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A B ST R AC T  
 

Regardless of medical therapies and surgical interventions for Parkinson’s 

disease, patients develop progressive disability. The role of therapies is to 

maximize functional ability and minimize secondary complications through 

movement rehabilitation within a context of education and support for the 

whole person. The overall aim is to optimize independence, safety and 

wellbeing, thereby enhancing quality of life. Trials have shown that 

physiotherapy has short-term benefits in Parkinson’s disease. However, 

which physiotherapy intervention are most effective remains unclear. This 

article provides a guidance framework rather than a ’recipe’ for treatment. 

This review shows that a wide range of rehabilitative therapy interventions to 

treat Parkinson’s disease have been tested. There is a need for more specific 

trials with improved treatment strategies to underpin the most appropriate 

choice of therapy intervention and the outcomes measured. According to 

research in the literature, this review is of particular importance because it 

discusses many rehabilitation therapies for patients with Parkinson's disease 

in a single paper, for the first time. The aim of this review article is to evaluate 

the effectiveness of one therapy intervention compared with a second 

approach in patients with Parkinson’s disease.   
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Introduction   

Parkinson’s disease (PD) is an overwhelming disorder 

of the human nervous system and the second most frequent 

type of neurodegenerative disease [1]. Pathologically, PD 

is characterized by the presence of abnormal intra-neuronal 

aggregates of  α -synuclein, termed Lewy bodies and 

Lewy neuritis [2]. It is a chronic and progressive 

neurodegenerative condition distinguished by a 

progressive reduction of dopaminergic (DA) neurons in the 

substantia nigra pars compacta (SNc) [3]. Mechanism 

involves as L-tyrosine is converted into tyrosine-derived 

dopamine, stored in synaptic vesicles and released from the 

axon terminals, which in turn derive from a nigrostriatal 

DA neuron. This process declines very slowly in people 

with Parkinson’s. It affects about 7 million people 

worldwide [4]. About 1% of Americans older than 60 years 

and projected 4% of the oldest Americans are currently 

diagnosed with PD. This occurrence is expected to double 

by 2030 [5]. To date, age is the only proven risk factor for 

PD, the average age of early diagnosis is about 60 years old 

while a type of young onset PD can happen, and diagnosis 

also can take place later in life [6]. Some other risk factors 

such as gene polymorphism, tobacco use, alcohol and 

caffeine consumption, pesticides and history of head 

trauma, hypertension, and diabetes mellitus have been 

widely investigated, but the impact of most of these factors 

on the risk of developing PD remains uncertain [7]. The 

epidemiological studies have exposed the male sex as a 

prominent risk factor for developing PD at all ages and for 

all nationalities studied. Reports of male to female ratios 

for incidence rates differ from 1.37 to 3.7, with a large 

meta-analysis study suggesting that, in any specific  

time-frame, twice as many men than women suffer from  

PD [8-10]. 

The PD is a multi-systemic disorder that is 

characterized by a combination of motor and non-motor 

symptoms. Motor cardinal signs of PD such as 

bradykinesia with rigidity, tremor at rest, postural 

instability, difficulty in swallowing (dysphagia) & 

producing speech, as well as deterioration of muscle 

strength, cardiorespiratory fitness, performance of balance, 
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gait, and mobility tasks [4,11]. Non-motor symptoms 

associated with the disorder include sensory complaints, 

autonomic dysfunction, fatigue, apathy, sleep disturbances, 

constipation, cognitive decline (i.e., executive function) 

and depression which can often reduce patients’ quality of 

life (QoL) even more significantly than motor aspects [12]. 

Dopamine, the main neurotransmitter in short supply in the 

brains of people with PD, is also one of three 

neurotransmitters involved in depression. The other two, 

serotonin and noradrenaline, are also affected by the brain 

changes in PD. The people with PD often are classified by 

Hoehn and Yahr (H&Y) stages (from 1 to 5), with stage 1 

representing only minor symptoms and stage 5 indicating 

that the person is entirely disabled and usually is restricted 

to a bed [13]. Disability can occur at all stages of PD 

leading to decreased independence, inactivity, social 

isolation, and reduced QoL by performance of activities of 

daily living and various aspects of mobility such as gait, 

transfers, balance, and posture [14]. In the majority cases, 

there is unknown cause of the disorder (idiopathic). The 

appearance of symptoms differs among the people. Though 

there is a variety of appearance, specific subtypes with 

separate clinical features and with various suggestions for 

diagnosis have been recognized [15]. The exclusively, PD 

is distinguished into two forms: tremor predominant and 

postural instability & gait difficulty [16]. Research work 

indicated that when between 70 and 80 percent of normal 

levels of dopamine supply have been lost; the typical motor 

symptoms of Parkinson’s appear [17]. There may often be 

observed that Parkinson’s-related signs and symptoms had 

been developing over the past five, ten or even twenty 

years. The slow but continuing fall in dopamine production 

over the years accounts for the ongoing degenerative 

course of the condition. 

The PD causes problems with activities of daily living 

that are only partially treated by medication and 

occasionally surgery. Later on, the medication loses its 

effectiveness and progressing motor complications and 

other side effects (motor fluctuations, confusion, memory 

problems, and psychiatric complications) impulsive 

functional dependence and impairs QoL [18]. Thus, there 

is a convincing need for alternative therapies to improve 

function and QoL in persons with PD. Rehabilitative 

therapies such as physical therapy (PT), occupational 

therapy (OT), speech therapy as well as complementary 

therapies such as music therapy, contribute to the PD 

treatment providing better QoL to the patients [19]. 

Recently, several newly developed non-pharmacological 

therapeutic strategies, including gene therapy, cell 

replacement therapy, light therapy, deep brain stimulation 

and repetitive transcranial magnetic stimulation, have also 

been suggested to give benefits to relieve parkinsonian 

symptoms. The main objective of this review is to fill the 

gap between the researches and provide updated and 

productive information about most recent research 

reported in the last few years and can fulfill the most 

reassuring plausibility for encourage treatment of PD. This 

review also enlightens different types of rehabilitative 

therapies which are grouped into four main therapy groups: 

physical therapy, occupational therapy, specific therapies 

for specific purpose and newly developed therapies. 

Literature research was carried out by collecting recent 

data from different reviews, reports, and original articles 

on general or specific rehabilitation therapies which 

applied on patients of PD. 

Literature Search 

The authors surveyed the primary literature (Table 1) on 

physical therapy, occupational therapy, specific therapies for 

specific symptoms (speech therapy, dysphagia therapy, 

music therapy and hormone therapy), and newly developed 

non-pharmacological therapeutic strategies (gene therapy, 

stem cell therapy, light therapy, deep brain stimulation, and 

repetitive transcranial magnetic stimulation). Databases 

utilized included Science Direct, Pubmed, and EBSCO, 

Google Scholar as well as a hand search through journals 

and bibliographies was included. The search terms were: 

“Parkinson Disease” or “Parkinson’s Disease” or 

“Parkinsonism” or “Parkinsonian”, and “repetitive 

transcranial magnetic stimulation” or “rTMS” or “repetitive 

TMS” or “theta burst stimulation” or “TBS”. 

Table 1. Literature data 

Therapies Number of Selected Studies 

Physical therapy 34 

Occupational therapy 10 

Speech therapy 17 

Dysphagia therapy  9 

Music therapy 10 

Hormone therapy 13 

Gene therapy 17 

Stem cell therapy 16 

Light therapy 17 

Deep brain stimulation 18 

Repetitive transcranial 

magnetic stimulation 

19 

Discussions 

Initially, a total of 350 articles were identified, of which 

199 were selected for detailed review on various therapies. 

Trials have shown that physiotherapy has short-term 

benefits in PD. However, which therapy intervention are 

most effective remains unclear. This article provides a 

guidance framework rather than a ’recipe’ for treatment. 

