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Abstract 

Anterior cruciate ligament (ACL) injury is a prevalent knee joint issue influenced by femoral 

intercondylar notch morphology. This study evaluates intercondylar notch parameters in healthy 

participants using MRI to establish reference values for assessing ACL injury risk. MRI scans of 

240 healthy participants were analyzed to measure femoral intercondylar notch parameters. 

These parameters, including axial notch width index (NWI1), coronal notch width index (NWI2), 

coronal notch width index at the posterior cruciate ligament tibial attachment point (NWI3), axial 

notch shape index (NSI1), coronal notch shape index (NSI2), axial cross-sectional area (CSA1) 

and coronal cross-sectional area (CSA2), were calculated. Gender differences were analyzed 

using t-tests or Mann-Whitney U tests, and reference values were derived. No significant gender 

differences were observed for NWI1, NWI2, NSI1 and NSI2.  Gender differences were found 

in the intercondylar notch cross-sectional areas in both axial and coronal planes, as well as in 

NWI3. Effective ACL injury prevention should consider individual skeletal structure differences 

and adopt personalized strategies. Preoperative assessment is crucial for determining the 

necessity of intercondylar notch plasty and aids in developing more precise treatment plans. 

Keywords: Anterior cruciate ligament injury, intercondylar notch, MRI, Notch Width Index, 

Notch Shape Index, Cross-sectional area. 
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1. Introduction 

The intercondylar notch is a key anatomical 

structure in the knee joint. Its primary function is to 

house the anterior cruciate ligament (ACL) and the 

posterior cruciate ligament (PCL), playing a crucial 

role in maintaining knee joint stability and normal 

function (Kayani et al., 2020; Korolev et al., 2020; 

Lam et al., 2009). The morphology and size of the 

intercondylar notch vary depending on factors such 

as an individual's gender, age, genetics and activity 

levels. Significant differences may also exist among 

different populations (Dwivedi et al., 2022; 

Phombut et al., 2021; S, 2021). In recent years, with 

the advancement of research on knee joint-related 

diseases, the anatomical characteristics of the 

intercondylar notch have garnered increasing 

attention. Research shows that changes in the shape 

and size of the intercondylar notch can increase the 

risk of problems such as intercondylar notch 

impingement syndrome, ACL injuries and knee 

osteoarthritis (KOA). These abnormalities can have 

a potential impact on clinical manifestations such as 

pain, joint instability and restricted mobility. A 

narrow intercondylar notch increases the risk of 

ACL injuries, which can cause damage to ligaments, 

wear on cartilage and lead to osteoarthritis (Hirtler 

et al., 2022).  

Researchers currently study intercondylar notch 

morphology using methods such as anatomical 

observation, imaging measurements and 

biomechanical analysis (Agrawal et al., 2021; Chen 

et al., 2023; Keremu et al., 2020; Li et al., 2018; 

Oshima et al., 2020). However, due to differences in 

samples and methodologies, conclusions remain 

inconsistent and baseline data for healthy 

populations are still limited (Dwivedi et al., 2022; 

Phombut et al., 2021; S, 2021). Magnetic resonance 

imaging (MRI) is a non-invasive imaging technique 

with high resolution and specificity that can 

accurately evaluate soft tissues and bony structures 

of the knee joint. MRI measurements match well 

with anatomical data, which is why it is commonly 

used to study the shape of the intercondylar notch 

(Akgün, 2020; Chen et al., 2016; Hirtler et al., 2022). 

This study aims to comprehensively measure and 

analyze the morphological characteristics of the 

intercondylar notch in healthy populations using 

MRI technology. By measuring parameters such as 

the width, depth and area of the notch, and 

incorporating gender-based analysis, the study 

seeks to explore the distribution patterns across 

different populations. The results will offer valuable 

information about the causes of ACL injuries, the 

problem of intercondylar notch impingement 

syndrome and knee osteoarthritis. Additionally, the 

results will offer data support for developing 

individualized prevention strategies in clinical 

practice and promoting early diagnosis and 

intervention for knee joint-related diseases. 

