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Background: The anterior cruciate ligament (ACL) is an important structure in the knee. The 

ACL does not heal following lesions, and surgical reconstruction is the standard treatment 

among athletes. Some steps of ACL reconstruction remain controversial. It is important to 

fully understand the anatomy of the ACL to accurately reproduce its anatomy during surgical 

reconstructions. The purpose of this study was to evaluate the use of anaglyphic images that 

produce 3D images to better visualize the anatomy of the ACL, and to highlight the anatomical 

features of this ligament as reported in the literature.

Methods: We included ten knees in this study. After dissection of the knee structures, pictures 

were acquired using a camera with Nikon D40, AF-S Nikkor 18–55 mm (1:3.5–5.6 G2 ED), 

and Micro Nikkor 105 mm (1:2.8) lenses. The pair of images was processed using Callipyan 

3D Anabuilder software, which transforms the two images into one anaglyphic image.

Results: During the dissection of the knees, nine pictures were acquired and transformed into 

anaglyphic images.

Conclusion: This study, demonstrated that the use of 3D images is a useful tool that can 

improve the knowledge of the anatomy of the knee, while also facilitating knee reconstruction 

surgery.

Keywords: anatomy education, photography methods, education, medical methods, eyeglasses, 

anaglyphic

Introduction
The anterior cruciate ligament (ACL) is an important structure in the knee, as it 

resists anterior instability and internal rotation of the tibia.1,2 The ACL does not 

heal following lesions, and surgical reconstruction is the standard treatment among 

athletes.3 Reconstructive surgery aims to restore the kinematics and stability of the 

injured knee. During the past 20 years, ACL reconstruction has become a widely 

accepted procedure, and its utilization will continue to increase given that the ACL is 

one of the most frequently injured structures during high impact sporting activities.4 

However, some steps of ACL reconstruction remain controversial. It is important 

to fully understand the anatomy of the ACL in order to understand the functional 

role of this structure, as well as to accurately reproduce its anatomy during surgical 

reconstructions.

Several articles have been published on the anatomy of the ACL, mainly in rela-

tion to the footprints of this ligament in the femur and tibia.4–6 These studies aimed 

to increase the general knowledge of the anatomical features of the ACL in order to 

ensure that the present surgical techniques were as closely approximated as possible to 

Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
183

O riginal        R esearc      h

open access to scientific and medical research

Open Access Full Text Article

http://dx.doi.org/10.2147/OAJSM.S37203

O
pe

n 
A

cc
es

s 
Jo

ur
na

l o
f S

po
rt

s 
M

ed
ic

in
e 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

mailto:ggarliani@hotmail.com
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/OAJSM.S37203


Open Access Journal of Sports Medicine 2012:3

the original anatomy of the ligament. However, there are no 

published studies on the anatomy of this ligament as viewed 

in three dimensions.

Two-dimensional images can be prepared to provide the 

illusion that an object has three dimensions (3D). Special 

glasses that transmit a different image of a two-dimensional 

object to each eye function by altering the angle of each image 

and produce an illusion of depth within the brain, or with the 

aid of computer graphics. Therefore, 3D visualization meth-

ods are a valuable resource for knee anatomy teaching and 

learning because they allow clinicians to visualize anatomical 

structures in great detail. The purpose of this study was to use 

anaglyphic images to visualize the anatomy of the ACL.

Material and methods
This research project was evaluated and approved by the 

Ethics Committee within our institution and an associated 

institution. We included ten knees from the traumatic amputa-

tion of lower limbs from adult patients between the ages of 

34 and 55 years (mean 41.2 years). The knees of seven men 

and three women were dissected. There was no distinction 

based on race made among participants in the study. The 

dissections and 3D images were acquired at the Universidade 

Federal de São Paulo.

We did a qualitative analysis of the anatomy of the knee. 

The distal femur and proximal tibia were used for this study. 

The skin and subcutaneous tissue were removed, leaving 

only the muscle groups and ligaments. We then removed all 

of the muscle groups, and the ligaments and meniscus were 

retained. The quadriceps muscles, iliotibial band, biceps 

femoris, popliteus muscle, lateral and medial head of the 

gastrocnemius, semimembranosus, semitendinosus, gracilis, 

and sartorius were removed. Finally, we acquired a knee 

that only contained the bone (tibia and femur), the ACL, 

posterior cruciate ligament (PCL), medial collateral ligament, 

lateral collateral ligament, mucosum plica, and the meniscus. 

Following the dissection of each of these structures, pictures 

were taken with both central ligaments. Subsequently, the 

PCL was removed in order to better visualize the ACL.

In order to better visualize the two bundles of ACL in 

the flexion and extension positions, the medial condyle was 

resected with an osteotome. Images were then acquired with 

the knee in the flexion and extension positions. Images were 

acquired from the dissections using a camera with Nikon D40, 

AF-S Nikkor 18–55 mm (1:3.5–5.6 G2 ED), and Micro Nikkor 

105 mm (1:2.8) lenses (Nikon Corporation, Tokyo, Japan). 