This review indicates that a wide range of rehabilitative 

therapy interventions to treat PD have been tested. There is 
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a need for more specific trials with improved treatment 

strategies to support the most appropriate choice of therapy 

intervention and the outcomes measured. According to 

literature search, this narrative review has distinguishing 

importance to discuss many rehabilitative therapies for PD 

patients in one paper first time. 

Physical therapy  

Physiotherapy covers a wide range of techniques and 

its aim to increase (or maximize) movement quality, 

functional independence and general fitness while 

preventing (or minimizing) secondary complications and 

optimizing safety. As such, physical therapy (PT) includes 

support for self-management and participation in 

movement related activities [20]. Most important treatment 

strategies used by physiotherapists are exercise (like yoga, 

pilates therapy), practice and compensatory strategy 

training (i.e., cueing, treadmill, dance, material arts, 

hydrotherapy and strategies for complex motor sequences) 

[20]. Following some important physical therapies are 

given in discussion from literature. 

Exercise (Yoga) physical therapy 

Yoga is a form of exercise that may offer an alternative 

therapy to patients with PD that can be adapted to meet the 

desires of various neurological populations [21]. Various 

studies suggested that yoga resulted in modest 

improvements in functional mobility, balance, and lower-

limb strength in persons with PD [22]. This has 

implications for postural stability, gait, balance confidence, 

and functional declines related to inactivity [23]. An 

improved upper- and lower-body flexibility following 

yoga in PD patient is applicable to rigidity, shuffling gait, 

and flexed posture [24,25]. The existing data also showed 

positive outcomes for mood and sleep, demonstrating 

yoga’s benefit for self-efficacy and social support [25,26]. 

Three studies [22-24] reported significant improvements in 

balance [Berg Balance Scale (BBS), Falls Efficacy Scale] 

and one subjective report of improved balance confidence 

that accompany yoga also contributed to a reduced fear of 

falling in PD [26]. There is not enough research to provide 

strong scientific evidence for the use of yoga in PD, but 

there is no evidence suggesting it is harmful. Physical 

therapists can incorporate yoga principles into developing 

a preventative exercise program for those with 

progressively deteriorating neurological diseases such as 

PD and may improve QoL through improved function, 

which is essential to the successful management of PD. 

Pilates therapy 

Pilates is also a type of exercise therapy that is aimed 

to improve flexibility and axial stability by strengthening 

the core musculature of the body. This therapy is based on 

the performance of coordinated movement sequences 

rather than on simple repetitive movements, as in other 

exercise programs [27]. The positive effects of pilates 

therapy on balance in elderly individuals has been reported 

[28,29]. This therapy has also been found to be beneficial 

for postural stability in elderly patients with idiopathic PD 

[30]. Pandya et al. [31] suggested that pilates intervention 

with conventional balance training is more effective 

(improved functional balance, confidence level and 

functional activities in patients with Idiopathic PD) than 

conventional balance training alone. Recently, Mollinedo-

Cardalda et al. [32] reported that the group that completed 

the mat pilates program under randomized control trial 

(RCT) presented significant improvements in Body Mass 

Index (F1,21 = 3.986; p = 0.038), the 30 Second Chair Stand 

test (F1,21 = 6.716; p = 0.014), the Five Times Sit to Stand 

test (F1,21 = 5.213; p = 0.032), and the time required to 

complete the TUG dynamic balance test (F1,21 = 5.035; 

p = 0.035) [32]. The data showed mat pilates program 

performed by a sample population with PD led to 

improvements in dynamic balance, and also increased 

strength in the lower limbs, but such improvements were 

not permanent after the activity ceased. 

Hydro or Aquatic physical therapy (HPT) 

The HPT can be defined as a practice of methodologies 

and concepts in a heated pool whose objective is the kinetic 

recovery of a physically incapacitated individual [33]. The 

liquid medium with the proper hygiene and temperature 

enables the physiologic and therapeutic benefits for the PD 

patients. HPT uses the physical properties such as 

resistance noted in Archimedes’ and Pascal’s Principle 

[34]. These hydro effects are versatile and can be 

advantageous for the use of therapeutic intervention of PD 

patients. The Halliwick concept, created by James 

McMillan in England, is based on scientific principles of 

hydrodynamics and body mechanics and encourages the 

independence of the person in water [35]. The method 

developed with recreational activities in 3-stages and 10-

point teaches aquatic motor skills in a subtle way [36]. Zotz 

et al. [37] used the Halliwick Principles’ 3-phase 10-point 

methods for acquisition of aquatic motor skills. They 

observed an improvement in their ability to float in prone 

and supine positions and longitudinal rotation in the 

bipedal position, so activation of motor control improved 

the motor skills of the participants [37]. 

At present, there is no treatment that is known to be 

very effective for postural instability in PD. HPT might be 

effective for PD patients, but this has not been 

demonstrated yet. There are few studies about the effects 

of HPT on balance of patients with this disease. Andrade 

and colleague [38] assessed the effects of aquatic exercises 

in 7 patients with PD through a treatment program 

consisting on adaptation to the aquatic environment, 

stretching and static & dynamic balance exercises. The 

results showed that the 12 session of treatment promoted 

balance improvement. Vivas and others [33] compared the 

effects of HPT with conventional PT exercises on postural 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Mollinedo-Cardalda%20I%5BAuthor%5D&cauthor=true&cauthor_uid=29207899
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mollinedo-Cardalda%20I%5BAuthor%5D&cauthor=true&cauthor_uid=29207899
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stability and transfer of patients with PD. The 

11participants were randomly divided into two groups: 5 

participants in the HPT group and 6 participants in the 

conventional PT group. The groups performed the protocol 

for 4 week, 2 sessions per week, with duration of 45 

minutes each one. Both protocols, consisted on specific 

movements of the trunk, pelvis, lower limbs and upper 

limbs, divided into warm-ups, trunk mobility, postural 

stability, transfers and changes in body position. The 

protocol for HPT was associated with Halliwick method in 

water and the conventional PT was performed trough 

exercises performed on a therapeutic ball. The results 

displayed that both groups had statistically significant 

improvement in functional reach however only the HPT 

group obtained improvement in BBS and Unified 

Parkinson’s Disease Rating Scale (UPDRS) [33]. 

Likewise, Pompeu et al. [39] selected 17 patients with PD 

on stages 1-4 of H & Y scale, patients performed 36 

sessions of HPT, 40 minutes each one, during 3 months. 

There was substantial improvement on Time Up and Go 

(TUG), BBS and UPDRS after the treatment. Volpe et al. 

[40] compared HPT with traditional land-based PT and 

selected 34 patients with PD on stages 2.5-3.0 of H & Y 

scale. Patients performed 60 minutes of treatment, 5 days a 

week for 2 months. There was a better improvement in 

patients who underwent HPT than in patients treated with 

land-based therapy in the center of pressure sway area 

closed eyes, BBS, Activities-specific Balance Confidence 

Scale, Falls Efficacy Scale, PD Questionnaire-39 and falls 

diary [40]. 

Most recently, Pinto and colleague [41] identified a 

total of 19 studies including 8 RCT, 3 non‐RCT, and 8 pre‐

post studies. This meta‐analysis exhibited a moderate 

quality of evidence for positive effects of HPT combined 

or not with land‐based therapy on balance (133 patients; 

MD=2.00 [95% CI, 0.56 to 3.43; I2 0%, p=0.01]) and 

functional mobility (133 patients; MD=−1.08 [95% CI, 

−1.99 to −0.18; I2 8%, p=0.02]) [41]. However, HPT 

combined or not with land‐based therapy did not improve 

QoL (76 patients; MD=−6.35 [95% CI, −13.04 to 0.33; 

I2 7%, p=0.06]) and motor status (140 patients; MD=−1.11 

[95% CI, −3.27 to 1.04; I2 0%, p=0.31) [41]. The risk of 

bias across the included RCT was low. The data revealed 

that HPT combined or not with other therapies, may 

improve balance and functional mobility of patients with 

PD when compared to land‐based PT alone or usual care. 