2. Methodology 

2.1 Sample Selection 

This study was conducted in Baise City, China and 

its surrounding areas, a region with a culturally 

diverse population, including Zhuang and Han 

ethnic groups. A random sampling method was used 

to ensure data representativeness and scientific 

validity. The study included 240 healthy participants 

(120 males and 120 females) aged 18–60 years who 

underwent MRI scans at Baise People’s Hospital 

between November 2021 and April 2024. 

 

2.1.1 Exclusion Criteria 

Participants were excluded from the study if they 

had a history of knee joint trauma or surgery, were 

pregnant or breastfeeding, could not cooperate with 

imaging examinations, had knee arthritis or other 

structural abnormalities, were using medications or 

undergoing treatments that could affect knee 

structure, had congenital knee deformities or 

diseases, or had severe chronic illnesses or systemic 

conditions impacting knee health. 

 

By excluding individuals with prior knee injuries or 
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surgeries, this research aimed to minimize 

confounding factors and enable a clearer analysis of 

the intercondylar notch's natural morphology and its 

relationship with ACL injury risk. This approach 

strengthened the study's scientific rigor and 

credibility. 

 

2.1.2 Ethical Considerations 

The Research Management Centre, MAHSA 

University (RMC/JUN/2024/EC05) and the ethics 

committee of Baise People's Hospital (approval 

number: KY2024053001) approved the study. Prior 

to participation, all individuals provided informed 

consent after being fully briefed on the study’s 

objectives and procedures. Strict measures were 

taken to safeguard participant privacy and ensure 

data confidentiality throughout the research process. 

 

2.1.3 Study Design and Execution 

This case-control study recruited participants 

through established channels, specifically the 

hospital's patient database. The research team 

fostered trust and maintained effective 

communication with participants to ensure 

comprehensive and accurate data collection. 

Advanced MRI imaging technology and a highly 

skilled medical team ensured the reliability and 

precision of the measurements. 

 

2.2 MRI Scanning  

Participants were positioned supine on the 

examination table and knee joint MRI scans were 

performed using a Siemens Magnetom Skyra 3.0T 

scanner with a 15-channel knee coil. Axial images 

were acquired using a proton density fat-saturated 

turbo spin echo (PD-TSE-FS-TRA) sequence with 

the following parameters: TR 4200 ms, TE 72 ms, 

field of view (FOV) 320 mm and slice thickness 3 

mm. Coronal images were obtained using a proton 

density fat-saturated turbo spin echo (PD-TSE-

COR-P2_320_FS) sequence with the following 

parameters: TR 1800 ms, TE 20 ms, FOV 320 mm 

and slice thickness 4 mm. The scanned images were 

imported into the Siemens Syngovia workstation 

with MPR software for measurements. Data 

recorded included axial and coronal intercondylar 

notch widths, femoral condyle width and notch 

depth (Li et al., 2018). 

 

The intercondylar notch width index, notch shape 

index and cross-sectional area were determined for 

the entire study population and analyzed separately 

for male and female groups. 
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Figure 1. (A) Axial view schematic diagram for intercondylar notch measurement; (B) Sagittal view (at the 

popliteus tendon groove level) schematic diagram for intercondylar notch measurement; (C) Sagittal view 

(anterior to the posterior cruciate ligament insertion) schematic diagram for intercondylar notch 

measurement; (D) Sagittal view (at the posterior cruciate ligament tibial insertion level) schematic diagram 

for intercondylar notch measurement (MRI images were obtained from the Radiology Department of Baise 

People's Hospital and processed using the hospital's outpatient imaging system software). 

