aspect of the lateral femoral condyle. It 
follows an oblique course inferomedially until it 
reaches its insertion site on the tibia, the anterior 
intercondylar fossa. 

The ACL is frequently described as consist-
ing of two functional bundles: the anteromedial 
(AM) bundle and the posterolateral (PL) bundle 
[20]. They are named according to their relative 
insertion sites onto the tibia. There is, however, 
conflicting evidence regarding the number of 
bundles that constitute the ligament. Odensten 
and Gillquist reported that it was not possible 
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to demonstrate separate bundles of the ACL in 
histologic sections [21], while some authors have 
described a third, intermediate bundle [22,23]. 
However, based on the findings of numerous 
cadaveric and fetal dissections, the majority of 
authors agree on the presence of two functional 
bundles [2,24–29].

The division of the ligament into functional 
bundles implies that each bundle is unique with 
respect to its tensioning pattern throughout the 
range of motion of the knee. In extension, the 
AM and PL bundles are parallel and both are 
relatively taut (Figure 1A) [20]. With knee flexion, 
a change in the spatial orientation of the bundles 
is observed. The AM bundle remains taut and 
crosses over the PL bundle, which relaxes with 
knee flexion (Figure 1B) [2,20]. In situ biomechani-
cal studies have demonstrated that when resist-
ing anterior tibial translation, the forces carried 
by the PL bundle significantly increased as the 
knee was extended, whereas the AM bundle was 
exposed to an almost constant force at all degrees 
of flexion. When resisting internal tibial rota-
tion, the force transmitted by the AM bundle 
both in 15 and 30° of flexion was found to be 
higher than that of the PL bundle. These find-
ings suggest that both of the bundles participate 
in the maintenance of the anteroposterior and 
rotational knee  stability [2,30,31].

The size of the ACL is variable. Measurement 
of the intra-articular length of ACL in cadav-
eric studies revealed that it had a range 
between 22 and 41 mm, with a mean length 
of 32 mm [23]. The ligament is broadest near 
its attachment sites and narrower in its mid-
substance [20]. The AM bundle is longer than 
the PL bundle, but the lengths and widths of 
the bundles are varied, subject to different 
degrees of flexion [2].

The femoral attachment site 
The ACL originates from the posteromedial 
aspect of the lateral femoral condyle. The 
orientation of the origins of the AM and PL 
bundles relative to each other is dependent on 
the degree of knee flexion. From an anatomic 
point of view, the femoral origins are generally 
described with the knee in extension; how-
ever, the arthroscopic view is not compatible 
with the anatomic descriptions since the knee 
must be flexed to visualize the femoral origin 
arthroscopically. In full extension, the origin of 
the AM bundle is located at the proximal por-
tion of the entire ACL footprint and the origin 
of the PL bundle is located posterior and distal 
to the origin of the AM bundle (Figure 2A). With 
knee flexion, the longitudinal axis of the ACL 
attachment becomes more horizontal and the 

Figure 1. Anteromedial (light gray) and posterolateral (dark gray) bundles of the anterior cruciate ligament in a right knee. 
The bundles are parallel and taut in extension (A), while in flexion the anteromedial bundle remains taut and crosses over the 
posterolateral bundle (B).
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PL origin is located anterior and inferior relative 
to the AM origin when viewed arthroscopically 
(Figure 2B) [11]. 

Numerous cadaveric and radiologic studies 
have been performed to describe the localiza-
tion of the attachment sites of the ACL with 
respect to anatomic references [2,20,25,26,29,32–
34]. Concerning the femoral origin, the most 
prominent bony landmark is the Resident’s 
ridge (also known as the lateral intercondylar 
ridge). The Resident’s ridge is a thick bony 
ridge on the medial wall of the lateral femoral 
condyle (Figure 3A), which extends from a pos-
terior–superior to anterior–inferior direction 
from an arthroscopic point of view (Figure 3B). 
It constitutes the anterosuperior border of the 
femoral ACL attachment area, meaning that 
the ACL does not possess any fibers that attach 
antero superior to this ridge. The Resident’s ridge 
extends along the entire length of the femoral 
origin. Histologic ana lysis of fetuses ranging 
from 19 to 22 weeks of gestation has demon-
strated the presence of the Resident’s ridge [27]. 
A recent cadaveric study conducted by Purnell 
et al., which utilized high-resolution volume 
rendering computed tomography to describe 
the anatomy of the ACL, demonstrated that the 
Resident’s ridge was present in all knees stud-
ied. The angle between the ridge and the axis 

