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Abstract
Title: Does dual task training improve gait and balance in people with Parkinson’s 

disease? A systematic review. 

Background: Parkinson’s disease (PD) is a neurodegenerative disease and its 

prevalence is growing with increasing elder population. Gait and balance impairments 

are most disabling motor features of the disease and can lead to decrease in 

individuals’ independency. Especially, under the dual task condition which performing 

two tasks simultaneously, both gait and balance performance are affected negatively 

because of the impaired motor and cognitive function coming from PD pathology. 

Physical therapy play an important role in the rehabilitation of the gait and balance 

features of the disease. Dual task training may be useful. However, there is an 

opinion that performing dual task can aggravate the fall risk in PD population. 

Although there is some evidence about the effects of dual task training on gait and 

balance, these are not specifically focused on gait and/or balance or PD population.

Objective: To systematically review available literature on the effects of dual task 

training on gait and balance in people with PD. 

Data Sources: The systematic search of PubMed, MEDLINE, and PEDro was 

conducted to identify the relevant primary search. Further search was conducted by 

reviewing the reference lists of the included studies. the keywords: ‘‘Parkinson’s 

disease OR Parkinson OR Parkinsonism’’ AND ‘‘dual task training OR concurrent 

task training OR dual task intervention OR concurrent task intervention’’ AND ‘‘gait 

OR balance OR walking OR stability’’ were used.

Study Selection: Quantitative studies, which are full-text accessible, were screened 

according to eligibility criteria and appropriate studies were included.

Data Extraction: Joanna Brigs Institute (JBI) Data Extraction form, which is designed 

for experimental/observational studies was used. EPHPP Quality Assessment Tool 

for Quantitative Studies was utilised as a risk of bias to evaluate the methodological 

of the primary research.

Results: Eleven studies were included. Five studies were strong evidence, two of 

them weak, and three of them were moderate evidence.
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Gait Outcomes: Six studies investigated the gait outcomes; In general, improvements 

were seen gait velocity and stride length parameters. two studies showed significant 

improvements in gait velocity and stride length under dual task condition. Three 

studies found improvements in stride length, two of them found also in cadence 

under both single and dual task conditions.

Balance Outcomes: Five studies investigated the balance outcomes. A study found 

improvements in mediolateral and anteroposterior sway under dual task position. 

Two studies showed significant improvements in BBS and SOT scores.  

Gait and Balance Outcomes: Two studies focused on both gait and balance 

parameters. one study found significant improvements in step length and gait velocity 

during normal walking and BBS score. The other study showed significant main effect 

of time for BBS and DGI scores.

Conclusion: Some strong evidence supports that dual task training improves gait 

parameters, especially gait velocity and stride length, under single and dual task 

condition. Dual task training can be support also balance performance in people with 

PD.
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Chapter 1: Introduction 

Background 

Parkinson’s Disease

Parkinson’s disease (PD) is a chronic neurodegenerative disease characterized by 

the loss of dopaminergic neurons in the substantia nigra leading to reduced levels of 

dopamine in the striatum and disrupted motor control (Elbaz et al., 2016). PD 

prevalence is relatively low among people, who are younger than 50 years of age in 

general and increases considerably with age in community-dwelling elderly and also, 

it is expected to grow causing a significant projected increase in the burden of PD, 

due to increases in the size of elderly populations (Darweesh et al., 2015).

The dopamine deficiency leading to dysfunction in the striatum, causes decreased 

activity in the direct pathway from GABAergic striatal neurons to the internal segment 

of the globus pallidus and substantia nigra pars reticulate and increased drive via 

indirect pathway, external segment of the globus pallidus. As a result, a disruption of 

the activity occurs in basal ganglia output structures, which in turn disrupts the 

activity in brain stem motor areas and this lead to difficulty in initiation of the 

movements and poor motion that are characteristics of PD (Hamani and Lozano, 

2003). 

Braak et al. (2003) have divided PD into six neuropathological disease stages. It is 

suggested that clinical symptoms of the disease develop in stage 3-4, and in the end 

stage (stage 5-6) a wide variety of clinical manifestations were seen 

(Sveinbjornsdottir, 2016). These manifestations in general are categorized as motor 

and non-motor clinical symptoms. The main symptoms include resting tremor, 

hypokinesia, rigidity, reduced amplitude of movement, and postural instability (Varalta 

et al., 2015). Addition to main symptoms, dystonia (continuous muscle contraction 

often accompanied by abnormal movements or postures or both) and oral motor 

disorders like speech disturbances can be seen in PD (Sveinbjornsdottir, 2016). 

