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• RT was not significantly different between  
 healthy participants and the LSS group 
 
• The performance measure (MT) and kinematic  
 measures (PV and ttPV) used, objectively  
 quantified functional differences between healthy  
 and LSS participants in a cross-sectional sample  
 using a lower extremity Fitts’ task 
 
• Future work will utilize a longitudinal methodology  
 to establish if the newly designed feasible  
 measure is sensitive to performance changes:  
      i)  after inducing strain (e.g., treadmill walking) 
      ii) following conservative/surgical interventions 
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Reaction Time: 
• Main Effect for ID, F(5,110) = 5.67, p < 0.05 
• Trend that RTs were longer as target size decreased 

 

Movement Time: 
• Main Effect for ID, F(5,110) = 295.58, p < 0.05 
• Main Effect for Group, F(1,22) = 5.33, p < 0.05 
• Group x ID Interaction, F(5,110) = 3.17, p < 0.05 
Ø  LSS showed longer MTs 
Ø  Between group differences increased as ID increased 
 

 

 
 
 
 
 
 
 
 

Peak Velocity: 
• Main Effect for ID, F(5,110) = 570.96, p < 0.05 
• Main Effect for Group, F(1,22) = 9.28, p < 0.05 
• Group x ID Interaction, F(5,65) = 12.29, p < 0.05 

 
 
 
 
 
 
 
 
Time to Peak Velocity: 

• Main Effect for ID, F(5, 110) = 151.08, p < 0.05 
• Main Effect for Group, F(1, 22) = 8.93, p < 0.05 
• Group x ID Interaction, F(5, 110) = 5.51, p < 0.05 
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Ø  Longer amplitudes were more detrimental than target size 
Ø  Between group differences were greater at higher IDs 

Fitts’ Law Using Lower Extremity Movement:  
A Performance Driven Outcome Measure for 

Degenerative Lumbar Spinal Stenosis 

INTRODUCTION CONCLUSION 

Lumbar Spinal Stenosis (LSS) is the most  
common reason for patients over 65 years of age  
to require spine surgery (Ciol, Deyo, Howell and  
Kreif, 1996). LSS is a degenerative condition that  
lacks a tool to track the disability associated with  
disease progression.  Impoverished lower limb  
movement is among the first symptoms LSS  
patients note. Fitts’ Law, an established motor  
control task which is resistant to learning, may  
provide a context to objectively measure lower  
limb function in LSS patients. Fitts’ Law predicts  
that to ensure accurate performance speed is  
compromised as task difficulty increases, hence  
there is a speed-accuracy trade-off for rapid  
aimed movements (Fitts, 1954; Fitts and  
Peterson,1964).   
 
Support for Fitts’ Law has been maintained using  
a wide range of populations and tasks.  Recently,  
Bertucco and Cesari (2010) replicated Fitts’ Law  
in a healthy population using a foot pointing task.  
In the present study task difficulty was  
manipulated as a lower extremity Fitts’ task was  
applied as possible objective outcome measure  
for LSS patients. 
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OBJECTIVES 
 

1.  Determine motor performance characteristics  
     during the planning, initiation, and execution  
     of deliberate lower limb movements in healthy  
     adult and LSS populations. 
 
2.  Determine if the performance measures of  
    Reaction Time (RT) and Movement Time (MT),  
    and the kinematic measures of Peak Velocity  
    (PV) and time to Peak Velocity (ttPV) reflect 
    group differences. 
 
3. Determine the feasibility of using the motor  
    control task with a representative sample of  
    individuals with LSS. 

METHOD 

ONE UNIVERSITY. MANY FUTURES. 
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Fitts’ Law:  
Movement Time = a + b(ID) 

a = y intercept 
b = slope 
Index of Difficulty (ID) = log2(2A/W) 
A = amplitude to target 
W= target width 

RESULTS 

Participants 
•  12 healthy participants (8 females; mean age  
   = 57.4 [8.0]) 
•  12 participants with LSS (2 females; mean age  
   = 61.6 [4.0])  

 
Baseline Questionnaires 

• Waterloo Footedness Questionnaire-Revised  
• LSS participants also completed the Swiss   
 Spinal Stenosis score  
• Bilateral leg and lowback Quadruple Numeric  
 Rating Scales 
 

Fitts’ Task 
• For the Fitts’ task participants pointed with    
  their great toe to a 2.5 or 5cm square target    
  that appeared at a distance of 10, 20, or 40cm    
  from the home position (IDs = 2, 3a, 3b, 4a,    
  4b, 5) 
• Participants performed 10 trials of each ID,  
  using each foot for a total of 120 pointing     
  movements 
• Movements were recorded using an Optotrak  
 3D Investigator (300Hz) with an IRED mounted  
 on the big toe for kinematic and performance   
 analysis 

 
Analysis 

•  Means for Reaction Time (RT), Movement    
  Time (MT), Peak Velocity (PV) and Time to PV  
  (ttPV) were analyzed respectively using a  
  mixed model ANOVA: 2 Group x 6 ID 
•  All significant effects with more than 2 means  
  were further analyzed using Tukey’s HSD, p <  
  0.05 
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