The results of above studies indicated that HPT may be a 

possible treatment for balance dysfunction in PD patients 

with a moderate stage of disease, with the potential  

to improve postural stability, reducing falls rate  

in protected conditions. Further studies with a  

follow-up period are necessary in order to evaluate  

whether the balance improvement persists over time and 

which protocol of water exercises is more effective for 

balance training in PD. 

Massage therapy 

Many PD patients revolve to massage in an attempt to 

alleviate symptoms of pain and rigidity, although the 

effects of massage with respect to PD are not well studied. 

A search of the literature resulted in only seven studies that 

investigated the effect of various forms of therapeutic 

massage relating to PD patients. Among these studies, one 

study [42] investigated traditional Japanese massage 

(applied with firm pressure through the clothing), one 

study [43] examined neuromuscular therapy (described as 

direct compression of trigger points, gliding and 

lengthening strokes, and moderate compressions), and one 

study [44] explored the Alexander technique (involves 

instruction on proprioceptive awareness and focused 

concentration on muscle tone coupled with light instructive 

touch). The remainder studies inspected nonspecific 

generalized “massage” [45-48]. The above-mentioned 

Alexander technique (complementary therapy to treat PD) 

is a learned method that is believed to change movement 

habits in daily or specialized activities. Proponents of this 

technique believe that it helps patient to discover balance 

in the body and mind by releasing unnecessary muscular 

tension through a series of learned patterns and postures 

[44]. This technique is usually taught in individual or small 

group lessons in which the teacher uses many modes of 

communication including skilled hand contact, talking, 

visual aids, imitating, modeling, mirrors, and text. With 

this technique, it is possible for an individual with PD to 

cope with increased muscle tension and to improve his/her 

QoL [44]. 

Virtual physical therapy 

Virtual reality (VR), a popular alternative treatment 

method in the field of neuro-rehabilitation during last 

decade, can also be integrated into treatment for PD 

patients. VR is a computerized simulation that allows users 

to interact with images and virtual objects that appear in 

the virtual environment in real-time through multiple 

sensory modalities [49]. VR offers augmented feedback 

about performance, enables individualized repetitive 

practice of motor function, and stimulates both motor and 

cognitive processes simultaneously. One of the new 

resources available for VR is Nintendo’s Wii videogame 

and its derived products, such as Wii Fit. Its interactive 

games can help in the recovery of motor skills, working on 

one’s coordination skills, strength, and reasoning, which 

enable it to interact lucidly and rehabilitate at the same time 

[50]. Loureiro and others [51] selected six volunteers at 

intermediate level (H & Y Stage, II-III) of PD, patients of 

both sexes (65±13 years old) participated in activities 

involving Wii Fit, for a total of 12 interventions, twice per 

week. Penguin Slide, Ski Slalom, Soccer Heading and 

Table Tilt were the Wii games selected as a form of virtual 

therapy. Statistically significant differences were found in 

the following tests: Borg’s Scale (P=0.0464), Berg 
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Functional Balance Scale (p=0.0277), lateral functional 

reach to the right (p=0.0431*) and lateral functional reach 

to the left (p=0.0277) [51]. Currently, scientists [52] 

conducted a trial on 16 patients (6 females and 10 males) 

with PD, the Dizziness Handicap Inventory (DHI), BBS, 

Medical Outcomes Study 36-Item Short-Form Health 

Survey (SF-36) and the Sitting-Rising Test (SRT) were 

applied before rehabilitation (1st assessment), and after the 

20th session of rehabilitation (2nd assessment), with the 

aim of observing the post-intervention changes [52]. Final 

scoring for the DHI and BBS was better after rehabilitation. 

The SRT showed a significant result after rehabilitation. 

The SF-36 showed a significant change in the functional 

capacity for the Tightrope Walk and Ski Slalom VR games 

(p<0.05), as well as in the mental health aspect of the Ski 

Slalom game (p<0.05). The DHI and BBS showed 

significant changes in the Ski Slalom game (p<0.05). There 

was evidence of clinical improvement in patients in the 

final assessment after virtual rehabilitation. Above both 

studies suggested that exercises with VR therapy can be a 

useful tool to improve the balance in PD patients. This 

therapy provides a suitable context for learning new motor 

strategies of movement and relearning motor functions that 

have become impaired. VR also provides a safe and 

motivational environment for practice, thus making this 

therapy a useful tool for intervention in patients with 

neurodegenerative conditions such as PD [53].  

Occupational Therapy (OT) 

According to the World Federation of Occupational 

Therapists, OT is a profession concerned with promoting 

health and wellbeing through occupation. The primary 

objective of OT is to enable people to participate in the 

activities of everyday life [54]. Occupational therapists 

achieve this outcome by enabling people to do things that 

will enhance their ability to participate or by modifying 

their environment to better support participation. The 

occupational therapist focuses on enabling performance 

and engagement in meaningful activities and roles at home 

and in the community [55,56]. These activities and roles 

can be classified in activities associated to the home 

environment like self-care and functional mobility; work, 

either paid or unpaid; and leisure activities, e.g., shopping, 

visiting a restaurant or a theater [57]. Depending on the 

needs of the caregivers, the role of occupational therapist 

extends to enabling caregivers to support and supervise the 

patient in daily activities while considering their own well-

being [55,57]. Occupational therapists mainly use a mix of 

strategies including (1) application of compensatory 

strategies in daily activities (i.e., movement strategies, 

cognitive strategies and planning); (2) adaptation of tasks 

and daily routines; and (3) adaptations of the physical 

environment. 

There is currently no comprehensive, standardized, OT 

assessment or measurement tool specific to PD. In daily 

clinical practice, occupational therapists use a wide range 

of standardized and in-house assessment formats, with no 

single uniform assessment currently being used by 

occupational therapists. Three well-established models 

employed to underpin OT practice are currently considered 

appropriate for occupational therapists to use with people 

living with Parkinson’s, namely, Canadian Occupational 

Performance Measure [58], Assessment of Motor and 

Process Skills [59], and the Fatigue Impact Scale [60]. 

There is limited published information about the processes 

and techniques used by occupational therapists when 

treating people with PD. 

Collaborative approach between physical and 

occupational therapy 

Both PT and OT aim to improve functional 

independence and participation. A collaborative approach 

between PT and OT is successful when both disciplines 

focus on complementary, different aspects in both the 

assessment and interventions, while being aware of the 

instructions and strategies used by each other [57]. To 

achieve this, full awareness of each other’s expertise and 

effective and timely communication are essential [61]. 

Shared information should at least consist of the diagnostic 

results, treatment goals and the treatment plan. 

Contradictive interventions should be avoided and, when 

appropriate, treatment by physiotherapist, occupational 

therapist and other professionals should be sequenced in 

time to reduce the burden for the patient. Even though, a 

multidisciplinary approach is automatically the best 

approach, when dealing with a complex patient population 

as well as evidence for the (cost-) effectiveness of 

multidisciplinary care in PD is contradictory [62,63]. Many 

different models of multidisciplinary and interdisciplinary 

care exist, and it is unclear which of those is most effective. 

Much more work remains needed in this area. 

Specific therapies for specific symptoms 

Speech therapy  

Scientists estimate that 89% of patients with PD have 

speech and voice disorders including disorders of 

laryngeal, respiratory and articulatory function [64]. 

Despite the high incidence of speech and voice 

impairment, studies imply that only 3-4% of patients with 

PD receive speech treatment [65,66]. Perceptually, speech 

and voice in patients with PD are characterized by 

monopitch, reduced loudness, mono-loudness, breathy, 

reduced stress, imprecise articulation, hoarse voice quality, 

short rushes of speech, and hesitant and dysfluent speech 

[66]. Collectively, these speech symptoms are called 

hypokinetic dysarthria. The neural mechanisms underlying 

these voice and speech disorders are unclear [66]. 