Almost 25% of newly diagnosed PD patients present with cognitive deficits including 

visuospatial and executive functions, memory, and attention (Varalta et al., 2015). 

Fatigue, sleep, mood, pain, and autonomic disorders are other non-motor symptoms 

(Martinez-Martin et al., 2015). 
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Gait and Balance Impairments

Gait and balance disorders are two of the most disabling motor features of PD and 

play an important role in the progressive deterioration of patients’ independency 

(Carpinella et al., 2017). According to Hoehn and Yahr (H&Y) scale, which is the 

commonly used scale for describing the symptom progression in PD, small changes 

in balance occur in the early stages of the disease but significant postural stability is 

described later; between H&Y stage two and three (Hoehn and Yahr, 1967). Balance 

impairments can be seen with increased postural sway in stance or increased double 

support time in gait (Curtze et a., 2016). The gait impairments include decreased 

coordination, freezing of gait (the inability to generate effective steps at the beginning 

of gait or the complete cessation of stepping during gait), hypokinesia (decreased 

speed with decreased step length), festination (decreased step length with increased 

cadence), decrease upper limbs balance, compensatory increase in speed and 

variability of steps, knee flexion in balance, plantar flexion at propulsion, decrease in 

hip width and extension at medium support phase (Earhart and Williams, 2012; Vieira 

et al., 2014). These gait and postural impairments are characterized also with 

reduced arm swing and loss of disassociated arm and trunk movements during 

walking (Barbosa et al., 2016).

While the reasons of these impairments are both disease-related changes and age-

related changes such as muscle weakness and lower visual acuity, the other factor is 

cognitive function affecting the gait and mobility in PD (Christofoletti et al., 2016). 

These motor performances depend on the interaction between cognitive controls of 

movement in healthy people. In contrast, the early and preferential loss of dopamine 

in the dorsal basal ganglia causes diminished automatic and increased cognitive 

control of movements in PD. Eventually, people with PD should handle and maintain 

a larger cognitive load to execute either motor or cognitive task (Petzinger et al., 

2013). This problem can be seen often while performing dual task, which is 

performing two different tasks at the same time. For example, individuals with PD 

reported that walking during performing another task is one of the major challenges in 

daily mobility (Kelly et al., 2012).  When PD patients walking under dual task 

condition, they are more likely to decrease walking speed, and stride length, and 

show more freezing of gait episodes, compared to performing single tasks (Barbosa 

et al., 2016). Under dual task condition, the frontal lobes dedicate to the secondary 
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task while gait is predominantly controlled by impaired basal ganglia, which makes 

dual task interferes negatively in gait (Vieira et al., 2014). This dual task interference 

can be explained in different theories; bottleneck theory and working memory theory, 

and resource sharing model. The working memory system draws on executive 

functions to coordinate allocation (multiple sources of information) of attention 

between concurrent tasks. Both attention and executive function impairments are 

seen in early PD and are related to dual task interference. Greater attention to 

walking and/or cognitive impairments in PD might therefore, result in 

disproportionately greater interference, because of reduced working memory 

capacity, dual task coordination deficit in working memory or inability to prioritize task 

properly (Rochester et al., 2014). The bottleneck theory can be explained with that to 

when performing two different tasks simultaneously, both require the same neural 

networks and this lead to delay in one of the tasks until those neural networks can be 

recruited again (Ruthruff et al., 2003). Another theory is the resource sharing model 

means that while performing simultaneous tasks, neural resources should be divided 

among them but when the capacity of these attentional resources is exceeded, 

hindering performance on one or both tasks, an interference with performing dual 

task may happen (Wu and Hallet, 2007).  

Consequently, PD patients can face difficulties in mobility and especially dual task 

because dual tasks are requirements for most of daily life activities. In addition, all 

these impairments can lead to increased risk of falling, which can cause risk of injury 

such as hip fracture, reduced independency and quality of life (Earhart and Williams, 

2012). 