 

2.2.1 Notch Width Index (NWI):   

The baseline is defined as the line tangent to the 

cartilage of the medial and lateral femoral condyles 

(line L in Figure 1A-D). The depth is the vertical 

distance from the top of the intercondylar notch to 

the baseline (line EF in Figure 1A-D). A line parallel 

to line L is drawn through the midpoint of line EF, 

intersecting the cartilage of the medial and lateral 

condyles and the medial and lateral walls of the 

intercondylar notch.  These intersecting lines are 

labeled BC and AD in Figure 1A-D (Xu et al., 

2011). 

 

⚫ Axial Notch Width Index (NWI1): The width of 

the intercondylar notch (BC) and the width of 

the femoral condyles (AD) were measured at 

the level of the intertendinous groove on axial 

MRI or CT images. 

    The formula is NWI1 = BC / AD. 

 

⚫ Coronal Notch Width Index (NWI2): The width 

of the intercondylar notch (BC) and the width 

of the femoral condyles (AD) were measured at 

the level of the intertendinous groove on 

coronal MRI or CT images. 

   The formula is NWI2 = BC / AD. 

 

⚫ Coronal (Pre- and At-Posterior Cruciate 

Ligament Tibial Insertion) Notch Width Index 

(NWI3): The width of the intercondylar notch 

(B'C' and BC) and the width of the femoral 

condyles (A'D' and AD) were measured at the 

pre-tibial insertion and tibial insertion levels of 

the posterior cruciate ligament, respectively.  

The formula is NWI3 = (B'C'/A'D' + BC AD)/2. 

 

2.2.2 Notch Shape Index (NSI) (Xu et al., 2011):   

⚫ Axial Notch Shape Index (NSI1): The width of 

the intercondylar notch (BC) and the depth of 

the intercondylar notch (EF) were measured at 

the level of the intertendinous groove on axial 

MRI or CT images. 

The formula is NSI1 = BC / EF. 

 

⚫ Coronal Notch Shape Index (NSI2): The 

width of the intercondylar notch (BC) and the 

depth of the intercondylar notch (EF) were 
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measured at the level of the intertendinous 

groove on coronal MRI or CT images. 

The formula is NSI2 = BC / EF. 

 

2.2.3 Cross-Sectional Area (CSA) (Xu et al., 

2011):   

⚫ Axial Cross-Sectional Area (CSA1): The width 

of the intercondylar notch (BC) and the depth 

of the notch (EF) were measured at the level of 

the intertendinous groove on axial MRI or CT 

images. 

   The formula is CSA1 = BC*EF (mm²). 

 

⚫ Coronal Cross-Sectional Area (CSA2): The 

width of the intercondylar notch (BC) and the 

depth of the notch (EF) were measured at the 

level of the intertendinous groove on coronal 

MRI or CT images. 

The formula is CSA2 = BC*EF (mm²). 

 

2.3 Data Analysis  

2.3.1 Gender-based Comparison of MRI Scan 

Metrics 

Seven MRI-derived metrics (NWI1, NSI1, CSA1, 

NWI2, NSI2, CSA2 and NWI3) were compared 

between female and male participants. Independent 

samples t-tests were used for normally distributed 

data, while Mann-Whitney U tests were used for 

non-normally distributed data. A p-value < 0.05 

indicated statistical significance. 

 

2.3.2 Reference Values for the Intercondylar 

Notch in Healthy Participants  

For normally distributed groups, reference values 

were calculated as the mean minus 1.64 standard 

deviations ( - 1.64 SD). For non-normally 

distributed groups, reference values were calculated 

using the 5th percentile (P5). 

 

3. Results 

3.1 Demographic Data 

Among the 240 healthy participants in the MRI 

group of this study, there were 120 females and 120 

males, with 102 left knees and 138 right knees 

scanned. The average age was 33.93±7.86 years. 

Participants were selected using a computer-

generated random sampling method to ensure an 

unbiased representation of the population. 

Independent samples t-tests showed no significant 

differences in gender (p = 0.3), age (p = 0.18) or 

scan location (p = 0.65) within the MRI group 

(Table 1). 
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Table 1 Epidemiological characteristics of study participants (n=240). No significant differences were 

observed between groups (t-tests, p > 0.5). 

