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INTRODUCTION “Ribbon” ACL concept
The paradigm of anterior cruciate ligament reconstruction (ACL-R) is undergoing 

constant changes.There are several techniques used around the world, stirring much 
discussion on which approach is optimal for patients recovery and long-term outcomes.

law of Japan. The ACL was intact and there was no signif-
icant arthritis in these specimens. In each specimen, all
soft tissues except for the ACL were removed. The medial
femoral condyle was resected to observe the medial wall
of the lateral condyle (Figure 2A). The synovial tissue sur-
rounding the ACL was removed with particular care. A
thin radiopaque silicon tube, used for angiography, was
patched to the anterior margin of the ACL attachment
without injuring the ACL fibers (Figure 2, B and C). A 3-
dimensional (3D) image of the femur–ACL complex was
taken using a micro-CT scanner (inspeXio smx-100ct;
SHIMADZU, Kyoto, Japan) with application software
(VG Studio Max 2.0, Heidelberg, Germany) (Figure 3A).
The resolution accuracy was 5 mm. Then, a 2-dimensional
cross-sectional image was obtained from the 3D image to

analyze the relationship between the LIR and the anterior
margin of the ACL attachment.

To further analyze the relationship of the leading edge
of the ACL to the LIR, a CT cross section was made of
the lateral condyle, parallel to the roof of the notch in the
coronal plane (Figure 3B). The distance between the
marker and the position of the LIR was then measured
using the quadrant method, drawing the quadrant grids
on a 3D image of the medial wall of the lateral condyle
as described by Bernard et al.1 There were 5 lines parallel
to the rooftop line, designated as lines 1, 2, 3, 4, and 5 (Fig-
ure 4). A 2-dimensional cross-sectional image was obtained
on the proximal end of the LIR, on lines 2 and 3, and on the
distal end of the LIR, then the maximum distance between
the marker and the LIR was measured using linear

Figure 1. (A) Lateral view of radiograph image of the knee in which the rooftop line is marked with K-wire. Note that the line is
different from the Blumensaat line (yellow line). (B) Micro–computed tomography image of the knee. The red line indicates the
rooftop line, the yellow line indicates the Blumensaat line, and the dotted line indicates the lateral intercondylar ridge (LIR).
The rooftop-ridge angle was measured as an arc (u). (C) Measured parameters of the LIR. The length–height ratio was determined
by dividing the height of the intercondylar notch (h) by the length of the LIR (hR). The roof-ridge angle is shown by an arc (u). The
distance from the inlet of the notch roof to the proximal edge of the LIR (a) was also measured.

Figure 2. Preparation of cadaveric knees to be used for the micro–computed tomography evaluation. (A) The medial femoral con-
dyles and most of the roof of the notch have been cut away. The soft tissue has been removed from the anterior cruciate ligament
(ACL) and the ACL is retracted posteriorly so its anterior margin can be clearly seen. (B) The yellow arrows point to the anterior
margin of the ACL. (C) A radiopaque silicon marker was patched on the anterior margin line of the femoral ACL attachment.
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Background: The lateral intercondylar ridge (LIR) has been recognized as an important landmark to create an appropriate femoral
tunnel in single-bundle anterior cruciate ligament (ACL) reconstruction. However, because of variations in the distal part of the LIR
or because the relationship between the LIR and the anterior margin of the ACL attachment has not been sufficiently clarified, the
utility of the LIR for anatomic single- and double-bundle reconstruction remains controversial.

Hypotheses: (1) There is a large degree of positional and dimensional variation in the LIR, specifically concerning the distal part.
(2) There may be significant differences between sexes in the LIR. (3) The anterior margin of the ACL attachment may be located
anterior to the distal part of the LIR.

Study Design: Descriptive laboratory study.

Methods: A total of 318 femora, which were collected with the donors’ demographic data, were examined to determine anatomic
variations of the LIR. In addition, 20 cadaveric knees, in which the anterior margin was marked by radiopaque silicon markers,
were examined with micro–computed tomography to evaluate the positional relationship between the LIR and the anterior margin
of the ACL attachment.