Currently, a speech treatment approach called Lee 

Silverman Voice Treatment (LSVT® LOUD), has 

generated efficacy data for successfully treating voice and 

speech disorders in this population. In this regard, 
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Yorkston et al. [67] reviewed some studies for speech 

therapy related to PD, 14 studies of LSVT LOUD totaling 

approximately 90 people; 3 studies of biofeedback devices 

totaling 39 people; 5 studies with devices (e.g., delayed 

auditory feedback) totaling 16 people; and 3 miscellaneous 

studies of group treatment. Conclusions from the review 

reported that LSVT LOUD has the greatest number of 

outcome measures associated with any speech treatment 

examined. Furthermore, the authors summarized that for 

the most part outcomes were positive and can be 

interpreted with confidence [67]. These scientists 

recommended that future research in LSVT LOUD 

included large multisite effectiveness studies (clinical 

trials), additional documentation of long-term maintenance 

effects, alternative modes of administration (e.g., different 

dosages of intensity) and further study of treated patients 

with PD to better define predictors of success or failure 

with the treatment. Moreover, these researchers also 

recommended that future research for biofeedback, devices 

and group treatment approaches included having a larger 

number of people in studies, well-controlled replicable and 

reliable studies of well-defined populations and control or 

comparison group studies (RCTs).  

The large research based supporting training-increased 

vocal loudness through LSVT LOUD, it is useful to inspect 

this specific treatment protocol in more detail as it concerns 

to current and future speech treatment research [67-69]. 

The basics of LSVT LOUD are based upon the 

hypothesized features underlying voice disorders in 

patients with PD [70]. These features include; firstly, an 

overall amplitude scale down of the speech mechanism 

(reduced amplitude of neural drive to the muscles of the 

speech mechanism) that may result in a “soft voice that is 

monotone [71], secondly, problems in sensory perception 

of effort that prevents a person with PD from accurately 

monitoring his/her vocal output and results [72] and 

thirdly, the individual’s difficulty in independently 

generating (internal cueing/scaling) the right amount of 

effort to produce adequate loudness [73]. 

Published pilot data from training loudness (LSVT 

LOUD) have documented that effects generalize beyond 

vocal loudness to improve swallowing, speech articulation, 

communicative gestures, facial expression and neural 

functioning [74-76]. Some scientists [77] assessed the 

impact of LSVT® on vocal loudness (sound pressure level/ 

SPL) in a group of dysarthric individuals with PD and 

found that individuals treated with LSVT increased voice 

SPL from baseline to post‐treatment by an average of 8 dB 

and from baseline to 6 months follow‐up by an average of 

6 dB. These changes were statistically significant and 

perceptibly audible. Differences in SPL between the 

treated and untreated patients at post‐treatment and follow‐

up were statistically significant for all voice and speech 

tasks [77]. Recently, scientists [78] conducted a trial on 15 

(12 male and 3 female) patients, who had significant voice 

and speech disorders due to PD. The relationship between 

disease severity (according to UPDRS-III and H&Y), 

demographic features and voice parameters [mean F0 

volume (Hz) and intensity (dB)] were investigated. The 

LSVT is a specific method which was developed for these 

disorders. The results showed that there was a statistically 

significant improvement between the pre-therapy and the 

post-therapy mean Hz and dB levels (p=0.006 and p<0.001 

respectively) [78]. There was no correlation was detected 

between the age, age onset, disease duration, UPDRS, 

H&Y Scale and the pre-therapy and post-therapy mean Hz 

or dB levels of the patients (p>0.05) [78]. 

Advancement in computer and web-based technology 

offer potentially powerful solutions to the problems of 

delivering an intensive efficacious dosage of treatment, 

treatment accessibility and long-term maintenance in 

rehabilitation. For example, a computer training 

application for upper limb motor deficits following stroke 

has been developed for delivery of constraint induced 

therapy, a program which requires intensive motor training 

(e.g., 6 h/day for 2 weeks). This computerized system 

(called AutoCITE) was documented to result in 

comparable outcomes to live delivery of the therapy [79]. 

Computer technology has also been developed for delivery 

of an intensive speech treatment (LSVT LOUD). Some 

scientists [80] reported on the use of a personal digital 

assistant as an assistive device for delivering LSVT LOUD 

to people with PD. The LSVT LOUD companion is 

specially programmed to collect data and provide feedback 

as it guides people through the treatment exercises, 

enabling them to participate in therapy sessions at home 

[80]. The neuro-physiological mechanisms underlying 

speech and voice disorders in PD are still poorly 

understood at this time, particularly in regard to deficits in 

sensory processing. 

Dysphagia therapy 

Dysphagia is a general symptom in PD and may happen 

at any stage of disease. It is anticipated that up to 80% of 

patients with early-stage PD experience oropharyngeal 

dysphagia and as high as 95% may be occur at advanced 

stage [81]. The main symptoms of dysphagia in PD are: 

difficulties in bolus formation; posterior loss of bolus; 

multiple swallows; decreased swallowing reflex; decreased 

epiglottis rotation angle during swallowing; delayed oral 

transit; poor bolus ejection; residual food in the oral cavity; 

alterations in vocal fold closure; reduced pharyngeal and 

esophageal motility; pharyngeal stasis; esophageal 

sphincter dysfunction; gastroesophageal reflux; laryngeal 

penetration; pulmonary aspiration; oropharyngeal 

bradykinesia and reduced anterior hyoid bone movement 

[81]. Moreover, studies indicate that pneumonia is the 

major cause of death in patients with PD, representing the 

significance of speech-language pathologist (SLP)-based 

intervention for dysphagia to delay the onset of this 

symptom [82]. 
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Keeping in view this perspective, some studies [83-85] 

evaluated the efficacy and efficiency of therapeutic 

interventions made by SLP for symptoms of dysphagia in 

PD, as explained above. These studies have demonstrated 

the benefits of several treatment strategies in decreasing 

symptoms of dysphagia and improving swallow safety in 

patients with PD, including expiratory muscle strength 

training, food consistency modification and thermal-tactile 

stimulation. According to literature [86-89] patients with 

PD scored lower in the SWAL-QoL survey, suggesting 

poor QoL. Moreover, patients with more advanced disease 

scored lower on the questionnaire. Thus, dysphagia has 

been linked with QoL, depression and anxiety. Likewise, 

Ayres and colleague also reported that patients displayed 

improvement in swallowing-related QoL after a SLP 

therapy program [81]. The earlier in the course of PD, 

greater the improvement noted after therapy. However, in 

this field too large well-designed trials are required. 

Music therapy 

Music can generate significant effects on movement-

related symptoms and psychological ones in PD treatment. 

Concerning the first aspect, rhythm has a crucial role in 

rehabilitation, enhancing connections between the motor 

and auditory systems [90]. There are two main branches of 

music therapy (MT) i.e., active and passive [91]. In short, 

active MT is based on the improvisation of music by the 

therapist and patients, who play an active part by using 

instruments and voice. The use of instruments is structured 

to involve all the sensory organs; the rhythmic and melodic 

components of music may be used as specific stimuli to get 

certain motor and emotional responses, thus combining 

movement and stimulation of different sensory pathways 

i.e., auditory and tactile (multiple sensory stimulation), 

with a well-established emotional quality [91]. Passive MT 

is conducted with the patient at rest with the ambition of 

producing a state of mental relaxation. The therapist plays 

calming music and invites the patient to visualize peaceful 

images. 

