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Project Description  
Research Question: Our proposed project will investigate the effects of deep brain 

stimulation (DBS), a common intervention in advanced Parkinson’s disease (PD) on measures of 

bilateral lower extremity asymmetry and nonlinear measures of variability during treadmill 

walking. We hypothesize that the DBS intervention will result in significantly reduced 

asymmetry and variability in the lower extremity.  

Rationale: Parkinson’s disease (PD) is a progressive neurodegenerative disease affecting 

1.5 million Americans as well as 1% of the population over age 60 and 20% of the population 

over age 80. [1, 2] In addition to the negative effects of PD on independence and quality of life, 

PD presents a substantial financial burden for patients, caregivers and society [3]; therefore, 

optimal efficacy of anti-PD interventions is of importance. PD initially presents unilaterally and 

continues to affect one side more significantly than the other. Deep brain stimulation (DBS) is a 

common treatment with advancing PD and has been shown to improve function of the central 

nervous system by blocking overactive pathways resulting in improvements in walking 

parameters including walking velocities, ranges of motion, stride length variability and 

coordination. [4] Few studies have objectively assessed the efficacy of DBS in restoring lower 

extremity joint angles or bilateral asymmetry to near normal levels. Emerging research has 

suggested that nonlinear measures of variability provide greater insight into the organization of 

the underlying motor control than standard measures of variability, which are measures of 

centrality. [5] Presently, no research has explored the efficacy of DBS or lower extremity 

asymmetry using nonlinear measures of variability. Therefore, the purpose of proposed research 

study would be to investigate the effects of DBS on lower extremity kinematics and bilateral 

asymmetry using nonlinear measures of kinematics and variability. We hypothesize that DBS 

will restore lower extremity kinematics to comparable values associated with healthy older adults 

and that DBS will reduce lower extremity asymmetry to levels near healthy older adults. 

Research Design: Five healthy older adults and five individuals with PD that are 

currently being treated using DBS will participate in this study. To define and track the right and 

left lower extremities, each participant will have retro-reflective markers attached to the pelvis, 

thigh, leg and foot segments using double-sided tape. Three-dimensional positions of each 

segment will be tracked during two three-minute bouts of treadmill walking at 0.8 m/s (120 Hz, 

ViconPEAK, Inc.), a slow velocity at which all PD subjects can complete the walking trial 

without the DBS intervention. All subjects will be tested twice with approximately 30 minutes 

between tests. To avoid fatigue, individuals with PD will be tested with the DBS intervention 

first, then repeat the testing protocol approximately 30 minutes after DBS treatment has been 

stopped. Patients’ neurologists often turn off the DBS treatment to assess progression of PD and 

there are no lasting effects of temporary cessation of DBS treatment.  

Three-dimensional joint angles will be calculated using Visual 3D (C-Motion, Inc.). 

Custom software (MatLab, 2010, Mathworks, Inc.) will be used to determine joint angle values 

at discrete time points in the walking cycle including heel strike, maximum joint angle, minimum 

joint angle, and toe off. A second custom software (MatLab 2010, Mathworks, Inc.) will be used 



to calculate approximate entropy, a nonlinear measure of variability, using the following 

equation:  
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where m is the length of the compared runs, r is the similarity criterion, N is the number of 

measurements in the time series and C was the number of vectors defined by m based on the r 

criterion.[6] Asymmetry will be assessed by comparing values of the right and left limbs in 

healthy adults and the most and least effected limbs in individuals with PD.  

A series of mixed-model analyses of variance with repeated measures will be used to 

determine the effect of Parkinson’s disease, side (left vs. right) and DBS (off vs. on) on lower  

extremity kinematics and asymmetry. Tukey’s post-hoc tests and follow up t-tests will be used to 

determine simple effects in the presence of a significant main effect. Significance will be set at 

p< 0.0. 

 The proposed research will support the University’s Strategic Plan by empowering the 

involved student and faculty member to achieve a high level of learning and teaching, 

respectively, through the mentoring relationship. Further, as it is my goal to attend graduate 

school at Fairmont State University, it will enhance and promote graduate study while also 

provide a comprehensive and integrated approach to the research experience through 

participation. Finally, the proposed research project will enhance Dr. Powell’s development as a 

faculty member at Fairmont State University 
 