Results: Although the LIR was identified in 94.0% of the 318 femora, the distal half of the LIR was not visible in 18.4% of these
femora. Moreover, the LIR was located in an extremely anterior part of the lateral condyle surface in 8.8% in comparison with the
common location, and in an extremely posterior part in 8.5%. The length–height ratio (69.9% in men, 63.6% in women) and the
length between the inlet of the notch roof and the proximal part of the LIR (19.9 mm in men, 17.9 mm in women) were significantly
greater in males than in females (P = .0028 and P \ .0001, respectively). The anterior margin of the ACL attachment was com-
monly located anterior to the middle and distal part of the LIR, having the mean marker-ridge distance of 4.2 mm.

Conclusion: There were large positional and dimensional variations in the LIR, specifically concerning the distal part. There are
slight but significant differences between the male and female femora. The anterior margin of the ACL attachment is commonly
located anterior to the middle and distal parts of the LIR.

Clinical Relevance: Utility of the LIR as an osseous landmark for femoral tunnel creation is limited in anatomic reconstruction of
the posterolateral bundle and anatomic single-bundle reconstruction.

Keywords: anterior cruciate ligament; osseous landmark; lateral intercondylar ridge; resident’s ridge; micro-CT

There is usually an osseous ridge located three-quarters of
the way back on the lateral wall and lateral roof of the inter-
condylar notch. It is commonly called the resident’s ridge
because it can be mistaken by the inexperienced surgeon as
the posterior outlet of the intercondylar notch and lead to
anterior graft placement during anterior cruciate ligament

(ACL) reconstruction. The resident’s ridge has been used as
an important educational landmark to create an appropriate
femoral tunnel in single-bundle ACL reconstruction. The first
anatomic study on the resident’s ridge was performed by
Hutchinson and Ash5 to define this structure and its rele-
vance as a landmark during ACL reconstruction. They
described a distinctive ridge that was present in 9 of 10
human cadaver specimens and was directly anterior to the
ACL attachment about three-quarters of the way back along
the roof and lateral wall of the notch. In 2007, Farrow et al2

performed detailed observations to characterize the osseous
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The configuration of the natural ACL midsubstance 
is not oval, but rather flat, looking like a “lasagna”. 

Mochizuki et al., 2006

Cadaveric Knee Observation Study for Describing Anatomic 
Femoral Tunnel Placement for Two-Bundle Anterior Cruciate 

Ligament Reconstruction
Tomoyuki Mochizuki, M.D., Ph.D., Takeshi Muneta, M.D., Ph.D., Tsuyoshi Nagase, M.D., 

Shin-ichi Shirasawa, M.D., Ph.D., Kei-ich Akita, M.D., Ph.D., and Ichiro Sekiya, M.D., Ph.D.

which found a fine synovial septum in dissected ACLs
of foetus.

In any case, the macroscopic anatomical separation of

the ACL into two or three bundles remains very difficult
and is controversial. According to Arnoczky et al. [5], the

bundle anatomy oversimplifies somewhat as the ACL is

actually a continuum of fascicles. In 1991, Amis and
Dawkins [2] described that it was sometimes difficult to

separate the ACL into three discrete bundles. In these

cases, the anterior aspect of the ACL was folded itself in
flexion suggesting an arrangement of bundles. It was still

possible to develop a three-bundle structure corresponding

to the folding, but it felt that the teasing apart was arte-

factual. ‘‘In older specimens, however, the separate bundles
were often obvious’’. Amis and Dawkins [2] concluded that

the ACL wrinkles into the appearance of three bundles as

the knee flexes. These bundles are often demonstrably

Fig. 3 a–c Measurement of the midsubstance width, thickness and
long axis of the ACL using a calliper

Fig. 4 a–b Histology of the direct femoral insertion of the ACL:
macroscopic view (a) and microscopic view (b, c), (light microscopy,
H&E stain, original magnification 94). b Note the sharp angle at
which the fibres attach to the bone. Notice c double tidemark—
marked with arrows
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Abstract
Purpose Recently, the configuration of the anterior cru-

ciate ligament (ACL) from its direct femoral insertion to

midsubstance was found to be flat. This might have an
important impact for anatomical ACL reconstruction. The

purpose of this anatomical study was to evaluate the

macroscopic appearance of the ACL from femoral to
midsubstance.

