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ABSTRACT

Physical activity levels of people with chronic neurological disorders are lower than those of healthy people. Problems in neuro-
logical disorders, including gait abnormalities, muscle weakness/loss of strength, spasticity, tremor, fatigue, balance disorder, and
incontinence, results in lower physical activity level. After determining the situations that are contraindicated for physical activity,
the patients should be evaluated by physiotherapists, and possible risks that may occur should be determined. Many studies
have demonstrated that physical activity significantly reduces mortality and morbidity, increases community participation, and
improves health-related quality of life. These benefits show that increased physical activity and exercise should be part of the
standard management of neurological disorders. In these patients, physical activity programs should be structured individually by
providing appropriate environmental conditions and safety, following the assessment of the functional status and severity of the
disease. The duration, intensity, and type of planned physical activity should be adjusted individually; Appropriate rest intervals
should be given during the activity, and termination criteria should be determined according to individual tolerance. This literature
review aims to provide an up-to-date overview of physical activity recommendations for individuals with chronic neurological
disorders.
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INTRODUCTION
People with neurological disorders (stroke, multiple sclerosis ~ Numerous types of research have indicated the significant ben-
efits of exercise and PA in reducing mortality and morbidity, in-

creasing social participation, and improving health-related qual-
ity of life, emphasizing that increasing exercise and PA should be
a part of the standard management of neurological disorders. 3>
However, people with neurological disorders may not be able to
participate sufficiently in leisure physical activities and behave
more inactively during work and home activities. The most im-
portant reasons for avoiding PA in people with neurological
problems are shown as health concerns or limitations, symptom

(MS), Parkinson’s disease, spinal cord injury (SCI), Alzheimer’s
disease, etc.) have no obstacles to mechanically performing
fundamental body movements such as walking, speaking, and
grasping. However, they have difficulty performing these move-
ments due to the damage of the disease to the nervous system.
"In addition, neurological disorders such as gait abnormalities
and muscle weakness/loss of strength, spasticity, tremor, fatigue,
coordination/balance disorder, and incontinence in individuals

Wit_h .chronic neurological disc?rders also s.erious.ly affect physical severity, pre-existing comorbid conditions, hospitalizations,
activity (PA). **“Decreased PA in people with various neurological - |earning or cognitive problems, societal and environmental fac-
disorders may cause a loss of independence during the disease. tors, insufficient time, risk of injury, lack of self-efficacy, insuffi-
Also, this situation initiates a cycle that will accelerate the wors-  cjent energy and motivation, and high prevalence of fatigue.

ening and progression of disability independently of progressive 67 There is an important relationship between PA and physical
disease processes, resulting in a deterioration of health-related fitness, which affects health outcomes. 8 A summary of this rela-
quality of life.? tionship is presented in Figure 1.
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Figure 1.The relationship between physical health and physical
fitness and effective factors
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The Importance of Physical Activity in Neurological Disorders
Regular PA, which has an important role in preventing the pro-
gression of neurological disorders, has been shown to have
positive effects on metabolic disorders which are risk factors for
neural system involvement. Regular PA increases the resistance
of cells, tissues, and organs to oxidative stress and regulates en-
ergy metabolism. It also provides vascularization and neurotro-
phin synthesis. All of the listed effects are important inducers of
muscle growth. ° It is known that the neurotrophin brain-derived
neurotrophic factor (BDNF) is responsible for regulating the ben-
eficial effects of PA on cognitive functions. '° It has been demon-
strated that moderate and vigorous PA significantly increases
BDNF levels. BDNF exists in two forms in the hippocampus re-

Main Points:

« Measuring physical activity (PA), and especially mobility, lets
clinicians figure out a patient’s functional capability and de-
termine treatment or prognosis. Therefore, PA evaluation is
one of the important sub-parameters in planning the reha-
bilitation program.

- Before starting any PA program, patients with neurological
disorders should be evaluated by a specialist physiotherapist
and risk screening should be performed.

