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ABSTRACT 
 

 Six individuals with Parkinson disease and freezing of gait attended a 5-day, exercise 

intensity boot camp at the Parkinson Wellness Recovery Gym aimed to deter their freezing  

symptoms. Pre- and post-assessments provided insight into the impact of the intensive exercise 

program on motor and non-motor symptoms. Data from this pilot study suggests (i) task-specific 

exercises can combat freezing triggers when performed repeatedly and at high effort, (ii) using 

the Freezing of Gait Questionnaire in concert with the Freezing of Gait Assessment is necessary 

to capture real change, and (iii) people with Parkinson disease can improve motor and non-motor 

symptoms through small group exercise. Three subjects improved in the Freezing of Gait 

Assessment, Freezing of Gait Questionnaire and Parkinson Disease Questionnaire-39 (mobility 

subsection). Five subjects improved in the FOGA; three subjects improved in the FOGQ; four 

subjects improved in the PDQ (mobility); three subjects improved in both conditions of Timed 

Up & Go; all subjects improved in 10-meter walk, at either preferred speed or as fast as possible. 
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INTRODUCTION 
 

 

Background of PD 

Parkinson disease (PD) is the second most common neurodegenerative disease, which 

primarily affects the elderly. Approximately 2% of people over age 60 develop PD, and the risk 

is doubled if PD is a familial disease (as opposed to idiopathic).
1
 PD is diagnosed when at least 

two of the cardinal motor symptoms are exhibited (resting tremor, bradykinesia, rigidity,  

postural instability).
1
 Physiologically, motor symptoms are the result of decreased amounts of 

dopamine leading to the inability to control voluntary movement
1
. Specifically, neurons in an 

area of the midbrain, called the substantia nigra, begin to die. Once a threshold of low dopamine 

levels is reached, the onset of PD begins down its deleterious path.
1
 In addition to motor 

symptoms, non-motor symptoms also exist, such as cognitive disorders (executive function and 

attention), dementia, hallucinations, depression, apathy and compulsive disorders.
2 

Many treatments are available for people with PD, both non-surgical and surgical. Non-

surgical therapy includes medicinal levodopa, a dopamine precursor taken in pill or patch form 

multiple times daily.
1
 Surgical therapy includes deep brain stimulation (DBS).

1
 DBS involves a 

higher risk of suffering further neurological consequences from brain surgery and must have the 

stimulator frequency closely monitored by their physician.
1
 More recently, group exercise has 

been implemented for people with PD in addition to daily medication or DBS to improve 

symptoms, function, QoL, and possibly deter the disease progression of PD.
 3 

 

Freezing of Gait (FOG) 

FOG is a symptom of PD characterized by feeling “glued” to the floor, fait festination, and 

hypokinesia.
6
 FOG usually develops later in the progression of PD, affecting upwards of 60% of 
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patients with PD, and is becoming more common among the elderly.
6
 Freezing is a debilitating 

symptom and an unmet need with the Parkinson community. 

People with PD who experience FOG are called ‘freezers’ while those who do not are called 

‘non-freezers.’
7
 Freezers can have several different triggers that elicit the onset of FOG, and their 

freezing can be further characterized using criteria from the Freezing of Gait Questionnaire. 

Characteristics of FOG include: 

 Frequency of freezing episodes 

 Freezing on or off medication 

 Turning 

 Initiating first step 

 Disturbance in daily walking 

 Feeling insecure or afraid of falling 

 Effects on daily activities 

 Navigating narrow spaces 

 Terminating movement 

 Navigating crowds 

 Multitasking 

 Getting out of a chair

 

Previously, the FOGQ was the only substantiated form of assessing FOG.
5
 In this study, 

FOG was assessed subjectively using the FOGQ and objectively by using a new questionnaire, 

the FOGA. In addition, these subjective and objective FOG measurements were compared to the 

mobility subsection of the PDQ. This study will, therefore, explore the relationship among task-

specific PD/FOG exercise, decreased exhibition of FOG symptoms, and an increase in mobility-

related QoL. 

