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Abstract 
Aims and Objectives: To determine the relationship between alpha angle and intercondylar notch 

width measurements and ACL tears. 

Materials and Methods: A total of 100 subjects were included in this study. Patient’s with ACL injury 

were grouped as cases (torn group) and those without ligament injury were grouped as controls (intact 
group).Controls age and sex were matched with that of the cases. 

Type of study: Prospective Study 

Place of study: Department of radiodiagnosis, Kamineni institute of medical sciences, Narketpally 

Sample size: 100 

Duration of study: 1ST October 2021-30 September 2022(12 Months) 
Results: A total of 100 subjects were included in present study. Mean age of the study subject’s was 34 

years. Mean alph angle among intact ACL group was 44° and mean alpha angle among torn ACL 

group was 51°. Mean intercondylar notch distance among intact ACL group was 22 mm and mean 

intercondylar notch distance among torn ACL group was 15 mm. 

Conclusions: Higher alpha angle and narrow intercondylar notch width patients are more prone to 
ACL tears. 
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Introduction 

The Anterior cruciate ligament (ACL) restraints anterior translation of tibia on the femur and 

provides rotational stability to knee joint. ACL injury is serious and etiology is multifactorial 
[1-3]. Few studies have shown joint anatomy and morphology are the predisposing factors for 

ACL injury [2, 3]. 

Narrow intercondylar notch has smaller ACL and additionally there is impingement of the 

ACL at the anterior and posterior roof of the notch and also stretches the ACL over the 

medial edge of the lateral femoral condyle hence predisposing it to tear [1, 3]. Alpha angle is 

the angle between the longitudinal femoral axis and Blumensaat Line (BL). It is increased in 

torn ACL knee joints compared to the normal knee joints. The angle is measured in sagittal 

section [1]. 

An identification of the predisposing factors for ACL injury in the knee may h elp reduce the 

number of ACL injuries  [4-9]. Hence this study was conducted to measure two morphological 

factors i.e. alpha angle and intercondylar notch width using MRI and its importance in ACL 

injured patients. 

 

Materials and Methods 

A total of 100 subjects were included in this study. Patients knee joint images were obtained 

from hospital PACS and consent waiver form was submitted. Patient’s with ACL injury 

were grouped as cases (Torn group) and those without ligament injury were grouped as 

controls (Intact group). Controls age and sex were matched with that of the cases. 

MRI images were obtained from 1.5 tesla siemens MR scanner. In PDW axial section, the 

intercondylar notch width was measured as the narrowest distance between the two femoral 

condyles [1]. 
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In sagittal section (PDW) where entire intercondylar notch 

is seen Blumensaat Line was drawn along the roof of the 

interondylar notch of the femur and another line is drawn 

along the long axis of the femur, the angle intercepted is 

alpha angle [1]. The study results were subjected for 

statistical analysis. 

 

Results 

In the present study a total of 100 subjects were included. 

Patients with ACL injury were grouped as cases (torn 

group) and those without ligament injury were grouped as 

controls (intact group).Controls age and sex were matched 

with that of the cases. The collected data were subjected to 

statistical analysis and relationship of intercondylar notch 

width and alpha angle between intact ACL and torn ACL 

were analysed. 

 

Representative figures 

 

 
 

Fig 1: Wide intercondylar notch width and low alpha angle in a 

patient with no ACL tear 

 

 
 

Fig 2: Narrow intercondylar notch width and high alpha angle in a 

patient with ACL tear 

 
Table 1: mean age of study subjects in intact ACL and torn ACL 

 

 

Intact ACL (n = 50) TORN ACL (n = 50) 
t 

value 
P 

value 
Mean ± standard 

deviation 

Mean ±standard 

deviation 

Age 34.5200±6.66774 34.1200±5.80162 0.476 0.636 

No significant age differences were found among torn and intact 
ACL’s. 

 
Table 2: mean alpha angle of study subjects in intact ACL and 

torn ACL 
 

 

Intact ACL (n = 
50) 

Torn ACL (n = 
50) t 

value 
P 

value Mean ±standard 

Deviation 

Mean ±standard 

deviation 

Alpha angle 

(degrees) 
44.58±4.862 51.28±1.938 9.820 <0.001 

The mean alpha angle was higher in patients with a torn ACL than 

in those with intact one 

 
Table 3: Mean intercondylar notch width of study subjects in intact ACL and torn ACL 

 

 
Intact ACL (n = 50) Torn ACL (n = 50) 

t value P value 
Mean ± standard deviation Mean ± standard deviation 

Intercondylar notch width (mm) 22.76±2.076 15.96±1.958 17.839 <0.001 

 

Intercondylar width was significantly lower in torn ACL 

group than in those with intact one 

 

Roc curve for alpha angle in torn ACL group 

 

 
 

Fig 3: Roc curve for alpha angle in torn ACL group  

 

ROC curve for predicted probability of the logistic 

regression equation analysis Area under the curve 0.915 

(95% CI, 0.861-0.969, p<0.001). 