« Regular PA can help improve cognitive function by stimulat-
ing the brain, it improves cognitive capacity with the vessel
and neuron formation in certain regions of the brain. Thus
the risk of developing neurological disorders such as Parkin-
son’s and Alzheimer’s could be decreased with regular PA.

+ Regular PA and exercise (aerobic and strength training) have
been shown to be beneficial at all stages of recovery and help
the management of risk factors in neurological disorders.

- For people with neurological disorders, 150 minutes of mod-
erate-intensity exercise for 10 minutes or longer is recom-
mended as aerobic exercise. Progressive muscle-strengthen-
ing activities that involve major muscle groups of the body
are to be 2 or more days per week.
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gion and has a very important role in neuroplasticity, neurogen-
esis, and neuron preservation. It has a very important place in the
recovery of motor movements after neurodegenerative diseases.
' Significant evidence from neuroimaging studies in humans in-
dicates that PA promotes structural and functional adaptations
in motor and cognitive pathways by improving neuroplasticity
(the brain’s capacity to change and adapt), both in old age and
following brain lesions.

Recent studies in the literature have discovered a strong link
between PA and preventing or delaying neurodegenerative
symptoms. These studies have demonstrated the role of PA in
preventing or delaying the deterioration of motor abilities and
mental capacity in patients suffering from many neuro-diseases
such as MS and Alzheimer’s.*There are shown that PA that offers
brain protective effects can be applied to provide endogenous
neuroprotection in patients with stroke and act as prototypical
preconditioning stimuli that are safe treatment alternatives in
other studies. *'* Treadmill training, which is among the types
of PA, has become a special focus in trying to understand the
effects of PA on neurological disorders in the literature. There is
evidence to recommend that prolonged treadmill training for a
total of 4 or more weeks, usually involving 3 to 5 sessions per
week (30-40 min), leads to motor development and regulation
of neurotrophic factor expressions associated with a rise in cell
number and the process of generating functional neurons (neu-
rogenesis). Aerobic exercise causes suppression of programmed
cell death, a rise in anti-inflammatory cytokine levels, and in-
creases vascularity. '6-'8

Physical Activity Evaluation in Neurological Disorders
Measuring PA, and especially mobility, lets clinicians figure out a
patient’s functional capability and determine treatment or prog-
nosis. In the literature, questionnaires, scales, activity diaries, and
wearable monitors are used in the evaluation of PA in neurolog-
ical patients.

3.1.QuestionnaireandScalesforAssessmentofPhysicalActivity:
Questionnaires and scales are frequently used in PA assessments
in people with neurological disorders. Among these question-
naires, the most commonly used are the Physical Activity and
Disability Questionnaire-Revised and the Godin Leisure-Time
Exercise Questionnaire. 1%

The Physical Activity and Disability Questionnaire-Revised
(PADS-R): It is a questionnaire that evaluates PA conceptually and
psychometrically in people with neurological disorders. ™

Godin Leisure-Time Exercise Questionnaire: The questionnaire
developed by Godin is aimed at investigating the general ac-
tivity habits of the subjects rather than questioning them for a
certain period. These PA habits try to be defined with a few short
questions. The questions are aimed at determining the weekly
frequency of activities that get the heart rate up (vigorous exer-
cises), non-strenuous (moderate-intensity exercises), and activi-
ties that require the least effort (light exercises). The questions in
the other part are about the frequency of activities that are long
enough to result in sweating.

98



929

Eur ) Ther. 2023;29(1):97-102

Aktas Turgut B et al. Physical activity and neurological disorders

Table 1. Physical activity/Exercise type, frequency, duration, and intensity for patients with neurological disorders

Physical Activity/Exercise Type Frequency

Aerobic Exercises:

- Major muscle activities (e.g. walking,
cycling ergometry, treadmill, arm ergom-
etry), functional activities

3-4 days/week

Duration Intensity
20-60 min. / session | 40-70% of VO2 reserve or
(or multiple 10-minute | heart rate reserve; 55-80% of

sessions); 5-10 minute | maximum Heart Rate
warm-up and cool-down

activities

Muscle Strength/Endurance Exercises:
- Resistance training of upper-lower ex-
tremities and trunk using free weights,
elastic bands, spring coils

- Circuit training

- Functional mobility

2-3 days/week

1-3 sets of 8-10 exercis-
es involving major muscle
groups; 10-15 reps.

