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Anterior cruciate ligament (ACL) injury 
is one of the most common knee injuries, 
with an estimated incidence of 1 in 3000 
in the USA1. Chronic ACL deficiency is 
associated with a high incidence of early 
osteoarthritis (OA). Thus it would be logical 
to assume that if reconstructive surgery 
restores knee stability, it should reduce 
the risk of subsequent OA2. Unfortunately 
an increasing number of studies show 
that the risk of early OA is similar or even 
sometimes higher after ACL reconstruction, 
compared to those ACL-deficient patients 
who were treated non-operatively2,3. 
Tashman et al2 showed that although 
restoration of normal anterior/posterior 
motion patterns is possible with current 
ACL reconstruction techniques, it does not 
necessarily imply normal knee function. 
That is probably why there is a growing 
interest in an anatomical approach to ACL 
reconstruction techniques.

Many researchers believe this might be 
key to improving long-term results and 
reducing the risk of early OA. Therefore a 
comprehensive and detailed understanding 
of ACL anatomy has become more important 
then ever. 

Seneka said: “Omnis ars naturae imitatio 
est”, which could be translated as “All art is 
nothing but imitation of nature”. 

During the last few years there have 
been two dominating theories on ACL 
anatomy: the double-bundle concept 
and, since 2012, the ribbon-concept of ACL 
anatomy (first presented in ‘The Ribbon 
Concept of the Anterior Cruciate Ligament’ 
by R. Smigielski, at the ACL Study Group 
Meeting, 2012 in Jackson Hole, Wyoming, 
USA).

This article will present the key points of 
ribbon-like ACL anatomy theory. 

FLAT, RIBBON-LIKE AND TWISTING ACL
In their anatomical study4, Smigielski 

et al dissected 111 fresh frozen cadaveric 
knees. All osteoarthritic specimens (grade 
IV chondromalacia) were excluded from 
the study. The mean age was 67 (range 
32 to 74 years old), with 66 female and 45 
male subjects. In all dissected knees, the 
ACL formed a flat, ribbon-like ligament 
(Figure 1). Its average width (at the level of 
2 mm from femoral insertion) was 16 mm, 
while the mean thickness was 3.54 mm. The 
authors could not differentiate two bundles 
within the ACL (Figure 2), which supported 
the findings of previous studies by Arnoczky 
and Welsh5,6. However, looking closely at the 
ACL mid-substance and the way it changes 
its position during knee flexion-extension, 
one may notice a ‘double bundle effect’, 
created by the twisted flat ribbon-like 
structure. With different knee flexion angles, 
different groups of ACL fibres become tight 
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or loose. With the knee in full extension, 
the ACL lies vertically (in the sagittal plane), 
(Figure 2a) and with knee flexion the ACL 
lies more horizontally (Figure 1a). Given this 
phenomenon, even a narrow intercondylar 
notch can easily accommodate a wide, 
flat ACL. Therefore, there is no reason why 
notch-plasty would be required in the 
natural setting, yet it is required for some 
reconstructive techniques. One can find 
similar observations in the literature as far 
back as 1975, Girgis7. 

In 1998 Amis et al8 also described the 
twisting nature of the ACL when the 

ligament is viewed from the front, with the 
knee flexed, as it is during knee arthroscopy. 
This twist unwinds as the knee extends. 
If during ACL reconstruction, the femoral 
attachment of the graft is fixed first, 
one should externally rotate the graft to 
mimic the anatomical fibre arrangement. 
Experiments in vitro have suggested that a 
90˚ twist stiffens the construct and provides 
a higher failure load. The other advantage of 
twisting the graft to mimic the native ACL, is 
that it increases the options for graft choice, 
as wide as you believe it needs to be without 
incurring a risk of impingement. 

FEMORAL ATTACHMENT
The ACL femoral attachment is a 

semilunar shape4, (Figure 3a and b). It 
extends posteriorly and superiorly to the 
articular cartilage margin9 (Figure 3c). 

The ACL midsubstance arises from the 
resident’s ridge. The resident’s ridge is a 
thick ridge in the medial wall of the lateral 
femoral condyle that runs the length of the 
ACL insertion from anterior to posterior10. 

This ridge, (as well as the ACL insertion) is 
in line with the posterior femoral cortex4,11,12, 
(Figure 4), and is an excellent bony 
landmark, easily identified during both 

Figure 1: (a) Cadaveric dissection of right knee joint, patella is removed, view from the front. LFC=lateral femoral condyle, MFC=medial 
femoral condyle, ML=lateral meniscus, MCL=medial collateral ligament, LCL=lateral collateral ligament, PT=popliteus tendon, 1=anterior 
cruciate ligament, 2=anterior menisco-femoral ligament (Humphrey ligament), 3=posterior cruciate ligament. Notice: flat, ribbon-like 
appearance of ACL, very low femoral attachment, reaching to articular surface of lateral femoral condyle. (b) View from postero-medial side.