 

Group Exercise As Medicine 

Recent research supports exercise to minimize the progression of PD symptoms and that  

incorporating a social component into therapy to elevate quality of life (QoL) (Karen 
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bridgewater-aerobic exercise and early PD).  As a result of recent research, clinicians have 

started programs for people with PD to use regular group exercise as medicine. Data suggests 

PD-specific exercise improve QoL, improve mobility and balance, reduce morbidity, increase 

strength, and improve overall physiological functions.
8
 Animal studies and recent clinical studies 

suggest exercise may also contribute to disease modification through protection and repair 

mechanisms.  To be effective, these studies suggest that early intervention and continuous access 

to neuroplasticity-principled exercise may be essential.   

Research also supports exercise as a means to reduce further deterioration of coordination, 

balance, mobility, QoL, cognition, strength, and neuromuscular slowing.
3,10,11

 Exercise can 

prevent and/or decelerate the progression of PD, thus reducing morbidity. Group exercise for 

people with PD suggests patients can get better and stay better for a longer period of time. 

This case series study will investigate the short-term benefits of this type of research-based 

exercise implemented in a novel community-based setting.  The Parkinson Wellness Recovery 

Gym (PWR! Gym), offers ongoing large group and specialty group classes for people with 

Parkinson disease of varying disease severity, including those that are newly diagnosed. 

 

Task-Specific Exercise and Dual-Tasking 

 Task-specific training is one of the essential principles shown to promote learning and 

brain, thereby brain change. Recent research supports task-specific exercise and forced use as 

one of the most beneficial models of exercise for treating PD.
12

 Motor function was shown to 

significantly increase and decrease the amount of disability. By classifying subjects’ FOG on the 

above subjective criteria from the FOGQ, task-specific exercise regimens can be developed for 

individuals to maximize their benefits from exercise. For example, dual task training will be used 
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to increase the participants’ ability to divide attention, and thereby, reducing the threshold for 

triggering a FOG episode. Previous studying show improvement in overall PD symptoms during 

DT and an increased ability to multitask while eliminating risks and fear of falling.
13

 Studies 

have not yet explored the possible effects of DT training to improve FOG symptoms.  

 

Purpose of Research 

 This case series will address the short-term benefits of this type of neuroplasticity-

principled task-specific exercise implemented in a novel community-based setting to benefit 

people with PD who suffer from FOG. The study will take place at the PWR! Gym in Tucson, 

AZ. PWR! Gym is a community center that offers ongoing large group and specialty group 

classes for people with PD of varying disease severity, including those that are newly diagnosed. 

Previously, studies have shown improvement in overall PD symptoms with group exercise, but 

FOG has not yet been studied exclusively. Benefits will be measured both quantitatively and 

qualitatively, pertaining to FOG symptoms, QoL, and gait. Through task-specific, group 

exercise, all subjects are hypothesized to demonstrate decreased FOG symptoms and improve 

overall gait. This pilot study will improve further neuroplasticity-principled programming at the 

PWR! Gym and help procure future funding for a longitudinal study documenting its’ efficacy 

and disease-modifying benefits. 
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METHODS 

The PWR! Gym hosted a 5-day, exercise-intensive boot camp for six individuals with PD 

who exhibited FOG symptoms. Drs. Becky Farley and Krystal Greene with the PWR! Gym led 

the boot camp.  

The program was advertised through emails across the USA and Canada. Subjects were 

screened via telephone using their medical diagnosis and personal testimony (i.e., answering 

questions directly from FOGQ) to determine eligibility. Six participants were invited and 

traveled to Tucson, AZ for the “anti-freezing” boot camp. This study was conducted according to 

the principles expressed in the Declaration of Helsinki and was approved by the Institutional 

Review Board at The University of Arizona. All participants signed written consent prior to 

being enrolled in this study. 

 

Assessments 

Upon arrival, all subjects were asked to participate in physical and cognitive assessments 

1-day prior to the start of the boot camp (pre-assessments) and immediately 1-day after 

completing the last day of treatment (post-assessments). The assessments given were the FOGQ, 

FOGA, Timed Up & Go (TUG), 10-meter walk (10MW), and the Parkinson Disease 

Questionnaire 39 (PDQ) (Appendix A). Some, but not all, of the assessments had multiple parts 

including a DT condition (cognitive load). Additional assessments for fine motor, postural 

control, and cognition were also given (9-Hole Peg Test, 4-Step Square Test, Push/Pull and 

Release and Trail Making Tests) however they are not reported on in this study. 

