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Introduction 

Parkinson’s Disease (PD) is a common disease, affecting about one million people in the 

United States and ten million worldwide. About 60,000 Americans are diagnosed with PD each 

year. Incidence increases with age (after 60 years old) and men are 1.5 times more likely to 

develop PD than women. By the year 2030, estimates are 1.2 million people in the US will be 

diagnosed. PD is a neurodegenerative disorder affecting dopaminergic (dopamine-producing) 

neurons in the substantia nigra, which is a part of the basal ganglia in the midbrain (Parkinson’s 

Foundation, 2021). When the basal ganglia degenerates, it affects the central nervous system’s 

(CNS) ability to translate sensory information into a single reference frame, which alters the 

limbs and body’s proprioception and ultimately reduces balance (Cheng & Su, 2020).  

Every person with PD experiences the disease differently, but symptoms commonly 

include tremor, rigidity, bradykinesia (slow moving), and gait/balance problems (Parkinson’s 

Foundation, 2021). People with PD also have reduced grip strength, depending on the stage of 

the disease (Roberts, Syddell, Butchart, Stack, Cooper, & Sayer, 2015). There are also non-motor 

symptoms, which include apathy, constipation, depression, sleep disorders, cognitive 

impairment, and loss of sense of smell, which can impact patients more than the motor 

symptoms. PD progresses slowly, and symptoms often appear later in the disease’s course due to 

the significant number of neurons lost (Parkinson’s Foundation, 2021).  

People with PD still have intact memories, attention spans, semantic recall, naming, long-

term storage, recognition of previous material, and priming. However, short-term memory and 

the ability to acquire new cognitive routines are negatively affected by PD. Executive functions, 

the mental processes necessary for adapting to novel situations and include focus, self-control, 

and planning, are an area of difficulty for people with PD. Tasks where PD patients must come 
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up with their own plan of action are difficult because they must direct more attention to them 

than they do for normal tasks (Taylor & Saintcyr, 1995). 

Functional mobility is a person’s ability to move independently and safely to accomplish 

everyday tasks. Activities that include standing, walking, bending, and climbing are essential to 

activities of daily living. PD can lead to a greater risk of falls, a loss of independence, and 

institutionalization can result from impaired functional mobility. Gait impairments from non-

dopaminergic pathway degeneration and bradykinesia and rigidity affect functional mobility, 

which also affect balance and transitions. Some functional mobility impairments, such as 

postural instability, do not respond to medication or surgical treatment. Aerobic and task-specific 

exercises have positive outcomes on functional mobility (Bouça-Machado, Maetzler, & Ferreira, 

2018). Resistance training shows improvements in multiple functional tests, including the Timed 

Up and Go Test, 30 second Sit to Stand test, Ten Meter Walk Test, and a bradykinesia scale 

(Vieira de Moraes Filho, Chaves, Martins, Tolentino, de Cássia Pereira Pinto Homem, Landim 

de Farias, Fischer, Oliveira, Pereira, Vidal, Mota, Moreno Lima, & Jacó de Oliveira, 2020). 

The CDC ranks complications from PD as #14 in cause of death in the U.S., though PD 

itself is not a deadly disease (Parkinson’s Foundation, 2021). Complications of PD can result in 

death, such as experiencing a serious fall or aspiration pneumonia. PD causes a loss of balance 

and problems swallowing can occur in people with PD, causing them to aspirate and possibly 

die. PD is not a death sentence; however, PD is incurable. 

The cause of this disease is unknown and there is no cure, but genetics, environment, and 

lifestyle are possible culprits. Genetics cause about 10-15% of all cases and scientists discovered 

dozens of mutations linked to PD. Environmental factors include head trauma and exposure to 
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pesticides or other toxins. Current treatment options only focus on symptoms and do not cure or 

slow the progression of the disease.  

Young onset PD (YOPD) occurs when patients are diagnosed before the age of 50. Only 

about 4% of the million people with PD in the U.S. are young onset. These patients experience 

similar symptoms to those diagnosed later, but progression is slower, there are more side effects 

from dopaminergic medications, and more frequent dystonias (cramping and abnormal postures). 

Being diagnosed at a young age can affect patients socially, as they may be at a different stage in 

life than someone who is diagnosed in their 60s. Genetic and environmental conditions are likely 

the cause of YOPD, but genetic even more so (Parkinson’s Foundation, 2021).  

Treatment is based on the individual and usually includes medication but may also 

include surgery, which is often reserved for patients whose medical treatment no longer works. 

Medications to treat symptoms are very expensive, costing about $2500 per year, while 

therapeutic surgery can cost up to $100,000 per person. Physical therapy is often recommended 

to treat symptoms and further slow the progression of the disease. Gait and balance training, 

resistance training, aerobic activity, and flexibility are all recommended for PD patients 

(Parkinson’s Foundation, 2021). 

The purpose of this study is to investigate the effects of an exercise protocol on the 

physical performance of a mid-stage Young Onset Parkinson’s Disease subject. It is 

hypothesized that 12 weeks of exercise will result in measurable improvements in balance and 

functional mobility. 

Review of Literature 

 PD is a common neurodegenerative disease causing many motor and non-motor 

symptoms, with a loss in balance being one of the main symptoms leading to falls. The main 
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treatments of PD are medications, used to manage symptoms, and surgery, for when medications 

are no longer effective. Exercise is often recommended to slow the progression of the disease 

and reduce symptoms by improving strength and balance.  

