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Abstract: It has been suggested that an increased tibial slope and a narrow 

inter-condylar notch increase the risk of anterior cruciate ligament (ACL) 

injury. The aim of this study was to establish why there are conflicting reports 

on their significance. It was a retrospective and comparative case-control study 

out of 80 patients divided into two groups. Group 1 consisted of 40 patients 

with unilateral ACL rupture. Group 2 involved 40 control subjects. We 

measured the Tibial Slope on lateral knee X-ray by three methods. The 

geometry of the Inter-condylar Notch was evaluated by the notch width index, 

the notch shape index and the notch height index on Schuss radiography and on 

MRI. The Group 1 average Tibial Slope was above the Group 2 average 

regardless of the method of measurement, with a statistical difference 

significant (P< 0.05). Mean notch width index and mean notch shape index in-

group 1 were lower than those in Group 2, with a statistically significant 

difference (P < 0.05). Ninety-five percent of our Group 1 had at least one of 

these two factors. Our study showed that a high Tibial Slope and narrow inter-

condylar notch geometry were risk factors for ACL rupture. Sports medicine 

must screen for those factors, especially in pivot sports. The surgeon should 

take consideration of these factors both in the surgical technique and in the post-

operative follow-up. 
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INTRODUCTION 
The reconstruction of the anterior cruciate 

ligament (ACL) has evolved in recent years. However, 

we notice the frequency of iterative ruptures of the 

plasties and bilateral rupture of the ACL (2-9.5%). The 

risk factors for ACL rupture are multiple, some are 

extrinsic, and others are intrinsic. The objective of our 

study was to study the influence of the Tibial Slope 

(TS) and the geometry of the inter-condylar notch 

(ICN) on the risk of ACL rupture. 

 

METHODS 
This was a retrospective and comparative case-

control study conducted on a two-year period, from 

January 2019 to December 2020. We conducted our 

study on 80 patients spread over two groups: group 1 

involved 40 cases of rupture of the ACL and group 2 

had 40 control subjects with healthy ACL. 

 

We have specified for all patients of both 

groups the age, the sex, the affected side, the 

mechanism of the trauma and the level of sport activity. 

 

On lateral knee x-ray (Figure 1), we 

determined three measures of the TS: 

 Anterior cortical slope (ACS) using as reference 

axis the anterior tibial cortex below anterior tibial 

tuberosity. 

 The Dejour and Bonin slope (DBS) using as a 

reference axis the proximal tibial anatomical axis 

of Dejour and Bonin modified [1, 2]. 

 Posterior cortical slope (PCS) using as reference 

axis the posterior tibial cortex under its proximal 

posterior concavity. 
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Fig-1: Tibial slope measurement techniques; a: Anterior cortical slope, b: The slope of Dejour and Bonin, c: 

Posterior cortical slope. 

 

On Schuss and Coronal MR Slices through the 

popliteal dimple, we have made the following 

measurements: the width of the inter-condylar notch, 

the width of the femoral epiphysis, the height of the 

ICN and the height of the femoral epiphysis. 

 

From these measurements, we calculated the 

following ratios 

 The ―notch width index‖ (NWI) that 

corresponds to the width ratio of the inter-

condylian notch divided by the width of the 

femoral epiphysis. 

 The ―notch shape index‖ (NSI) that 

corresponds to the width ratio of the inter-

condylian notch divided by the height of the 

inter-condylian notch. 

 The Notch Height Index (NHI) that 

corresponds to the ratio of the height of cut 

divided by height of femoral epiphysis. 

 

The data was analyzed using SPSS version 

25.0 software. In all statistical tests, the significance 

threshold was set at 0.05 (p=0.05). 

 

RESULTS 
Our series included 80 patients: 75 men and 5 

women. The average age was 30.95 years for group 1 

and 34.9 years for group 2.  

 

All Group 1 patients had ACL injury. Thirty 

percent were isolated. In 57.5%, there was an associated 

meniscal lesion and in 12.5% of cases, we noted 

chondropathies lesions. The Group 2 had intact ACL. 

Only 10% of patients had a healthy knee, 80% had a 

meniscal lesion and 10% had osteochondrosis. 