All assessment instructions were read and explained clearly to each patient. The subject 

had the opportunity to ask any questions. In the case of FOGA, TUG, and 10MW, the assessors 
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demonstrated the task before asking the subject to complete it. If the subject completed or 

attempted to complete a given assessment but clearly did not understand the instructions, they 

were allowed to repeat it. 

 

Freezing of Gait Questionnaire (FOGQ) 

 The FOGQ is a standard, subjective questionnaire to determine the state and severity of 

freezing for an individual with PD. Subjects were asked to determine if they experience specific 

freezing symptoms, and, if so, to what degree with a percentage.
5,7 

 

Freezing of Gait Assessment (FOGA) 

 The FOGA is a standard, objective measure used to trigger freezing episodes by walking 

a detailed course.
14

 The course involved the following sequence (Figure 1):  

1. Sit in a chair for 30 seconds. 

2. Stand up when timer says, “Begin.”  

3. Walk to a box outlined in tape on the floor.  

4. Walk clockwise around the box, then turn around and walk counterclockwise around 

the box.  

5. Walk through a doorway by opening the door and walking all the way through.  

6. Turn around once through the entire doorway and return to the chair. 

7. Sit down in the chair. 

 

A DT was added for the second time subjects completed FOGA. While walking the 

course, subjects were given a random number and asked to count backward by 3’s until they sat 
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down in the chair, concluding the assessment. The FOGA was videotaped and scored after the 

boot camp was over. 

 

 

 

 

 

 

 

Timed Up & Go (TUG) 

 TUG objectively assessed gait, turning and cognition. Subjects began the assessment by 

sitting in a chair with their feet flat on the floor and back against the chair. When the timer said, 

“Begin,” the subject stood up, walked to a taped line on the floor 3 meters in front of them, 

turned around and returned to the chair. The task was completed once the subject was sitting in 

the chair. 

 Subjects completed TUG twice. The first trial was single task (ST) where the subjects 

completed the course with only walking. The second trial involved a DT, where they were given 

a random number at the beginning of the course and counted backwards by 3’s until the course 

was completed. Subjects performing at high physical and cognitive levels counted backwards by 

7’s. 

 

 

 

1. START – 

wait for 30 

seconds 

2-4. Walk to 

and walk CW 

around box to . 

Turn around and 

walk CCW around 

box to . 

5-6. Walk to door, 

open, walk all the 

way through and 

7. END – 

return to chair 

and sit down. 

Figure 1. Freezing of Gait Assessment Diagram 
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10-Meter Walk (10MW) 

 The 10MW objectively assessed gait, both forwards and backwards. Gait was 

characterized by number of steps taken in 10 meters while subjects walked at their preferred 

pace, as fast and as safe as possible (AFAP), and backwards at preferred pace. A total of three 

trials was done for both pre- and post-assessments on each subject.  

Lines on the ground marked by tape indicated the 10-meter course, which included a 

“START” and “FINISH” line. There was a line 1 meter past the “START” line used to indicate 

where to start the timer, so the “START” line was 11 meters from the “FINISH” line. 

 

Parkinson Disease Questionnaire-39 (PDQ) 

 The PDQ-39 is a subjective measurement that consists of 39 questions in 8 categories: 

mobility, activities of daily living, emotional well-being, stigma, social support, cognition, 

communication, and bodily discomfort. Scores are determined by a sum of answers to each 

question. Lower scores are associated with higher QoL. Subjects filled out QoL by themselves or 

with the help of their spouse. 

 

Boot Camp Groups 

 After all pre-assessments were complete, Dr. Becky Farley and Dr. Krystal Greene 

divided the 6 subjects into two groups based on their FOG severity, level of physical ability 

(fitness) and goals (Tables 1& 2). Subjects 2, 5 and 6 were placed in Group A. Subjects 1, 3 and 

4 were placed in Group B. 
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 Each group attended the gym for 1.5 hours of morning exercise and 1.5 hours of 

afternoon exercise. Additional optional evening programming was available for all subjects, and 

involved yoga, education and group discussion. 

