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Anterior cruciate ligament (ACL) reconstruction has greatly evolved over the past 3
decades. This is largely due to a better understanding of the anatomy of the ACL, as well as
complex description of the insertion points, femoral and tibial, of the two fascicles that it is
formed of, the anteromedial (AM) and the posterolateral (PL). Around 1950-1960, the
diagnosis of anterior cruciate ligament tear was more difficult to observe, because of the
shortcomings of the existing clinical tests at that time. With the introduction of other
parameters in the diagnosis of ACL tears, doctors were able to make a more detailed clinical

diagnosis, which subsequently helped in improving surgical techniques.

The main hypothesis based on which the current research started was to establish the
relationships between the two cruciate ligaments of the knee, anterior and posterior, and the
anatomy of the intercondylar notch, and to see to what extent these relationships can impact
surgical treatment, so that graft failure rate is reduced. Optimizing the size of the graft is
mostly based on the anatomy of the ACL and the intercondylar notch, and whether the
parameters of the intercondylar fossa can be accurately measured. In this way, surgical
difficulties can be anticipated, such as when dealing with large grafts [1] thus avoiding a

notchplasty.

The key structure of the knee, the anterior cruciate ligament (ACL) connects the
femur joint to the tibial joint. Consisting of a band of connective tissue, it provides stability
against anterior tibial translation and internal rotation. Talking about its origins, in the tibial
part, anteriorly, it is between the intercondylar eminences, and in the posterior part it is

attached to the posteromedial portion of the lateral femoral condyle [2-5].

The anatomy of ACL has been intensively studied in recent years, research focusing
on the differences between specific groups of patients, the structure, the number of fascicles,
but also the macroscopic or microscopic characteristics. A notable difference in ACL
morphology is that between genders: the cross-sectional area of the ACL in women is
approximately 30% smaller than in men. Women has also a smaller width of the femoral

notch [6].

The two fascicles in the ACL structure have different roles in anterior-posterior
stabilization and the rotational complex [2], also have a different isometry. When the knee

is extended, the PM bundle is tense while the AL bundle is relaxed. When the knee is flexed,



the two beams will reverse their function [7] and at 110 degrees of flexion, they are no longer
parallel [3]. Another difference between the two bundles is their length when the knee is in

full extension, with the AM bundle longer than the PL measuring 22.5 mm [8].

Dupthon et al., support the hypothesis that the bony attachment of the ACL is located
at the posterior part of the inner surface of the lateral femoral condyle and not at the roof of
the intercondylar notch, as was sometimes stated [3]. An important aspect that the authors
draw attention to is that the ACL occupies superior lateral aspect of the notch when the
flexed knee joint is viewed anteriorly, with the bone attachment size varying from 11 to 24

mm [3].

The ACL plays a crucial role in stabilizing the knee joint and together with the
posterior cruciate ligament PCL provides stabilisation to the back and front of the knee.
Acting as a primary stabilising element, the ACL prevents the tibia from moving away from
the femur, while also being a secondary stabilizer against external rotation of the tibia and

valgus angulation of the knee, especially in obese or overweight patients [3].

ACL rupture occurs when the ligament is overstretched or disrupted and can be
classified as mild or severe and can be divided into contact and non-contact injury. Among
them, non-contact injuries are the most common [9]. The incidence of ACL lesions varies
according to the population studied; in athletes the risk can be 0.062 injuries per 1000
exposures [10] and in adolescents it can be 2.98 knee injuries per 10,000 athletic exposures,

globally [11].

Among the factors that contribute to the incidence of ACL injuries are gender, age,
but also the type of sport practiced. Analysis of these factors shows that women are more
likely to develop an ACL rupture than men, with a 1.5 times higher risk in female athletes
than in male athletes [12]. In the age group, the incidence among young people has increased
considerably in recent years, with a review in Nordic countries showing that out of 10,000

athletes, 76 girls and 47 boys underwent ACL reconstruction surgery, annually [ 13].

Depending on the type of severity, ACL lesions are classified by degrees. We thus
have injuries of:

» grade I- where there is no tear, the fibres are stretched,



» grade II- the ligament is partially torn,
» grade III- the ligament is completely torn [14].

ACL injury often occurs in association with trauma to nearby structures, such as
meniscal tears or cartilage injuries [15-19]. The most common mechanism of injury to the
ACL is a non-contact valgus trauma combined with internal rotation of the knee [20]. Their
correlation and potential clinical significance may impact how the ACL lesion is managed,

therefore early and comprehensive diagnosis is required.

The incidence of other injuries associated with ACL injury varies depending on the
structure injured. Various studies show a correlation between medial meniscus tear and ACL
injury in up to 54% of cases [2, 21, 22]. Another concomitant injury is medial collateral
ligament injury. The incidence of medial collateral ligament rupture has been reported to be

between 20% and 38% of all ACL injuries [23].

Frequently encountered in sports, the ACL injury affects young and active people,
with women having a higher risk than men [13, 24, 25]. Its impact is quite large on patients
and society and can have devastating consequences on the patient's daily activity and quality
of life [18, 26]. Also, the risk of developing long-term knee osteoarthritis is significantly

higher, leading to long-term functional impotence, especially in young athletes [27-30].

In the last decade, several studies have tried to demonstrate the risk factors for ACL
injury, these being divided into intrinsic and extrinsic risk factors. These risk factors most

likely act in combination to influence the risk of ACL injury [31].

An important anatomical risk factor associated with ACL lesion is the notch width
index (NWI), and for ACL lesions associated with NWI the risk factors are stenotic and

narrower notch [32-35].

As for the potential mechanism of ACL lesions, it is likely multifactorial, with
multiple studies attempting to explain the underlying mechanisms of ACL lesions, and the
factors presented being both modifiable and non-modifiable. ACL lesions are contact (30%)
and non-contact (70%) [36]. Non-contact ACL injury resulting during sudden deceleration

[37] or from the impact of loading force on the ACL.



Made up of 3 bones, the knee it’s a hinge type joint, with the ACL being one of its
main stabilizers. The ACL is attached to the lateral condyle of the femur and the
intercondylar eminence of the tibia [38]. The intercondylar fossa also known as the
intercondylar notch is a deep open space found between the medial and lateral condyle of

the femur and houses the important knee ligaments ACL and PCL.

The intercondylar fossa is a non-articular part of the knee and has a roof and a floor,
its roof can be estimated radiographically as the Blumensaat line, while the floor is formed
by the intercondylar area of the tibial plateau and contains the insertions of the cruciate
ligaments [30]. According to radiographic studies, the intercondylar fossa is subject to
changes throughout life, narrowing distally and widening proximally. Also, the form
undergoes changes throughout life. In the early stage of life, it is A-shaped and then in later
stages, it is Q2-shaped [40] the morphology of the femoral condyle, the place of origin of the

ACL, having an important role in the reconstruction of the ACL.