50-80% of maximum 1 repe-
tition; Resistance is gradually
increased over time as endur-
ance allows

Flexibility Exercises:
- Stretching exercises (trunk, upper and
lower extremities)

2-3 days/week

Static stretches: hold for
10-30 seconds; Before or
after aerobic or strength
training

Within the normal range of
motion

Neuromuscular Exercises:

- Balance and coordination activities, tai
chi, yoga

- Recreational activities

- Active play video games and interactive
computer games

2-3 days/week

Use as a complement to | Balance exercises should be of
aerobics, strength/endur- | high intensity (progressively
ance training, and stretch- | challenging)

ing activities

Activity Logs

An activity log is a document that describes how, where and
when time is spent. One of the most effective ways to identify
where time is wasted is to keep an activity diary. Thus, after an-
alyzing the activity logs of people with neurological disorders,
they can be directed to do more effective PA by using time more
efficiently. 2

3.3. Wearable monitors

Pedometers, accelerometers, multisensor systems, and smart-
phone accelerometer are used as wearable monitors to measure
PA in people with neurological disorders. ¥ Pedometers have
the lowest evidence value for use as a tool for exercise prescrib-
ing and assessing PA levels in individuals. 2 Accelerometers de-
tect acceleration in one, two, or three directions. These devices
allow the determination of the amount and intensity of motion.
2 Multisensor systems combine with other sensors such as ac-
celerometers that measure data such as heart rate, galvanic skin
response, or temperature, providing more data based on PA
estimates. 222 A review study, shows that among the wearable
monitors, biaxial or triaxial accelerometer type tools worn on the
ankle provide the most proper measurement for the group with
neurological disorders. 2 Smartphone accelerometer provides
better mobility and disability predictions for both healthy and
mobility impaired. Because there is no need for an additional
device, the smartphone accelerometer is a more useful, accessi-
ble, and accurate device for measuring real-life mobilization for
healthy individuals and individuals with chronic disorders. 2

4. Physical Activity Recommendations in Neurological Disor-
ders

When the literature is examined, flexibility, aerobic, muscle
strength/endurance, and neuromuscular exercises are listed
among the PA recommendations for people with neurological
disorders. Aerobic exercises include large muscle activities and
functional activities. Muscle strength/endurance exercises com-
prise trunk using free weights, resistance training of upper-lower
extremities, functional mobility, and circuit training. The neuro-
muscular exercises include balance/coordination exercises, tai
chi, pilates, yoga, recreational activities, the active play of video
games, and interactive computer games. 2#?* The frequency, du-
ration, and intensities of these PA/exercise types are shown in
Table 1 below.

4.1. Stroke and Physical Activity

Stroke is a clinical picture that can range from loss of motor con-
trol and sensory function, balance problems, speech, and cogni-
tive function loss, and visual disturbances to coma, which occurs
when cerebral blood flow suddenly decreases or stops. %

Physical activity in stroke lowers blood pressure, body weight,
and pulse rate. It raises HDL cholesterol. It lowers LDL cholesterol
and improves glucose tolerance by reducing insulin sensitivity.
While PA reduces the risk of stroke, it accelerates functional re-
covery after stroke. 7

One ofthereasons for the decrease in PA in individuals with stroke
is the inability to understand its importance, and the other is the
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factors that individuals perceive as barriers to PA participation.®
In addition to psychological and social factors (self-efficacy, be-
liefs about PA, and social support) physical and environmental
factors (lack of professional support and follow-up, transporta-
tion difficulties, lack of control, and negative effects) have been
reported to be perceived as barriers to PA participation in stroke
individuals. Along with all these factors, the individual’s function-
al and motor involvement also affects PA participation but this
does not fully explain it. The level of improvement perceived by
the individual also plays an important role in adaptation to social
life and participation in PA. %