Category N(%) or mean ± SD P-value 

Sex 

Female 

Male 

 

120 (50.00%) 

120 (50.00%) 

 

0.30 † 

Age (years) 33.93 ± 7.86 0.18 † 

Scan site 

Left knee 

Right knee 

 

102 (42.5%) 

138 (57.5%) 

 

0.65 † 

† T-test 

 
 

 

3.2 Comparison of Indicators Across Different 

Gender Groups 

During the MRI examinations, a total of 7 sets of 

indicators from female and male groups were 

compared using a T-test or Mann-Whitney U test. 

The results showed that 3 sets of indicators had 

statistically significant differences (all P < 0.05), 

while 4 sets did not show statistically significant 

differences (P > 0.05), as shown in Table 2. 

 

Table 2. Hypothesis testing results for different examination methods, comparing female (F) and male (M) 

groups. (T = t-test; U = Mann-Whitney U test). 

 
                     MRI 

Male (mean ± SD)    Female (mean ± SD)  P-value 

NWI1 0.30 ± 0.03 0.307 ± 0.34   0.164 † 

NSI1 0.65 ± 0.08  0.678 ± 0.79   0.459 ‡ 

CSA1 766.39 ± 128.06 605.42 ± 118.98 ＜0.001 ‡ 

NWI2 0.29 ± 0.04 0.291 ± 0.04   0.887 ‡ 

NSI2 0.72 ± 0.14 0.705 ± 0.09   0.579 ‡ 

CSA2 646.33 ±145.10 506.294 ± 123.91 ＜0.001 † 

NWI3 0.31 ± 0.03 0.323 ± 0.03   0.029 † 

† T-test 

‡ Mann-Whitney U test 
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3.3 Reference Values for Various Indicators of 

the Intercondylar Notch in Healthy Participants 

Analysis of MRI data revealed distinct patterns for 

different indicators. For NSI1, NWI2 and NSI2, no 

significant gender-based differences were observed. 

Due to their skewed distributions and large sample 

sizes (>100), percentiles were used to calculate 

reference values for the combined male and female 

groups. 

 

In contrast, statistically significant gender 

differences were found for CSA1 and CSA2. For 

normally distributed indicators (CSA2 in both sexes 

and CSA1 in males), reference values were 

determined using the mean minus 1.64 standard 

deviations. For the skewed distribution of CSA1 in 

females, percentiles were used to establish reference 

values. 

 

3.3.1 Groups with Normal Distribution 

There are seven groups with a normal distribution. 

The reference values are calculated using the mean 

minus 1.64 multiplied by the standard deviation ( 

-1.64S ) as depicted in Table 3. 

 

Table 3. This study establishes reference values for intercondylar notch parameters in healthy participants.  

Participants were categorized as follows: T-MRI-NWI1 (total MRI scan NWI1 group), F-MRI-NWI3 (total 

MRI scan NWI3 group, females), F-MRI-CSA2 (total MRI scan CSA2 group, females), M-MRI-CSA1 (total 

MRI scan CSA1 group, males), M-MRI-CSA2 (total MRI scan CSA2 group, males) and M-MRI-NWI3 

(total MRI scan NWI3 group, males). For normally distributed parameters, reference values were calculated 

using the mean ± 1.64 standard deviations. CSA1 and CSA2 represent area (mm²), while NWI1 and NWI3 

are dimensionless comparison values. 