Treatment Options  

The most common treatment plan for people with PD involves taking medication. 

Medications usually help with mobility and tremor symptoms by increasing or substituting for 

dopamine. Dopamine cannot be directly given as it cannot enter the brain in that form. Dopamine 

molecules are too polar to cross the blood-brain barrier. L-dopa is also polar; however, L-dopa is 

an amino acid recognized by proteins that carry amino acids across the blood-brain barrier. L-

dopa can safely cross over and later convert to dopamine, which is why people with PD are 

prescribed levodopa instead of dopamine (Gregory & Burnham, 2008). Over time, the benefits 

and consistency of the drugs diminish, often causing a need for adjustment of medication. The 

most common drug prescribed to people with PD is levodopa, often combined with carbidopa. 

This drug can be taken in pill form, inhaled, or infused through a feeding tube. Levodopa is a 

natural chemical that passes through the brain and is converted into dopamine. Carbidopa 

prevents the early conversion of dopamine outside of the brain and helps prevent or lessen side 

effects, nauseas and orthostatic hypotension. Dyskinesias (involuntary movements) can occur at 

high doses of levodopa. After years of using this medication, the benefits wear off (Mayo Clinic, 

2020).  

 Dopamine agonists are a form of medication that do not turn into dopamine but mimic its 

actions in the brain. They are not as effective as levodopa, but their effects last longer and can be 

used in conjunction with levodopa to combat the on and off effects. The side effects of these 

types of drugs are like those of levodopa, but also include hallucinations, sleepiness, and 
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compulsive behaviors. Monoamine oxidase-B (MAO-B) inhibitors inhibit the brain enzyme 

monoamine oxidase B, which metabolizes dopamine. Side effects include nausea, headaches, 

insomnia, and when combined with carbidopa-levodopa, hallucinations. Catechol O-

methyltransferase (COMT) inhibitors block another enzyme that breaks down dopamine and 

mildly prolongs the effects of levodopa. Dyskinesias, diarrhea, nausea, and vomiting are side 

effects. Anticholinergics help offset tremors and their side effects include impaired memory, 

confusion, hallucinations, constipation, dry mouth, and impaired urination. Amantadine provides 

short-term relief of some of the symptoms associated with early-stage PD. This may also be used 

in conjunction with carbidopa-levodopa in later stages to control dyskinesias. Purple mottling of 

the skin, ankle swelling, and hallucinations are possible side effects (Mayo Clinic, 2020).  

 Surgery is another treatment option but is not recommended for most people. Surgery is 

usually reserved for people with late-stage PD whose medication responses are unstable. Deep 

Brain Stimulation (DBS) is a surgical approach where electrodes are placed into a specific part 

of the brain. A generator is implanted into the chest and is connected to electrodes, where it 

sends electrical impulses to the brain and can reduce PD symptoms, such as tremor, rigidity, 

dyskinesias, and bradykinesia. Serious risks may be incurred by DBS, such as brain 

hemorrhaging, infections, or stroke. Careful monitoring is required, with adjustments made as 

needed, and DBS does not prevent the disease from progressing (Mayo Clinic, 2020). 

 Medication treatment, while effective initially, can wane over time and produce many 

negative side effects. Surgical treatment is not an option for everybody and for those who 

undergo surgery, the effects do not last forever. Research shows exercise as an effective 

treatment to reduce symptoms of PD without additional side effects. Exercise should be used in 

conjunction with medication to reduce the symptoms of PD. 
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Exercise as an Intervention 

Studies on animal models have found that exercise may have protective benefits against 

the onset of PD. Exercise causes the release of neurotrophic factors (by increasing expression of 

brain-derived neurotrophic factor, nerve growth factor, and galanin), greater cerebral 

oxygenation, and stimulates dopamine synthesis in remaining dopaminergic neurons, which 

reduces symptoms of PD and promotes new cell growth and survival. Exercise also enhances 

neuroplasticity in five ways: synaptic plasticity maximized through intensive activity; greater 

structural adaptation occurs from complex activities; rewarding activities increase dopamine 

levels (which promote learning and relearning); dopaminergic neurons respond to activity and 

inactivity and when one is inactive, they lose those neurons; and progression can be slowed if 

exercise is introduced at an early stage (Goodwin, Richards, Taylor, Taylor, & Campbell, 2008). 

Exercise may be able to alter dopaminergic and glutamatergic neurotransmission in the basal 

ganglia, which taps into the neuroplasticity of the brain. The brain can adapt in a way that is 

beneficial to people with PD. This could be one of the reasons why PD symptoms improve with 

exercise (Petzinger, Fisher, van Leeuwen, Vukovic, Akopian, Meshul, Holschneider, Nacca, 

Walsh, & Jakowec, 2010). 

Strength 

Even while taking anti-parkinsonian medications, many people with PD experience 

muscle weakness. Muscle weakness resulting from PD is due to the degenerating basal ganglia 

affecting cortical motor centers, which lead to less activation of motor neurons, leading to 

debilitation, balance issues, falls, and disability. When people with PD fall, they are three times 

as likely to fracture their hip than someone without the disease (Goodwin, Richards, & Taylor, et 

al., 2008). Lack of physical activity could also be a cause of debility. Muscle weakness can make 
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bradykinesia and postural instability worse while also relating to a greater incidence of falls. 