Considering the numerous structures found in the notch, changes in the intercondylar
fossa could influence the health of these structures, especially the ACL, their morphology
being influenced. What we know is that women have a smaller notch than men [41-43] but
also a smaller femoral volume [44]. Pathological factors, such as arthrosis, modifying the

intercondylar fossa, influencing the structures inside [45, 46].

It is well known that the intercondylar fossa plays an important role in the
biomechanics of knee injuries, containing the most important knee ligaments responsible for
maintaining stability. The space available for these ligaments is determined by the
dimensions of the fossa, including depth, width, and shape [47]. The literature has identified
three main notch shape categories: A-, U-, and W-shaped [48-50]. A more recent study by
Hirtler et al., introduced an A-shaped, inverted U-shaped and Q-shaped notch classification
[40].

A fossa form is defined as a shape that has narrowed from the base to the midsection
to the apex by visual inspection [47]. In a clinical cohort study that assessed fossa shape
using a Kappa coefficient, it found that "A-shaped" fossae were narrower at the base, middle,
and apex than "U-shaped" fossae, this being important information in prevention and in

surgical technique [48].



The shape of the intercondylar fossa undergoes changes throughout life [40] being
also the case in patients suffering from comorbidities such as osteoarthritis, with studies
showing that the shape of the fossa is significantly different in patients with osteoarthritis
than in the control group [51]. A narrower femoral notch is also associated with ACL lesions
[52] with type A (60%) and B (40%) fossae being present in patients with ACL lesions
compared to 45% of controls (fossa type A), 45% (type B) and 10% type C [52].

Notch wide index (NWI) is part of the geometry of the intercondylar fossa and was
presented by Souryal et al. as a predisposing factor for bilateral ACL tears. The NWI is used
to measure and compare the width of the intercondylar fossa using "tunnel view" radiographs
[8] and is defined as the ratio of the width of the intercondylar fossa at the level of the
popliteal groove divided by the bicondylar width at the same level, measured on a "notch
view" radiograph with the knee in flexion from 45°. A minus of this formula is that it does

not take body weight into account.

Another morphometric parameter of the intercondylar fossa is the notch shape index
(NSI) and the notch area index (NAI), the NSI being determined by dividing the width of
the intercondylar notch by the notch height, and the NAI by dividing the notch area
intercondylar to the area of the condyles [53]. The correlation between the geometry of the
intercondylar notch, such as the dimensions of the intercondylar notch and the ACL lesion,
has been extensively studied in the last two to three decades [54, 55] however we can
speculate that more information is needed regarding geometry of the intercondylar fossa to

standardize ACL surgery.

The second cruciate ligament that makes up the knee joint is the posterior cruciate
ligament (PCL) and apart from the relationship with the ACL, it also has relationships with
the menisci and other ligaments, therefore requiring the clinician to have a good knowledge

and understanding of its anatomy complex to be able to evaluate PCL lesions [56].

It consists of two fibrous bundles, AL and PM, having as the femoral insertion point
the lateral aspect of the medial condyle and the posterior aspect of the tibial plateau,
approximately 1 cm distal to the joint line [57] The AL bundle tenses when the knee is in
flexion and it relaxes in extension, and the PM bundle tenses when the knee is in extension

and relaxes in flexion [58].



Studies carried out as part of doctoral research

During the doctoral research, 3 studies were carried out:

The first study analysed the geometry of the anterior intercondylar notch in relation
to the size of the native anterior cruciate ligament, highlighting the fact that the shape of the
notch was associated with internal and external meniscus injuries, but also that the cross-
sectional area of the anterior cruciate ligament was strongly correlated with the area of the

antero-superior notch when the shape of the notch is type A or W.

The second study analysed the area of the anterior-superior notch for the 3 geometric
types, an individualised approach to the choice of graft size in ACL reconstruction and
concluded that the area of the anterior intercondylar fossa varies significantly for each notch

type, does not correlate with height, aspect which should be considered in choosing the graft.

The third study studied the balance of the anterior and posterior cruciate ligaments
in adults, and the findings showed that the correlation between ACL and PCL helps to

understand the balance of the central pivot of the knee.

The study is a retrospective, cross-sectional research conducted in a single centre, on
a group of 63 participants, of whom 31 were women and 32 were men. In total the 63 study
participants had 65 MRI examinations (two male participants having bilateral knee MRI),
individuals who had not undergone knee MRI examination in our department, the duration
being 4 years, starting from September 2019 and until September 2022. The patients who
took part in the study signed the informed consent. All stages being carried out in accordance
with the best practice guidelines of the Declaration of Helsinki. The Ethics Committee of
the Hospital approved the research (no. 404 / 17.09.2020).

After reviewing each medical record, we included in a sequential manner all adult
participants, over 18 years of age, who reported non-contact knee discomfort. Exclusion
criteria that were used:

* a history of trauma;
* a history of previous surgery

* history of fracture in the knee region
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« age greater than 50 years at the time of assessment
* the presence of morphological anomalies such as arthrosis;

* the length of the femur and tibia was less than 5 cm;

Nominal qualitative variables were presented as percentages, count (%), while
continuous variables were presented as median with standard deviation in the case of normal
distributions and median with range (min — max) for those with abnormal distributions. For
a bivariate analysis Spearman's rho coefficient for continuous variable was used to identify
associations such as that between the intercondylar notch and the ACL area. Spearman's rho

test is a non-parametric test that compares relationships between two variables

Also, the Mann-Whitney test was used to compare two subgroups of a dichotomous
variable. When more than two subgroups were analyzed, a Kruskal Wallis test with post hoc
ANOVA analysis was performed (eg, notch shape: A, W, or U shape). In all tests, p values
less than 0.05 were considered statistically significant. IBM SPSS Statistics software,
version 25.0 for Windows (Armonk, NY, IBM Corp.) was used.

MRI examinations were performed by two 1.5-T machines with similar protocols,
both creating 3-mm sections of the knee obtained in the standard orthogonal three-axis
technique (axial, coronal, and sagittal) with a combination of fluid-sensitive sequences,
either T2 weighted (T2W) non-fat-saturated (NFS) or proton density weighted (PDW), and
T1 weighted (TIW) NFS sequences. PD weighted sequences with and without fat saturation
are usually the basis. The examination sometimes included the T2 NFS sequence as a

substitute for the PD fat-saturated (FS) sequence in the axial plane.

For our study, we mainly used real axial T2ZW NFS or PDW FS images, using post-
processing tools to create two custom planes by applying references from the sagittal and

coronal planes.