Management of PD and Dual Task Training

Management of the disease depends on the pharmacological treatment (levodopa is 

the long-term gold-standard) but still it is not enough for management of these gait 

and balance impairments because of the progressive nature of the disease, also gait 

and balance are non-dopaminergic features (Abbruzzese et al., 2016). Sometimes 

medication can even make the condition worse; two-thirds of falls appear during the 

on phase (when patients are under the effect of medication) (Cakit et al., 2007). In 

addition, long-term pharmacological treatments have some adverse effect such as 

levodopa induced dyskinesia and orthostatic hypotension (Borrione et al., 2014). 
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Therefore, motor rehabilitation is essential in the treatment and physical therapy is 

considered the most effective non-pharmacological treatment approach for PD 

patients (Carpinella et al., 2017; Borrione et al., 2014). There is some evidence about 

effectiveness of different physical therapy approaches on gait and balance in people 

with PD. Hass et al. (2012) found improvements in both gait and balance in people 

with PD after twice weekly 10 weeks progressive resistive training. A 4 weeks robot-

assisted gait training improved gait speed and this effect continued for a month 

(Picelli et al., 2012). A Cochrane review (Mehrolz, 2015) showed that treadmill gait 

training improves gait speed and stride length. Furthermore, Rochester et al. (2010) 

found significant improvement in gait velocity and step length under both cued gait 

and non-cued gait condition after gait training with cueing strategies (auditory, visual, 

and somatosensory). 

In general, there is mounting evidence for the role of exercise in developing motor 

performance, which may involve facilitating both automatic and cognitive control of 

movement (Petzinger et al., 2013). In this case, dual task training may be one of the 

appropriate motor rehabilitation methods to improve gait and balance impairments by 

improving both motor and cognitive function. Dual task training means performing a 

postural control task with a cognitive or motor tasks simultaneously as a training way 

(An et al., 2014). However, there is an idea that performing dual task can affect the 

gait performance or can be aggravated fall risk due to dual task interference. 

Yogev et al. (2005) assessed the gait performance in PD patients and healthy older 

adults under single task (normal walking) and three different dual task conditions 

(walking while simple listening, complex listening, and serial seven tasks). They 

found decrease in gait velocity under dual task conditions compared with usual 

walking in both PD group and healthy older adult control group. This reduced gait 

speed in both groups may be related to age-related changes. However, gait 

variability significantly increased under dual task condition in the PD group only. They 

suggested that this change in gait velocity is a normal protective response to dual 

task in both PD and healthy group but the changes in gait variability express the 

possibility that regulating stride-to-stride variability is not an automatic process in PD 

but is an attention-demanding task.   

Holmes et al. (2010) evaluated the participants’’ who were twelve PD patients and 

twelve healthy age-matched people, postural stability under three conditions: without 
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a secondary task, performing a rote repetition, and generating a monologue. They 

found that while both groups increased their postural excursion, people with PD 

showed significantly reduced excursion compared with those in healthy group. These 

can be explained with that PD may be over-constraining their postural adjustments to 

focus attention on the cognitive tasks without losing their balance. However, these 

over-constraints may lead to that participants can face greater risk for a fall. In 

addition, the findings demonstrated a significant effect of cognitive load on 

biomechanical dimensions of postural stability. 

As a result, both gait and balance can be affected from dual task interference due to 

the pathology of PD (reduced motor and cognitive function) and can lead to risk for 

falls. On the other hand, there are some evidence about the positive effect of the 

practice of dual task in PD population. 

Literature Review

A literature review was carried out for this project to identify what was already found 

in terms of the research question. For this literature review, key search terms were 

determined, and search was completed on PubMed, MEDLINE, and for reviews 

Cochrane Library databases. Also, a manual search was made on the electronic 

library of the university. 

The used keywords were: ‘‘Parkinson’s disease or Parkinson or parkinsonism’’, ‘‘dual 

task training’’, ‘‘gait or balance or walking or stability’’. A time limitation did not used, 

and full-text accessible studies selected.  The screening of the studies in terms of 

eligibility was made according to PICO search method. At the end of the screening 

nine studies included into literature review. 