Methods The ACL was dissected in 111 human fresh

frozen cadaver knees from its femoral insertion to mid-
substance, and the shape was described. The anatomical

findings were documented on digital photographs and on

video. Thirty knees were sent for computed tomography
(CT), magnetic resonance imaging (MRI) and histology of

the femoral ACL insertion.

Results Two millimetres from its direct femoral insertion,
the ACL fibres formed a flat ribbon in all dissected knees

without a clear separation between AM and PL bundles.

The ribbon was in exact continuity of the posterior femoral
cortex. The width of the ribbon was between 11.43 and

16.18 mm and the thickness of the ACL was only

2.54–3.38 mm. 3D CT, MRI and the histological exami-
nation confirmed above findings.

Conclusion This is a detailed anatomical study describing

the ribbon-like structure of the ACL from its femoral
insertion to midsubstance. A key point was to carefully

remove the surface fibrous membrane of the ACL. A total of

2–3 mm from its bony femoral insertion, the ACL formed a
flat ribbon without a clear separation between AM and PL

bundles. The ribbon was in exact continuity of the posterior

femoral cortex. The findings of a flat ligament may change
the future approach to femoral ACL footprint and midsub-

stance ACL reconstruction and to graft selection.

Keywords Ribbon ! Anterior cruciate ligament ! ACL !
Femoral insertion ! Intraligamentous ! Midsubstance !
Anatomy

Introduction

A deep understanding of the morphology of the anterior

cruciate ligament (ACL) is fundamental for its anatomical
reconstruction, and most surgeons would agree that ana-

tomical ACL reconstruction is the ‘‘restoration of the ACL

to its native dimensions, collagen orientation and insertion
sites’’ [18].
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Orthopaedic and Sports Traumatology Department, Carolina
Medical Center, Pory 78, 02-757 Warsaw, Poland
e-mail: robert.smigielski@carolina.pl; rsmigielski@gmail.com
URL: http://www.carolina.pl

B. Ciszek
Department of Descriptive and Clinical Anatomy, Medical
University of Warsaw, Chalbinskiego 5, 02-004 Warsaw, Poland

B. Ciszkowska-Łysoń
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The way the ribbon-like structure 
behaves while knee flexion and 

extension can create an illusion of a 
double-bundle structure, therefore, we 

can speak of "functional bundles”.

INTRODUCTION “Functional bundles”?

Mochizuki et al., 2014 KSSTA
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MATERIAL & METHODS 
OVERVIEW
• 131 cases of ACL-R recorded in 2018 and 2022  

with the mean follow-up of 38 weeks (9 months)


• 99 primary reconstructions


• 12 one-stage revisions


• 20 two-stage revisions


• 1 surgical team using “ribbon” technique reconstruction


• GRAFT CHOICE (autograft):


     95,15% quad  & 4,85% semiT 

• in all cases there were concomitant injuries, incl.: 

• meniscal lesions


• chondromalacia grades  II/III & III/IV


• MCL rupture/partial tear


• posterolateral tibia fracture

TUNNEL 

DRILLING


[RIBBON TECHNIQUE]
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PHYSICAL EXAMINATION

• all patients had a pre- and post-op consults, incl. palpation, ROM 

assessment, stability assessment


• follow-up consults were recommended 3 (ultrasound-guided HD 
PRP injection), 6, and 12 weeks, then every 3 months up to 2 
years


IMAGING DIAGNOSTICS

• all patients did pre- and post-op MRI scans


• follow-up MRIs were ordered at 3, 6, 9, 12, and 18 and 24 
months - graft maturation (signal), bone cysts/oedema 
presence, soft tissues healing stage, intra-articular scar 
formation, and tibia subluxation were evaluated


• 42 pre-op CT scans 92 post-op CTs (initially CT was ordered when 
posterolateral tibia fracture was suspected & for revision 
surgeries, later in the study, the post-op protocol was extended 
by a routine CT scan). 