Physical activities including walking, treadmill, stationary bicy-
cle, and bicycle ergometer can be selected as aerobic exercise
types in stroke patients. According to the physical fitness level of
the patient, it is recommended that each session should be 20-
60 minutes (maybe in 10-minute sets during the day) at 50-80%
of the max. heart rate 3-7 days a week. Programs should include
warm-up and cool-down periods, and vital signs should be mon-
itored during activities. 23

4.2, Multiple Sclerosis (MS) and Physical Activity

The most common autoimmune disease of the central nervous
system is multiple sclerosis. 3* MS which is a progressive disease
reveals a wide variety of symptoms that vary from person to
person. Physical activity is recommended because it can con-
trol the symptoms and improve muscle function, aerobic fitness,
mobility, and quality of life. Problems such as pain, fatigue, heat
sensitivity, and lack of knowledge about PA cause a decrease in
PA levels of individuals with MS in the post-diagnosis period, and
only less than 20% of patients can reach the recommended PA
level. 3> Also MS patients often choose not to do PA to avoid fa-
tigue and body temperature rise. 3

Participation in PA is one of the most debated topics in the MS
literature, and there is a lot of evidence showing the positive ef-
fects of structured PA studies including exercise on balance, fa-
tigue, depression, aerobic capacity, muscle strength, and quality
of life in individuals with MS. 3>¥*The general recommendation
is to perform 30 minutes of moderate-intensity aerobic activi-
ty 2 times a week and strengthening exercises involving major
muscle groups 2 times a week, depending on the condition of
the disease. ¥ Gradual exercise is recommended to cope with
fatigue, and over time the fatigue experienced may decrease. A
warm shower after exercise, a cooling suit, air conditioning, or a
sunscreen hat can help with heat intolerance. ¥

A study in individuals with MS showed that self-efficacy is not di-
rectly related to PA, but indirectly to goals, barriers, and outcome
expectations, providing additional support to social cognitive
theory. This study suggests that components of social cognitive
theory should address PA involvement and intervention.

4.3. Parkinson and Physical Activity

Parkinson’s disease develops due to the loss of neurons in the
substantia nigra from the basal ganglia, the globus pallidus, and
the subthalamic nucleus, and the deterioration of the connec-
tion between these structures and the motor cortex. * Parkin-
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son's patients have deficiencies at the level of body functions
and structures, including tremor, rigidity, bradykinesia, difficulty
getting out of bed, and loss of postural control, leading to activ-
ity limitations (dressing, getting up from a chair, and walking).
These limitations lead to fear of falling, reduced participation in
PA, and reduced quality of life. “°

Various forms of exercise or physiotherapy can maintain and im-
prove mobility by improving daily functioning and decreasing
the risk of falls and related injuries. Therefore, early post-diag-
nosis interventions to promote PA should focus on strength and
balance to prevent future falls. A study comparing PA levels in
older adults with individuals with Parkinson’s found that individ-
uals with Parkinson’s are about one-third less active than older
adults. ¥

A cross-sectional study of 260 Parkinson’s patients showed that
participants with high self-efficacy were more likely to exercise
regularly than those with low self-efficacy. *?