The use of music in neuro-rehabilitation is grounded in 

neuro-physiological theories, and research on the influence 

of music on cognitive processes and motor learning 

principles [92]. Studies showed that playing and listening 

to music may modulate emotions, behaviors, movements, 

communication, and cognitive factors, modifying the 

activity of the brain areas involved in the perception and 

regulation of these aspects [93,94]. The therapeutic 

approach established 20 years ago in the US called 

Neurologic Music Therapy (NMT) is known as an effective 

approach in neuro-rehabilitation [90]. NMT concepts 

distinguish 3 sensorimotor techniques, with motor skills 

improvement as an overall goal. The first one, Rhythmic 

Auditory Stimulation (RAS), is a technique that aims to 

develop and maintain a physiological rhythmic motor 

activity (gait) through rhythmic auditory cues. This 

technique has been proven effective for gait rehabilitation 

in PD [95,96]. The second technique is Patterned Sensory 

Enhancement (PSE). The objective of this technique is to 

facilitate movements associated with the activities of daily 

life, not necessarily rhythmical in nature. PSE uses 

complex music elements: pitch, dynamics, harmony, 

meter, and rhythm to enhance and organize movement 

patterns in time and space, and to favorably affect the 

activity, muscle coordination, strength, balance, postural 

control and range of motion [97]. The last technique, 

Therapeutic Instrumental Music Performance (TIMP), 

employs musical instruments as a task orientation training 

to simulate and facilitate functional movements. The 

technique most commonly uses percussion instruments, 

playing them in a traditional or non-traditional way to 

improve range of motion, limb coordination, postural 

control, dexterity, body perception, and sensation [98]. In 

order to optimize the music therapy process, NMT uses the 

Transformational Design Model (TDM) to translate 

theoretical knowledge into clinical practice. It promotes 

effective assessment, design and implementation of 

therapeutic music interventions [90,99]. Currently, 

Bukowska et al. [100] applied the combination of all three 

NMT sensorimotor techniques in improving spatio-

temporal gait parameters, and postural stability in the 

course of PD. The subjects from the experimental group 

attended MT sessions 4 times a week for 4 weeks. The 

TIMP, PSE and RAS were used in every 45 min session for 

practicing daily life activities, balance, pre-gait, and gait 

pattern. Percussion instruments, the metronome and 

rhythmic music were the basis for each session. The results 

showed that the combination of the three NMT 

sensorimotor techniques can be used to improve gait and 

other rhythmical activities in PD rehabilitation [100]. The 

results demonstrated significant improvement in the 

majority of the spatiotemporal gait parameters in the 

experimental group as compared to the control group. In 

the stability tests with eyes closed, substantial differences 

were revealed, indicating improvement of proprioception 

(the sense of body position and movement). 

During the last decade, an increasing number of 

controlled studies have assessed the potential rehabilitative 

effects of music-based interventions, such as music 

listening, singing, or playing an instrument, in several 

neurological diseases. Although the number of studies and 

extent of available evidence is greatest in stroke and 

dementia, there is also evidence for the effects of music-

based interventions on supporting cognition, motor 

function, or emotional wellbeing in people with PD. 

Music-based interventions can affect divergent functions 

such as motor performance, speech, or cognition in these 

patient groups. However, the psychological effects and 

neurobiological mechanisms underlying the effects of 

music interventions are likely to share common neural 
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systems for reward, arousal, affect regulation, learning, and 

activity-driven plasticity. Although further controlled 

studies are needed to establish the efficacy of music in 

neurological recovery, music-based interventions are 

emerging as promising rehabilitation strategies. 

Hormone therapy 

Studies imply that estrogens may defend the 

nigrostriatal DA pathway exaggerated in PD [101,102]. 

Animal studies indicate that estrogens influence the 

synthesis, release and metabolism of dopamine and can 

modulate dopamine receptor expression and function 

[101,103]. Some clinical studies [104,105] recommend 

that PD symptoms may be aggravated after menopause and 

delayed or alleviated with hormone replacement therapy 

(HRT), but others [106,107] have failed to observe positive 

estrogenic effects. The contradictory findings suggest that 

several variables, including age, estrogen dose and 

formulation, and timing and length of dosing period, may 

determine whether benefits are seen and the nature of these 

benefits. Further investigation is therefore needed for the 

relationship between estrogens and the nigrostriatal DA 

system. 

Several studies have investigated the role of HRT in the 

improvement of motor symptoms in postmenopausal 

women with PD [108-111]. A study [108] showed that 17β-

estradiol has a slight or anti-parkinsonian effect without 

consistently altering dyskinesias in their double-blind, 

placebo-controlled, two-arm crossover study of high-dose 

transdermal 17β-estradiol in 8 postmenopausal women 

with mild-to-moderate PD. Tsang and colleague [110] 

observed a statistically significant improvement of motor 

function in those women receiving low-dose estrogen 

(0.625 mg/day), with a mean 3.5-point improvement on the 

motor UPDRS score. However, a placebo-controlled, 

randomized, double-blind trial involving 12 post-

menopausal female PD patients under the age of 80 years 

revealed estradiol had no significant DA effect, whereas 

progesterone appeared to have an anti-DA effect [109]. In 

2011, multicenter randomized, double-blind, placebo-

controlled pilot trial from the Parkinson Study Group 

POETRY Investigators indicated a non-significant trend of 

symptomatic and functional improvement in those 

receiving HRT [111]. Likewise, Wang and others [1] found 

that results of meta-analysis do not support a protective 

role of HRT in female PD development. However, the 

significantly increased risk of PD in cohort studies remains 

to be clarified. Concerning the small number of 

participants included in each original study, it is 

conceivable that the inconsistent results were due to the 

small sample size. 

Moreover, a double-masked, placebo-controlled, 

parallel-group, single-center trial in 30 male PD patients 

investigated the effect of testosterone therapy [112]. This 

study showed that there was no significant improvement of 

the motor and non-motor symptoms in the testosterone 

therapy group compared to placebo group. The authors 

were also aware of the possibility that the observed null 

effect may have resulted from various limitations, 

including the small sample size, a strong placebo effect 

with intramuscular therapy, and the short follow-up period 

[112]. Therefore, whether sex hormones play a role in the 

improvement of PD symptoms also remains for future 

study and more well-designed studies are warranted to 

clarify this issue. 

Newly developed non-pharmacological therapeutic 

strategies 

Gene therapy  

Gene therapy (GT) is the use of genetic material to treat 

genetic diseases. This may involve adding a wild type copy 

of the gene (gene addition) or altering a gene with mutation 

to the wild type gene (gene editing). The treatment may 

take place outside or inside of the body. To get the gene 

into the genome inside the cells, modified viruses or 

other vectors are used [113]. This is a new approach to 

treating medical conditions, in essence using genes as 

drugs. It works by introducing normal genes into the cells 

of people with certain disorders to overcome the effects of 

defective genes, which may cause or have a part to play in 

the development of the condition. Although in most cases 

Parkinson’s is not thought to be genetically inherited, it is 

hoped that GT could still be used to prevent the death of 

nerve cells and promote the regeneration of cells in the 

early stages of the condition. The advantage of GT is that 

a gene can deliver as an agent to the specific brain region 

to alter function and treat PD [114], while avoiding the off-

target effects [115]. Although GT is mainly at experimental 

stage at present, the promising future makes a lot of 

researchers seeing it as a new class of drugs for PD. 

Basically, delivery method of GT can divide into two types 

i.e., viral and non-viral mediates ways [116]. 

Neurotrophic factors, such as glial cell-derived 

neurotrophic factor (GDNF), neurturin are secreted 

proteins that play regulatory roles in the development, 

survival and maintenance of the nervous system [117]. 

While the neurodegeneration progressing, the progresses in 

the constructor of viral vectors for gene transfer make GT 

a realistic form for PD treatment. In vitro, GDNF promoted 

the survival of cultured ventral midbrain DA neuron [118]. 