1. The first customized plane is oriented along the ACL axis (slightly angled to the
intercondylar roof of Blumensaat's line) in the sagittal plane and along a line parallel to the
posterior femoral intercondylar line in the coronal plane. As a result, the plane is

perpendicular to the ACL axis and parallel to the posterior intercondylar line.
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2. The second customized plane is oriented along the ACL axis in the first 2 thirds in
the sagittal plane and along a line parallel to the inter-epicondylar axis in the coronal plane.
As a result, the plane is perpendicular to the PCL axis and parallel to the inter-epicondylar

line.

The processed images were analysed by two physicians: an orthopaedic surgeon and
a radiologist, and following the assessment and measurement of the aspects of the ACL and
the intercondylar notch, the intercondylar notch was assigned to one of three categories:

- A-shaped

- U-shaped

- W-shaped

We then proceeded to measure the maximum width of the notch and its surface area.
Area measurement was made by drawing an inscribed circle of cortical bone on 3 out of 4
sides (anterosuperior, left and right). The area of the two ligaments in the plane was
measured by marking its outline with the closed polygon tool in the DICOM viewer. When
possible, the area of the ACL was measured in the same section as the circle; if this was not
possible, it was measured on a different section at a maximum of 3 sections difference

(cranial or caudal).

The other sequences were used to observe and quantify associated knee injuries, with
the following associated injuries counted:
- internal, external or patellar chondropathy,
- ruptures of the internal or external meniscus,

- patella alta and trochlear dysplasia.

Study Summary 1: Geometry of the anterior intercondylar notch in relation to the size of

the native anterior cruciate ligament.

One of the proposed risk factors for non-contact ACL injuries is the morphometric

anatomy of the knee, characterized mainly by the appearance of the anterior cruciate

ligament (ACL) and the intercondylar notch (ICN) [62] Meniscal injuries, which are one of
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the most common worldwide orthopedic problems, are in a close relationship in the

physiological morphometry of the knee [63].

The aim of this study was to evaluate the associations between the cross-sectional
area of the intercondylar fossa and the cross-sectional area of the anterior cruciate ligament
in different notch shapes, as well as the association of the notch shape with structural changes
in patients who underwent magnetic resonance imaging of the knee (MRI), for non-contact

knee pain.

To the best of our knowledge, this is the first study that aims to correlate the anterior
part of the intercondylar notch (ICN) with the size of the ACL. Previous studies have focused
on the overall appearance of the notch or the width of the notch and its correlation with the

risk of injury or the anatomy of the ACL.

MRI examinations were performed by two 1.5-T machines. For this study, we mainly
used real axial T2W NFS or PDW FS images, using post-processing tools to create a
customized plane by applying references from the sagittal and coronal planes, which was
oriented along the ACL axis in the sagittal plane and along a line parallel to the posterior
femoral condylar line in the coronal plane. The plan was called the custom axial plan. (CAP)

(fig. 6.1).

Fig. 6.1 Personalized axial plan (CAP) done for measuring
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We assigned the intercondylar notch to one of three categories: A-shaped, U-shaped,
and W-shaped, and then measured the maximum width and the anterosuperior surface of the
notch. The area was measured by drawing a circumscribed circle of cortical bone on 3 out
of 4 cardinal points (anterosuperior, left and right), and was defined as the area of the
anterosuperior notch (alCN). The ACL area in the CAP was created by contouring it with
the closed polygon tool in the software. Other measurements that were performed in all
cases: intercondylar notch width (ICN), ACL area, Insall-Salvati index and lateral trochlear

inclination (LTT).

A number of 65 cases were analysed (33 men and 32 women), the ACL area was
0.48 cm?2 (0.2-0.8), with higher values in males compared to females, 0, 55 cm2 vs 0.41 cm?2,
p=0.002. Also, aICN area and ICN width are significantly greater in men compared to
women, 0.96 cm2 vs 0.52 cm2, p=0.0008 and 23.87 mm vs 20.53 mm, p<0, respectively.
0001), respectively.

Table VI.1: Descriptive statistics

Parameter Total Male Female
N=65 N1=33 N2=32 p

Age, years 35 (13-52) 34 (13-51) 35 (15-52) | 0,680

Aria ACL, cm 2 0,48 (0,2-0,8) 0,55 (0,3-0,8) 0,41 (0,2- | 0,0002
0,7)

Aria aICN, ¢m 2 0,75 (0,15-3,60) 0,96 (0,22-3,60) 0,52 (0,15- | 0,0008
1,68)

Width ICN, mm 22.23 (12.80-31.00) | 23.87 (19.00-31.00) | 20.53 <0,0001
(12.80-
28.00)

ICN type A, 23 (35,38%) 6 (26,09%) 17 0,004

N (%) (73,91%)
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ICN type W, 17 (26,15%) 8 (47,05%) 9(52,95%) | 0,720
N (%)
ICN typeU, 25 (38,46%) 19 (76%) 6 (24%) 0,020
N (%)
LTL"® 19.15 (3.00-31.00) | 21.58 (10.00-30.00) | 16.66 0,0009
(3.00-
31.00)
Abbreviations: ACL — anterior cruciate ligament; ICN =

intercondylar notch; LTI — lateral trochlear inclination; alCN = the
anterior-superior intercondylar notch; A p value of less than 0.05

was considered statistically significant.

Using bivariate analysis, we found that the ACL area was correlated with the alCN
area in all groups (rtho=0.66, p value<0.0001), as well as in the subgroup defined according
to the shape of the notc (A-, W-and U -, respectively). The results show that the correlation
between ACL area and alCN area was very strong for A form, strong for W form and only

moderate for U form, Table VI.2.

Table VI1.2. Bivariate analysis for associations between anterior superior notch area and

anterior cruciate ligament area

Notch intercondylar Aria ACLcm? | AriaalCNcm 2 | rho value p

Group total (N = 65)
Type A (n 1=23; 35,4%) 0,40 (0,20-0,80) | 0,47 (0,15-0,95) |0,820 |<0,001
Type W (n2=17;26,2%) 0,40 (0,30-0,80) | 0,37 (0,15-0,81) | 0,608 | 0,010
Type U (n3 -25; 38,5%) 0,50 (0,20-0,80) | 1,16 (0,57-3,60) | 0,416 | 0,036

Abbreviations: ACL — anterior cruciate ligament; alCN = the anterior-superior
intercondylar notch;
rho = Sperman's rho coefficient

A p value of less than 0.05 was considered statistically significant.

The study also demonstrated that the values of ACL area, aICN area and ICN width

were significantly higher in cases with U-shaped notch, while there is no correlation for LTI
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Regarding the shape of the notch, the results show that in men the U shape was the
predominant shape. Analyzing the frequency of injuries associated with notch shape, internal
meniscal injuries were more common for the U-type notch, while external meniscal injuries

were more common for the W-type notch.