 

The values of the TS varied depending on the 

benchmark used.  The use of the anterior cortical as a 

landmark has made us observe the highest values of the 

TS, posterior cortical showed us the smallest values. 

 

Comparative analysis between the TS of the 

group 1 and those in Group 2 (controls), showed an 

increase in the TS of the Group 1 statistically 

significant regardless of the method of measurement 

(Table 1). 

 

Table-1: Comparative measurements of Tibial Slope in the two groups 

Tibial slope Group Number Average Min Max Standard deviation P 

ACS G1 40 15,67 11 20 2,690 0,038 

 G2 40 14,56 8 20 3,316  

DBS G1 40 11,92 7 18,5 2,349 0,013 

 G2 40 10,27 2 16 3,392  

PCS G1 40 8,60 4 14 1,918 0,024 

 G2 40 7,53 2 14 2,977  

 

The values of the tibial slope varied according 

to the benchmark used. We found a highest tibial slope 

using the anterior cortex as a landmark, while use of the 

posterior cortex showed a smallest values (Figure 2). 

 

 Using the ACS, the difference between the 

means of the TS of both groups was 1.06 ° (Student's 

test, p = 0.01 <0.05). 
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Using the DBS, the difference between the 

means of the TS of both groups was 1.65 ° (Student's 

test, p = 0.013 <0.05).  

 

Using the PCS, the difference between the 

means of the TS of both groups was 1.13 ° (Student's 

test, p = 0.006 <0.05). 

 
Fig-2: Comparison of the tibial slope measurements between the two groups according to measurement method 

 

The comparative analysis of the parameters of 

the ICN geometry had shown that the average NWI of 

group 1 was less than the average NWI of group 2 and 

that the average NHI of group 1 was less than the 

average NHI of group 2. The differences were 

statistically significant.  

 

The mean of the INS of group 1 was higher 

than the mean of group 2 NSI. The difference between 

the NSI of the two groups was not statistically 

significant (Table 2). 

 

Table-2: Comparative analysis of the parameters of the inter-condylar notch geometry 

ICN geometry Group Number Average Min  Max Standard deviation P 

NWI(x-ray) G1 40 0,22 0,16 0,32 0,390 0,002 

 G2 40 0,24 0,17 0,29 0,240  

NWI(MRI) G1 40 0,21 0,15 0,28 0,033 0,012 

 G2 40 0,23 0,18 0,28 0,021  

NSI G1 40 0,973 0,60 1,85 0,246 0,095 

 G2 40 0,971 0,62 1,40 0,198  

NHI G1 40 0,44 0,30 0,60 0,060 0,006 

 G2 40 0,49 0,37 0,70 0,075  

 

Our analysis of the correlation between TS and 

ICN showed a statistically significant correlation only 

between the ACS and the values of the NHI. The 

correlation coefficient p was -0,225.  

 

The correlation between P.C.A and IHE was 

weak (P=0,044) with a linear regression (Figure 3). 
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Fig-3: Linear regression between the ACS and the 

NHI 

 

Ninety five percent of our patients with ACL 

rupture had at least one of these two factors. 47.5 % had 

one of these risk factors and 47.5% had both. 

 

DISCUSSION 
Our study showed that a high TS (TS> 14 °) 

and a narrow ICN (NWI <0.22 and / or NHI <0.44) are 

risk factors of ACL rupture.  

 

The TS designates the tibial plateau in the 

sagittal plane. Although the measurement methods were 

different, most of the authors have concluded that 

increased TS predisposes to ACL rupture. 

 

Titze [3] was the first to find a pathological 

relation between the TS and ACL rupture. Several 

authors have found that there is a significant correlation 

between ACL rupture and the increase in TS measured 

on the standard radiograph [1, 4-6].  

 

Some authors have studied the slopes of the 

medial and lateral plateaus each separately on the MRI. 

Most studies have found that only the increase in the 

slope of the lateral tibial plateau is associated with an 

increased risk of ACL rupture [7-11]. Some have 

reported that the slope of the medial tibial plateau is 

also correlated [12-14]. However, some authors have 

shown that there is no relationship between ACL 

rupture and the increased TS on standard radiography 

and MRI [15, 16]. 