of the femoral diaphysis in the sagittal plane 
was 34.9 ± 3.7° and the length of this ridge was 
 measured as 15.5 ± 1.5 mm [35]. 

In a clinical study, Shino et al. investigated 
the utility of Resident’s ridge as an arthroscopic 
landmark for anatomical femoral tunnel for 
ACL graft [36]. It was shown that arthroscopic 
identification of the Resident’s ridge was possible 
without performing bony notchplasty, even in 
patients with chronic ACL insufficiency. The 
arthroscopically measured distance between the 
midpoint of this ridge and the posterior articular 
margin was 7–10 mm. Postoperative evaluation 
of these patients with 3D computed tomogra-
phy demonstrated that the mean length of the 
Resident’s ridge was 18.8 ± 1.4 mm. The average 
maximum distance measured between the ridge 
and the posterior margin of the medial wall of 
the lateral femoral condyle was 9.3 ± 0.8 mm, 
and the angle between the ridge and the axis of 
distal femoral diaphysis in the sagittal plane was 
31.1 ± 2.0°. They concluded that the Resident’s 
ridge could be used as an intraoperative land-
mark for proper femoral tunnel placement [36]. 
Radiographic location of the Resident’s ridge 
was described by Farrow et al. with the aim 
of providing a method to confirm the femo-
ral tunnel position intraoperatively in difficult 
cases and also to assess the tunnel position 

Figure 2. Femoral and tibial attachments of the anteromedial (light gray) and posterolateral (dark gray) bundles of the 
anterior cruciate ligament in a right knee. Note the change in orientation of the femoral attachment sites relative to the tibia when 
the knee moves from extension (A) to flexion (B).
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postoperatively in patients with unsatisfactory 
outcomes [37]. The bone posteroinferior to the 
Resident’s ridge is generally less dense on the 
lateral radiograph.

The femoral attachment site of the ACL fol-
lows the contour of the articular cartilage of the 
posteromedial part of the lateral femoral con-
dyle, which can be used as another landmark for 
tunnel placement (Figure 4). Colombet et al. and 
Purnell et al. measured the distance from the 
posterior articular margin to the posterior extent 
of the ACL as 2.5 ± 1.1 mm and 3.5 ± 0.9 mm, 
respectively [25,35]. The distance from the inferior 
articular margin of the lateral femoral condyle 
to the edge of the femoral footprint of the ACL 
was measured as 3.0 ± 0.9 mm [35]. The postero-
superior border of the ACL footprint lacks a 
bony landmark. The ACL insertion extends up 
the lateral wall toward the roof of the intercon-
dylar notch, but none of its fibers attach medial 
to the center of the roof [35].

The locations of AM and PL bundle inser-
tions on the lateral wall of the intercondylar 
notch with respect to anatomic landmarks have 
also been described. The distance from the cen-
ter of the AM bundle to the posterior articular 
margin was measured as 5–6 mm by Peterson 
and Zantop, and 6.3 ± 0.6 mm by Mochizuki 
et al. [2,33]. The distance from the center of the 
PL bundle to the posterior margin has been 

reported to be 8.6 ± 0.6 mm [33], while the dis-
tance to the inferior margin was measured as 
4–5 mm [2]. 

Fetal, cadaveric and arthroscopic studies 
by Ferreti et al. demonstrated the existence of 
another ridge between the AM and PL bundles, 
which was named the lateral bifurcate ridge 
[26,27]. However, it was noted that this ridge 
was not found in every case and was present 
only in the anterior portion of the femoral foot-
print. 3D computed tomography scans showed 
that the attachment site of the AM bundle was 
concave and the attachment site of the PL was 
relatively flat [26].