These lenses were placed on a slide bar that was attached to a 

tripod. The slider was used to generate two images of the same 

structure, which differed along the horizontal angle proportional 

to the interpupillary distance.7–9 The pair of images was pro-

cessed using Callipyan 3D Anabuilder software (AnaBuilder, 

France), which transforms the two images into one anaglyphic 

image. The special anaglyph 3D glasses then enabled the visu-

alization of the 3D images. Two images were displayed on the 

screen – one red and the other blue. The red filter allowed a red 

image to enter one eye, and the blue filter allowed a blue image 

to enter the other eye. The brain then combined these images 

to give the viewer the illusion of a 3D image.

Results
The distal femur and proximal tibia were used in this study. 

The skin, subcutaneous tissue and muscles were removed 

leaving only the femur, tibia, meniscus, and ligaments.

The first images were acquired just after a complete 

rupture of the patellar tendon and removal of the extensor 

mechanism proximally. In Figure  1 we can visualize the 

infrapatellar fat and the ligamentum mucosum. Following the 

acquisition of this image, we resected these two structures.

After dissection of ACL and PCL, we placed the joint 

at a 90-degree angle in flexion – a position typically used 

in arthroscopic procedures – to realize images in 3D. In 

Figure 2, we can see both ligaments and their relations with 

the femur and tibia in the position described above.

With the knee in the same position, a new image 

(Figure 3) with a greater degree of zoom was acquired, so 

we were better able to observe the insertions of the ACL and 

PCL in 3D. Following that, the PCL was removed for better 

visualization of the ACL. Images were acquired from the 

front and back of the knee in different positions (Figures 4 

and 5, respectively). In the posterior view with the knee in 

the extended position, we can visualize more accurately the 

relationship between the ACL footprint and the posterior 

wall of the femur.

Figure 1 Infrapatellar fat and the ligamentum mucosum.
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We then conducted a more detailed dissection of the ACL 

and its anteromedial and posterolateral bundles. To better 

visualize the two bundles in the flexion and extension posi-

tions, the medial condyle was resected with an osteotome. 

Images were then acquired with the knee in the flexed and 

extended positions (Figures 6 and 7, respectively). In Figure 8 

it is apparent that when the knee is in flexion, the tension 

of the anteromedial bundle is clearly visible. It is also noted 

that the posterolateral bundle is loose. Also visible are the 

insertion of the femur and tibia.

With the knee in the extended position, and following 

resection of the medial femoral condyle, we performed a 

zoomed image at the femoral insertion of the ACL (Figure 9). 

In this image, we can see the footprint of the ligament as 

well as its relationship to the articular and posterior cortical 

region of the femur.

Discussion
The ACL is a band-like structure that is comprised of dense 

connective tissues. The ligament is composed of fibroblasts, 

primarily surrounded by type 1 and type 3 collagens. Near 

the ACL insertions, there are also small amounts of type 3 

and type 4 collagens.10,11

The normal insertion site of a ligament is a highly special-

ized zone of tissue that functions to transfer stress from hard 

to soft tissue. The native ACL attaches to the surface of the 

bone via direct insertion, which contains four distinct his-

tological zones: (1) ligament; (2) uncalcified fibrocartilage; 

(3) calcified fibrocartilage; and (4) bone.12 The ACL attaches to 

a rough, nonarticular area, which is anterior to the intercondy-

lar eminence of the tibia, and extends upwards and backwards 

in an oblique direction to the most posterior-medial aspect of 

the lateral femoral condyle.4 The long axis of the ACL is tilted 

26 degrees forward from its vertical axis, and rotates towards 

itself in a lateral (external rotation) spiral of approximately 

90 degrees as it approaches the tibial surface.13,14

The ACL is enveloped by the synovial membrane of 

the knee joint, which places the ligament in an intraar-

ticular orientation, although it remains in an extrasynovial 

position.15 The length of the ACL ranges from 22 to 41 mm 

Figure 2 PCL (1) and ACL (2) in knee flexion.
Abbreviations: PCL, posterior cruciate ligament; ACL, anterior cruciate ligament.

Figure 3 ACL (2) and PCL (1) in the knee flexion.
Abbreviations: PCL, posterior cruciate ligament; ACL, anterior cruciate ligament.

Figure 4 ACL (1) in the flexed knee: anterior view.
Abbreviation: ACL, anterior cruciate ligament.