 

Palmer [17] was the first to mention in 1938 

the existence of a pathological relationship between the 

ACL and the EIC. Since then, several authors have 

observed a correlation between a narrow notch and the 

risk of ACL rupture based on the NWI. 

 

As the NWI does not give a complete idea of 

the geometry of the EIC, the studies have used other 

measurement parameters; the "Reverse Notch Width 

Index‖ (RNWI), the ―Notch Shape Index‖ (NSI), the 

Notch Height Index (NHI) and the "Notch Area Index" 

(NAI). They also identified angles to better understand 

this geometry: "Sagittal notch angle" (SNA) and 

"Transverse Notch Angle" (TNA). Other authors have 

carried out arthroscopic morphological studies of the 

ICN [18]. 

 

We think it's not a narrow INC or a small 

ACL, it's rather a conflict between a container (ICN) 

and a content (ACL) that would be responsible for the 

rupture. 

 

Although several authors have studied the TS 

and the ICN together, few studies have assessed the 

correlation between the two factors. Some authors [19] 

have observed a negative correlation between the PT 

and the NWI measured on the MRI sections. Thus, not 

taking in consideration of these two factors in the same 

study necessarily leads to a significant risk of selection 

bias. In our study, we found a negative correlation 

between NHI and ACS. 

 

Although the TS and geometry of the ICN are 

the main factors in anatomical risk of ACL injury, other 

intrinsic factors seem to play a role. Among these 

factors we cite: a small ACL, a small tibial eminence,  

articular cartilage slope,  meniscus geometry, increase 

of the Q-angle, condylar offset, genu recurvatum, mid-

foot pronation, valgus of the hind-foot, femoral 

anteversion, age, obesity, tall stature, hyper-laxity, 

amateur level and family predisposition. 

 

Women in pivot sports have a risk of ACL 

injury of four to seven times more than men at the same 

athletic level [20, 21]. Anatomical, neuromuscular, 

genetic and hormonal factors could be at the origin of 

this difference in sex ratio. 

 

Taking into account the intrinsic risk factors, 

the prevention of the ACL rupture begins with 

identifying those at risk. We recommend for pivotal 

sports, a systematic radiological assessment of 

anatomical risk factors. This report includes a lateral 

knee x-ray to measure the TS and a Schuss view to 

assess the ICN. We recommend applying intensive 

programs to prevent ACL ruptures, especially in the 

context of high-level sport. 

 

Several prevention programs have been 

published and evaluated: PEP, Frappier Acceleration 

Training Program, KIPP, The Walden's Program, 

HarmoKnee, FIFA11 and FIFA 11+. It is recommended 

to apply prevention programs both for the affected knee 

and for the contralateral knee since the risk of ACL 

rupture in the contralateral knee is double that in the 

ipsilateral knee [22]. 
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As part of the consideration of the TS in the 

prevention of iterative rupture of the ACL transplant, it 

is recommended to associate a Tibial deflection 

osteotomy at ACL ligamentoplasty. Several authors in 

first-line ligamentoplasty [23, 24] and especially 

recovery [25, 27] proposed this attitude. Support as well 

as the resumption of sport should be postponed 

postoperatively in case of high PT. 

 

As part of the consideration of the inter-

condylar notch in the prevention of iterative rupture of 

the ACL transplant, some authors have recommended 

the notchplasty during the ligamentoplasty in case of a 

Narrow EIC [28, 29]. 

 

For some authors, the notchplasty should be 

systematic [27,30] and for others the double-bundle 

ligamentoplasty is not recommended in case of a 

narrow ICN [31]. The threshold, from which we are 

talking about a pathological EIC, must be adapted to the 

population studied because the studies have clearly 

shown a variation in measurements between different 

ethnicities [32]. We also recommend studying more 

than one parameter to be able to identify a narrow EIC. 

 

CONCLUSION 
Our study showed that a high PT (PT> 14 °) 

and a narrow ICN (NWI <0.22) were risk factors for 

ACL rupture. Sports medicine must detect these two 

factors in competitive athletes, especially in pivot 

sports. The surgeon must take these factors into 

consideration as in the surgical technique than in the 

postoperative follow-up, in order to limit the risks of 

iterative rupture and prevent the risk of contralateral 

ligament injury. 
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