4.4. Spinal Cord Injury and Physical Activity

A spinal cord injury overthrows the connections between the
brain and the region distal to the injury. This will proportionally
affect the individual’s ability to be physically active, depending
on the level of SCI. A high level of spinal cord injury with com-
plete tetraplegia can make the patient completely dependent on
caregivers. So basic PA of these people may be limited to passive
movements and stretching made to reduce complications.*

However, an exercise program that addresses how aerobic fit-
ness, muscle strength, coordination, and balance can be im-
proved for lower or incomplete SCI should be created individu-
ally. This process should be planned, directed, and managed by
expert physiotherapists. The patient and caregivers should be
encouraged to continue the physiotherapy program for a long
time. *

Increased levels of PA in people with SCI significantly decreased
fatigue, anxiety, depression, and lower exercise self-efficacy
compared to non-disabled controls. Because PA can raise the
quality of life for people with SCI, poor exercise self-efficacy is
considered a modifiable factor of PA behavior change, especially
in this population. Therefore, it is crucial to improve strategies
with the capacity to high exercise self-efficacy to increase PA par-
ticipation and achieve improvements in quality of life. 4-4¢

4.5. Alzheimer’s and Physical Activity

Alzheimer’s is a chronic progressive disease in which cognitive
dysfunction, psychiatric symptoms and behavioral disorders,
and difficulties in performing activities of daily living are ex-
perienced. ¥ In studies investigating the effectiveness of PA in
patients with cognitive disabilities, it has been stated that indi-
viduals with mild and moderate cognitive problems have im-
provements in their general functional levels similar to healthy
individuals.“® According to a review describing the relationship
between improvement in cognitive functions and exercise; there
is evidence that PA and exercise have positive effects on cogni-
tive effects, executive functions, memory, attention, and com-
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munication in Alzheimer’s patients. * However, despite the lack
of consensus on applied exercise programs, numerous studies
have shown that endurance, balance, and strength exercises can
be beneficial. 4%

CONCLUSION

When creating PA programs for people with neurological dis-
orders, it is possible to refer to clinical practice by including the
points to be considered. This review examines the importance
of PA levels, PA assessments, and exercise recommendations in
different neurological disorder groups (Stroke, Multiple Sclero-
sis (MS), Parkinson’s disease, Spinal Cord Injury (SCl), and Alz-
heimer’s disease. Multicomponent aerobic training involving
strength, and balance exercises induce crucial beneficial effects
on health. Therefore, considering the neurodegenerative feature
of neurological disorder, we believe that PA is very important to
avoid the progression of both cognitive and motor symptoms of
the disease. Physical activity programs should be included in the
treatment program of the neurological disorders group.

Comprehensive studies are needed to establish standard proto-
cols and to understand the mechanisms by which PA produces
positive effects. However, PA can be overlooked by most people,
including those with neurological disorders.

Within the scope of our review, we think that it will raise aware-
ness about increasing PA by emphasizing the importance of PA
in the group with neurological disorders. Our review also could
be an up-to-date guide that can be used to increase PA in the
group with neurological disorders.

For this reason, it is recommended to do regular PA as a preven-
tive measure without having a neurological disorders. In addi-
tion, many beneficial effects of regular PA are found in individ-
uals with neurological disorders diagnoses. We suggest further
studies that show the positive effects of PA on body systems and
encourage doing it by separating people with neurological dis-
orders into specific groups.

Funding: No funding

Competing interest for all authors: The authors declare that they
have no relevant conflict of interest.

Author’s contributions: BAT: researched the literature, wrote the article,
IN: critised and edited the paper

REFERENCES

1-  Fidan U, Ozkan N. Design and Implementation of Measure-
ment and Exercise System with Kinect Sensor for Neurolog-
ical Rehabilitation. Afyon Kocatepe University Journal of
Sciences and Engineering. 2018;18:727-33.

2-  Giggins OM, Clay |, Walsh L. Physical Activity Monitoring in
Patients with Neurological Disorders: A Review of Novel
Body-Worn Devices. Digital biomarkers. 2017;1(1):14-42.

3-  Block VAJ, Pitsch E, Tahir P, Cree BAC, Allen DD, Gelfand JM.
Remote Physical Activity Monitoring in Neurological Dis-
ease: A Systematic Review. PloS one. 2016;11(4):e0154335.