 

         Normal distribution 

 S -1.64S 

T-MRI-NWI1 0.30 0.03 0.25 

F-MRI-NWI3 0.32 0.03 0.27 

F-MRI-CSA2 506.29 123.91 303.08 mm2 

M-MRI-CSA1 766.39 128.06 556.38 mm2 

M-MRI-CSA2 646.32 145.10 408.36 mm2 

M-MRI-NWI3 0.31 0.03 0.26 

 

3.3.2 Reference Values for Skewed Distributions 

Using the P5 Lower Limit 

Reference values for five groups with skewed 

distributions were calculated using the 5th 

percentile (P5), as shown in Table 4.
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Table 4. Reference values for intercondylar notch parameters in healthy participants with skewed 

distributions. The groups are defined as follows: T-MRI-NSI1 (total MRI scan NSI1 group), T-MRI-NWI2 

(total MRI scan NWI2 group), T-MRI-NSI2 (total MRI scan NSI2 group) and F-MRI-CSA1 (female MRI 

scan CSA1 group). 

 

        Skewed distribution  

 S Percentile (P5) 

T-MRI-NSI1 0.65 0.08 0.54 

T-MRI-NWI2 0.71 0.12 0.23 

T-MRI-NSI2 0.29 0.04 0.58 

F-MRI-CSA1 605.42 118.98 428.89 mm2 

 

 

4. Discussion 

MRI is a vital imaging technology for evaluating the 

femoral intercondylar notch in healthy participants. 

With its superior soft tissue contrast, MRI is an ideal 

tool for studying tissues such as cartilage, tendons 

and ligaments (Albano et al., 2024; Li et al., 2024). 

It enables clear visualization of the knee joint's 

complex structures, including the ACL and its 

relationship with the intercondylar notch (Nacey et 

al., 2017) . MRI also allows for multiplanar imaging 

without radiation exposure, which gives doctors a 

full picture of knee joint diseases and injuries and 

helps with diagnosis (Li et al., 2024). 

 

4.1 Notch Width Index (NWI) 

When evaluating morphological indicators of 

intercondylar notch width, the NWI is widely 

regarded as an effective metric for measuring notch 

size. Studies have shown that as a relative indicator, 

NWI demonstrates high consistency in 

measurements across genders and between bilateral 

knee joints. This consistency minimizes the impact 

of measurement errors, enabling a more accurate 

reflection of the actual width of the intercondylar 

notch. As a result, NWI holds significant value in 

clinical applications (Bayer et al., 2020; Domzalski 

et al., 2010; Shaw et al., 2015). 

 

The results of this study indicate that the axial and 

coronal NWI measurements (T-MRI-NWI1 and T-

MRI-NWI2), obtained at the patellar tendon groove 

level via MRI, showed no significant gender 

differences across the overall group, which is 

consistent with previous findings (Al-Saeed et al., 

2012; Bayer et al., 2020; Domzalski et al., 2010; 

Shaw et al., 2015). However, a significant gender 

difference was observed in the NWI measurements 

(MRI-NWI3) obtained on the coronal plane at the 

posterior cruciate ligament level. There is ongoing 

debate in the academic community regarding the 

standard value of NWI. Stein et al. measured the 

NWI at two-thirds of the intercondylar notch depth 

on coronal MRI images, reporting an average value 

of 0.263 ± 0.005 (Stein et al., 2010). Domzalski et 

al., based on MRI data from 44 normal knees, 

reported an average NWI value of 0.2691 

(Domzalski et al., 2010). In exploring the 

relationship between intercondylar notch 

morphology and ACL rupture, Al-Saeed et al., using 

MRI measurements from 560 participants, 

suggested that the standard NWI value should be set 

at 0.270 or above, with values below this threshold 

potentially indicating a narrowed notch (Al-Saeed et 
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al., 2012). 

 

In this study, the reference value for T-MRI-NWI1 

in the axial plane was 0.25, while T-MRI-NWI2, 

measured on the coronal plane at the patellar tendon 

groove level, was 0.23. These findings differ 

slightly from previous studies (Al-Saeed et al., 2012; 

Bayer et al., 2020; Domzalski et al., 2010; Shaw et 

al., 2015), likely due to variations in the 

demographic characteristics of the study population, 

measurement methods, imaging planes and 

definitions of reference values. When analyzing the 

relationship between intercondylar notch 

morphology and ACL injuries, Hoteya et al. 

measured the NWI at the posterior cruciate ligament 

insertion point (NWIP) using MRI and suggested 

that this method effectively reflects notch narrowing. 