The tibial attachment site
The ACL inserts into the anterior intercondy-
lar fossa on the tibial plateau. The shape of the 
tibial insertion has been described as oval or 
triangular [2,21,28]. The tibial insertion site is 
the broadest part of the ligament as its fibers 
splay and attach in a manner that has been said 
to resemble the foot of a duck [28]. The fibers 
of the ACL insert anterior to the intercondylar 
eminence and lateral to the medial tibial spine 
(Figure 5). None of its fibers attach to the tibial 
spines themselves. Anteriorly, ACL fibers pass 
beneath the inter-meniscal ligament and some 
fibers blend with the anterior horn of the lateral 
meniscus [35]. 

Figure 3. A 3D computed tomography reconstruction of the distal femur in a right knee. (A) In a medial view with the medial 
femoral condyle removed, the Resident’s ridge (arrows) is visible on the medial wall of the lateral femoral condyle. (B) The orientation of 
the Resident’s ridge (arrows) from a simulated arthroscopic view via the anteromedial portal.
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The most commonly described soft tissue 
landmarks for ACL reconstruction are the pos-
terior cruciate ligament (PCL) and the posterior 
border of the root of the anterior horn of the lat-
eral meniscus, both of which are easily identified 
arthroscopically. Morgan et al. demonstrated 
that irrespective of knee size, the distance from 
the most anterior fibers of the PCL to the center 
of the ACL attachment was 7 mm in a knee 
flexed 90° [38]. In another cadaveric study con-
ducted by Hutchinson et al., a similar distance 
was measured (10.4 ± 2.4 mm) and it was again 
noted that this distance was not correlated with 
knee size [39]. Measurement of the distance from 
the posterior border of the ACL footprint to the 
anterior fibers of the PCL yielded inconsistent 
results. The root of the anterior horn of the 
lateral meniscus is located just anterior to the 
AM aspect of the ACL’s tibial attachment area 
(Figure 6) [11]. The center of the ACL insertion has 

been measured to be 4.9 ± 1.9 mm posterior to 
the posterior border of the anterior root of the 
lateral meniscus [39]. 

Numerous osseous landmarks have been 
described to localize the ACL tibial insertion. 
Its location has been described relative to the 
anterior and posterior borders of the tibial 
plateau in several studies. Using tibial plateau 
specimens obtained during arthroplasty, Tállay 
et al. showed that the anterior fibers of the 
ACL were 12.9 ± 2.8 mm posterior to the ante-
rior tibial border [40]. In a cadaveric study by 
Colombet et al. this distance was measured as 
13.1 ± 1.6 mm [25]. The attachment of the most 
posterior fibers of the ACL have been reported 
as being 12.4 ± 2.4 mm anterior to the posterior 
border of the tibial plateau [39], while the center 
of the ACL attachment has been measured to be 
35 ± 5 mm anterior to the posterior margin of 
the plateau [32]. 

Figure 4. An arthroscopic view of the femoral attachment site of the anterior cruciate 
ligament in a right knee. Soft tissue has been cleared from the medial wall of the lateral femoral 
condyle. The native anterior cruciate ligament attachment site is anterosuperior to the posterior 
articular margin (marked with a black line) and posteroinferior to the Resident’s ridge (marked with *). 
LFC: Lateral femoral condyle; PCL: Posterior cruciate ligament.
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The medial tibial spine is easily identified 
arthroscopically and is a frequently cited land-
mark for ACL reconstruction. The distance from 
the medial tibial spine to the posterior fibers 
of the ACL was measured to be 8.8 ± 2.0 mm 
[39]; however, it has been determined that the 
distance from insertion to the medial spine is 
dependent on the size of the tibial plateau [32].