The research of the literature conducted led us to the conclusion that it is the first
study to analyse the relationship between the ACL and the anatomy of the anterior-superior
notch. This research may be subject to additional follow-up studies of these patients to assess
the risk of further injury. This may provide a chance to prevent some of the injuries and

anticipate degenerative changes.

Another important aspect is the use of the unanticipated correlation between ACL
thickness and internal meniscus injuries for biomechanical studies that can prove the
different levels of knee constraint with a thick ACL likely to be very stiff, prevention

protocols can be developed depending on the specifics of the knee.

The results of the study show that for A/W notches, ACL area is strongly/very
strongly correlated with anterior superior notch (alCN) area. Associated external meniscal

injuries are more common in the W-notch, whereas the A-notch had no external meniscal

injury.

We believe it is important to note that a narrow anterosuperior notch (A/W) is
correlated with a smaller native ACL size, and this could lead to bone-graft conflict and the
need for notchplasty during ACL reconstruction due to of a graft larger than the area of the

anterior-superior notch (alCN).

In the case of a U-type notch there is a low correlation between the size of the ACL
and the area of the alCN, but the area of the ACL remains larger in this type. Also, internal
meniscus injuries are more common in the U-type notch, and this type of notch is more

common in males.

Among the limitations of the study is the statistical limitation given by the small

number of patients. Also, this study does not correlate morphological measurements with
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knee phenotypes or coronal plane alignment of the knee, and there is also a lack of

correlation between patient height and the area of the anterior-superior intercondylar notch.

In summary, our study provides evidence that ACL cross-sectional area is strongly
correlated with anterior-superior notch area when the notch shape is A or W-type. A thick
ACL is correlated with more internal meniscal injuries. Type A notch has fewer external
meniscal injuries than types W and U. In the future, studying the anatomy of the notch in
relation to other morphological aspects of the knee may lead to a better understanding of

injury patterns and surgical decisions.

Study Summary 2: Antero-superior notch area for the 3 geometric types, an

individualized approach to graft size selection in ACL reconstruction.

In this study we analysed 65 cases using MRI examinations were performed by two
1.5-T machines. Through this study we wanted to present the average size of the anterior-
superior notch for each geometric type. Knowing the diameter range for each notch type, we
also propose an ACL graft size planning model for each notch type to avoid bone-graft
conflict.

We also obtained in this study a personalized axial plane, perpendicular to the ACL

axis and parallel to the posterior condylar line.

Fig 7.1. Personalised axial plan (CAP)

17



We divided the notch into one of 3 categories and then measured the area by drawing
a circumscribed circle of cortical bone on 3 of 4 cardinal points (anterosuperior, left and
right), and the area of the anterosuperior notch was defined (anterior intercondylar notch =

alCN).

Fig 7.2. Measurements of the area of the anterior intercondylar notch (alCN) and the

area of the ACL in the same section at an A-type notch

Measurements were performed by an orthopedic surgeon and a radiologist using the
alCN area definition. In this study one of the subjects had a circular ACL in section, which
was measured intraoperatively, during the surgical treatment of a related lesion. The area of
the ACL was measured to be 0.38 cm2 on MRI, and the diameter was measured in vivo to

be 7 mm. This corresponds to an area of 0.3848 cm2 and a radius of 3.5 mm.

Upon analysis, the results showed that (alCN) was higher in men than in women,
with values of 0.75 cm2 (0.2-0.8) compared to 0.96 cm2 vs 0.52 cm2, p=0.002. Also, the
values of the area of the anterior-superior intercondylar notch are significantly higher in

cases with a U-shaped notch, the U-shape being more common in men.

In the case of the A-type notch, the values ranged from 0.15 cm2 to 0.95 cm2, with

the ACL in close contact with the walls of the anterior superior notch (aICN) in extension.
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Therefore, using a hamstring graft with a diameter larger than the size of the alCN area will
result in conflict. In the case of the W-type notch, the values range from 0.15 cm2 to 0.81
cm2, being in close contact with the walls of the alCN in extension, the size of the graft can
be made using the intraoperative measurement of the diameter of the alCN. In the U-notch,
the values range from 0.56 to 3.6 cm2, which gives a range of diameters from 8.4 mm to

21.4 mm.

The limitation of this study is given by the lack of interobserver agreement, the

measurement technique not being validated.

A summary of the results of this study shows that alCN varies significantly for each
notch shape and does not correlate with height, an aspect that is considered in the choice of

graft size for ACL reconstruction.

Study Summary 3: Anterior and Posterior Cruciate Ligament Balance in Adults

The two cruciate ligaments ACL and PCL are essential components of the knee joint,
providing stability during movements, both of which are quite frequently injured, especially
in the case of athletes. I believe that a better understanding of the balance between PCL and

PCL is essential to the development of better treatment, prevention and recovery strategies.

The study was carried out on 62 cases, using MRI images performed by two 1.5-T
machines. A customized axial plan was made for ACL and PCL.

Images were evaluated by an orthopaedic surgeon and a radiologist, and analysis was
performed using descriptive statistics, including mean and standard deviation. Other
methods used were the Shapiro-Wilk test, the Kruskal-Wallis test with Bonferroni
correction, and to determine the magnitude of the difference between the ACL area in
relation to the PCL area, the formula (ACL area — PCL area)/PCL area was used.

We found that the median difference between ACL area and PCL area is statistically
significant (p = 0.02). A significant difference in anterior cruciate ligament area (ACL) was
detected between A and U notch types (p = 0.02), while no significant differences were
found between A and W type or between W and U type after post hoc corrections (p > 0.05).
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That study has a number of limitations. Among these we list: lack of interobserver
agreement, measurement technique not being validated, small number of participants, racial
diversity, most posterior cruciate ligaments in knees with ACL injury are angulated. The
study summary shows that the correlation of ACL-PCL dimensions helps to understand the
balance of the central pivot of the knee. In our study, in more than half of the studied patients,

the ACL area is not less than 60% of the PCL area and not more than 120%.

The research also contains a technical note in choosing the isometric graft
implantation point in anterior cruciate ligament reconstruction. The rate of ACL
reconstruction has increased significantly over the past decades, with new additions to

surgical techniques, as well as "tips and tricks" for current techniques.

As in any field there are differences of opinion, but there is also a degree of consensus
regarding the direct link between the optimization of the femoral and tibial insertion points
of the neoligament and the favourable postoperative result, and the ways of determining the
optimal femoral isometric point, both visually and by means of instruments dedicated are

multiple.