 

Daily Exercise 

 Exercise performed during the 3 hours of daily exercise encompassed several areas:  

aerobics (treadmill, pole walking, stationary bicycle, elliptical), large amplitude movement 

(flexibility, strength, agility), fall prevention, stretching (hamstring, shoulder, hip), cueing for 

home mobility (metronome), and real world scenarios. All exercises were individualized and 

task-specific to specifically combat FOG triggers, therefore these exercises included developing 

and maintaining a wide base of support, turning, agility (quick change in direction or actions), 

postural control, and pole walking. Exercises became increasingly difficult throughout each day, 

adding in cognitive components, obstacles and real-world challenges so subjects could develop 

skills to prevent FOG in their daily life. 
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RESULTS 

 The demographics with respect to onset of PD and severity of FOG for the six subjects is 

in Table 1, along with the resulting classification of the six subjects into two subgroups. Table 2 

provides the triggers that most commonly result in freezing for each subject, as described either 

in the in-take evaluation or the FOGQ. Subjects are described as S1 – S6 in tables and graphs. 

Results from five assessments demonstrate the subjects (n=6) change over the 5-day boot camp. 

For all graphical results, positive values indicate improvement. Each subject improved in at least 

one area of assessment under ST conditions. Results are not interpreted as significant or 

insignificant because of the small sample size. 

Table 1. Subject’s Description 

Subject Age Year of Diagnosis Group in Boot Camp Frequency of FOG Duration of FOG 

S01 68 2010 2 > once/daily 1 sec 

S02 61 2000 1 > once/daily 5-30 sec 

S03 65 2005 2 > once/daily >30 sec 

S04 66 2004 2 > once/daily 5-30 sec 

S05 71 2006 1 > once/daily >30 sec 

S06 66 2000 1 < once/week 2-5 sec 

 

Table 2. FOG Triggers by Subject 

Subject Initiating 

Movement 

Terminating 

Movement 

Narrow 

Space 

Crowd Turning Multitask Chairs Timing 

S01   X X  X X  

S02 X    X X   

S03 X   X X X X  

S04 X X X X X X  X 

S05 X  X X X X   

S06        X 

 

Freezing of Gait Assessment 

 Five of the six subjects showed improvement in an objective measure of FOGA in both 

ST and DT conditions (Figure 2). Subject S6 worsened equally under ST and DT conditions. 
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However, S6 performed under a more difficult cognitive load (counted backwards by 7’s, only in 

post-assessment) than the other five subjects under DT because he was very high functioning and 

did not elicit FOG with the simpler DT. 

 Results show change in score (Appendix A), using score from pre-FOGA minus post-

FOGA. 

Figure 2. FOGA Results for ST and DT 

 

 

Freezing of Gait Questionnaire 

 Three of the six subjects (S1, S2, S3) reported a large increase in the FOGQ, indicating 

their FOG symptoms decreased (Figure 3). Others showed minimal or no change. 

 Results show change in score (Appendix A), using score from pre-FOGQ minus post-

FOGQ. 
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Figure 3. FOGQ Results 

 

PDQ-39 – Mobility 

 Within the subsection of Mobility, three of the six subjects reported an increase in QoL 

(Figure 4); these were the same three subjects who reported an improvement in the FOGQ. S4 

and S6 showed minimal or no change. S5 reported an improvement in mobility despite no 

change in the FOGQ. 

 Results show change in score (Appendix A), using pre-PDQ minus post-PDQ (mobility).  

Figure 4. PDQ-39 Mobility Results 
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Timed Up & Go 

 Five of the six subjects demonstrated an improvement in TUG under ST conditions 

(Figures 5 & 6). Three of the five subjects who improved in ST also improved under DT 

conditions. S1 worsened under both ST and DT, and was observed to have the greatest difficulty 

following instructions. 

For DT conditions, graphical results show the change in time for course completion and 

the change in amount of numbers counted during DT trial. 

Results show change in time (seconds) to complete TUG course (Appendix A), using pre-

TUG minus post-TUG for both ST and DT conditions. For TUG under DT conditions, results 

show the difference in numbers counted (whether counted in correct order or not) from pre-TUG 

minus post-TUG. 