MATERIAL & METHODS 
OBSERVATION PROTOCOL



no major complications such as: 

 donor-site morbidity

 pain at donor-site

 infections

 spontaneous re-ruptures


2 traumatic re-ruptures (1 primary and 1 revision case)


all primary patients returned to their expected level of daily activity at 
2-3 weeks post-op


patients returned to their expected level of physical activity  
 at 6 months post-op on the average (4 - 12 months)


overall patient-reported satisfaction at 9 month follow-up:  
very good to excellent 

RESULTS OVERVIEW

All patients reported significant improvement  
in their everyday functioning compared to the time before the surgery. 

ACL-R RIBBON
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full knee extension at 6 weeks post-op in ca. 92% of cases

full knee flexion at 12 weeks post-op in ca. 90% of cases (cases w/
out meniscus suturing)

no recurrent instability confirmed during follow-up physical 
examinations


symmetrical stability in both legs

negative Lachman test

negative anterior drawer

negative pivot-shift - where assessed


 very good QF activation and contraction

 function similar to the contralateral leg restored at 4,5 months  
 on the average (ranging 4-6 months) - achieved  
through intensive physical therapy, monitored by the operator

FUNCTION
RESULTS 



Properly healing anatomical structure restored at the average of 9 months post-op.


Of note, based on the study of post-operative MRIs conducted along with the PT team (Stawińska 
et al.) the period between 3 to 6 months seems to be critical for the graft maturation process. 


no tunnel malpositioning on control CTs

no tunnel widening monitored on CTs, no significant  
changes recorded

no post-op anterior tibia subluxation recorded on post-op MRIs

good graft remodelling monitored on MRIs at 9 months on the average compared to  
the non-injured structure signal 

STRUCTURE

RESULTS 



THE GRAFT MATURATION PROCESS OVER TIME 

Selected conclusions from the MRI study (Stawińska et al.): 

1.Median signal intensity (MSI) has changed significantly in the 
proximal (p<0,001) mid-substance (p<0,001) and distal (p<0,00) 
portion of ACL graft over months, but the change was nonlinear. 


2.The most hyper-intensive period was in 6 months for all the portions of the graft (p<0,01).


3.The quadriceps graft had approximately 85% MRI -SI compared with the native ACL. 

MRI OBSERVATION

RESULTS 

3 MONTHS 6 MONTHS 9 MONTHS 12 MONTHS



6 MOTNHS POST-OP 
3T MRI

RESULTS 



Recent anatomical research indicates that the ACL’s 
midsubstance is in fact flat.

CONCLUSIONS
Still, the way the ribbon-like structure behaves while knee flexion and extension can create an 
illusion of a double-bundle structure, therefore, we can speak of "functional bundles", but not 
structural ones. The recently-established ACL-RR takes into account both graft’s and tunnels’ 
anatomical shape and positioning, allowing for a truly anatomical reconstruction, showing very 
promising long-term outcomes, especially with regard to the graft incorporation failure rate, 
allowing patients to safely return to their normal lifestyle in relatively short time.

ARGUMENTS FOR ANATOMIC “RIBBON” ACL-R
RESTORING NATIVE ACL ANATOMY results in:


✓ MORE ACCURATE KNEE MECHANICS RESTORATION - decreases 
chances of non-traumatic re-rupture, improves knee function


✓ rectangular femoral tunnel - BETTER GRAFT INGROWTH


✓ GREAT PATIENT OUTCOMES IN 4-YEAR FOLLOW-UP - assessed clinically 
and in CT and MRI scans
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