The technical note suggests visualizing the posterior condyle with the knee in wide
flexion, to more easily identify the anterior portion of the isometric area of the external
femoral condyle. The technique is a simple and efficient method for determining the
isometry of the external femoral condyle. The described landmarks can be used by any

orthopaedic surgeon experienced in ACL reconstruction.

Conclusions and personal contributions

The purpose of this research is to define the close relationship between the anterior
cruciate ligament (ACL) and the anatomy of the anterior intercondylar notch, as well as the
relationship between the ACL and the PCL. The idea came during the surgery and had as
main objectives:

* Finding size correlations between native ACL and anterior intercondylar notch size
in knees without history of trauma / osteoarthritis / history of previous surgery, on native

MRI.
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* Finding the correlation between the different types of notch and the different lesions
discovered on native MRI in knees without a history of trauma / osteoarthritis / history of
previous surgery.

* Correlation between the diameter of the anterior-superior notch and the diameter of
the graft used for ACL reconstruction.

* Finding size correlation between native ACL and native PCL on native MRI in

knees without history of trauma / osteoarthritis / history of previous surgery.

The three studies carried out provide important evidence for surgical practice.
Related to study one, this provides evidence that the area of the anterior ACL section is
strongly correlated with the area of the anterior-superior notch when the notch shape is type
A or W. Also, a thick ACL is correlated with more internal lesions of meniscus. Type A

notch has less external meniscus damage than types W and U.

In study two we showed that in a small A and W notch, a small
autologous/hybrid/artificial graft can be planned and reconfirmed during surgery using in
vivo measurements, while for a U notch it can a graft of at least 8§ mm should be planned

due to the low risk of bone-graft conflict.

Study three is the first study to look at ACL-PCL balance using cross-sectional area.
The study shows that when examining the ACL-PCL balance, using the formula ACL area
—PCL area/ PCL area, no significant difference was found between the size of the ACL area
in relation to the PCL area in the three types of notch, but 68% of the ACL areas were found
to be within [-0.4 to +0.2] x PCL area, while 95% of ACL areas were within [-0.7 to +0.6]
x PCL area, with negative values representing an area of the ACL smaller than the area of

the PCL and positive values representing the opposite.

The current research brings significant novelties from which to build other studies.
ACL is a thoroughly debated topic in orthopaedics due to its importance in knee stability.
Here are some aspects of personal contributions to this research. In the first study, I evaluated
only the anterior-superior part of the notch, which is in close contact with the ACL, and

focused on the correlation between the two structures.
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Another novelty brought by the current research is the introduction of the concept of
the area of the anterior intercondylar notch (aICN area) as a different anatomical parameter
that can be investigated in relation to the size of the native ACL. I believe that the balance
between the two structures is intimate and important in deepening the reconstruction of the
ACL.

Using real axial MRI images and using post-processing tools we created a custom
plane by applying references from the sagittal and coronal planes. The custom plane is
oriented along the ACL axis (slightly angled to the intercondylar roof of the Blumensaat
line) in the sagittal plane and along a line parallel to the posterior femoral condylar line in
the coronal plane. As a result, the plane is perpendicular to the ACL axis and parallel to the

posterior condylar line. We named this plan the customized axial plan of the ACL (aCAP).

Using the same principle, we created a plane perpendicular to the proximal third of
the PCL. We named this plane the custom axial plane of the PCL (pCAP). Using the two
custom planes I was able to accurately measure the cross-sectional area of the two cruciate

ligaments.
The current research is of international interest and has an interdisciplinary character.
Although our studies had some limitations, the evidence from these studies is a starting point

for other studies in larger cohorts of patients, resulting in a better understanding of these

anatomical landmarks, necessary in graft optimization in ACL reconstruction.

References list

22



Vaswani R, Meredith SJ, Lian J, Li R, Nickoli M, Fu FH, et al. Intercondylar Notch
Measurement During Arthroscopy and on Preoperative Magnetic Resonance Imaging.
Arthrosc  Tech  [Internet]. 2019 Sep 26:;8(10):e1263—7. Available from:
https://pubmed.ncbi.nlm.nih.gov/32042582

Domnick C, Raschke MJ, Herbort M. Biomechanics of the anterior cruciate ligament:
Physiology, rupture and reconstruction techniques. World J Orthop [Internet]. 2016 Feb
18;7(2):82-93. Available from: https://pubmed.ncbi.nlm.nih.gov/26925379

Duthon VB, Barea C, Abrassart S, Fasel JH, Fritschy D, Ménétrey J. Anatomy of the
anterior cruciate ligament. Knee Surgery, Sports Traumatology, Arthroscopy [Internet].

2005;14(3):204—13. Available from: http://dx.doi.org/10.1007/s00167-005-0679-9

Petersen W, Tillmann B. Anatomie und Funktion des vorderen Kreuzbandes. Orthopade
[Internet]. 2002;31(8):710-8. Available from: http://dx.doi.org/10.1007/s00132-002-0330-
0

Morales-Avalos R, Torres-Gonzalez EM, Padilla-Medina JR, Monllau JC. ACL anatomy:
Is there still something to learn? Rev Esp Cir Ortop Traumatol [Internet]. 2024;68(4):422—
7. Available from: http://dx.doi.org/10.1016/j.recot.2023.02.005

Lipps DB, Oh YK, Ashton-Miller JA, Wojtys EM. Morphologic characteristics help
explain the gender difference in peak anterior cruciate ligament strain during a simulated
pivot landing. Am J Sports Med [Internet]. 2011/09/14. 2012 Jan;40(1):32—40. Available
from: https://pubmed.ncbi.nlm.nih.gov/21917612

Petersen W, Zantop T. Anatomy of the Anterior Cruciate Ligament with Regard to Its Two
Bundles. Clin Orthop Relat Res [Internet]. 2007;454:35-47. Available from:
http://dx.doi.org/10.1097/blo.0b013e31802b4a59

Souryal TO, Moore HA, Evans JP. Bilaterality in anterior cruciate ligament injuries. Am
J Sports Med [Internet]. 1988;16(5):449-54. Available from:
http://dx.doi.org/10.1177/036354658801600504

23



10.

11.

12.

13.

14.

15.