 

Roc curve for intercondylar notch width in torn ACL 

group 

 

 
 

Fig 4: Roc curve for intercondylar notch width in torn ACL group 

 

ROC curve for predicted probability of the logistic 

regression equation analysis Area under the curve 0.009 

(95% CI, 0.00-0.20, p<0.001) 
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Discussion 

The number of ACL tears is increasing because there is a 

greater number of people participating in sports. 

Consequently, identification of the factors associated with 

an increased risk of having an ACL tear is important [10]. 

Some studies have shown that morphology of the 

intercondylar notch is one of the parameters that predisposes 

athletes to an ACL tear [10, 11]. 

In present study, the alpha angle and intercondylar notch 

distance were significantly different between patients with 

or without ACL tear. In addition as has been published by 

many authors, the intercondylar notch width was narrowest 

in patients with pathological ACL tear [12-16]. 

 Cha et al. [12] measured the intercondylar notch width, notch 

index, sagittal notch angle, and notch angle. They found that 

patients with mucoid ACL hypertrophy showed a narrower 

notch, a more pronounced notch angle, and a smaller notch 

area than controls, highlighting the importance of the 

intercondylar notch in the development of an ACL tear. 

They constructed a mathematical model that evaluated the 

role of the intercondylar notch in impingement of the ACL 
[12]. 

This fact was supported by the findings of Fu and Musahl 
[16] who postulated in 2013 that the impingement of the ACL 

against the intercondylar notch is a main factor for ACL 

tears.  

Smith et al. [17] identified several other factors such as 

hormonal, genetic, cognitive function, previous injury, and 

extrinsic factors that are associated with an ACL tear.  

Majority of the publications indicate that the risk for having 

a torn ACL is multifactorial. Understanding these factors 

and the complex interactions among them is important to 

clearly establish predisposition to ACL tears. There are 

many studies that evaluated different anthropometric 

measures, the index of the intercondylar notch [11, 18, 19, 20, 21, 

22] and lateral condyle morphology [23, 24]  

The goal of the present study was to identify patients who 

are predisposed to ACL tears using two morphological 

features, which can be measured with MRI [12, 21, 25]. 

The alpha angle and intercondylar notch width 

measurements may be useful in daily medical practice to 

evaluate the knee prior to ACL reconstruction. 

 

Conflict of Interest 

Not available  

 

Financial Support  

Not available 

 

References 

1. Ferna’ndez-Jae’n T, Juan ML, Elena R, Pedro G. The 

importance of intercondylar notch in anterior cruciate 

ligament tears. The orthopaedic journal of sports 

Medicine. 2015;3(8):117. 

2. 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. 2010;34:703-

07. 

3. Souryal TO, Moore HA, Evans JP. Bilaterality in 

anterior cruciate ligament injuries. Am J sports Med. 

1988;16:449-54. 

4. Geng B, Wang J, Ma JL, Zhang B, Jiang J, Tan XY, et 

al. Narrow intercondylar notch and anterior cruciate 

ligament injury in female non-athletes with knee 

osteoarthritis aged 41-65years in plateau region. Chin 

Med J. 2016;129:254-55. 

5. Hirtler L, Rohrich S, Kainberger F. The femoral 

intercondylar notch during life: An anatomic 

redefinition with patterns predisposing to cruciate 

ligament impingement. AJR. 2016;207:836-45. 

6. Everhart JS, Flanigan DC, Chaudhari AM. 

Anteromedial ridging of the femoral intercondylar 

notch: An anatomic study of 170 archival skeletal 

specimens. Knee Surg Sports Traumatic Arthrosc; 

c2014. p. 2280-88. 

7. Wang MH, Sandra JS, randy JS. Association of anterior 

cruciate ligament width anterior knee laxity. Journal of 

Athletic Training. 2016:51(6):460-65. 

8. Siom RA, Everhart J, Nagaraja HN, Chaudhari AM. A 

case control study of anterior cruciate ligament 

volumetibial plateau slopes and intercondylar notch 

dimensions in ACL injured knees. L Bio mech. 

2010:43(9):1702-07.  

9. Chaudhari AMW, Zelman EA, Flanigan DC, Kaeding 

CC, Nagaraja HN. Anterior cruciate ligament -injured 

subjects have smaller anterior cruciate ligaments than 

matched controls: A magnetic resonance imaging study. 

