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ABSTRACT

Background: Anterior cruciate ligament is the most common ligament injury of knee. The bony anatomy of femur and
tibia is responsible for normal knee kinematics and static stability. Intercondylar notch dimensions is considered as a
significant predictive risk factor for ACL tear. Narrow femoral intercondylar notch width in either sex were major
correlating factors. Aim was to evaluate the intercondylar femur notch dimensions in patients of knee injury using
magnetic resonance imaging at RD Gardi Medical College, Ujjain, Madhya Pradesh.

Methods: This is a prospective study consist of 400 patients carried out from October 2020 to August 2022 in the
Department of Orthopaedics, RDGMC Ujjain. All the patients of knee injury including ACL tear and age 18 years to
60 years are included in the study. Patient less than 18 years and more than 60 years were excluded from the study.
Dicom radiant software is used as statistical tool to analyse the data. Various intercondylar notch dimensions in different
sections are measured using MRI in the dicom software.

Results: The cut off values of axial NWI, NSI, NDI as 0.238, 0.662, 0.472 respectively.

Conclusions: We conclude that narrow femoral intercondylar notch, lower notch width index increases the risk of an
ACL tear in the given population. This would help in identification of people at risk for ACL injuries. Our study
provides a comprehensive analysis on the risk factor of ACL tear, which would help in betterment of the patients at
danger for anterior cruciate ligament injury. People with decreased notch dimensions should be educated on the high
risk of ACL tear and be given proper prophylactic precautions.

Keywords: Anterior cruciate ligament, Intercondylar notch, Notch width index, Notch shape index, Notch depth index,
Notch angle, Roof angle

joint.*5 Initially, it was thought that a traumatic
mechanism involving rotation, hyperextension

INTRODUCTION

The Anterior cruciate ligament (ACL) is the most
frequently injured ligament of the knee joint and is a
serious knee injury. An increased risk of ligament tears is
linked to the femur variable morphology.

The size of the intercondylar notch is regarded as a major
risk factor for ACL damage.?® Increased engagement in
sports activities is to blame for the recent rise in the
frequency of ligament injuries in and around the knee

contraction of the quadriceps muscle was the cause of ACL
rupture.> However, some research demonstrates a
morphological propensity and some authors have assessed
the size of the intercondylar femur notch. They had
demonstrated that patients with a high propensity for ACL
tears in which the femoral intercondylar notch is narrow.”8
Women overall and narrow femoral intercondylar notch
width in either sex were key correlated factors to ligament
injury, according to epidemiological studies.® Thin and
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weak ACLs are known to be correlated with smaller
femoral notches.'®! The stenotic notch causes the ACL to
impinge onto the lateral femoral condyle, where it is
subjected to anterior shear forces or tibial rotation that
might lead to ACL rupture.*® Notch angle (NA), Notch
width index (NWI), Notch shape index (NSI), Notch depth
index (NDI) and Roof angle are some of the various
characteristics used to demonstrate the relationships.
Individual differences in the anatomy of the knee joint may
make ligament damage more likely. Increased awareness
of the propensity for these injuries is encouraged by
knowledge of the femur and tibia bony architecture. The
majority of recent studies concentrate on the intercondylar
femur notch width index. The relationship between the risk
of ACL tears and the intercondylar femur notch angle,
notch shape index, and morphology of the same is poorly
understood. The goal of this study is to assess the
intercondylar femoral notch using Magnetic resonance
imaging (MRI) in individual with known knee injury due
to the potential relationship between the femoral
intercondylar notch morphology and ACL injury.

METHODS

This is a prospective study carried out in the Department
of Orthopaedics, RDGMC Ujjain from October 2020 to
August 2022. All the patients of knee injury including
ACL tear and age 18 years to 60 years are included in the
study. Patient less than 18 years and more than 60 years
were excluded from the study. Dicom radiant software is
used as statistical tool to analyse the data. Various
intercondylar notch dimensions in different sections are
measured using MRI in the dicom software.

Figure 1: Measurement of the femoral notch
dimensions in axial image and coronal image. The
notch depth is perpendicular to a line tangent to the
posterior condyles. The notch width and the condylar
width are parallel to that line at 2/3 of the notch
depth. Condylar depth is the maximum depth of
lateral condyle in axial image. Notch angle is formed
between the apex of the notch and the inferior aspect
of the base of notch.