Researchers Kuo and Zajac created a model that proposes increasing the strength of leg muscles 

could help the body reposition its posture (Glendinning, 1997).  

People with PD have lower grip strength than people without PD of the same age and 

body size. Grip strength measures muscle strength and weak grip strength is associated with poor 

health in the general population. Women, people of older age, smaller body size, impaired 

physical and cognitive function, and poor nutrition are factors which may lead to weaker grip 

strength. There is no association between grip strength and duration of the disease but is 

associated with severity. After adjusting based on body size, physical function, cognitive 

function, and nutritional status, researchers determined that grip strength is lower with more 

progression of the disease (Roberts, Syddall, & Butchart et al., 2015). 

Strength training may influence the central motor command to agonist and antagonist 

muscles, which is deficient in people with PD. Strength training could retrain the CNS to activate 

neurons maximally and quickly, which would help people with PD because it takes more effort 

for them to activate their motor neurons. Coactivation of muscles, which provides joint stability, 

has also been observed in some cases, but not in all people with PD. Strength training may 

reduce the threshold for coactivation, which would reduce the amount of effort needed for people 

with PD to activate their muscles. Strength training is effective with people with PD and, when 

combined with balance training, improves balance better than balance training alone, thus 

reducing the incidence of falls. With frail, elderly people, strength training improves motor 

control, gait velocity, and fine motor control (Glendinning, 1997). Progressive resistance 

exercise can improve muscular strength, endurance, hypertrophy, and neuromuscular function, 
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which improves gait, stair climbing, up and go, and postural stability in people with PD (David, 

Rafferty, Robichaud, Prodoehl, Kohrt, Vaillancourt, & Corcos, 2012).  

Falls 

About 68% of people with PD fall, 46% of which experience recurrent falls. This is twice 

the rate of falls as the general older population. About 27% of people with PD fall at least once a 

month and 15% fall at least once a week (Canning, Sherrington, Lord, Fung, Close, Latt, 

Howard, Allen, O’Rourke, & Murray, 2009). One study recruited 142 subjects with PD who 

have experienced recurrent falls in the past year and implemented an exercise program consisting 

of strength and balance training with supplementary home exercises over a 6-week period. The 

control group had their usual care. All subjects were mobile on their own with or without an 

assistive device and were divided into cohorts based on their geography. The exercise program 

consisted of a 10-minute warmup, 40-minute strength/balance training, and 10-minute cooldown 

once a week with home exercises twice a week. The exercises and progression were tailored to 

each person and different physiotherapists were used. The warmups consisted of exercises such 

as marching, arm swings, shoulder circles, side bends, trunk twists, and ankle mobilizer. The 

cooldown had calf, hamstring, and chest stretches; balance work included side steps, side taps, 

side sway, lunges, toe walk, heel walk, and tandem walking. Strengthening exercises included sit 

to stand, seated leg presses (with band), seated upper back strengthener (with band), and seated 

outer leg strengthener (with band). Progressions may include reducing hand support, increasing 

range of motion, increasing the number of repetitions, and increasing band resistance (Goodwin, 

Richards, & Henley, Ewings, Taylor, & Campbell, 2011).  

 The intervention group had fewer falls than the control group, however, results were not 

statistically significant. When researchers adjusted based on the geographical groups, they found 
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statistical significance, suggesting that the therapeutic practices differed between sites. There is 

possible clinical significance of these findings as the subjects benefitted in terms of improved 

balance, reduced fear of falling, and recreational physical activity levels. Balance scores 

improved in the intervention group (Goodwin, Richards, & Henley et al., 2011).  

Researchers implemented an exercise program that included cycling, walking, aerobic 

movements, other endurance exercises, and exercises targeting balance, gait, and strength in 

populations aged 60 and older without PD to measure falling outcomes. A professional visited 

participants’ homes to check for environmental hazards and to see if any of the participants had 

fallen since the last follow-up. The monthly rate of falling and the number of times one has fallen 

since the last check-in were the two outcomes. Researchers found that exercise interventions 

reduce the incidence of falls in older adults who fall at least once a month (Chang, Morton, 

Rubenstein, Mojica, Maglione, Suttorp, Roth, & Shekelle, 2004). 

Another study found that exercise helps prevent falls in older populations. Researchers 

found a reduction of 17% in the incidence of falls after examining studies that used exercise 

interventions. Balance training, exercise dose (more intense exercise and programs lasting at 

least 25 weeks are most beneficial), and programs that did not include walking all reduced fall 

rates. Programs that include walking potentially expose subjects to a greater risk of falling and/or 

they take away time that should be spent on balance training. Balance training demonstrated the 

greatest reduction in fall rates. While both high risk and low risk fallers had a reduction in the 

number of falls, the higher risk group had the greatest reduction (Sherrington, Whitney, Lord, 

Herbert, Cumming, & Close, 2008).  

Balance and Mobility 
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  A review completed by Cheng and Su (2020) determined that physical activity improves 

motor skills, gait, balance, and muscle strength. Researchers determined that cycling, dance, Tai 

Chi, brisk walking, BOSU ball movements, and balancing on one foot improves balance; and 

pendulum lunges, burpees, squats, planks, mid-back squeezes, sprint training, interval training, 

eccentric training, functional training, high-intensity interval training (HIIT), weight training, 

and lunges and bicep curls using dumbbells improve muscle strength. Cheng and Su’s review 

supports physical activity as a prescription for people with PD because exercise can alleviate 

motor symptoms, but the study also recognizes that exercises need to be tailored to the individual 

because everyone experiences different symptoms and what works for one person may not work 

for another. 