The retro-eminence ridge runs transversely 
between the medial and lateral tibial spines, 
and has also been suggested as a landmark for 
ACL tibial tunnel placement. Hutchinson et al. 
declared that in a 90°-flexed knee, the anterior 
fibers of the PCL approximated this ridge [39]. 
They suggested that use of this ridge as a land-
mark is equivalent to using the anterior border 
of the PCL and reported the distance from the 
retro-eminence ridge to the posterior border of 
the ACL attachment area to be 6.7 ± 1.2 mm [32]. 
Purnell et al. noted that the most posterior ACL 
fibers were inserted just anterior to this ridge. 
They measured the distance from the ridge to 
the anterior border of the ACL footprint and 
found it to be 10.7 ± 1.3 mm [35]. A similar dis-
tance of 10.3 ± 1.9 mm was noted by Colombet 
et al. [19]. The distance from the retro-eminence 

ridge to the attachment center of the ACL was 
measured in another study and found to be to 
be 15 ± 2 mm [40]. 

Thus, there are numerous landmarks to 
consider when placing the ACL tibial tunnel. 
Hutchinson et al. stated that PCL-based land-
marks were the most reproducible guides [39]; 
however, other authors have noted that changes 
in apparent PCL position at various degrees of 
flexion may limit the utility of this system [11,25]. 
The anterior and posterior borders of the tibial 
plateau cannot be visualized arthroscopically 
and their use as a landmark required intra-
operative fluoroscopy [25]. Additionally, their use 
as a landmark has been associated with a higher 
intraobserver error than measurements relative 
to the retro-eminence ridge [25]. Colombet 
et al. and Edwards et al. agreed that the mea-
surements with respect to the retro-eminence 
ridge were the most reproducible and reliable 
measurements [25,32].

As mentioned before, the AM and PL bun-
dles were named according to their insertion 
sites at the ACL footprint. However, their tibial 
insertion has been noted to have considerable 
variability [25,40]. The findings of the study 

LFC
MFC

AM
PL

LTP
MTP

Figure 5. Anterior view of the tibial attachment site of the anterior cruciate ligament in a 
cadaveric right knee. The anterior cruciate ligament inserts anterior to the intercondylar eminence 
lateral to the medial tibial spine. 
AM: Anteromedial; LFC: Lateral femoral condyles; LTP: Lateral tibial plateaus; MFC: Medial femoral 
condyles; MTP: Medial tibial plateaus; PL: Posterolateral.
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conducted by Tállay et al. showed that the inser-
tion of the AM bundle could range from directly 
anterior to directly medial to the insertion of the 
PL bundle [40]. The distance between the centers 
of the bundles was measured as 9.3 ± 1.8 mm 
by Tállay et al. and 8.4 ± 0.6 mm by Colombet 
et al. [25,40].

The location of the tibial attachment sites 
of the two bundles with respect to the afore-
mentioned anatomic landmarks has also been 
studied. Zantop et al. defined the localization of 
each bundle relative to the anterior horn of the 
lateral meniscus, and concluded that the center 
of attachment of the AM bundle was 2.7 mm 
posterior and 5.2 mm medial to the anterior 
horn [41]. The same measurements for the cen-
ter of the PL bundle were 11.2 and 4.1 mm, 
respectively [41].

Tállay et al. measured the centers of the AM 
and PL bundles, which were 17.2 ± 4.1 and 
25.6 ± 4.8 mm posterior to the anterior bor-
der of the tibial plateau [40], but these distances 
have been shown to vary, based on the size of 
the plateau [32]. The distances from the medial 
tibial spine to the centers of attachment sites of 
the AM and PL bundles were shown to be 5 ± 1 
and 4 ± 1 mm, respectively, which were not 
related to the knee size [32]. These results were 

not reproduced in a study of Luites et al., which 
showed these distances to be 3.0 ± 1.6 mm for the 
AM bundle and 7.2 ± 1.8 mm for the PL bundle 
[29]. These differences likely reflect morphologic 
variation at the tibial attachment site.

The distance from the retro-eminence ridge 
to the attachment center of the PL bundle was 
found to be 10 ± 1 mm and that of the AM 
bundle was found to be 17 ± 2 mm [32]. These 
findings were related to the anteroposterior 
depth of the tibial plateau. 