A total of 400 knee magnetic resonance imaging series
were included in the study. The study aims to evaluate the
intercondylar femur notch dimensions in patients of knee
injury and its correlation with ACL injury. The MR images

were collected after determining knee injury to the patient.
MR imaging was performed employing 3 T scanner with
proton density fat suppression, coronal plane, 3.5 mm slice
thickness, 1 mm space, matrix of 360*360, 41.3 m s echo
time and repetition time of 2438m s. Sagittal images 3.5
mm slice thickness, 0.5 mm space, matrix of 360*360,
37.2 m s echo time and repetition time of 2465 m s and
axial images, thickness of 3.5 mm, space of 1 mm, matrix
of 380*380, echo time of 46.1 m s, repetition time of 2644
m s with the knees in near normal extension. Axial, sagittal
and coronal images were obtained for all examined knee
MR images. The axial and coronal MR image slice that
contained the popliteal groove was used to calculate the
femoral notch parameters. The posterior condylar
reference line is drawn tangent to the lowermost points of
medial and lateral condyles first.

Figure 2: Sagittal T2W image showing the
intercondylar roof angle formed between the Femoral
axis and the Bluemensaat line.

The inter-condylar depth is defined as the distance at right
angle from the bicondylar reference line to the top of the
intercondylar notch. Intercondylar width is measured at
two thirds of the intercondylar depth. The widths of the
medial and lateral condyles are measured at the same level.
The sum of the inter-condylar width, the medial condylar
width, and the lateral condylar width provided the
condylar width. The angle between the most inferior
aspects of the notch at the medial and lateral condyles and
the top of the intercondylar notch was the intercondylar
angle. This method has shown adequate reproducibility15.
The NWI is defined as the ratio between the intercondylar
notch width and the femoral condylar width. The ratio
between the notch width and the notch depth gives the NSI
(notch shape index). The NDI (notch depth index) is the
ratio between the notch depth and the depth of the lateral
condyle in axial image. The T2W images were used to
calculate the above parameters. Roof angle is calculated on
the sagittal MRI slice where the line is visible. The femoral
axis is obtained by joining the centre of the circles drawn
along the shaft. The angle between the blumensaat line and
the femoral axis provides the Roof angle. Magnetic
resonance imaging series were included in the study.
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RESULTS

We have studied 400 patients with knee problems, mean
age of the cases was 34.28+10.99 years. Majority of cases
222 (55.5%) were female and 178 (44.5%) cases were
male (Table 1).

Table 1: Comparison of the intercondylar femur
notch parameters in axial, coronal and sagittal images

(N=400).
Subjects

Variables Mean Males Females P

(N=178) (N=222) value
Axial
Notchwidth .08 0048 0247 005
index
Notchshape 719 0703 0732  <0.05
index
Notchdepth 515 520 0508  >0.05
index

Notchangle  51.35 51.67 51.09 <0.05
Coronal

Notchwidth 509 0230 0228  >0.05
index
Notchshape 78 (778 0778 >0.05
index

Notchangle  59.82 60.23 59.50 >0.05
Sagittal
Roof angle 38.99 38.89 39.06 >0.05

51-60
years <=20years
9% 4%
41-50
years 21-30

years
36%

21%

Figure 3: Age based distribution.

In the axial images the mean NWI was 0.248 with no
significant difference in males and females. The mean NSI
was 0.719, and males had smaller NSI as compared to
females. NA averaged with 51.35 degree. The mean NDI
was 0.512, with females had smaller NDI as compared to
males. In the coronal knee MRI images, the mean NWI,
NSI and NA was 0.229, 0.778 and 59.82 degree with no
significant difference in males and females. In sagittal
images, the roof angle averaged 38.99 degree with no
significant difference in males and females.

Male

Female

Figure 4: Gender based distribution.

