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The anterior cruciate ligament (ACL) is the main structure in the knee that prevents anterior translation and 
internal rotation of the tibia relative to the femur.  
Literature suggests the presence of two distinct bundles that make up this ligament - the posterolateral (PL) 
bundle, and the anteromedial (AM) bundle. These functional bundles vary in tension, and therefore tibial 
support, between the ranges of knee flexion and extension. The AM bundle is the main support against 
anterior tibial translation when the knee is flexed between 60 and 90 degrees. Comparatively, the PL bundle 
is the main support against anterior tibial translation when the knee is extended past 30 degrees. 
Furthermore, the PL bundle is a significant restraint to internal rotation of the tibia when the knee is at 30 
degrees flexion. 
 
Presently, there are two main static, non-invasive tests used to clinically diagnose ACL rupture – the 
anterior drawer test, and the lachman test. Both of these tests examine anterior translation of the tibia 
relative to the femur. However, currently there is no standardized guideline for clinicians to follow regarding 
the patients foot position – something that is likely to alter tibial rotation, ACL bundle laxity, and thus tibial 
translation during the tests. 
 
This project focused on two main aims: 

1. To compare the amount of anterior translation and rotation of the tibia, relative to the femur in non-
injured, and ACL deficient knees during an anterior drawer test where the degree of knee flexion, 
and rotation of the tibia are controlled throughout the test. 
 

2. To determine if there is an optimum angle of knee flexion and tibia rotation, while performing an 
anterior drawer test, to allow the most accurate diagnosis of ACL deficiency. 

 
A literature review was performed investigating ACL structure and function and it was hypothesized that the 
largest difference in tibial translation, between non-injured and injured knees, would occur at 30 degrees of 
knee flexion and 30 degrees of external rotation.  
 
 Method 
 
Two groups of participants were selected for this trial; non-injured ‘control’ knee subjects and injured (ACL 
deficient) knee subjects. The ‘control’ group was made up of 14 people aged 16 to 40 (average age 27, 6 
male, 8 female) and the ACL deficient group was made up of 2 current patients (average age 29, 0 male, 2 
female). 
 
These two groups of participants had both their knees tested using a rig built by a previous researcher.  
This rig allowed translational and rotational measurements to be made at 30, 60, and 90 degrees of knee 
flexion, as well as 30 degrees internal rotation (IR), neutral rotation (N), and 30 degrees external rotation 
(ER) of the tibia (around vertical axis).  A 130 Newton weight connected to a pulley system was used to 
create the anterior force on the tibia that caused anterior translation and rotation. 
 



 

 
 
Results 
 
Normal knees 
At 30 degrees knee flexion, the most anterior tibial translation occurred when the foot was in ER (1.74cm +/- 
.14cm), followed by IR (1.54cm +/- .14cm); and the least translation occurred in N (1.50cm +/- .14cm). At 60 
degrees knee flexion the most anterior tibial translation once again occurred when the foot was in ER 
(1.90cm +/- .19cm). However, this was then followed by N (1.80cm +/- .18cm); and finally by IR (1.74cm +/- 
.17cm). This same trend was followed in 90 degrees knee flexion, where ER shower the most translation 
(1.46cm +/- .14cm), followed by N (1.43cm +/- .15cm), and IR (1.34cm +/- .12cm). 
 
The rotational data from both groups was limited to the Neutral foot position. The following values represent 
internal rotation of the tibia, relative to the femur. In the ‘control’ group, the most rotation occurred at 60 
degrees knee flexion (5.09 degrees +/- .72), followed by 90 degrees (4.29 degrees +/- .67), with the least 
rotation occurring at 30 degrees knee flexion (4.05 degrees +/- .7). 
 
ACL deficient knees 
ACL deficient knees followed a similar trend. When at 30 degrees knee flexion, the most anterior tibial 
translation occurred when the foot was in ER (1.65cm +/- .58cm), followed by N (1.46cm +/- .40cm); and 
finally in IR (1.36cm +/- .43cm). This trend changed at 60 degrees knee flexion, where the most translation 
occurred when the foot was in N (2.20cm +/- .68cm), followed by ER (1.77cm +/- .59cm), and finally IR 
(1.58cm +/- .54cm). The initial trend recurred at 90 degrees knee flexion, where most translation was at ER 
(2.68cm +/- .69cm), followed by N (2.24cm (+/- .61cm), and finally IR (1.80cm +/- .49cm). 
 
 The most rotation occurred at 60 degrees knee flexion (14.55 degrees +/- 1.96) followed by 30 degrees 
(12.39 degrees +/- 1.71) with the lowest rotation recorded at 90 degrees flexion (9.59 degrees +/- 1.23). 
 
Summary 
 
The number of ACL deficient participants in this study was too low to provide an accurate comparison 
between ‘control’ and ACL deficient knee tibial translation or rotation. We are currently in the process of 
recruiting more participants to increase accuracy of the results and thus allow a fair comparison between 
the two groups.  
 
However, focusing solely on the ‘control’ knee data some clear trends appear: when looking at foot position, 
the most anterior tibial translation occurred in the ER position – regardless of knee flexion; when focusing 
on knee flexion, the most anterior tibial translation and internal tibial rotation occurred at 60 degrees, 
regardless of foot position. If we combine these observations, it is clear that the most tibial translation and 
rotation occurred at 60 degrees knee flexion, whilst having the foot in ER position.  
This result is crucial when answering the second proposed aim for this study.  
 
Current diagnostic techniques place the knee at either 30 or 90 degrees flexion, with no defined foot 
position. This study concludes that in these positions the tibia neither translates nor rotates to the greatest 
extent possible. Based on the findings from this study, when examining a knee for ACL deficiency, the knee 
should be flexed to 60 degrees with the foot externally rotated to achieve a more accurate clinical 
assessment. This conclusion highlights the need for change in the way ACL ruptures are clinically 
assessed.  
 
 
  