Using ROC curve analysis, they established critical 

values for NWIA and NWIP as 0.25 (Hoteya et al., 

2011). 

 

In this study, MRI-NWI3 at the posterior cruciate 

ligament level demonstrated a significant gender 

difference, with the NWI for the female group (F-

MRI-NWI3) being 0.27 and for the male group (M-

MRI-NWI3) being 0.26. These values are higher 

than those reported by Hoteya et al., which may be 

attributed to differences in the calculation method 

for cutoff points or variations in the study 

population (Hoteya et al., 2011). 

 

4.2 Notch Shape Index (NSI) 

Study has classified intercondylar notches into A-

type, U-type, and W-type categories (van Eck et al., 

2010). While this classification provides a 

theoretical framework for related research, it also 

has certain limitations. Firstly, this approach may 

oversimplify the complex, continuous variations in 

intercondylar notch morphology among individuals. 

Additionally, it relies on subjective judgment by 

observers, which could lead to inconsistencies in 

classification results. Therefore, in this study, a 

method based on the consistency ratio, calculating 

the NSI at the same level to quantitatively evaluate 

intercondylar notch morphology was adopted. 

 

In research investigating Cyclops syndrome 

following ACL reconstruction, the NSI  has been 

recognized as an important parameter for assessing 

the potential risk of conflict between the 

intercondylar notch and the graft (Ficek et al., 2021). 

While the traditional NWI is commonly used to 

evaluate the degree of notch narrowing, some 

researchers have suggested combining NWI and 

NSI, along with MRI, for a more precise 

quantitative analysis of notch morphology.   

 

This combined approach provides a more 

comprehensive understanding of the relationship 

between intercondylar notch morphology and 

Cyclops syndrome. Although NSI shows promise in 

reducing the incidence of this syndrome, its clinical 

applicability requires further validation through 

larger-scale studies (Ficek et al., 2021). 

 

In a study by Lazar Stijak et al., morphological 

parameters of the intercondylar notch, particularly 

the NSI, were analyzed to evaluate their association 

with ACL rupture. The study included 99 

participants, divided into an ACL rupture group and 

a control group, with NSI measured via axial knee 

MRI scans (Stijak et al., 2012).   

 

The results showed that NSI values in the ACL 

rupture group were significantly lower than those in 

the control group (0.685 ± 0.089 vs. 0.720 ± 0.096), 

with this difference being especially pronounced in 

male participants. The study concluded that a lower 

NSI value is associated with an increased risk of 

ACL rupture, particularly in males (Stijak et al., 

2012). 

 

In the study by Mark D. Tillman et al., the authors 

investigated gender differences in the geometry of 

the intercondylar notch using cadaveric samples, 

with a particular focus on the NSI. The results 

showed that NSI values on the coronal plane were 

significantly higher in males compared to females. 

The authors hypothesized that this difference in 
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intercondylar notch geometry might be one of the 

key factors contributing to the higher incidence of 

ACL injuries in females (Tillman et al., 2002). 

However, the findings of the present study differ 

from those of Tillman et al., as no statistically 

significant gender differences in NSI values were 

observed. In this study, the reference NSI values for 

the overall group were 0.54 for axial NSI (T-MRI-

NSI1) and 0.58 for coronal NSI (T-MRI-NSI2). 

 

These differences may be attributed to multiple 

factors. Firstly, sample selection and sample size 

could influence study results, as an insufficient 

sample size or selection bias may fail to accurately 

represent the overall population. Secondly, the 

precision of MRI scans, which directly impacts the 

accuracy of NSI measurements, is affected by 

various factors, including resolution, signal-to-noise 

ratio (SNR), magnetic field strength, coil selection, 

and specific measurement methodologies. 