DISCUSSION

The ACL is a crucial element in stabilizing the knee joint.
The number of patients of ACL tear has been increased due
to more involvement in sports activities. Consequently,
identification of the factors associated with an increased
risk of having an ACL tear is important. Some studies have
shown that morphology of the femur intercondylar notch
is one of the major parameters that predisposes to an ACL
tear. In our study on 400 patients, significant association
was found between age group and ACL injury with
p<0.05. Majority of the cases with ACL injury were
belongs to 21-30 years age group are 72 (49.3%), 48
(43.2%) cases in 31-40 years of age group, 12 (66.7%)
cases in less than 20 years of age group, 20 (58.8%) cases
in 51-60 years of age group, 10 (11.8%) cases in 41-50
years of age group and 5 (83.3%) case in more than 60
years of age group. Male cases 85 (47.8%) had
significantly higher ACL injury as compare to female
cases 82 (36.9%). The dimensions of the femoral notch are
typically defined in terms of NWI (Notch width index).
Thin and weak ACL are known to be correlated with
smaller femoral notch.%* This assumption is challenged
by certain investigations. It is challenging to compare
results because the site of measurement on the distal femur
varied across the literature. In our study the cut off value
for NWI in axial images was 0.238 for predicting ACL
injury. Souryal et al depicted NWI on Xray and the cut off
value in their study was 0.231.1* The cut off value for NWI
on Xray in investigation done by Uhorhak et al was 0.26.1°
Investigated intercondylar femur notch parameters on MRI
and concluded the mean value for NWI as 0.266.1°
Alentron-Geli et al concluded the cut off value for NWI
(MRI) in axial and coronal images as 0.25 and 0.24
respectively.'” Balgovind et al in their study done on south
population of India and concluded the cut off value for
NWI (MRI) as 0.258 in axial images, 0.254 in coronal
images.®® In our study the cut off values of NSI and NDI
were 0.662 and 0.472 for discriminating ACL injuries. In
previous studies, Wada et al discovered the NDI (MRI) cut
off value as 0.55.1° Anderson et al concluded the Notch
angle parameter on CT as 54.7.2° Alentron-Geli et al in
their study depicted the mean value for Notch angle (MRI)
as axial and coronal images as 50.1 and 60.3
respectively.?! Scheffel et al concluded the cut off value
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for Roof angle in X-ray as 34.7.22 Vaswani et al in their
study found the cut off value for Notch base width in MRI
as 16.5.2% Sheik et al concluded the cut off value for NWI
in MRI as 0.29. To further study the notch morphology in
Indian population, our study findings can be used as a
reference in future.

The first to propose that a shallow intercondylar notch may
enhance the risk of ACL injury was Palmer et al.?* Souryal
et al who created the idea of NWI as a means of predicting
the likelihood of ACL damage in 1998, backed up this
assertion.’* Anderson et al reported that anterior outlet
notch stenosis increases the likelihood of ACL damage.?
determined via CT that a small posterior notch may
predispose a person to ACL injury.? LaPrade and Burnett
found that athletes with a stenatic notch were significantly
more likely to experience an ACL rupture after conducting
a two-year prospective analysis.?® The assumption that the
intercondylar notch's size and the ACL size are correlated
led to the postulated association between the risk of ACL
injury and a small intercondylar notch. New information,
however casts doubt on this theory. In knees with a NWI
larger than 0.20 and less than 0.20, Muneta et al discovered
no difference in ligament size.X® Clinically, Herzog et al
reported no significant variations in the radiograph and
MRI measurements of the notch in athletes with chronic
ACL rupture compared to the control group.?’
Shickendantz and Weiker discovered no changes between
the groups when they compared participants with
unilateral ACL damage, bilateral ACL injury, and non
injured subjects.®® They came to the conclusion that
intercondylar notch measures should not be used to
forecast the likelihood of ACL injury. Additionally,
Lombardo et al. did not discover a link between NWI and
the frequency of ACL injuries in professional male
baskethall players.?°

We detect substantial differences in the mean NWI and
NSI in patients with and without an ACL tear, male and
female patients separately, taking into account the
relationship between NWI and the rate of ACL damage. A
summary of literature depicting the intercondylar notch
morphology is depicted in (Table 1). However, it is
important to be cautious when interpreting our findings. A
prospective study's findings would be more dependable
than that study's cross-sectional design. We looked at those
who had knee issues, which could have biassed our study.
We think that these characteristics are not crucial because
there is no evidence linking NWI to any other knee issues
besides osteoarthritis. Another drawback of our study was
that it did not just include athletes. Also, the inclusion of
alternative ACL damage causes, such as direct trauma,
may mitigate the impact of narrow NWI in ACL injury.
Our study is done on Indian population. Though ethnicity
affects the geometry of knee and the distal femoral
intercondylar notch morphology, the same variables
should apply to them. Apart from the anatomical risk
factors there are other several variables like hormonal,
cognitive function, genetic, gender, weight and activity
status. These factors were not ruled out in this study.

CONCLUSION

The present study aimed to compare the femoral notch
morphological variables in patients of knee injury. We
conclude that narrow femoral intercondylar notch, lower
notch width index increases the risk of an ACL tear in the
given population. The cut off values of axial NWI, NSI,
NDI as 0.238, 0.662, 0.472 respectively. This would help
in identification of people at risk for ACL injuries. Our
study provides a comprehensive analysis on the risk factor
of ACL tear, which would help in betterment of the
patients at danger for anterior cruciate ligament injury.
People with decreased notch dimensions should be
educated on the high risk of ACL tear and be given proper
prophylactic precautions. This study provide a future
reference to further studies on assessment of femur
intercondylar notch dimensions as a risk factor for ACL
tear.
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