A study conducted by Shen and Mak (2011) consisted of a 12-week exercise program 

where subjects with PD were divided into either strategy-based balance training or strength 

training of the lower limbs. Both groups improved balance, however, the strategy-based balance 

training group improved significantly in movement velocity, one leg stance time, and the 

activities-specific balance confidence scale.  

Another study demonstrated that after 10 weeks of lower limb strength and balance 

training, subjects in the treatment group saw significant improvements in equilibrium and modest 

improvements in lower leg strength. In contrast, the control group did not improve in balance 

and their strength significantly declined. Training altered subjects’ abilities to control their motor 

movements when receiving vestibular cues and training helped subjects override faulty 

proprioceptive feedback, allowing them to utilize other cues in their environment (Toole, Hirsch, 

Forkink, Lehman, & Maitland, 2000). 
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 A study conducted by Ebersbach, Ebersbach, Edler, Kaufhold, Kusch, Kupsch, & Wissel 

(2010) consisted of 60 subjects with PD who were between I-III (mild-moderate) on the Hoehn 

& Yahr Scale and were randomly split up into three different intervention groups: BIG (one-to-

one training), WALK (group Nordic walking), and HOME (non-supervised home exercises). The 

BIG group received four hours of exercise a week (four days a week) for four weeks and WALK 

received 16 hours (one hour twice a week) for eight weeks. The BIG exercises consisted of 

whole-body movements with maximal amplitude (making the movements big), repetitive 

multidirectional movements (stepping and reaching), and stretching. Researchers included 

activities of daily living based on the individual’s needs. Subjects were encouraged to work at 

80% of their max and received intense motivation and feedback in this group. The BIG comes 

from LSVT-BIG, which is the Lee Silverman Voice Treatment, and focuses on making 

movements large to get people with PD better adapted to making larger movements in everyday 

life. The HOME group received one hour of instruction with exercises such as stretching, high-

amplitude movements, and workouts for muscular power and posture. Each group was 

encouraged to exercise regularly at home. 

 The Unified Parkinson’s Disease Rating Scale (UPDRS), PDQ-39 (a quality-of-life 

scale), TUG (timed up and go test), and the time to walk 10 meters were the outcomes assessed. 

Researchers assessed subjects from baseline to 16 weeks into the study. The BIG group 

improved their motor performance on the UPDRS motor score, and results were clinically 

relevant. The HOME and WALK groups did not improve their motor scores. The TUG and 10-

meter walk tests also improved with the BIG group. No significant changes were observed in the 

PDQ-39 scores (Ebersbach, Ebersbach, & Edler et al., 2010).  
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People with PD have abnormal cortical oscillations (brainwaves). A group of researchers 

used tACS (transcranial Alternating Current Stimulation), which is a form of neurostimulation 

and modulates brain oscillations, which impact behavior, in conjunction with physical therapy. A 

sinusoidal pattern is applied to the scalp and a low intensity alternating current is sent through to 

the brain, a non-invasive stimulation. Fifteen subjects, who were all diagnosed with PD within 

the past five years and the causes were idiopathic (unknown), participated in this study. They 

performed relaxation exercises, active joint mobilization, stretching exercises, strengthening 

exercises (for function), balance training, overground gait training, and machine exercises. 

Subjects underwent two weeks (five days/week) sessions of tACS or transcranial noise 

stimulation (tRNS) then 1-hour of physical therapy immediately after. The study found that 

motor and cognitive function in people with mild to moderate PD improves when using physical 

therapy in conjunction with neurostimulation. Exercise also activates cortical sensorimotor areas, 

which primes the neuronal population, and tACS may also be beneficial for neurorehabilitation. 

Motor (bradykinesia had a significant reduction) and cognitive abilities improved while gait and 

posture had almost no effect (Del Felice, Castiglia, Formaggio, Cattelan, Scarpa, Manganotti, 

Tenconi, & Masiero, 2019). 

Barriers to Exercise  

Short-term benefits are well documented in people with PD who exercise, however, the 

long-term benefits are not well documented. A sedentary lifestyle and lack of adherence to 

exercise contribute to the challenge of documenting long-term benefits. For older adults, barriers 

to exercise include lack of interest, poor health, weakness, fear of falling, pain, bad weather, time 

constraints, and limited access to exercise resources. Low outcome expectation from exercise 

(meaning that people did not expect to benefit from exercise) and poor exercise adherence were 
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associated with older adults who have balance issues and were discharged from physical therapy. 

People with PD may experience the same barriers as those of older adults, but some barriers may 

be more relevant to the disease. Fear of falling, for example, may be important because studies 

have demonstrated an association between fear of falling and restricted activity in people with 

PD. They may also have a low outcome expectation due to the progressive nature of the disease. 

Neurologists do not recommend exercise to people with PD when in the early stages, which 

could lead people to believe that it will not benefit them (Ellis, Boudreau, DeAngelis, Brown, 

Cavanaugh, Earhart, Ford, Foreman, & Dibble, 2013). 