Some studies [119,120] supporting the positive effect of 

GDNF expression on nigrostriatal degeneration and related 

motor symptom in PD model animals. Some researchers 

use mifepristone and Adeno-associate virus (AAV)-5 

vectors that expressing GDNF to establish an intermittent 

and reversible mode to control the expression of GDNF, in 

this system, mifepristone was used as a gene switch to 

induce a transient impact on expression [121]. Some 

researchers [122,123] used 1-methyl-4-phenyl-1,2,3,6-

tetrahydropyridine (MPTP)-treated rhesus monkeys and 

https://www.esgct.eu/useful-information/gene-and-cell-therapy-glossary.aspx#vector
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aged monkeys with parkinsonian symptom as the model 

animals, both groups use AAV2-GDNF vector injected the 

putamen, the result turns out that AAV2-GDNF enhanced 

the locomotor activities and increased the DA terminals in 

the putamen. Although there is lot of benefits in the GDNF 

GT, significant weight loss induced by nigral GDNF 

expressing is disturbing. The GDNF therapy needs more 

understanding and further development at every level. 

The gene of neurturin (NTN) is a member of the GDNF 

gene family. The NTN can rescue DA neurons damage 

[124]. Marks et al. [125] reported that 12 PD patients 

received an injection of AAV NTN and their symptomatic 

syndrome showed a significant improvement, although the 

DA terminal showed no significant increases in PET 

imagination. However, in an effort to validate the efficacy 

in the former trial, same researchers [126] launched a 

randomized, sham surgery controlled, double-blind clinical 

trials which include 58 PD patients. There is no substantial 

improvement observed in the NTN-treated patients until it 

comes to the 18 months. In 2008, 2010 and 2015, Ahmed 

and colleague [127-129] used the lentivirus-mediated over 

expression of GRK6 to desensization the DA receptors, 

this approach had got lot of benefits that is unattainable 

while directly targeting the signaling pathways, but a lot of 

problems still remain. The GT as discussed above is 

directly sent the complexes to the target area, how can we 

avoid the inflammation. In the GT of GDNF, weigh loss is 

a disturbing thing remained unsolved, and the development 

of some antibody against the GDNF was observed. With 

the advancing of the biology, there is hope to see more help 

from RNA interference that rescue gene deficit than is 

observed in diagnosis. However, applications of the RNA 

interference technique in clinical practice still have a long 

way to go. 

Stem cell therapy 

Cell therapy is the use of cells that are taken either from 

the patient themselves or a donor to treat diseases. Cells 

used for cell therapy are often stem cells; cells that can 

mature into different types of specialized cells [113]. Cells 

used for cell therapy may or may not be genetically altered. 

It is sometimes easier to remove cells from the body, treat 

them with gene therapy and then place them back than 

treating the cells inside the body. This is the case for gene 

therapy for blood disorders [113]. Gene and cell therapy 

therefore often go together. 

Neural stem cells (NSCs) are multi-potent cells capable 

of differentiating into both neurons and glial cells of the 

nervous system. The current studies [130,131] have 

indicated that certain NSCs persist in the adult nervous 

system and are capable of regenerating new neurons. 

Compared with pluripotent stem cells, these multipotent 

NSCs display higher cellular survival rates and lower risk 

of teratoma formation [130]. In addition to the fetal 

isolation of NSCs, these cells can be obtained from areas 

of the adult brain including the sub-ventricular zone, the 

sub-granular zone, and the hippocampus [132]. 

Acquisition of NSCs from non-fetal sources avoids the 

ethical issues that are presented by embryonic stem cells. 

Because of the abilities of NSCs to self-renew and 

differentiate into many types of neurons, including those 

that are dysfunctional in neurodegenerative diseases, their 

potential use in the treatment of patients with PD holds 

promise [133]. 

As know, one of the major problems in PD is the 

inability of the substantia nigra to produce dopamine. 

Many studies on NSCs and their application in treating PD 

have focused on the damaged or dysfunctional DA neurons 

as targets for stem cell transplantation [130]. To attain a 

flourishing cell-based therapy in PD, some criteria for cell 

transplantation are generally suggested as the cells should 

possess the molecular, morphological and electro-

physiological properties of DA neurons in substantia nigra, 

the therapy should enable 100,000 or more DA neurons to 

survive long-term in human putamen and the grafted cells 

should re-establish a dense terminal network throughout 

the striatum to functionally integrate into host neural 

circuitries [134]. Studies have been done using forebrain-

derived human NSCs (FD-hNSCs) to determine the 

biochemical signals necessary for differentiation of hNSCs 

into DA neurons [135,136]. In an in vitro study [135], 

scientists cultured FD-hNSCs and treated them with 

combinations of bone morphogenetic protein-7, 

pramipexole, and various growth factors: acidic fibroblast 

factor, forskolin, and phorbol-12-myristate-13-acetate. 

Measurements of the levels of typical gene products 

produced by DA neurons were used to determine the level 

of successful differentiation. When compared with the 

control, FD-hNSCs treated with bone morphogenetic 

protein-7, pramipexole, and growth factors showed 

significantly increased gene expression of various products 

associated with DA neurons including tyrosine 

hydroxylase, an enzyme involved in the production of 

dopamine. The study also found that the levels of both 

basal and evoked dopamine released by the treated FD-

hNSCs were increased compared with the control groups 

[135]. 

A study [137] used NSCs derived from embryonic stem 

cells to transplant into the patients (42 to 79 years of age). 

For up to 57 months after surgery, no tumor formation or 

immune rejection was found. In addition, there were no 

graft-induced or delivery-related adverse effects. As this 

particular study [137] appeared to show transplantation 

success, other studies have shown variable outcomes. Most 

studies have reported that patients experienced moderate 

improvement, while others have described less well 

tolerated transplantation procedures [130]. Reasons for this 

inconsistency comprise difficulties obtaining fetal sources 

and lack of adult sources of NSCs [130]. Research 
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regarding improved stem cell harvesting techniques and 

procedures that may decrease the cellular mortality rate, 

may cause produce more consistent studies outcome. 

Induced pluripotent stem cells (iPSCs) are adult 

somatic cells that are converted into pluripotent cells via 

the introduction of specific transcription factors that are 

found in normal pluripotent stem cells [131]. Then cells 

can be differentiated into most somatic cell types and are 

self-renewable. In addition, iPSCs can easily be used to 

create a cell line that is matched to the adult without 

resorting to cloning that can cause abnormal karyotypes 

and teratomas [136]. Regarding to PD, iPSCs are useful in 

three ways such as, disease modeling, drug screening and 

cell replacement therapy [138]. During last decade, direct 

therapeutic treatment for PD through transplantation of 

iPSCs was not feasible. Transplantation faced many 

problems like low efficiency, use of viruses and tendency 

to cause teratomas [138]. Now, researchers have 

successfully used a xeno-free media alongside a feeder-

free culture system and Cre-mediated excision of 

reprogramming factors to get transgene-free iPSCs at a 

greater efficiency (0.15- 0.3%) than before [139]. One 

study [140] found that human iPSCs transplanted into 6-

hydroxydopamine–induced PD rats improved their 

functional defects of rotational asymmetry at 4, 8, 12 and 

16 weeks after transplantation. 