4-  Nonnekes J, Goselink RJM, Rdzicka E, Fasano A, Nutt JG, Blo-

Aktas Turgut B et al. Physical activity and neurological disorders

10-

11-

12-

13-

15-

16-

17-

18-

em BR. Neurological disorders of gait, balance and posture:
a sign-based approach. Nat Rev Neurol. 2018;14(3):183-189.
doi:10.1038/nrneurol.2017.178.

Brunjes DL, Kennel PJ, Christian Schulze P. Exercise capac-
ity, physical activity, and morbidity. Heart failure reviews.
2017;22(2):133-9.

Salbach NM, Howe J-A, Baldry D, Merali S, Munce SEP. Con-
siderations for expanding community exercise programs
incorporating a healthcare-recreation partnership for peo-
ple with balance and mobility limitations: a mixed-methods
evaluation. BMC research notes [Internet]. 2018;11(1):214.
Available from: https://pubmed.ncbi.nlm.nih.gov/29609662
Yurtcicek S. Fiziksel Aktivite Engelleri Olcegi'nin Tiirkce For-
munun Gegerlik Ve Guvenirlik Calismasi. The Journal of Aca-
demic Social Sciences. 2018;71:396-404.

Schmidt SCE, Tittlbach S, Bos K, et al. Different Types of
Physical Activity and Fitness and Health in Adults: An 18-
Year Longitudinal Study. BioMed Research International.
2017;2017.

Baker LD, Frank LL, Foster-Schubert K, Green PS, Wilkinson
CW, McTiernan A, et al. Effects of aerobic exercise on mild
cognitive impairment: a controlled trial. Archives of neurol-
ogy. 2010;67(1):71-9.

Huang T, Larsen KT, Ried-Larsen M, Mgller NC, Andersen LB.
The effects of physical activity and exercise on brain-derived
neurotrophic factor in healthy humans: A review. Scand J
Med Sci Sports. 2014;24(1):1-10. doi:10.1111/sms.12069.
Inoue T, Ninuma S, Hayashi M, Okuda A, Asaka T, Maejima
H. Effects of longterm exercise and low-level inhibition of
GABAergic synapses on motor control and the expression of
BDNF in the motor related cortex. Neurol. Res. 2018;40(1):18-
25.

Taniwaki T, Okayama A, Yoshiura T, Togao O, Nakamura Y,
Yamasaki T, et al. Age-related alterations of the functional
interactions within the basal ganglia and cerebellar motor
loops in vivo. Neurolmage. 2007;36(4):1263-76.

Toman J, Klimova B, Vali§ M. Multidomain Lifestyle Inter-
vention Strategies for the Delay of Cognitive Impairment in
Healthy Aging. Nutrients. 2018;10(10).

Hilton CN. Foundation The Hilton Legacy Serving Humanity
Worldwide The Hilton Legacy Serving Humanity Worldwide.
20009.

Matsuda F, Sakakima H, Yoshida Y. The effects of early ex-
ercise on brain damage and recovery after focal cerebral
infarction in rats. Acta physiologica (Oxford, England).
2011;201(2):275-87.

Kim Y-P, Kim H, Shin M-S, Chang H-K, Jang M-H, Shin M-C,
et al. Age-dependence of the effect of treadmill exercise on
cell proliferation in the dentate gyrus of rats. Neuroscience
letters. 2004 Jan;355(1-2):152-4.

Kim S-E, Ko |-G, Kim B-K, Shin M-S, Cho S, Kim C-J, et al.
Treadmill exercise prevents aging-induced failure of mem-
ory through an increase in neurogenesis and suppression of
apoptosis in rat hippocampus. Experimental gerontology.
2010;45(5):357-65.

Real CC, Ferreira AFB, Chaves-Kirsten GP, Torrdo AS, Pires RS,
Britto LRG. BDNF receptor blockade hinders the beneficial
effects of exercise in a rat model of Parkinson’s disease.
Neuroscience. 2013;237:118-29.