         A parent longitudinal study examined a cohort of people with PD for two years and were 

examined every six months. Two hundred sixty participants were recruited who had idiopathic 

PD, over the age of 40, and were community dwelling (but not institutionalized). Participants 

were divided into exercise and nonexercise groups. Participants indicated their current level of 

exercise, ranging from no exercise at all to exercising on a regular basis for at least six months. 

The exercise group included people who exercised regularly while the nonexercise group 

included people who did not exercise. Researchers used scales to determine the levels of physical 

activity of their participants and were able to determine barriers based on a questionnaire (Ellis, 

Boudreau, & DeAngelis, et al., 2013). 

Researchers found the nonexercised group presented barriers including low outcome 

expectation, tightness in chest, lack of time, perceived health, discomfort with exercise, 

depression, bad weather, and fear of falling. The biggest barriers were low outcome expectation, 

lack of time, and fear of falling. The exercise group presented the same barriers, but to a lesser 

degree. These barriers can be modified to where people with PD no longer feel that they are 

barriers. Education is one way to help people break down the barrier that exercise will not 
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benefit them. Cognitive-behavioral strategies are another way to modify these barriers. Goal 

setting, relapse prevention training, and giving feedback can increase regular exercise 

participation for older adults more than education or instruction. Lack of time may be addressed 

by prioritizing exercise as part of a daily routine. People with PD have a greater fear of falling 

than healthy adults. To combat this fear, education is useful. Education can allow them to assess 

their real risk of falling and evaluate the safety factors in their environment. Increasing self-

confidence may help, as being successful in daily mobility tasks from an exercise program 

allows recognition of the ability to move without falling (Ellis, Boudreau, & DeAngelis, et al., 

2013). 

Methods 

 Exercise is beneficial to people with PD and can improve symptoms associated with the 

disease. Balance, strength, and functional mobility often improve with an exercise intervention. 

Research Design 

 This is a case study exercise intervention. The intervention is 12 weeks in duration and 

the subject will be tested pre-, mid-, and post-intervention.  

Subject 

 One subject with PD (male, age 68, height of 5’ 8 and weight of 194 lbs.) was recruited 

for the study. The subject was diagnosed with idiopathic PD 26 years ago in 1996, before the age 

of 50, classifying him as a person with YOPD. Written consent was obtained prior to 

participation in the exercise intervention and this study was given IRB approval by Lenoir-

Rhyne University. The subject has mid-stage PD and current symptoms include loss of balance, 

tremor on the right side, muscle rigidity, bradykinesia, cognitive decline, difficulty eating, and 

difficulty speaking. The subject can get up without assistance, although it is difficult, and can 
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walk without an assistive device, but benefits from the use of a cane or rollator. The subject falls 

in his home on a regular basis, sometimes multiple times a day. The subject has yet to break a 

bone from a fall but has dislocated a shoulder. The main cause of the frequent falling is when he 

steps backwards and loses his balance. The subject takes PD medication to manage his 

symptoms and attended physical therapy for knee pain and balance work twice a week for four 

weeks prior to participating in the study.  

Balance and general weakness, causing difficulty for the subject when getting up from 

chairs (transfers), are two symptoms resulting from PD. Improving balance will help the subject 

catch himself and may reduce the number of falls, though falls are not one of the measured 

outcomes in the study. Improving general strength will help him transfer better and may also 

make activities of daily living easier. Test scores will be evaluated to determine if the subject 

demonstrates improvement that is clinically or statistically significant. 

Intervention 

The intervention includes cycling, balance exercises, mobility exercises, stretching for 

flexibility, and resistance/strength training. The intervention will take place during the “on” state 

of medication. The intervention will follow the FITT-VP model (Frequency, Intensity, Type, 

Time, Variation, and Progression). Exercises will be on an A/B Day schedule for variation. The 

warmups and cooldowns will remain the same each day. The subject will begin with body weight 

and only one set to see how they do. The subject will have rest between all activities and will 

have at least one day between workouts. According to the American College of Sports Medicine, 

no physician’s clearance is required to exercise at moderate intensity if the person is categorized 

as low or moderate risk for cardiovascular disease. The subject is categorized as moderate risk 

and can therefore exercise at moderate intensity without physician’s clearance. Rating of 
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Perceived Exertion (RPE) will remain 12-14, which is categorized as “moderate” (Borg Scale – 

RPE, 2018). The subject will be supervised by at least one person (the researcher and another 

member of the household) when exercising. If certain exercises bother his back or knees, even 

with proper form, he will be advised to stop, and a different exercise will be given that works the 

same muscle group as the other exercise. See tables 1 and 2 below for exercises. 

 

Table 1 

ABA Weeks 

Weeks 1, 3, 5, 7 9, 11 Day 1- A Day 2- B Day 3- A 

Type Side taps (standing), 

heel/toe raise (with 

support), sit to stand 

from a chair, 

horizontal press/pull, 

Romanian Deadlifts 

(RDLs), planks, hook 

lying gluteal sets, and 

stationary bike 

Lunges, tandem walk, 

vertical press with 

light dumbbells, 

vertical pull with 

band, bird dogs, 

straight leg raises 

(one knee bent), 

supine quad set with 

towel, supine hip 

abduction with band, 

and stationary bike 

Side taps (standing), 

heel/toe raise (with 

support), sit to stand 

from a chair, 

horizontal press/pull, 

RDLs, planks, hook 

lying gluteal sets, and 

stationary bike  

Time (30-45 min 

total; 5-10 min for 

warmup and 

cooldown, workout 

20-30 min) 

Warmup (will remain 

the same each day): 

marching, arm 

circles, shoulder 

circles, side bends, 

trunk twists, and 

backward walking 

(focus on keeping 

balance and 

increasing step 

length). 