Figure 2: (a) Cadaveric dissection of the left knee joint, medial femoral condyle is removed. MM=medial meniscus, LFC=lateral femoral 
condyle, MTC=medial tibial condyle, LTC=lateral tibial condyle, 1=anterior cruciate ligament. (b) ACL cut off. Notice flat, ribbon-like 
structure.
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Figure 3: Cadaveric dissection of the left knee joint, 
distal femur, antero-inferior view. (a) MFC=medial 
femoral condyle, LFC=lateral femoral condyle, 
1=anterior cruciate ligament, 2=femoral attachment 
of anterior menisco-femoral ligament (Humphrey 
ligament), 3=femoral attachment of posterior cruciate 
ligament. (b) Same view. Flat structure of ACL is 
marked with black, dotted line. (c) Close look at the 
femoral ACL attachment. Notice flat, ribbon-like 
structure of ACL midsubstance and the way femoral 
ACL attachment reaches the articular surface border 
of lateral femoral condyle – marked with arrowheads.

Figure 4: (a) Cadaveric dissection of the right lateral 
femoral condyle. Notice the femoral insertion of 
ribbon-like ACL fibres are in line with posterior 
femoral cortex (marked with black dotted line (b)).
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knee arthroscopy and C-arm X-ray. This 
allows for double-checking of the correct 
position of tunnel placement during ACL 
reconstruction.

However, correct tunnel placement 
depends on the choice of graft and fixation 
technique. For example with hamstring 
tendon graft and endo-button fixation, the 
center of the tunnel should be the centre of 
the insertion. However for the same graft, 
but with interference screw fixation – which 
allows for the graft to move to the side – a 
different tunnel placement is required, 
because the graft will arise from the side 
of the tunnel. When choosing tunnel 

placement, one must always consider the 
following three elements, which heavily 
influence the final decision before drilling: 
the ACL stump (if available), the type of graft 
and the type of fixation technique. 

The femoral ACL insertion consists of 
two different structures: the direct and 
indirect fibres9. Direct insertion has a zonal 
architecture. This means that between 
the ligament and the bone there is a layer 
of fibrocartilage. According to Schneider13 

that flexible pad of fibrocartilage acts as a 
‘two layer defense system’ that protects the 
bone against excessive shearing stress. The 
indirect insertion has a simpler structure, 

where the ligament attaches to the bone 
with no, or almost no transitional zone. 
Schneider even argued that the structure 
of the attachment zone varies in a given 
tendon according to the occupation of the 
person. Noncalcified fibrocartilage plays a 
role in bending control that occurs while the 
ligament changes direction. Whereas the 
indirect insertion plays a role as a dynamic 
anchorage of soft tissue to the bone, 
allowing certain shear movement. The 
strength of anchoring is weaker than the 
direct insertion. Therefore it would be ideal 
to make the femoral tunnel on the direct 
insertion in native ACL10, 14, 15.

Figure 5: (a) Cadaveric dissection of the left knee 
joint. MM=medial meniscus, ML=lateral meniscus, 
PT=popliteus tendon, TrL=transverse ligament, 
1=anterior cruciate ligament, 2=anterior menisco-
femoral ligament (Humphrey ligament), 3=posterior 
cruciate ligament. (b) Closer look on the same 
specimen. (c) The relationship between anterior 
horn of lateral meniscus (red dashed line) and tibial 
attachment of ACL (black dashed line). Notice how 
ACL attachment surrounds lateral meniscus.
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TIBIAL ATTACHMENT
The tibial attachment of the ACL is ‘C- 

shaped16 (Figure 5). The centre of the ‘C’ is 
the bony attachment of the anterior root 
of the lateral meniscus. The ACL surrounds 
and covers the anterior root of the lateral 
meniscus. This is the crucial difference 
between ‘double-bundle’ and ‘ribbon-like’ 
theories of ACL anatomy.  

The double-bundle theory states there 
is an antero-medial and postero-lateral 
bundle17. The tibial attachment site of the 
postero-lateral bundle projects down to 
the area where, according to Smigielski 
and Siebold18 the anterior root of the lateral 
meniscus attaches. The posterior ACL fibres 
of the ‘C’ insert medially along the medial 
tibial spine. In ribbon theory, within the 
tibial attachment there would rather be an 
antero-medial and postero-medial part, as 
proposed by Siebold. 

Additionally Smigielski et al described 
three different types of tibial ACL 
attachment. The most frequent type 
(constituting 67% of knees) is a ‘C’ type. The 
‘J’ type is usually positioned in the sagittal 
plane and constitutes 24% of cases. And 
finally the ‘Cc’ type represents 9%18. 

CONSEQUENCES FOR ACL RECON-
STRUCTION

The primary benefit of ribbon-like theory 
is that you may achieve the postulated flat 
shape of an ACL graft – as well as the shape 
of femoral and tibial attachment – in many 
different ways, with many different grafts, 
according to preference and availability. All 
the following graft types could potentially 
work:
• flat patellar tendon graft with bone 

blocks,
• rectus femoris tendon or
• hamstring tendons.
The interference screw is probably the 
easiest fixation to use to reproduce the 
twisting nature of the graft or to move it 
aside to create the flat line arrangement 
within the femoral attachment or ‘C’ shaped 
tibial attachment. 
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