Am J sports Med. 2009;37:1282-87. 

10. Smith HC, Vacek P, Johnson RJ, et al. Risk factors for 

anterior cruciate ligament injury: a review of the 

literature-part 1: neuromuscular and anatomic risk. 

Sports Health. 2012;4:69-78. 

11. Anderson AF, Dome DC, Gautam S, Awh MH, Rennirt 

GW. Correlation of anthropometric measurements, 

strength, anterior cruciate ligament size, and 

intercondylar notch characteristics to sex differences in 

anterior cruciate ligament tear rates. Am J Sports Med. 

2001;29:58-66. 

12. Cha JH, Lee SH, Shin MJ, Choi BK, Bin SI. 

Relationship between mucoid hypertrophy of the 

anterior cruciate ligament (ACL) and morphologic 

change of the intercondylar notch: MRI and 

arthroscopy correlation. Skeletal Radiol. 2008;37:821-

826. 

13. Dahlstedt L, Dale´ n N, Dahlborn M, Nilsson T. Value 

of intercondylar notch plasty. CT studies and per 

operative measurements of 127 knees. Acta Orthop 

Scand. 1990;61:558-561. 

14. Dienst M, Schneider G, Altmeyer K, et al. Correlation 

of intercondylar notch cross sections to the ACL size: a 

high resolution MR tomographic in vivo analysis. Arch 

Orthop Trauma Surg. 2007;127:253-260. 

15. Everhart JS, Flanigan DC, Chaudhari AM. 

Anteromedial ridging of the femoral intercondylar 

notch: an anatomic study of 170 archival skeletal 

specimens. Knee Surg Sports Traumatol Arthrosc. 

2014;22:80-87. 

16. Fu FH, Musahl V. Anatomic ACL reconstruction. 

Preface. Clin Sports Med. 2013;32:15-16. 

17. Smith HC, Vacek P, Johnson RJ, et al. Risk factors for 

anterior cruciate ligament injury: a review of the 

literature-part 2: hormonal, genetic, cognitive function, 

previous injury, and extrinsic risk factors. Sports 

Health. 2012;4:155-161. 

18. Charlton WP, St John TA, Ciccotti MG, Harrison N, 

Schweitzer M. Differences in femoral notch anatomy 

between men and women: a magnetic resonance 

http://www.radiologypaper.com/


International Journal of Radiology and Diagnostic Imaging http://www.radiologypaper.com 

~ 97 ~ 

imaging study. Am J Sports Med. 2002;30:329-333. 

19. 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. 2010;34:703-

707. 

20. LaPrade RF, Burnett QM 2nd. Femoral intercondylar 

notch stenosis and correlation to anterior cruciate 

ligament inj. 

21. Sutton KM, Bullock JM. Anterior cruciate ligament 

rupture: differences between males and females. J Am 

Acad Orthop Surg. 2013;21:41-50. 

22. Uhorchak JM, Scoville CR, Williams GN, Arciero RA, 

St Pierre P, Taylor DC. Risk factors associated with 

noncontact injury of the anterior cruciate ligament: a 

prospective four-year evaluation of 859 West Point 

cadets. Am J Sports Med. 2003;31:831-842. 

23. Van Diek FM, Wolf MR, Murawski CD, van Eck CF, 

Fu FH. Knee morphology and risk factors for 

developing an anterior cruciate ligament rupture: an 

MRI comparison between ACL-ruptured and non-

injured knees. Knee Surg Sports Traumatol Arthrosc. 

2014;22:987-994. 

24. Vrooijink SH, Wolters F, Van Eck CF, Fu FH. 

Measurements of knee morphometrics using MRI and 

arthroscopy: a comparative study between ACL-injured 

and non-injured subjects. Knee Surg Sports Traumatol 

Arthrosc. 2011;19(suppl 1):S12-S16. 

25. Chambat P. ACL tear. Orthop Traumatol Surg Res. 

2013;99(suppl):S43-S52. 

 
How to Cite  This Article  
Saiteja GV. Magnetic resonance imaging analysis of relationship of 
intercondylar notch width and alpha angle in anterior cruciate 
ligament injury. International Journal of Radiology and Diagnostic 

Imaging. 2022;5(4):94-97.  
 

 
Creative Commons (CC) License  
This is an open access journal, and articles are distributed under the 
terms of the Creative Commons Attribution-NonCommercial-
ShareAlike 4.0 International (CC BY-NC-SA 4.0) License, which 
allows others to remix, tweak, and build upon the work non-

commercially, as long as appropriate credit is given and the new 
creations are licensed under the identical terms. 

http://www.radiologypaper.com/