Junge A, Dvorak J. Injuries in female football players in top-level international
tournaments. Br J Sports Med [Internet]. 2007 Aug;41 Suppl 1(Suppl 1):13—7. Available
from: https://pubmed.ncbi.nlm.nih.gov/17646248

Gornitzky AL, Lott A, Yellin JL, Fabricant PD, Lawrence JT, Ganley TJ. Sport-Specific
Yearly Risk and Incidence of Anterior Cruciate Ligament Tears in High School Athletes.
Am J Sports Med [Internet]. 2016;44(10):2716-23.  Available  from:
http://dx.doi.org/10.1177/0363546515617742

Swenson DM, Collins CL, Best TM, Flanigan DC, Fields SK, Comstock RD. Epidemiology
of knee injuries among U.S. high school athletes, 2005/2006-2010/2011. Med Sci Sports
Exerc [Internet]. 2013 Mar;45(3):462-9. Available from:
https://pubmed.ncbi.nlm.nih.gov/23059869

Bram JT, Magee LC, Mehta NN, Patel NM, Ganley TJ. Anterior Cruciate Ligament Injury
Incidence in Adolescent Athletes: A Systematic Review and Meta-analysis. Am J Sports
Med [Internet]. 2020;49(7):1962-72. Available from:
http://dx.doi.org/10.1177/0363546520959619

LaBella CR, Hennrikus W, Hewett TE, Brenner JS, Brookes MA, Demorest RA, et al.
Anterior Cruciate Ligament Injuries: Diagnosis, Treatment, and Prevention. Pediatrics
[Internet]. 2014;133(5):e1437-50. Available from: http://dx.doi.org/10.1542/peds.2014-
0623

Ilkay Zihni Chirali. Traditional Chinese Medicine Cupping Therapy , p. 211-30.
In: Sports Injuries. 2014.

Yoon KH, Yoo JH, Kim KI. Bone Contusion and Associated Meniscal and Medial
Collateral Ligament Injury in Patients with Anterior Cruciate Ligament Rupture. The Journal
of Bone and Joint Surgery-American Volume [Internet]. 2011;93(16):1510-8. Available
from: http://dx.doi.org/10.2106/jbjs.j.01320

24



16.

17.

18.

19.

20.

21.

22.

23.

Bisson LJ, Kluczynski MA, Hagstrom LS, Marzo JM. A Prospective Study of the
Association Between Bone Contusion and Intra-articular Injuries Associated With Acute
Anterior Cruciate Ligament Tear. Am J Sports Med [Internet]. 2013;41(8):1801-7.
Available from: http://dx.doi.org/10.1177/0363546513490649

YiZ, Jiang J, Liu Z, Wang H, Y1 Q, Zhan H, et al. The Association Between Bone Bruises
and Concomitant Ligaments Injuries in Anterior Cruciate Ligament Injuries: A Systematic
Review and Meta-analysis. Indian J Orthop [Internet]. 2022 Nov 14;57(1):20-32. Available
from: https://pubmed.ncbi.nlm.nih.gov/36660483

Bates NA, McPherson AL, Rao MB, Myer GD, Hewett TE. Characteristics of inpatient
anterior cruciate ligament reconstructions and concomitant injuries. Knee Surg Sports
Traumatol Arthrosc [Internet]. 2014/12/16. 2016 Sep;24(9):2778-86. Available from:
https://pubmed.ncbi.nlm.nih.gov/25510363

Yu B, Garrett WE. Mechanisms of non-contact ACL injuries. Br J Sports Med [Internet].
2007 Aug;41 Suppl 1(Suppl 1):147-51. Available from:
https://pubmed.ncbi.nlm.nih.gov/17646249

Yoo H MGR. Anatomy, Bony Pelvis and Lower Limn, Knee Anterior Crucuiate Ligament.
StatPearkls, Treasure Island (FL). 2023 Jul 24;

Gadeyne S, Besse JL, Galand-Desme S, Lerat JL, Moyen B. 43 - Analyse des 1ésions
méniscales constatées lors de la reconstruction du ligament croisé antérieur :  propos d’une
série continue de 156 patients. Rev Chir Orthop Reparatrice Appar Mot [Internet].
2005;91(8):72-3. Available from: http://dx.doi.org/10.1016/s0035-1040(05)84549-0

Forkel P, Reuter S, Sprenker F, Achtnich A, Herbst E, Imhoff A, et al. Different patterns
of lateral meniscus root tears in ACL injuries: application of a differentiated classification
system. Knee Surgery, Sports Traumatology, Arthroscopy [Internet]. 2014;23(1):112-8.
Available from: http://dx.doi.org/10.1007/s00167-014-3467-6

Zaffagnini S, Bonanzinga T, Muccioli GMM, Giordano G, Bruni D, Bignozzi S, et al. Does

chronic medial collateral ligament laxity influence the outcome of anterior cruciate ligament

25



24.

25.

26.

27.

28.

29.

30.

reconstruction? J Bone Joint Surg Br [Internet]. 2011;93-B(8):1060—4. Available from:
http://dx.doi.org/10.1302/0301-620x.93b8.26183

Waldén M, Héagglund M, Werner J, Ekstrand J. The epidemiology of anterior cruciate
ligament injury in football (soccer): a review of the literature from a gender-related
perspective. Knee Surgery, Sports Traumatology, Arthroscopy [Internet]. 2010;19(1):3—10.
Available from: http://dx.doi.org/10.1007/s00167-010-1172-7

Prodromos CC, Han Y, Rogowski J, Joyce B, Shi K. A Meta-analysis of the Incidence of
Anterior Cruciate Ligament Tears as a Function of Gender, Sport, and a Knee Injury—
Reduction Regimen. Arthroscopy: The Journal of Arthroscopic &amp; Related Surgery
[Internet]. 2007;23(12):1320-1325.¢6. Available from:
http://dx.doi.org/10.1016/j.arthro.2007.07.003

Filbay SR, Culvenor AG, Ackerman IN, Russell TG, Crossley KM. Quality of life in
anterior cruciate ligament-deficient individuals: a systematic review and meta-analysis. Br J
Sports Med [Internet]. 2015;49(16):1033—41. Available from:
http://dx.doi.org/10.1136/bjsports-2015-094864

Friel NA, Chu CR. The role of ACL injury in the development of posttraumatic knee
osteoarthritis. Clin Sports Med [Internet]. 2013 Jan;32(1):1-12. Available from:
https://pubmed.ncbi.nlm.nih.gov/23177457

Shelbourne KD, Stube KC. Anterior cruciate ligament (ACL)-deficient knee with
degenerative arthrosis: treatment with an isolated autogenous patellar tendon ACL
reconstruction. Knee Surgery, Sports Traumatology, Arthroscopy [Internet]. 1997;5(3):150—
6. Available from: http://dx.doi.org/10.1007/s001670050043

Potter HG, Jain SK, Ma Y, Black BR, Fung S, Lyman S. Cartilage Injury After Acute,
Isolated Anterior Cruciate Ligament Tear. Am J Sports Med [Internet]. 2011;40(2):276-85.
Available from: http://dx.doi.org/10.1177/0363546511423380

Feucht MJ, Bigdon S, Bode G, Salzmann GM, Dovi-Akue D, Siidkamp NP, et al.