Figure 5 Femoral insertion of the ACL (1): posterior view.
Abbreviation: ACL, anterior cruciate ligament.
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femur to the tibia. Near the tibial attachment, the ACL sends 

a variable amount of fibers anteriorly beneath the transverse 

intermeniscal ligament, and some extensions may blend in 

with both the attachment of the anterior or posterior horn of 

the lateral meniscus. The tibial attachment is somewhat wider 

and stronger than the femoral attachment.3

Functionally, Girgis et  al divided the ACL into two 

parts: the anteromedial bundle (AMB) and the posterolateral 

bundle (PLB),14 while other orthopedic researchers have 

separated the ACL into three functional bundles: the AMB; 

the intermediate band; and the PLB.16 The fascicles of the 

AMB originate at the most anterior and proximal aspect 

of the femoral attachment and insert at the anteromedial 

aspect of the tibial attachment. Conversely, the fascicles of 

the PLB originate at the posterodistal aspect of the femoral 

attachment and insert at the posterolateral aspect of the 

tibial attachment.16 A larger number of fascicles make up 

the PLB as compared to the AMB.17 The two bundles are 

not isometric in terms of flexion and extension, but they 

Figure 6 ACL (1) without the medial condyle in the flexed knee: lateral view.
Abbreviation: ACL, anterior cruciate ligament.

Figure 7 ACL (1) without the medial condyle in the extended knee: lateral view.
Abbreviation: ACL, anterior cruciate ligament.

Figure 8 ACL anteromedial (1) and posterolateral (2) bundles without the medial 
condyle: lateral view.
Abbreviation: ACL, anterior cruciate ligament.

Figure 9 ACL footprint (1) without the medial condyle.
Abbreviation: ACL, anterior cruciate ligament.

(mean, 32  mm) and its width ranges from 7 to 12  mm. 

The tibial attachment of the ACL is oval and longer in the 

anteroposterior dimension (17 ± 2 mm on average) than its 

medial-lateral width (9 ± 2 mm on average).4 The femoral 

attachment is smaller and is located  posterior and distal to the 

“over the top” position. The femoral attachment is oval shaped 

and there is often a bony prominence located between the 

anteromedial and posterolateral bundle insertion site, known 

as the cruciate ridge. In addition, there is a bony ridge run-

ning lengthwise throughout the entire footprint of the ACL, 

which is called the lateral intercondylar ridge.5

The cross-sectional shape of the ACL is noncircular. 

Moreover, the cross-sectional area increases in size from the 
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experience different patterns of changes in their length during 

passive knee flexion. In extension, the AMB appears as a flat 

band, and the posterolateral bulk of the ligament is taut. As 

the flexion begins, the anteromedial band tightens, and the 

posterolateral bulk loosens.4

In our study, we found two bundles in the ACL dissec-

tions, and as observed in other papers, we noted differences 

in the length of the ligament in different positions. The ACL 

receives nerve fibers from the posterior articular branches 

of the tibial nerve. These fibers penetrate the posterior joint 

capsule and run alongside the synovial and periligamentous 

vessels surrounding the ligament to reach as anterior as the 

infrapatellar fat pad.18 There are mechanoreceptors that serve 

a proprioceptive function and provide the afferent arc for 

knee postural signaling changes.3 Therefore, preserving ACL 

structural components during ACL reconstruction could help 

to maintain proprioception after reconstruction.19

The blood supply of the cruciate ligaments is provided 

by the middle genicular artery. The middle genicular artery 

originates at a right angle from the anterior aspect of the 

popliteal artery, most commonly at the level of the proximal 

contours of the femoral condyles immediately below the ori-

gin of the superior genicular artery and just above the sural 

artery.3 It pierces the posterior capsule, passing through one 

of the apertures existing in the oblique popliteal ligament, 

nearer to the lateral than the medial femoral condyle. When 

the artery penetrates the joint, it ramifies, providing branches 

to the soft tissues lodged in the intercondylar notch such as 

the ACL.3 The distribution of blood vessels within the liga-

ment is not homogeneous. The proximal part of the ACL 

contains more blood vessels than the distal part.20

A small amount of blood is supplied to the distal por-

tion of the ACL by the infrapatellar branches of the inferior 

genicular arteries. The periligamentous fold of vessels is 

absent in a small zone approximately 5–10 mm proximal to 

the tibial attachment; in this anterior fibrocartilaginous part, 

the tissue is avascular.21 The coincidence of poor vascularity 

and the presence of fibrocartilage is also observed in tendons 

that are subjected to compressive loads, and the coincidence 

of these two factors undoubtedly contributes to the poor 

healing potential of the ACL.3

Conclusion
The use of 3D images in this study demonstrates that this 

technique is useful to improve the knowledge of the anatomy 

of the knee, as well as to help inform knee reconstruction 

surgery. Other medical specialties have already used 3D 

imaging to enhance their understanding of various anatomical 

features. The ability to understand and visualize the relation-

ship between different structures of the knee motivates us 

to conduct further studies using 3D images to improve our 

understanding of anatomical structures.
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