Figure 5. TUG Results for ST 
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Figure 6. TUG Results for DT and numbers counted 

 

 

10-Meter Walk 

 While preferred walking speed improvements were small for S4 and S6, five subjects 

took fewer and larger steps in post-assessments compared to pre-assessments (Figures 7 & 8). 

Four of the six subjects showed very small improvement in increasing their preferred pace during 

the 10MW.  

 In comparison, changes in AFAP walking were noted for all subjects, either by timing 

walking speed or larger steps. Three of the six subjects demonstrated improvement in walking 

speed, while three subjects improved by taking larger steps. One subject improved in both.  

 Results show change in time (seconds), using pre-10MW minus post-10MW. Results also 

show change in the number of steps, using pre-10MW minus post-10MW. 
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Figure 7. 10MW Results at Preferred Speed 

 

 

Figure 8. 10MW Results for AFAP and Change in Steps Taken 

 

 

 

 

 

 

-4

-3

-2

-1

0

1

2

3

4

5

S1 S2 S3 S4 S5 S6

T
im

e
 (

se
c)

 &
 #

 o
f 

st
e

p
s 

Subject 

10-Meter Walk  

Change in 10m

Change in Steps

-0.5

0

0.5

1

1.5

2

S1 S2 S3 S4 S5 S6

T
im

e
 (

se
c)

 &
 #

 o
f 

st
e

p
s 

Subject 

10-Meter Walk AFAP 

Change in
10m AFAP

Change in
Steps AFAP



Messer 18 

DISCUSSION 

 This study provides evidence that with effortful, task-specific exercises can allow people 

with PD to get better in areas they practice. Specifically, exercises that target FOG triggers are 

effective in overcoming gait festination when performed repeatedly and with high effort. In 

addition, this study suggests that the communal environment for exercising provides emotional 

benefits. Although not all subjects improved in every area of assessment, each subject improved 

in at least one area where they showed their highest severity of FOG. 

 Our research supports previous studies and provides opportunity for further 

investigations. The boot camp supports group exercise as a way to connect with peers 

emotionally to improve QoL. It also provides data supporting task-specific exercises should be 

used to directly overcome difficulty areas for individuals; researchers and physicians should not 

expect exercises to generalize to an area that was not directly targeted. In addition, our research 

suggests FOG can be measured using the FOGQ and the FOGA in order to provide a more 

descriptive story to a subject’s freezing state. However, improvement in either the FOGQ or the 

FOGA does not necessarily mean an improvement in the other (nor does it imply a worsened 

effect in both). Perhaps both measurements are necessary to capture accurate change. 

 The 5-day exercise program had several limitations, first, it may not have been long 

enough to treat FOG triggers sufficiently. Second, due to the short-term nature of the boot camp, 

patients intensely reported fatigue prior to post-assessments, thus potentially affecting results. 

Third, five days may be insufficient time to acquire skills to combat triggers that have 

accumulated and worsened over several years. 

Future studies should provide longer duration (up to several weeks, if possible) of high 

intensity, task-specific exercises and education for patients to solidify their abilities and 



Messer 19 

knowledge of combating PD. In addition, such programs should include exercises in fine motor, 

and any other areas where measurements are taken, to ensure the integrity of a task-specific 

exercise program. Subjects selected for future studies should have similar baseline measurements 

(both physically and cognitively) to allow for more consistent instruction for all participants. 

Perhaps subjects who function at a higher level both physically and cognitively should have pre-

determined DT components and more advanced assessments to obtain more valuable 

information. Additionally, there is a need for longer follow-up studies to determine if the effects 

of a short-duration boot camp make an impact long-term. 

 Overall, my greatest learning outcome was gaining an understanding of the needs of 

patients with PD and how to develop an individualized exercise program with neuroplasticity-

principled, task-specific exercises to not only improve their motor functions, but also increase 

their QoL. All six of the men who attended the boot camp made a lasting imprint on my life and 

provided me an eye-opening experience that has helped me set future goals. I am grateful for 

having this opportunity to work with the PWR! Gym, patients, and affiliates from The University 

of Arizona throughout the course of this project. 
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