Associated tears of the lateral meniscus in anterior cruciate ligament injuries: risk factors for

26



31.

32.

33.

34.

35.

36.

37.

different tear patterns. J Orthop Surg Res [Internet]. 2015 Mar 18;10:34. Available from:
https://pubmed.ncbi.nlm.nih.gov/25889148

Williams JGP. Aetiological classification of injuries in sportsmen. Br J Sports Med

[Internet]. 1971;5(4):228-30. Available from: http://dx.doi.org/10.1136/bjsm.5.4.228

Domzalski M, Grzelak P, Gabos P. Risk factors for Anterior Cruciate Ligament injury in
skeletally immature patients: analysis of intercondylar notch width using Magnetic
Resonance Imaging. Int Orthop [Internet]. 2010/03/24. 2010 Jun;34(5):703—7. Available
from: https://pubmed.ncbi.nlm.nih.gov/20333378

Silva L, Bernal N, Tuca M, Espinosa M, de la Fuente G. Una escotadura intercondilea
estrecha favorece la rotura del ligamento cruzado anterior (LCA) en pacientes con esqueleto
inmaduro. Rev Esp Cir Ortop Traumatol [Internet]. 2021;65(3):201-6. Available from:
http://dx.doi.org/10.1016/j.recot.2020.08.004

Yellin JL, Parisien RL, Talathi NS, Farooqi AS, Kocher MS, Ganley TJ. Narrow Notch
Width is a Risk Factor for Anterior Cruciate Ligament Injury in the Pediatric Population: A
Multicenter Study. Arthrosc Sports Med Rehabil [Internet]. 2021 Mar 22;3(3):e823-8.
Available from: https://pubmed.ncbi.nlm.nih.gov/34195650

Shelbourne KD, Facibene WA, Hunt JJ. Radiographic and intraoperative intercondylar
notch width measurements in men and women with unilateral and bilateral anterior cruciate
ligament tears. Knee Surgery, Sports Traumatology, Arthroscopy [Internet]. 1997;5(4):229—
33. Available from: http://dx.doi.org/10.1007/s001670050055

Griffin LY, Agel J, Albohm MJ, Arendt EA, Dick RW, Garrett WE, et al. Noncontact
Anterior Cruciate Ligament Injuries: Risk Factors and Prevention Strategies. Journal of the
American Academy of Orthopaedic Surgeons [Internet]. 2000;8(3):141-50. Available from:
http://dx.doi.org/10.5435/00124635-200005000-00001

Alan L. Zhang CRA 2019,. Chapter 32: Knee Arthroscopy. In: The Basics Operative
Techniques in Orthopaedics. 2019. Lippincott Discovery.

27



38 Gupton M, Imonugo O, Black AC, Launico MV, Terreberry RR. Anatomy, Bony Pelvis and

39.

40.

41.

42.

43.

44.

45.

Lower Limb, Knee. In: StatPearls. Treasure Island (FL): StatPearls Publishing; November
5,2023.

Crouser N, Wright J, DiBartola A, Flanigan D, Duerr R. Intercondylar Notch Pathology. J
Knee Surg [Internet]. 2022;37(02):149-57. Available from: http://dx.doi.org/10.1055/a-
2001-6764

Hirtler L, Rohrich S, Kainberger F. The Femoral Intercondylar Notch During Life: An
Anatomic Redefinition With Patterns Predisposing to Cruciate Ligament Impingement.
American Journal of Roentgenology [Internet]. 2016;207(4):836—45. Available from:
http://dx.doi.org/10.2214/ajr.16.16015

Jha V, Azam MQ, Jain P, Bali SA. Does Femoral Intercondylar Notch Volume Differ in
Anterior Cruciate Ligament-Injured Adult Patients Compared to the Uninjured?: A Meta-
Analysis. Clin Orthop Surg [Internet]. 2021/11/24. 2022 Mar;14(1):76—89. Available from:
https://pubmed.ncbi.nlm.nih.gov/35251544

Tillman MD, Smith KR, Bauer JA, Cauraugh JH, Falsetti AB, Pattishall JL. Differences in
three intercondylar notch geometry indices between males and females: a cadaver study.
Knee [Internet]. 2002;9(1):41-6. Available from: http://dx.doi.org/10.1016/s0968-
0160(01)00135-1

Li M, Bai H, Zhang F, Zhou Y, Lin Q, Zhou Q, et al. Automatic segmentation model of
intercondylar fossa based on deep learning: a novel and effective assessment method for the
notch volume. BMC Musculoskelet Disord [Internet]. 2022 May 6;23(1):426. Available
from: https://pubmed.ncbi.nlm.nih.gov/35524293

Charlton WPH, John TA St., Ciccotti MG, Harrison N, Schweitzer M. Differences in
Femoral Notch Anatomy between Men and Women. Am J Sports Med [Internet].
2002;30(3):329-33. Available from: http://dx.doi.org/10.1177/03635465020300030501

Stein V, Li L, Guermazi A, Zhang Y, Kent Kwoh C, Eaton CB, et al. The relation of

femoral notch stenosis to ACL tears in persons with knee osteoarthritis. Osteoarthritis

28



46.

47.

48.

49.

50.

51.

Cartilage  [Internet].  2009/10/02. 2010  Feb;18(2):192-9.  Available from:
https://pubmed.ncbi.nlm.nih.gov/19835830

Chen C, Ma Y, Geng B, Tan X, Zhang B, Jayswal CK, et al. Intercondylar Notch Stenosis
of Knee Osteoarthritis and Relationship between Stenosis and Osteoarthritis Complicated

with Anterior Cruciate Ligament Injury: A Study in MRI. Medicine [Internet]. 2016
Apr;95(17):e3439—e3439. Available from: https://pubmed.ncbi.nlm.nih.gov/27124033

Rakshit J, Agrawal A, Sakale H, Kar B, Raj M. Anatomical considerations of intercondylar
notch dimensions of femur in cadavers with intact anterior cruciate ligament. Journal of
Orthopedics, Traumatology and Rehabilitation [Internet]. 2021;13(1):38. Available from:
http://dx.doi.org/10.4103/jotr.jotr 27 21

van Eck CF, Martins CAQ, Vyas SM, Celentano U, van Dijk CN, Fu FH. Femoral
intercondylar notch shape and dimensions in ACL-injured patients. Knee Surgery, Sports
Traumatology,  Arthroscopy [Internet]. 2010;18(9):1257-62.  Available from:
http://dx.doi.org/10.1007/s00167-010-1135-z

Ireland ML, Ballantyne BT, Little K, McClay IS. A radiographic analysis of the relationship
between the size and shape of the intercondylar notch and anterior cruciate ligament injury.
Knee Surgery, Sports Traumatology, Arthroscopy [Internet]. 2001;9(4):200-5. Available
from: http://dx.doi.org/10.1007/s001670100197

Anderson AF, Lipscomb AB, Liudahl KJ, Addlestone RB. Analysis of the intercondylar
notch by computed tomography. Am J Sports Med [Internet]. 1987;15(6):547-52. Available
from: http://dx.doi.org/10.1177/036354658701500605

Shepstone L, Rogers J, Kirwan JR, Silverman BW. Shape of the intercondylar notch of the
human femur: a comparison of osteoarthritic and non-osteoarthritic bones from a skeletal
sample. Ann Rheum Dis [Internet]. 2001 Oct;60(10):968-73. Available from:
https://pubmed.ncbi.nlm.nih.gov/11557655

29



52.