Eur ) Ther. 2023;29(1):97-102

20-

21-

22-

23-

24-

25-

26-

28-

29-

30-

31-

32-

33-

Kayes NM, Schluter PJ, McPherson KM, Taylor D, Kolt GS. The
Physical Activity and Disability Survey—Revised (PADS-R):
an evaluation of a measure of physical activity in people
with chronic neurological conditions. Clinical rehabilitation.
2009;23(6):534-43.

Shephard R. Godin leisure-time exercise questionnaire. Med
Sci Sports Exerc. 1997;29(6): S36-8.

Kayes NM, Schluter PJ, McPherson KM, Taylor D, Kolt GS. The
Physical Activity and Disability Survey -- Revised (PADS-R):
an evaluation of a measure of physical activity in people
with chronic neurological conditions. Clinical rehabilitation.
2009;23(6):534-43.

Giggins OM, Clay |, Walsh L. Physical Activity Monitoring
in Patients with Neurological Disorders: A Review of Novel
Body-Worn Devices. Digital Biomarkers. 2017;12.

Zhai Y, Nasseri N, Pottgen J, Gezhelbash E, Heesen C, Stell-
mann J-P. Smartphone Accelerometry: A Smart and Reli-
able Measurement of Real-Life Physical Activity in Multiple
Sclerosis and Healthy Individuals. Frontiers in neurology.
2020;11:688.

World Health Organization. Who Guidelines On Physical
Activity And Sedentary Behaviour. 2020.

Kim Y, Lai B, Mehta T, Thirumalai M, Padalabalanarayanan
S, Rimmer JH, et al. Exercise Training Guidelines for Multi-
ple Sclerosis, Stroke, and Parkinson Disease: Rapid Review
and Synthesis. Am J Phys Med Rehabil. 2019;98(7):613-621.
doi:10.1097/PHM.0000000000001174.

Marque P, Gasq D, Castel-Lacanal E, De Boissezon X,
Loubinoux I. Post-stroke hemiplegia rehabilitation: Evolu-
tion of the concepts. Annals of Physical and Rehabilitation
Medicine. 2014;57(8):520-529.

Demirci Sahin A, Usti Y, Isik D. Serebrovaskdiler Hastaliklar-
da Onlenebilen Risk Faktérlerinin Yonetimi. Ankara Medical
Journal. 2015;15(2).

Nur Kolbasi E, Huseyinsinoglu BE, Bulut N. inmeli Bireylerde
Fiziksel Aktivite Katiimi Ve Algilanan lyilesme Arasindaki
iliski [Internet]. Burdur; 2018 May. Available from: https://
www.researchgate.net/publication/330224395.

Pin-Barre C, Laurin J. Physical Exercise as a Diagnostic, Re-
habilitation, and Preventive Tool: Influence on Neuroplas-
ticity and Motor Recovery after Stroke. Neural plasticity.
2015;2015:608581.

Pollock A, Baer G, Campbell P, Choo PL, Forster A, Morris J,
et al. Physical rehabilitation approaches for the recovery
of function and mobility following stroke. The Cochrane
database of systematic reviews. 2014;2014(4):CD001920-
CD001920.

TC Saghk Bakanligi. Ulusal Hastalik Yuki Galismasi. J Chem
Inf Model. 2013;(53):1689-1699.

Saunders DH, Greig CA, Young A, Mead GE. Physical fitness
training for stroke patients. Cochrane Database of System-
atic Reviews. 2004;(1).

Saunders DH, Sanderson M, Hayes S, Kilrane M, Greig CA,
Brazzelli M, et al. Physical fitness training for stroke patients.
The Cochrane database of systematic reviews. 2016;3(3):
CD003316.

Fasczewski KS, Gill DL, Rothberger SM. Physical activity mo-
tivation and benefits in people with multiple sclerosis. Dis-
ability and Rehabilitation. 2018;40(13):1517-23.