Workout: 1-2 sets, 

10-15 reps each. Bike 

will be 10-15 min. 

Warmup 

Workout: 1-2 sets, 

10-15 reps each. Bike 

will be 10-15 min. 

Cooldown 

Warmup 

Workout: 1-2 sets, 

10-15 reps each. Bike 

will be 10-15 min. 

Cooldown 
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Cooldown (will 

remain the same each 

day): calf stretch, 

hamstring stretch, 

piriformis stretch, 

seated spinal twist, 

child’s pose, 

arm/shoulder stretch, 

and anything else that 

may be tight. Can use 

foam roller, lacrosse 

ball, or peanut roller. 

All stretches will be 

held for 30 sec each 

and will be 2-3 sets. 

Intensity (on Borg 

RPE scale 6-20, see 

Appendix) 

12-14 12-14 12-14 

Progression Add weight to 

dumbbells, remove 

support, increase 

intensity, and/or add 

reps or sets 

Add weight to 

dumbbells, remove 

support, increase 

intensity, and/or add 

reps or sets 

Add weight to 

dumbbells, remove 

support, increase 

intensity, and/or add 

reps or sets 

 

Table 2  

BAB Weeks 

Weeks 2, 4, 6, 8, 10, 

12 

Day 1- B Day 2- A Day 3- B 

Type Lunges, tandem walk, 

vertical press with 

light dumbbells, 

vertical pull with 

band, bird dogs, 

straight leg raises 

(one knee bent), 

supine quad set with 

towel, supine hip 

Side taps (standing), 

heel/toe raise (with 

support), sit to stand 

from a chair, 

horizontal press/pull, 

RDLs, planks, hook 

lying gluteal sets, and 

stationary bike 

Lunges, tandem walk, 

vertical press with 

light dumbbells, 

vertical pull with 

band, bird dogs, 

straight leg raises 

(one knee bent), 

supine quad set with 

towel, supine hip 
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abduction with band, 

and stationary bike 

abduction with band, 

and stationary bike 

Time Warmup 

Workout: 1-2 sets, 

10-15 reps each. Bike 

will be 10-15 min. 

Cooldown 

Warmup 

Workout: 1-2 sets, 

10-15 reps each. Bike 

will be 10-15 min. 

Cooldown 

Warmup 

Workout: 1-2 sets, 

10-15 reps each. Bike 

will be 10-15 min. 

Cooldown 

Intensity 12-14 12-14 12-14 

Progression Add weight to 

dumbbells, remove 

support, increase 

intensity, and/or add 

reps or sets 

Add weight to 

dumbbells, remove 

support, increase 

intensity, and/or add 

reps or sets 

Add weight to 

dumbbells, remove 

support, increase 

intensity, and/or add 

reps or sets 

 

Performance Measures 

All performance measures will be obtained pre-, mid-, and post- 12-week intervention. 

The subject’s grip strength (GS) will be measured using a handgrip dynamometer. The subject 

will squeeze the handle with maximum strength one hand at a time for five seconds and the best 

one out of three attempts will be counted. The ideal range for a male age 65-69 is 28.2-44.0 kg 

for one hand. Anything below is considered “weak” and anything above is considered “strong” 

(Wood, 2012).  

The Berg Balance Scale (BBS) will be used to assess the subject’s balance. The scale 

consists of 14 items with scores ranging from 0-4 for each. The subject will perform various 

balance activities and scored for each. A score of 56 indicates functional balance and a score 

below 45 indicates individuals who are at risk of falling (Berg Balance Scale).  

The Sit to Stand Test (STS) assesses leg strength and endurance, and directly relates to 

the subject’s challenges standing from chairs. In the STS test, the subject must sit in a chair 

without armrests and keep arms crossed over their chest. Stands must be executed correctly and 

without using one’s hands to count. They have 30 seconds to stand up, sit back down, and repeat 
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as many times as possible. The ideal number of stands for the 65-69 age group for men is 

between 12-18. Anything above is above average and anything below is below average. A score 

of 0 is possible if they cannot stand without using their hands. A below average number indicates 

an increased risk of falls (30 Seconds Sit To Stand Test).  

The final assessment will be the Timed Up and Go Test (TUG), which measures 

functional mobility. For the TUG test, the subject will begin sitting in a chair and when 

instructed, will rise, walk three meters, turn around, walk back, and sit back in the chair. They 

will be timed and must go as fast as they safely can for the best score. They will have one 

practice run that will not count as part of the score. The subject may use an assistive device for 

this test; however, they must use that same device for any subsequent TUG tests. In people with 

PD, scores higher than 11.5 seconds indicate a higher risk of falls (Timed Up and Go, 2013).  

Data Analyses 

Percent changes from the pre-, mid-, and post-intervention measures will be used to 

determine any measurable changes in the subject’s abilities. These will determine whether the 

exercise interventions improved the subject’s balance, strength, and functional mobility. 