Additionally, genetic variations play a role in ACL 

injury susceptibility. For example, polymorphisms 

in the COL5A1 gene, such as rs12722, may impair 

the synthesis and structure of type V collagen, 

leading to disorganized collagen fiber arrangement 

and reduced ligament tensile strength. This effect 

can be amplified by interactions with estrogen 

signaling, increasing ligament fragility during 

hormonal fluctuations. Moreover, polymorphisms 

in other genes, such as MMP3 and ESR1, may 

further influence susceptibility by regulating 

collagen metabolism balance and hormonal 

responses (Posthumus et al., 2009). These genetic 

differences, combined with sex-related biological 

characteristics or hormonal cycles, age, ethnic 

background and study design factors (such as 

sample size, statistical methods and data 

distribution), collectively contribute to individual 

biomechanical variations. These variations may 

make certain populations more prone to ACL 

ruptures during physical activity. However, drawing 

definitive conclusions requires a comprehensive 

evaluation that considers study limitations and 

consistency with previous findings. 

 

Therefore, despite some differences in research 

findings, these studies provide preliminary 

scientific evidence for understanding NSI and its 

potential variability between genders. Future 

research should focus on larger sample sizes and 

multicenter study designs, utilizing standardized 

measurement and analysis methods to further 

validate the clinical value and applicability of NSI. 

 

4.3 Notch Volume (CSA) 

Some studies have explored the relationship 

between femoral intercondylar notch volume and 

ACL injuries, particularly differences in notch 

volume between participants with and without ACL 

injuries. A meta-analysis of these studies indicated 

that a smaller intercondylar notch volume might 

increase the risk of ACL injuries. This finding 

supports the hypothesis that intercondylar notch 

volume could be a potential risk factor for ACL 

injuries while also emphasizing the importance of 

considering notch morphology in imaging 

evaluations (Jha et al., 2022). 

 

In this study, intercondylar notch volume was 

represented by the measurement of CSA. The results 

showed that CSA values were generally lower in 

females than in males in both the axial and coronal 

planes. This finding aligns with previous studies. 

This gender difference may be attributed to several 

factors. Firstly, significant differences in skeletal 

structure and physiological characteristics exist 

between males and females, with male bones 

typically being larger and denser. Secondly, 

estrogen levels in females significantly influence 

bone shape and density, potentially resulting in 

smaller intercondylar notch volumes. Additionally, 

males are more likely to engage in high-intensity 

physical activities, which increase mechanical loads 

on the skeleton and may further promote the 

expansion and reinforcement of the intercondylar 

notch. Furthermore, variations in growth and 

development patterns, as well as the effects of sex 

and growth hormones, may also contribute to 
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differences in notch morphology (Swami et al., 

2013; van Eck et al., 2010).  

 

These findings support the perspective that 

intercondylar notch volume and its relationship with 

scanning direction exhibit gender differences. They 

provide new insights into the influence of gender on 

the anatomical structure of the knee joint and further 

enhance our understanding of its potential clinical 

significance. 

 

4.4 Clinical Significance of Intercondylar Notch 

Morphology Measurements 

Multiple studies have confirmed that a narrow 

intercondylar notch is a significant independent risk 

factor for ACL injuries (Al-Saeed et al., 2012; 

Çimen, 2022; Çimen et al., 2023; Hoteya et al., 

2011). These investigations have employed various 

methods, including anatomical analysis of 

participant cadaveric bones, studies on knee joint 

geometry and MRI morphological assessments 

augmented by deep learning models. The findings 

consistently demonstrate a strong correlation 

between notch width and shape and the occurrence 

of ACL injuries, with notch narrowing significantly 

increasing the likelihood of ACL rupture. This 

conclusion has been further validated through 

precise measurements in anatomical studies and 

automated segmentation models. 