35-

36-

37-

38-

39-

40-

41-

42-

43-

44-

45-

46-

47-

Aktas Turgut B et al. Physical activity and neurological disorders

Barak S, Hutzler Y, Dubnov-Raz G, Achiron A. Physical Exer-
cise For People with Multiple Sclerosis: Effects, Recommen-
dations and Barriers. Harefuah. 2016;155(6):364-369,385.
Latimer-Cheung AE, Pilutti LA, Hicks AL, Martin Ginis KA, Fe-
nuta AM, MacKibbon KA, et al. Effects of exercise training
on fitness, mobility, fatigue, and health-related quality of life
among adults with multiple sclerosis: a systematic review to
inform guideline development. Archives of physical medi-
cine and rehabilitation. 2013;94(9):1800-1828.e3.

Petajan JH, White AT. Recommendations for Physical Activi-
ty in Patients with Multiple Sclerosis. 1999.

Suh Y, Weikert M, Dlugonski D, Balantrapu S, Motl RW. So-
cial cognitive variables as correlates of physical activity in
persons with multiple sclerosis: findings from a longitudi-
nal, observational study. Behavioral medicine (Washington,
DC). 2011;37(3):87-94.

Pankratz N, Foroud T. Genetics of Parkinson disease. Neu-
roRx. 2004;1(2):235-242. doi:10.1602/neurorx.1.2.235.
White DK, Wagenaar RC, Ellis T. Monitoring activity in indi-
viduals with Parkinson disease: a validity study. Journal of
neurologic physical therapy : JNPT. 2006;30(1):12-21.
Cavanaugh JT, Ellis TD, Earhart GM, Ford MP, Foreman KB,
Dibble LE. Capturing ambulatory activity decline in Parkin-
son’s disease. Journal of neurologic physical therapy : JNPT.
2012;36(2):51-7.

Ellis T, Cavanaugh JT, Earhart GM, Ford MP, Foreman KB,
Fredman L, et al. Factors associated with exercise behav-
ior in people with Parkinson’s disease. Physical therapy.
2011;91(12):1838-48.

Hjeltnes N. Spinal cord injury. Physical Activity in the pre-
vention and treatment of disease. Swedish National Insti-
tute of Public Health. 2010;45.

Craig A, Tran Y, Wijesuriya N, Middleton J. Fatigue and tired-
ness in people with spinal cord injury. Journal of psychoso-
matic research. 2012;73(3):205-10.

Charlifue SW, Weitzenkamp DA, Whiteneck GG. Longitudi-
nal outcomes in spinal cord injury: aging, secondary con-
ditions, and well-being. Archives of physical medicine and
rehabilitation. 1999;80(11):1429-34.

Kroll T, Kratz A, Kehn M, Jensen MP, Groah S, Ljungberg IH,
et al. Perceived exercise self-efficacy as a predictor of exer-
cise behavior in individuals aging with spinal cord injury.
American journal of physical medicine & rehabilitation.
2012;91(8):640-51.

Rao AK, Chou A, Bursley B, Smulofsky J, Jezequel J. Systemat-
ic review of the effects of exercise on activities of daily living
in people with Alzheimer’s disease. The American journal of
occupational therapy : official publication of the American
Occupational Therapy Association. 2014;68(1):50-56.

Burns A, Byrne EJ, Maurer K. Alzheimer’s disease. Lancet
(London, England). 2002;360(9327):163-5.

Eggermont L, Swaab D, Luiten P, Scherder E. Exercise, cogni-
tion, and Alzheimer’s disease: more is not necessarily better.
Neuroscience and biobehavioral reviews. 2006;30(4):562-
75.

Heyn PC, Johnson KE, Kramer AF. Endurance And Strength
Training Outcomes On Cognitively Impaired And Cognitive-
ly Intact Older Adults: A Meta-Analysis. 2008.

102



	Cover and front matter
	1-9
	10-16
	17-22
	23-31
	32-35
	36-40
	41-48
	49-54
	55-59
	60-64
	65-73
	74-80
	81-87
	88-93
	94-96
	97-102