Results 

The subject’s baseline, six-week, and 12-week results for grip strength (GS) are 41 kg for 

the right hand (R) and 38 kg for the left hand (L), 48 kg (R) and 38 kg (L), and 42 kg (R) and 40 

kg (L), respectively. Between baseline and six-weeks, the subject’s right hand improved by 

17.1%, but from baseline to 12-weeks, it only improved by 2.4%. His left hand improved by 

5.3% from baseline to 12-weeks. See Table 3 for results. 
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The subject scored 14, 12, and then 13 for the STS test. The subject did not improve 

during this test and his scores decreased by 14.3% from baseline to six-weeks, and 7.1% from 

baseline to 12-weeks. See Table 3 for results. 

For the TUG test, the baseline, six-week, and 12-week results are 7.86 seconds, 6.22 

seconds, and 5.54 seconds, respectively. These times are without the use of the subject’s rollator. 

From baseline to six-weeks, his time improved by 20.9% and from baseline to 12-weeks, his 

time improved by 29.5%. See Table 3 for results.  

The final assessment conducted, the BBS, included scores of 45, 45, and 54. From 

baseline to 12-weeks, the subject improved his score by 20% and there was no change in scores 

between baseline and the six-week assessment. See Figure 1 for results.  
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Table 3 

Results for grip strength (GS), sit to stand (STS), and timed up and go (TUG) tests 

Test Baseline  Six-
weeks 

 12-weeks Percent Change 
from Baseline to 
12-weeks (%) 

     
GS- right (kg) 41 48 42 +2.4 

GS- left (kg) 38 38 40 +5.3 

STS (# of stands) 14 12 13 -7.1 

TUG (sec) 
 

7.86 6.22 5.54 +29.5 

     

Figure 1 

Results for Berg Balance Scale (BBS) 

 

 

 

  

40 42 44 46 48 50 52 54 56

Baseline

Six-weeks

12-weeks

BBS

BBS
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Discussion 

 The purpose of this study was to investigate the effects of a 12-week exercise protocol on 

a subject with mid-stage PD. The results, apart from the STS test, support the hypothesis that the 

exercise protocol implemented would show measurable improvement in balance and functional 

mobility.  

 Several modifications to the protocol were necessary because the subject fell and 

dislocated his left shoulder, tearing several tendons, before beginning the protocol. The subject’s 

left arm was excused from any movement that bothered his shoulder. The warmup remained 

about the same except for substituting shoulder circles for shoulder shrugs, as the subject was 

unable to do shoulder circles without doing arm circles, which was already included in the 

warmup. The cooldown was modified by taking out all floor stretches, including the piriformis 

stretch, seated spinal twist, and child’s pose. Instead, he did a hip stretch while sitting in a chair 

and the seated spinal twist was done in a chair instead of on the floor. A quadricep/hip flexor 

stretch was added to keep the cooldown the same number of stretches.  

 The workout was also modified by taking out all floor exercises. The first two sessions 

included the floor exercises, but by the third session, the exercises were replaced with sitting and 

standing exercises because the subject had a difficult time getting up and down from the floor 

and laying on his back bothered his left shoulder. From the original methods, planks were 

replaced with crunches and then with standing side bends, standing hip circles replaced hook 

lying gluteal sets, bird dogs were replaced with bicycle kicks and then with wide crunches, knee 

extensions replaced lying straight leg raises, quarter squats replaced supine quad sets, and 

straight leg abductions replaced supine hip abductions.  
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Grip strength improved on both the right and the left hands from baseline to 12-weeks. 

The subject’s scores indicate normal grip strength for both hands, but his right hand indicated a 

strong grip from the six-week assessment. His left hand improved more from baseline to 12-

weeks, however, the right hand improved the most from baseline to six-weeks. The subject is 

right-handed, and it was expected to improve the most due to most exercises being performed 

with the right hand only. Adjustments were made to accommodate for his lack of mobility in his 

left arm. Exercises such as the vertical and horizontal press/pull were done only on the right side, 

while his left hand squeezed a tennis ball. He was able to hold a dumbbell in his left hand for 

side bends and side crunches because it did not involve any movement of his arm.  

His grip strength likely improved because of the arm exercises and exercises where he 

had to hold onto weights. His right hand likely improved the most by the six-week mark because 

that was the arm that could do more exercises, however, by the 12th week, his activity was 

limited due to having surgery on his face (unrelated to any previous falls). The final week was 

limited to balance exercises and tennis ball squeezes for both hands. This could have affected his 

grip strength on his right hand because he was not exercising to the same extent as the previous 

weeks. The measured improvement could be due to the CNS being retrained to activate neurons 

maximally and quickly. Glendinning (1997) suggested that strength training could do that for 

people with PD, as it takes more effort for them to activate their motor neurons. The subject’s 

improvements could also be from his muscular hypertrophy, especially by the 12-week mark.  

The STS test was the only test that did not demonstrate any improvement. His scores 

remained in the average range for his age, despite the chair used for the test being a couple 

inches short of the standard protocol. He scored a 13 for the 12-week assessment on the same 

chair that was used for the previous tests but scored a 14, the same score as the baseline, when 
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using the higher chair. A score of 12 and higher does not indicate a higher risk of falls. His lower 

score would not be because of the chair because the same chair was used for all three 

assessments. The subject was convinced he would score higher if he tested in a higher chair. 

After completing the test with the same chair from the two previous tests, the subject tried the 

test with a slightly higher chair. He scored one point higher (the same score as baseline) than 

with the lower chair. People with PD have their ups and downs from day to day, and it is 

possible that he was tested on a day when he did not feel as good. The baseline test day was a 

notably good day for the subject, as he indicated it was the best he had felt since before his fall. 

