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Anterior cruciate ligament injuries are at an epidemic level in the US. Close to 200,000 
persons tear their ACL during athletic activities. Majority (larger percentage) of the injured 
subjects are female. The main purpose of this study was to identify new anatomic risk factors for 
ACL injury. We believe that subjects that tear their ACL possess anatomic features that expose 
them to higher risk of injury. The main goal of the study was to measure and compare the 
volume of the Tibial Eminence between a group of ACL-injured subjects and a group of 
uninjured subjects (controls). The Magnetic Resonance Images of ----injured and ------uninjured 
knees were studied. The tibial eminence was segmented and the three dimensional image of the 
eminence was constructed. The volume of the eminence was then measured in cubic millimeters. 
Finally, a statistical analysis was performed to assess any differences between cases and controls 
in men, women, and the pooled population. The results revealed that there are no significant 
differences between male cases and male controls (p = 0.36), there is border-line significance 
between female cases and female controls (P = 0.08), there are no differences between cases and 
controls in the pooled population (P = 0.11). There was a significant differences between male 
and female controls (p<0.05). The evidence, overall, suggests that female may possess a smaller 
tibial eminence and this may be a source increased incidences of ACL injury in females. 
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The Tibial Eminence was segmented and the three 
dimensional volume was measured in cubic millimeters. A 
statistical analysis was performed to asses differences in 

cases and controls in men, women, and pooled population. 
The results revealed that there are no significant differences 
between male cases and male controls (P=0.36), borderline 

significance between female cases and female controls 
(P=0.08), and no differences between pooled population 

cases and controls (P=0.11). The evidence, therefore, 
suggests that females may possess a smaller tibial eminence 

and this may be a source of increased incidences of ACL 
injury in females 
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MATERIALS and METHODS

Analyze Direct was utilized to perform volume measurement of 
the Tibial Eminence  

RESULTS  

CONCLUSIONS 

P value of at least 0.05 is required to state guaranteed 
statistical significance in outcome of any statistics 

based study. P=0.08 is enough to state a slight 
statistical significance level and suggests that females 

may possess a smaller tibial eminence and this may 
contribute to increased ACL injuries in female studies. 

To further refine the study, more measurements will be 
made in the future including measuring angle of 
eminence and vertical height of the eminence.  

Examples of these measurement points follows. 

1  Mechanical Engineering, Florida Atlantic University, 777 Glades Rd Boca Raton 
2  Mechanical Engineering, Florida Atlantic University, 777 Glades Rd Boca Raton 

Results revealed that there are no significant differences between male cases and 
controls as well as pooled controls. However, there is slight significance in 

female cases verses controls (P = 0.08) 
 

The evidence suggests that females may possess a smaller Tibial Eminence and 
this may be a source of increased incidences of ACL injury in female subjects. 

Once all data was collected a statistical t test was performed; 
results are as follows (highlighted values indicate P-value of test) 

Analyze Direct Volume Edit module;  
Full Tibia model 

2-D view of segmented Tibial 
Eminence method 1 (Red) and 
method 2 (Green) 

3-D visual comparison of two methods 
Method 1 Red, Method 2 Green 

Region of Interest module used to find 
volume in cubic millimeters 

Name  Method 1 Method 2 Difference Average 
210-R 237.2 703.55 466.35 470.375 
300-R 823.6 2103.8 1280.2 1463.7 
326-R 877.77 1632.53 754.76 1255.15 
42-L 916.21 1493.42 577.21 1204.815 
41-R 973.54 2330.45 1356.91 1651.995 
203-L 974.05 3436.1 2462.05 2205.075 
479-L 982.73 2360.86 1378.13 1671.795 
82-R 986.31 1922.81 936.5 1454.56 
323-L 1009.07 1818.78 809.71 1413.925 
244-R 1021.29 2520.22 1498.93 1770.755 
301-L 1025.69 1473.66 447.97 1249.675 
83-L 1078.35 2364.04 1285.69 1721.195 

Case-Cont Differences 

Injured Side 

Volume 1 Volume 2 Volume 1 Volume 2 Volume 1 Volume 2 

Pooled 

Mean -58.59 -168.71 

Male 

Mean -146.19 -102.25 

Female 

Mean -6.3738 -208.33 

Max 3971.44 3354.98 Max 3971.44 3354.98 Max 2549.99 2751.7 

Min -4222.83 -3133.76 Min -4222.83 -3133.76 Min -1999.87 -2171.23 

St. Dev. 1420.3579 1251.58199 St. Dev.  1858.443 1555.486 St. Dev.  1097.539 1044.545 

2-tailed 0.708 0.222936 2-tailed 0.664542 0.716935 2-tailed 0.96676 0.156478 

1-tailed 0.354 0.111468 1-tailed 0.33227 0.358467 1-tailed 0.48338 0.078239 

Sample of accumulated data from 
Analyze Direct volume measurements for 
both Methods.  
 
Difference and Average between each method 
also calculated. 

Introduction 

Close to 200,000 persons tear their ACL during athletic 
activities in the US. The majority of the injured subjects are 
female. The main purpose of this study was to identify new 

anatomic risk factors for ACL injury. We believe that subjects 
that tear their ACL possess anatomic features that expose 

them to higher risk of injury. The main goal of the study was 
to measure and compare the volume on the Tibial Eminence 

between a group of ACL-injured subjects and a group of 
uninjured subjects (controls).  

Tibia 

Tibial Eminence render 
showing volume being 
measured in study  

Tibia rendered using 
Analyze direct 

Height of Eminence CE and 
FG to be measured in future 
studies 

Angle CEB and FGA to be 
measured in future studies  

F 

G 

F 

G 

Along with the measurements described above, a 
geometric label will be used to explain whether or not 
the Eminence has a low divot between the midpoint of 

the tibia and the medial or lateral sides.  
 

These new measurements are expected to give more 
insight into geometric causes of non-contact ACL 

injuries. 



Tibia 
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