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INTRODUCTION: Two methods for biomechanically testing joint laxity in cadaveric knees with 6-degree-of-freedom (DOF) robotic simulators include 

static testing, where target loads are applied and held at discrete flexion angles[1], and continuous testing, where target loads are applied while the joint 
undergoes a continuous flexion motion [2]. Static testing is more commonly used due to the limitations of older technology. However, static knee laxity 

testing can become time-consuming when measuring a variety of loading conditions and will ultimately limit the flexion angles that can be assessed. An 

alternative continuous knee laxity testing method has been used by researchers in elbow testing [2] and has shown to be more time efficient. This continuous 
method is hypothesized to lead to similar kinematic results as static laxity testing for the flexion angles considered in knee testing. 

 

METHODS: Nine fresh-frozen cadaveric knees (5 male, 4 female) were tested on a 6 DOF simVITRO® robotic testing system to examine native knee laxity. 
Knees underwent six (6) static and continuous laxity tests, including 10 Nm varus/valgus (VV) torques, 5 Nm external/internal rotation (IRER) torques, and 

100 N anterior/posterior (AP) forces. Static tests were performed at 0°, 30°, 60°, and 90° flexion. Continuous tests were performed while flexing from 

0→90° continuously and repeated while extending from 90→0°. Test orders of static and continuous testing were balanced across specimens. Paired t-tests 
were used to compare kinematic results of the testing methods at 0°, 30°, 60°, and 90° flexion.  

 

In accordance with institutional policy, institutional review board approval was not required for this cadaveric biomechanical study. The research institution 
is approved to receive cadaveric specimens for research and training purposes. 

 

RESULTS: Table 1 displays kinematic laxity values across all tests. Static and continuous 0→90° testing were largely similar, with differences observed at 
60° for anterior laxity (p = 0.001), 0° for valgus laxity (p = 0.029), and 30° for posterior laxity (p = 0.016). Comparisons between static and continuous 

90→0° testing showed broader differences: varus, valgus, and external-rotation laxity differed at all flexion angles (p < 0.05); internal-rotation laxity 

differed at 0° and 30° (p < 0.05); and posterior laxity differed at 30° (p = 0.016). No differences were detected between Static and continuous 90→0° for 
anterior laxity. RMS values to show force tracking accuracy are summarized in Table 2. 

 

DISCUSSION: Static testing produced similar results to the continuous 0→90° path but differed more from the 90→0° path across several degrees of 
freedom. These findings suggest that knee laxity testing with a 0→90° flexion path may provide a reasonable alternative to static testing and that reported 

laxities may depend on the direction of the flexion path. Protocol direction should therefore be standardized and explicitly reported in studies. Future work 

will quantify the kinematic repeatability of continuous testing and evaluate static vs continuous testing across different surgical conditions to determine when 
continuous testing is appropriate. Limitations of the study include only testing on uninjured knees, even though laxity testing is commonly used for injured 

and surgically repaired knees. Continuous testing also results in a different, often higher RMS error when comparing the desired vs actual force. The 

acceptability of this error may depend on the clinical question of the study. 
 

SIGNIFICANCE/CLINICAL RELEVANCE: Continuous laxity testing allows for the collection of kinematic data across all flexion angles, which has 

historically been neglected or interpolated with static laxity testing. It may also provide a more efficient alternative for knee laxity testing while still giving 
reliable results. This adaptation will allow for studies performed in orthopedic research to collect more data in an efficient manner. 
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