The six-week assessment day was an “average” day for the subject. On the final assessment day, 

the subject reported feeling unsteady and felt like he needed to rest before beginning his 

assessments. His medication was in the “on” state, however, the subject did not feel like it was. 

He also had not eaten anything all day and ate a small snack and drank some juice right before 

the tests. It is possible that he was feeling weak during his assessments, and that may have 

contributed to his lower score for this assessment. The lower score could also be because his first 

test was on a very good day while his next two tests were on average or below-average days.  

It was expected that the subject would score higher on the STS test after the protocol 

because he practiced sit to stands once or twice a week and it included holding weights. 

Testimony from his family say that he was able to stand up from chairs more easily during the 

12-week protocol than before. The subject also said he felt stronger overall.  

 The TUG test demonstrated a large measurable improvement in the subject’s time. His 

baseline time did not indicate an increased risk of falls, despite his frequent falls before 

beginning the protocol, and his times improved at each assessment. He tested both with and 

without his rollator, but his times were much faster without the rollator and those times were the 
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focus. The TUG test improvement is consistent with what Ebersbach, Ebersbach, and Edler et al. 

(2010) found with their subjects in the one-to-one training group, who were assessed with the 

TUG test and 10-meter walk test. The faster TUG test times could be due to the protocol 

addressing functional mobility and included cycling. Balance exercises could have also helped 

because the subject must have the balance to turn around quickly and walk back to the chair 

during the test. The subject’s confidence could have also influenced his time because after his 

baseline test, he knew what to expect and would try to go faster.  

 The BBS also demonstrated large measurable improvement in scores from baseline to 12-

weeks. His baseline and six-week scores were 45, which is not considered at risk for falls, 

however, it is on the threshold as anything below 45 indicates a greater risk of falling. Because 

the subject has a history of falls, he was still considered at risk based on his score. A change of 

four points is needed to be 95% confident that true change has occurred (Berg Balance Scale). 

The subject had a change of nine points, indicating true change. His scores were near perfect, 54 

out of 56, and he improved on all the items he previously lost points on. These findings are 

consistent with what Shen and Mak (2011) and Toole, Hirsch, and Forkink et al. (2000) found in 

their balance and strength programs, as their subjects improved their balance. The subject’s 

improvement could be partially attributed to a modification made in the protocol after the six-

week assessment. The tandem walk was switched with a tandem hold for 30 seconds and a single 

leg hold for 30 seconds each leg was added to the warmup because those were two items the 

subject struggled the most with. His scores remained the same from baseline to six-weeks, which 

could be because he needed more balance training (either more than three times a week for six 

weeks or needed it more frequently during the week) to make an impact on his scores. His scores 

could have also improved because the final week was the week his activity was limited. All three 
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sessions that week focused more on balance and that may have been enough to help him. While 

there were balance exercises on both A and B days, they were each different and did not 

constitute the entire session. The final week took balance exercises from both days and combined 

them into one session.  

 Testimony from the subject and his family say his balance improved greatly and they can 

tell a difference from before he started exercising. Even though falls data was not collected as 

part of this case study, the subject reported reduced incidence of falls. He still experienced falls 

throughout the study, but nothing major. He reports an improved ability to maneuver and prevent 

himself from falling when he starts to lose his balance. He also reports having learned to take 

larger steps when walking backwards, as opposed to his previous habit of  taking small steps and 

then shuffling, which often led to falls.  

 This study suggests that even people with mid-stage PD can improve their functional 

mobility and balance with the right exercise program. These results are also applicable to other 

people with PD; however, exercise protocols must be tailored to the individual and their needs 

because what works for one person may not work for another. This protocol addressed the 

subject’s deficiencies, including backwards walking, single leg stand, and tandem hold. It also 

included general strength with free weights and aerobic fitness with a stationary bike. The 

subject is also mid-stage PD, so people who are earlier on in the disease may have fewer 

limitations and could work at higher intensities and possibly see more improvements. There is 

also a possibility that exercise could slow the progression of the disease, as Goodwin, Richards, 

and Taylor et al. (2008) suggest. People in later disease stages may not experience the same 

benefits as others, however exercise may still be beneficial.  
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 Another group this study is relevant to are insurance providers, as they are the ones who 

decide how much therapy they will cover for a patient. People with PT may be recommended 

therapy, especially if they experience a fall and end up in the hospital or a nursing home. 

Physical therapists may work with patients on balance and functional mobility and may 

recognize that their patient needs therapy for more than the allotted time. Insurance providers 

need to understand that therapy and exercise is beneficial to patients, but for some, it may take 

more than six weeks to see improvement.  

 Other than this study being tailored to a specific person, another limitation is that this is a 

case study with one subject. A larger number of subjects could demonstrate the effectiveness of 

the protocol and/or show individual differences if the population is diverse (different stages, 

symptoms). A larger number of subjects would also increase the study’s external validity.  

 Future research should look at long-term exercise plans (>12 weeks) and any lasting 

effects if exercise is halted. Long-term interventions may have more benefits for people with PD 

but may also show a ceiling effect in terms of symptom relief. Another future research study 

could include people of all stages of PD, each with similar protocols based on the subjects’ 

abilities, to see if the stage affects their rate of improvement.  
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