Conclusion
Although many factors affect outcome follow-
ing ACL reconstruction, improper tunnel place-
ment is the most common cause of recurrent 
instability requiring reoperation. Numerous 
soft tissue and osseous landmarks are available 
to aid surgeons achieving proper tunnel place-
ment. The Resident’s ridge and posteromedial 
articular margin are consistent femoral land-
marks, while the retro-eminence ridge is likely 
the most  reproducible tibial landmark. 

Future perspective
The ACL is an extensively studied topic and 
understanding of the anatomy, biology and clin-
ical results of ACL reconstruction are constantly 

Posterior

Anterior

LM MM

PCL

ACL

Figure 6. Superior view of the tibial plateau of a right knee demonstrates the location of 
the anterior cruciate ligament tibial insertion relative to the root of the anterior horn of 
the lateral meniscus. The PCL and MM are also labeled.
ACL: Anterior cruciate ligament; LM: Lateral meniscus; MM: Medial meniscus; PCL: Posterior  
cruciate ligament.
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evolving. While today’s procedures attempt to 
restore the anatomy and thus function of the 
ruptured ligament, there are inherent limitations 
to this approach. Advances related to the bio-
logic enhancement of intra-articular healing and 
ligament scaffolds may some day allow for pri-
mary repair of many acute ACL injuries, guar-
anteeing perfect anatomic tunnel positioning. In 
cases where repair is impossible, reconstruction 
techniques will continue to evolve. One could 
imagine studying the ACL attachment points of 
the uninjured contralateral knee and using these 
data to exactly reproduce the patient’s native 
anatomy in the injury knee. There may be a 
role for intraoperative guidance systems in ACL 

reconstruction as ideal tunnel location becomes 
more and more precisely defined. It is certain 
that discussion of anatomy will continue to be 
central to our understanding of ACL.
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Executive summary

The anatomy & function of the anterior cruciate ligament
 � The anterior cruciate ligament (ACL) is an intra-articular, extrasynovial ligament, extending 

inferomedially from the posteromedial aspect of the lateral femoral condyle to the anterior 
intercondylar area of the tibia.

 � The ACL has two functional bundles: the anteromedial (AM) bundle and the posterolateral  
(PL) bundle.

 � The AM and PL bundles are named according to their relative orientation at their tibial insertions.
 � Both the AM and the PL bundles participate in controlling anteroposterior and rotational  

knee stability.

The femoral attachment site 
 � In an extended knee, the origin of the AM bundle is located in the proximal portion of the ACL 

attachment, whereas the origin of the PL bundle lies posterior and inferior to the AM bundle.
 � In a flexed knee, the origin of the PL bundle is relatively inferior and anterior.
 � The borders of the femoral attachment site of the ACL are:

– Resident’s ridge: a bony landmark extending along the entire attachment site anteriorly.

– Posterior and inferior condylar articular margin: the femoral attachment of the ACL follows the 
contours of the articular margin both posteriorly and inferiorly.

– Superior border: there is not a bony landmark limiting its superior attachment sites. Some fibers 
of the ACL extend up to the roof of the notch.

– The lateral bifurcate ridge: a bony landmark that separates the attachment sites of the AM and 
PL bundles.

The tibial attachment site
 � Soft tissue landmarks:

– The posterior cruciate ligament.

– The anterior horn of the lateral meniscus. It is located anterior to the AM aspect of the ACL.

 � Bony landmarks:
– The retro-eminence ridge: the ACL inserts anterior to this ridge.

– Medial tibial spine: the ACL inserts lateral to the medial tibial spine.

– There is not a true bony landmark denoting the lateral margin of the ACL attachment area.

– The anterior and posterior borders of the tibial plateau are also among the suggested bony 
landmarks, but it is not possible to place the tunnels with respect to these landmarks 
arthroscopically. Fluoroscopy must be used.

 � The orientations of the tibial attachment sites of the AM and PL bundles are highly variable.

Conclusion
 � While many factors affect long-term outcome following ACL reconstruction, the most common 

cause of recurrent instability requiring revision ACL reconstruction is technical error.
 � Data suggest that proper placement of both femoral and tibial tunnels with respect to the 

attachment sites of the native ligament is important in achieving successful and long-lasting  
surgical outcomes.
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