53.

54.

55.

56.

57.

58.

59.

Babalola OR, Oluwadiya KS, Akinyemi AB. Association of femoral intercondylar notch
geometry with risk of anterior cruciate ligament injury in a black patient population. Sci Afr

[Internet]. 2021;13:e00912. Available from: http://dx.doi.org/10.1016/j.sciaf.2021.e00912

Li Z, Zhang W, Ren S, Zhou R, Zhang X, You T, et al. Relationship Between Number of
Lateral Intercondylar Ridges and Area of Denser Bone on the Lateral Intercondylar Wall.
Orthop J Sports Med [Internet]. 2022 May 10;10(5):23259671221091332—
23259671221091332. Available from: https://pubmed.ncbi.nlm.nih.gov/35571965

Renstrom P, Ljungqvist A, Arendt E, Beynnon B, Fukubayashi T, Garrett W, et al. Non-
contact ACL injuries in female athletes: an International Olympic Committee current
concepts statement. Br J Sports Med [Internet]. 2008 Jun;42(6):394-412. Available from:
https://pubmed.ncbi.nlm.nih.gov/18539658

Miljko M, GM, KS, KM, & DI. Intercondylar notch width and inner angle of lateral femoral
condyle as the risk factors for anterior cruciate ligament injury in female handball players in

Herzegovina. . Coll Antropol. 2012;

Arthur JR, Haglin JM, Makovicka JL, Chhabra A. Anatomy and Biomechanics of the
Posterior Cruciate Ligament and Their Surgical Implications. Sports Med Arthrosc Rev
[Internet]. 2019;28(1):e1-10. Available from:
http://dx.doi.org/10.1097/jsa.0000000000000267

Logterman SL, Wydra FB, Frank RM. Posterior Cruciate Ligament: Anatomy and
Biomechanics. Curr Rev Musculoskelet Med [Internet]. 2018 Sep;11(3):510—4. Available
from: https://pubmed.ncbi.nlm.nih.gov/29855794

Cox CF GSBABB. Anatomy, Bony Pelvis and Lower Limb: Knee Posterior Cruciate
Ligament. StatPearls [Internet] Treasure Island (FL): StatPearls Publishing; 2023;

Winkler PW, Zsidai B, Wagala NN, Hughes JD, Horvath A, Senorski EH, et al. Evolving

evidence in the treatment of primary and recurrent posterior cruciate ligament injuries, part

1: anatomy, biomechanics and diagnostics. Knee Surg Sports Traumatol Arthrosc [Internet].

30



60.

61.

62.

63.

2020/11/17. 2021 Mar;29(3):672-81. Available from:
https://pubmed.ncbi.nlm.nih.gov/33201271

LaPrade RF, Floyd ER, Falaas KL, Ebert NJ, Struyk GD, Carlson GB, et al. The Posterior
Cruciate Ligament: Anatomy, Biomechanics, and Double-Bundle Reconstruction. Journal
of Arthroscopic Surgery and Sports Medicine [Internet]. 2021;0:1-14. Available from:
http://dx.doi.org/10.25259/jassm_3 2021

Sonin AH, Fitzgerald SW, Hoff FL, Friedman H, Bresler ME. MR imaging of the posterior
cruciate ligament: normal, abnormal, and associated injury patterns. RadioGraphics
[Internet]. 1995;15(3):551-61. Available from:
http://dx.doi.org/10.1148/radiographics.15.3.7624562

Whitney DC, Sturnick DR, Vacek PM, DeSarno MJ, Gardner-Morse M, Tourville TW, et
al. Relationship Between the Risk of Suffering a First-Time Noncontact ACL Injury and
Geometry of the Femoral Notch and ACL: A Prospective Cohort Study With a Nested Case-
Control Analysis. Am J Sports Med [Internet]. 2014/05/27. 2014 Aug;42(8):1796-805.
Available from: https://pubmed.ncbi.nlm.nih.gov/24866891

Wang P, Gao F, Sun W, Li Z, Wu X, Shi L, et al. Morphometric characteristics of the knee

are associated with the injury of the meniscus. J Orthop Surg Res [Internet]. 2022 Nov
19;17(1):498. Available from: https://pubmed.ncbi.nlm.nih.gov/36403063

31



LIST OF PUBLISHED ARTICLES:

1.Cernat E M, Neagu A, Betianu C, et al., Balancing Anterior and Posterior Cruciate

Ligaments in Adults. Cureus, (May 05, 2024), 16(5): €59683. do0i:10.7759/cureus.59683

Factor de impact: Total reads: 322. Article views, Cureus: 132, PMC:30. PDF downloads.
Cureus: 130, PMC: 28. Cureus.

Chapter 8 (pag. 89-100)

2.Cernat EM, Dima A, Popescu C, Neagu A, Betianu C, Moga M, Manolescu LSC,
Barbilian A. Anterior Intercondylar Notch Geometry in Relation to the Native Anterior
Cruciate Ligament Size. Journal of Clinical Medicine. 2024; 13(2):309. Factor de impact:
962 views. Web of Science: 1. https://doi.org/10.3390/jcm13020309.

Chapter 6 (pag. 56-73)

3.Cernat EM, Neagu A, Betianu C, Georgescu DE, Barbilian A, Cornelia LS. The
Anterior Notch Area for 3 Types of Notch Geometry, an Individualized Approach for
Choosing the ACL Graft Size. Chirurgia (Bucur). 2024;119(eCollection):1-10.

doi:10.21614/chirurgia.119.eC.2991

Chapter 7 (pag. 74-88)

32


https://www.cureus.com/articles/246980-balancing-anterior-and-posterior-cruciate-ligaments-in-adults#!/
https://doi.org/10.3390/jcm13020309
https://revistachirurgia.ro/pdfs/2024-07-ec-The-Anterior-Notch-Area-for-3-Types-of-Notch-Geometry-an-Individualized-Approach.pdf