Therapeutic stem cell studies have often focused on the 

use of multipotent mesenchymal stem cells (MSCs) as 

opposed to embryonic stem cells, the use of which poses 

ethical concerns. The use of embryonic stem cells is 

controversial specifically because it involves the 

destruction of human embryos, which some people view as 

having the same moral status as an adult. Now-a-days, 

researchers began to explore the possibility of using 

adipose tissue stroma as an alternate source for stem cells 

because it can be easily isolated from humans using 

suction-assisted lipectomy [141]. After the discovery of 

adipose-derived stem cells (ADSCs), scientists sharpened 

their focus on the structure and function of human ADSCs 

(hADSCs) to better understand the prospect of using them 

in clinical research. One study conducted by Tomita et al. 

who sought to clarify hADSC characteristics and their 

capability in producing neurotrophic factors in vitro as 

differentiated Schwann cell-like cells [142]. Similar to the 

study done by Zuk and colleague [143] who, reported that 

an analysis of the full structural profile conducted of 

hADSCs collected from the abdomen, buttock, and thigh 

using procedures of flow cytometry, immunohistochemistry, 

and western blotting. According to another study [144], 

intravenous hADSCs improved motor and behavioral 

performances [144]. A study conducted by Zhou and others 

[145] who performed on hemiparkinsonian rhesus 

monkeys analyzed the value of gene therapy using a vector 

encoding the TH gene and a trophic factor enhancing 

neuron survival in conjunction with neuronal-primed 

ADSCs. Recent animal studies [136,144] have shown that 

PD improvement due to ADSCs can be equally or more 

successful in comparison with currently administered 

reference drugs. It may be concluded that stem cell 

techniques must continue to improve and be tested in living 

animals and humans before becoming the next major PD 

treatment option. Based on studies, it appears that iPSCs 

are the most promising upcoming stem cell technique not 

only because of therapeutic uses, but also the applications 

in disease modeling and drug testing. In spite of, more 

clinical trials must be conducted across all potential 

treatment types to find a truly effective solution. 

Light therapy 

Red and infrared light (λ= 600-1,070 nm) therapy, 

confounded here to the term ‘near infrared light (NIr), also 

known as photobiomodulation, has been reported to offer 

neuroprotection and to improve locomotor behavior in 

animal models of PD, from rodents to non-human primates 

[146-148]. Two studies [149,150] reported that 

neuroprotection by NIr after parkinsonian insult 

demonstrated that NIr treatment reduced cell death, 

increased ATP content and decreased levels of oxidative 

stress in rat striatal and cortical cells exposed to the 

parkinsonian toxins rotenone and MPP+ (1-methyl-4-

phenylpyridium) in vitro. 

Several clinical case reports have used a transcranial 

approach, with either a hand-held laser or light emitting 

device (LED) or a helmet lined with many LED strips 

covering the bulk of the head. There is a clinical report 

[151] indicating improved speech, cognition, freezing 

episodes and gait in 8 parkinsonian patients after 2 weeks 

application of photobiomodulation across the head from a 

laser device. Moreover, from a study [152] of 36 patients, 

photobiomodulation from an intranasal device resulted in 

improvements in the majority of parkinsonian signs 

(~90%) after treatment for 30 minutes per day for 10 days. 

There is also an incidental finding of a reduction in clinical 

signs in one patient after photobiomodulation with a 660 

nm laser device for a dental problem; the device was 

directed at the back of the head and the 

photobiomodulation was applied for 2 to 3 minutes [153]. 

There are some encouraging observations from 3 patients 

with PD [154], using a photobiomodulation helmet, lined 

with LED strips of various wavelengths across the red  

to near infrared light range (i.e., 670 nm, 810 nm, 850 nm, 

940 nm). 

The mechanism that underlies the observed beneficial 

outcomes of the transcranial photobiomodulation in the 

patients is not known, however there are three possibilities. 

Firstly, by direct stimulation, where photobiomodulation is 

applied directly on the distressed neurons themselves, 

activating mitochondrial function that then increases both 

ATP energy and the expression of stimulatory and/or 
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protective genes [147,148,154]. Secondly, by indirect 

stimulation, where photobiomodulation triggers 

recruitment of a “middle man” such as, cells of the immune 

and/ or stem cell systems [147,148]. These activated cells 

may swarm to the region of distressed neurons and helps 

them survive and function, by potentially increasing the 

expression of anti-inflammatory cytokines while 

decreasing the pro-inflammatory ones [147,148]. Thirdly, 

rather than acting on the distressed neurons through either 

a direct or indirect stimulation as described above, 

photobiomodulation may act on other brain regions, for 

example motor cortex, that then stimulate the neural 

networks that underpin the behavioral improvements 

[155]. 

There are several key advantages for the use of light 

therapy over current treatments for PD. First and prime, 

light therapy has the potential to be neuroprotective. There 

are some substances (e.g., coenzyme Q10 and melatonin) 

[156] or methods (like, deep brain stimulation at high 

frequency) [157] that have been shown to be 

neuroprotective in experimental animals, and light therapy 

definitely fits into this category. These show potential for 

a neuroprotective function in humans. Second, light 

therapy is safe, and there are no reported side effects. 

Previous studies [158-160] using external (such as, 

WARP-LED) or internal (like, optical fiber device) 

methods to deliver light therapy at power intensities 

ranging from ∼1–700 mW/cm2 have reported no adverse 

effect on brain tissue structure and function (810 nm, laser 

and 670 nm, LED). Third, treatment with light therapy is 

simple. For effective neuroprotection of the SNc, the 

patient would require a minimally invasive surgical 

stereotactic procedure for the insertion of a light-optical 

device within the brain. This device would be linked to a 

battery source and pacemaker device (as with patients 

receiving deep brain stimulation), applying the light to the 

SNc when required [161]. The procedural risks would be 

comparable to those of single electrode deep brain 

stimulation. 

A disadvantage of light therapy is that it may not be 

effective in treating the non-motor symptoms of the PD. 

Reports of animal models indicate that DA neurons in 

regions outside of the SNc are less likely to be protected by 

light treatment after parkinsonian insult [162]. However, 

these symptoms are minor compared to the prominent 

motor signs of the disease. There is true prospective for the 

development of light therapy as a treatment option for PD 

patients–one that slows the ongoing neuronal death and 

progression of the disease. 

Deep brain stimulation 

About 9,000 patients with PD undergo deep brain 

stimulation (DBS) implantation annually worldwide [163]. 

During 2013, the EARLY-STIM trial provided Class I 

evidence for the use of DBS earlier in PD [164]. This 

finding led to the 2016 FDA approval of DBS in patients 

with at least 4 years of disease duration and 4 months of 

motor complications as an adjunct therapy for patients not 

adequately controlled with medications. Meta-analysis of 

6 RCTs of DBS demonstrates significant improvements in 

activities of daily living, motor disability, mental health, 

behavioral problems, medication use, mood, and QoL 

[165]. In contrast of above studies, Daniels and colleague 

[166] reported that 43% of patients showed no 

improvement at 6 months, and Soulas et al. [167] found 

37% of subjects showed no improvement or a decline in 

QoL. For composite indices and individual domains of 

global disease specific (e.g., PD Questionnaire-39), and 

generic QoL measures, there are cumulative improvements 

in activities of daily living, motor signs, mobility, stigma 

and bodily discomfort, but no improvement or decline in 

social support, emotional wellbeing, cognition and 

communication [167,168]. On an average, DBS is used 

after 11 to 13 years of PD. Use of DBS has the potential to 

improve QoL if used as soon as motor fluctuations occur 

[169]. Latest UK NICE guidelines (2017) recommend 

DBS be considered for people with advanced Parkinson’s 

whose symptoms are not adequately controlled by the best 

medical therapy [170]. 

The DBS of the subthalamic nucleus (STN) and globus 

pallidus interna (GPi) is considered an essential therapy in 

the management paradigm of PD [171]. The option of the 

DBS target between STN and GPi is determined by the 

accumulation of motor and non-motor symptoms which are 

key determinants to QoL. In terms of motor effectiveness, 

a few variables were compared in a recent meta-analysis of 

the outcomes between the two targets after 36 months 

follow-up [172]. Improvements in motor symptoms during 

the “on-medication” period, was not different between 

STN and GPi DBS, however, reduction of the impact of 

motor symptoms during the “off-period” and the total daily 

medication dosage were more significant for STN DBS. 