 

The results of these studies emphasize that 

intercondylar notch morphology is a critical 

reference index for predicting and preventing ACL 

injuries (Çimen, 2022; Çimen et al., 2023; Everhart 

et al., 2012; Hasoon & Al-Dadah, 2023; Li et al., 

2022; Maheshwari et al., 2023). Evidence-based 

medical research, supported by multiple meta-

analyses, has reinforced this risk factor. These 

comprehensive analyses, integrating data from 

various studies, have unequivocally identified a 

significant association between notch dimensions, 

particularly narrowing and ACL injury occurrence. 

A narrow notch dramatically elevates the risk of 

ACL rupture, a finding widely supported by 

empirical evidence. This solidifies intercondylar 

notch morphology as a key anatomical indicator for 

predicting and preventing ACL injuries (Li et al., 

2018; Li et al., 2020; Zeng et al., 2012). 

 

Numerous studies have examined the mechanisms 

by which intercondylar notch narrowing contributes 

to ACL injuries. For instance, studies by Al-Saeed 

et al. and Li Z et al. suggest that a narrowed notch 

restricts the functional space of the ACL, leading to 

increased mechanical compression and stress 

concentration during knee joint movements, thereby 

elevating the risk of injury (Al-Saeed et al., 2012; Li 

et al., 2020). Additionally, high-resolution MRI 

studies have revealed that a narrow notch is often 

associated with a smaller ACL, which may make the 

ligament more susceptible to damage during high-

intensity activities (Dienst et al., 2006). Narrow 

notches also alter the stress distribution experienced 

by the ACL, further increasing the likelihood of 

injury (Bayer et al., 2020). Studies examining the 

relationship between three-dimensional notch 

volume and ACL injuries have demonstrated that a 

smaller notch volume significantly raises the 

probability of ACL rupture (Al-Saeed et al., 2012; 

Li et al., 2020). Furthermore, it has been observed 

that notch narrowing is strongly associated not only 

with unilateral ACL injuries but also with bilateral 

ACL injuries (Hoteya et al., 2011). In summary, 

these studies indicate that notch narrowing 

significantly increases the risk of ACL injury 

through various mechanisms, highlighting its 

critical role in understanding and addressing 

ligament damage. 

 

Moreover, femoral notch narrowing and increased 

tibial slope have been widely recognized as 

potential risk factors for ACL injuries (Bayer et al., 

2020; Shen et al., 2019). Detailed analyses of 

femoral and tibial anatomical structures in healthy 

individuals, using imaging techniques such as MRI 

and CT, have revealed that these features are 

prevalent in over half of the population (Micicoi et 

al., 2021). Given this, precise preoperative 



Page 12 of 16 
 

 

anatomical evaluation becomes particularly critical 

in determining whether to perform notchplasty 

during ACL reconstruction surgery. This study also 

emphasizes the importance of considering 

individual skeletal structural characteristics 

alongside external risk factors associated with 

sports activities. The high prevalence of these risk 

factors in the general population underscores the 

necessity of adopting preventive measures tailored 

to individual anatomical features. Such strategies 

can more effectively identify and mitigate the 

potential risk of ACL injuries. In conclusion, these 

research findings provide significant theoretical 

support for understanding the mechanisms 

underlying ACL injuries and lay a solid foundation 

for developing personalized prevention strategies. 

 

5. Conclusion   

This study highlights significant gender differences 

in femoral intercondylar notch anatomy, particularly 

in the posterior cruciate ligament tibial attachment 

notch width index and intercondylar notch cross-

sectional area, emphasizing the influence of gender 

on knee joint structure. These findings underscore 

the importance of individualized assessments for 

ACL injury prevention, considering both external 

risk factors, such as physical activity and internal 

anatomical variations to develop tailored prevention 

strategies. Additionally, preoperative evaluations 

play a pivotal role in ACL reconstruction surgery by 

informing decisions regarding notchplasty and 

optimizing personalized treatment plans. A 

comprehensive understanding of knee anatomy and 

injury mechanisms provides a robust foundation for 

improved prevention and surgical outcomes. 
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