The GPi DBS procedure showed a trend towards stronger 

dyskinesia reduction. Follett et al. reported results from a 

randomized, blinded, controlled, prospective study of 299 

patients comparing STN vs GPi DBS outcomes 

[173]. Similar improvement in motor function (on UPDRS-

III) was noted after GPi and STN DBS. The same Veteran 

Affairs (VA) Cooperative Study follow-up at 36 months 

again showed similar and stable motor improvements in 

both groups [174]. Interestingly, Southwell et al. [175] 

observed that after publication of the VA Cooperative 

Study, there was a sixfold increase in GPi- vs STN-target 

choice for patients with higher age, depression, and 

cognitive problems (perhaps reflecting higher 

neuropsychiatric adverse-event rates in the VA 

Cooperative Study STN DBS group). These authors 

concluded that these among other factors (such as brittle 

dyskinesia, having difficulties with follow-up) favor GPi, 
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whereas in persons with higher preoperative levodopa-

equivalent dose, the STN target is to be favored [175]. It 

should be noted that although neuropsychiatric adverse-

event rates might be higher after STN than GPi DBS (and 

some thus favor GPi over STN DBS in patients deemed at 

risk of neuropsychiatric adverse events), adverse-event 

reporting may not be highly reliable [176]. Furthermore, 

the largest and highest-quality randomized trials reported 

minimal differences in cognitive and psychiatric outcomes, 

and differences in effect size were small [177]. Odekerken 

and others [178] randomized 128 patients to GPi or STN 

DBS, found no differences by surgical target on primary 

outcomes either (weighted Academic Medical Center 

Linear Disability Scale [ALDS] or composite score for 

cognitive, mood, and behavioral effects) 1 year after 

surgery, but they did find differences in secondary 

outcomes. Specifically, larger improvements were 

observed after STN than GPi DBS in the off-medication 

state (UPDRS-III, 20.3% vs 11.4% improvement; ALDS, 

20.3% vs 11.8% improvement) [178]. A meta-analysis of 

563 patients in six trials conducted by Liu and others 

[179], who found that GPi and STN improved motor 

function (UPDRS-III medication off and on states) and 

activities of daily living (in the on state) similarly 1 year 

after surgery. However, STN DBS allowed greater 

medication reduction, whereas GPi DBS was associated 

with greater improvement in depressive symptoms (by 

Beck Depression Inventory). Only one case series has 

documented significant medication reduction with GPi 

DBS [180]. There is a need for further qualitative research 

to understand the nature of this transition to inform how 

best patients can be supported by healthcare professionals 

before, during and after DBS. Studies that examine the 

outcomes of DBS require longer term follow-up.  

Repetitive transcranial magnetic stimulation  

During last few years, repetitive transcranial magnetic 

stimulation (rTMS) has been closely examined as a 

possible treatment for PD [181]. As a noninvasive 

procedure, rTMS does not require surgery or anesthesia. It 

delivers repeated magnetic pulses to a specific brain area 

within a short time through a stimulation coil placed over 

the scalp. The repeated magnetic pulses not only alter 

excitability at the site of stimulation but also influence 

brain regions anatomically connected to the stimulation 

site [182]. 

High frequency rTMS (>1.0 Hz) can enhance the 

cortical excitability whereas low frequency (≤1.0 Hz) 

rTMS can decrease the cortical excitability [183]. Theta 

burst stimulation (TBS) is another form of rTMS protocol 

with a high frequency and low intensity stimulation. 

Intermittent TBS enhances cortical excitability, whereas 

continuous TBS decreases cortical excitability [184]. 

Recent studies [185,186] displayed the therapeutic effects 

of rTMS on motor dysfunction of PD patients as evaluated 

with the motor section of the UPDRS-III and the optimal 

parameters of rTMS on the functional motor improvement 

of PD. Likewise, randomized, double-blind, sham-

controlled, multicenter studies on rTMS for PD have been 

conducted 3 times (in 2003, 2008, and 2013) in Japan 

[187]. These studies revealed that 5-Hz rTMS over the 

supplementary motor area (SMA) is the most effective 

modality for improving motor symptoms. Several 

functional imaging studies showed reduced SMA 

excitability in patients with PD, probably secondary to 

basal ganglia dysfunction. Therefore, 5-Hz rTMS is 

assumed to normalize SMA excitability and amend basal 

ganglia function secondarily. However, recently Khedr et 

al. reported that both 20 Hz and 1 Hz rTMS improved motor 

function in PD, but 20 Hz rTMS is more effective [188]. In 

addition, several powerful rTMS have been developed in 

recent times, including quadripulse stimulation (QPS), 

which most potently induces neural plasticity. QPS is also 

expected to be a potential therapeutic tool to treat patients 

with PD [187]. Currently, Hai-Jiao and colleague [189] 

compared to sham-rTMS, rTMS over dorsolateral 

prefrontal cortex (DLPFC) improved depression, but there 

was no significant difference in depression improvement 

between rTMS and selective serotonin reuptake inhibitor 

(SSRI) treatment. In contrast, rTMS over DLPFC did not 

improve motor function compared to sham-rTMS or SSRI, 

and the studies that included neurocognitive measures 

showed no significant difference between rTMS and sham-

rTMS. This meta-analysis indicated that rTMS over 

DLPFC can improve depression similar to SSRI treatment, 

however no effect on the motor function and cognition of 

PD patients with depression [189]. 

Many studies used rTMS protocols varying in 

stimulation parameters such as: (a)- Stimulation sites of 

primary motor cortex [190,191], supplementary motor area 

[191,192], dorsal lateral prefrontal cortex [191,193], the 

dorsal pre-motor [194]. (b)- Low frequency-rTMS [from 

0.2 Hz to 1.0 Hz; [190,195], or high frequency-rTMS ([5.0 

Hz, 25.0 Hz, 50.0 Hz) [191,196,197]. (c)- The rTMS 

sessions (one session [190,192], 3-6 sessions [191,198], 8 

sessions [199], and 10 sessions [190,193]). 

Conclusions 

This review highlights the variety of physiotherapy 

intervention being tested for the treatment of PD. All kinds 

of rehabilitation therapies for PD have potential to 

maximize functional ability and minimize secondary 

complications by focusing on improving balance, posture, 

gait, upper limb function, physical capacity, and cognition, 

as well as minimizing falls, in order to optimize 

individuals’ independence, safety, and well-being, thereby 

enhancing QoL. Evidence has shown that physiotherapy 

has short-term benefits in PD, however which approach of 

physiotherapy is most effective remains unclear. 
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Regarding newly developed therapies, gene therapy has 

yet to deliver the true cure for PD, there is increasing data 

supporting that this treatment modality could become an 

important avenue for future PD treatment. Stem cell 

techniques must continue to improve and be tested in living 

animals and humans before becoming the next major PD 

treatment option. The iPSCs are the most promising 

upcoming stem cell technique not only because of 

therapeutic uses, but also the applications in disease 

modeling and drug testing. NIr therapy (because of its lack 

of side effects and neuroprotective potential) is agreeable 

to use in conjunction with other treatments. For example, 

patients may have NIr therapy with a reduced dosage of 

drugs as a first line treatment; the potential neuroprotective 

effect of NIr could prolong the efficacy of the drug therapy. 

Further, in PD patients selected for DBS, they may also 

have an NIr optical fiber implanted surgically at the same 

time, thereby potentially offering neuroprotection of the 

remaining DA cells. The use of DBS has the potential to 

improve QoL if applied as soon as motor fluctuations 

occur. DBS must consider for people with advanced 

Parkinson’s whose symptoms are not adequately 

controlled by best medical therapy. The studies suggested 

that rTMS improves motor symptoms for patients with PD. 

Combinations of rTMS site and frequencies as well as the 

number of rTMS pulses are key modulators of rTMS 

effects. In spite of above advantages of various kinds of 

therapies, much research is still needed to determine which 

of these therapies best alleviates the motor and non-motor 

symptoms, needed dose and intensity of these therapies, 

and long-term retention effects. 
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