After the selection, two systematic reviews (Santos et al., 2016; Fritz et al., 2015), 

which investigated the effect of dual task training on gait performance in people with 

PD, and on mobility and cognition in people with neurological conditions respectively, 

one qualitative study (Leavy et al., 2017), five randomized controlled studies (Geroin 

et al., 2018; Strouwen et al., 2017; Perumal et al., 2017; Fernandes et al., 2015; 

Conradsson et al., 2015), and one non-randomized control study (Vanshika and 

Raja, 2012) included into the literature review.
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Gait Outcomes

The literature search did not find any systematic review specifically referring to the 

research question. However, Santos et al. (2016) systematically reviewed the 

literature to investigate the effect of dual task interventions on just gait in people with 

PD. These dual task interventions varied. Thus, reaching a certain result about the 

effectiveness of dual task interventions may be difficult.  They included seven 

studies, which used different kinds of dual task interventions. In three included 

studies, dual task gait training with different external markers (gait prioritization 

strategy or divided attention strategy between gait and cognitive tasks) or with 

external cues were used. In each study, some improvements in gait velocity under 

single and dual task conditions were seen. Improvements were seen also in cadence 

after external cue training. Stride length improved after dual task training with both 

type of instructions in two studies. 

In three included studies, dance was used as a dual task intervention. Each study 

used Tango dance and two of them found significant improvements in gait speed and 

the other one found significant improvement in Timed Up and Go (TUG) test 

performance. Another study used walking with music strategy and observed 

significant increases in cadence and gait speed, and reduction in stride time under 

both single and dual task condition. Overall, Santos et al. (2016) found that different 

kinds of dual task interventions have beneficial effect on some gait parameters in 

people with PD. They stated that external markers play an important role on training 

effects on dual task gait performance. 

A randomized trial (Strouwen et al.,2017) applied two different dual task trainings to 

two groups in total 121 PD patients and compared the effect of these two types of 

training during 6 weeks; integrated dual task training (IDT) (motor and cognitive task 

at the same time ) and consecutive task training (CTT) (first half of the session just 

motor task training, and in the other part of the training, cognitive task training was 

given) on gait velocity in trained and untrained dual task conditions. They found 

significant improvements in gait velocity under both trained and untrained dual task 

conditions but there was no significant difference between two types of dual task 

training. These results showed that dual task training has beneficial effects on gait 

velocity, but gait velocity is not only dimension of the gait parameters. Geroin et al. 

(2018) investigated the effects of the same IDT and CTT on spatiotemporal gait 
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parameters (e.g. cadence, stride length) in 121 participants.  They found that 

cadence and stride length significantly improved under both single and dual task 

conditions and the improvements maintained at 12 weeks-follow-up. Similar with gait 

velocity results, there was no significant differences between IDT and CTT groups in 

terms of spatiotemporal parameters. furthermore, Strouwen et al. (2017) observed 

that fall rates of participants tend to drop during practice. Thus, they suggested that in 

contrast to current thinking, dual task training has not hazardous effect in terms of fall 

risk. 

These two studies had randomized control study design, which can provide less risk 

of bias, and this factor make the study results reliable. They also had considerable 

sample size in terms of the generalizability of the findings. As a result, they 

suggested that dual task training can be a part of gait rehabilitation. On the other 

hand, balance is an important issue, which can lead to increase fall risk, for people 

with PD  

Balance Outcomes

Fernandes et al. (2015) and Vanshika and Raja (2012) investigated the effect of dual 

task balance training. Vanshika and Raja (2012) applied 3 weeks- dual task balance 

training with fixed priority instructions or variable instructions to two groups by total 30 

participants. They found significant improvement in Berg Balance Scale (BBS) score 

after dual task training with both type of instructions. Fernandes et al. (2015) 

compared the cognitive-balance dual task training and balance training under single 

task. They assessed the centre of pressure after 6 weeks training and observed 

improvement in mediolateral sway and anteroposterior sway in eyes closed position 

in dual task balance training group. Their sample size was in total 15. Although their 

findings give promising evidence about the effectiveness of dual task balance training 

as a therapeutic approach of balance rehabilitation, this small sample size may not 

lead to generalizing the findings. On the other hand, their study design was double-

blind randomized trial. Thus, the risk of allocation bias less and the reliability of the 

findings can be high. Vanshika and Raja’s (2012) study has small sample size like 

Fernandes et al.’s (2015) study and this situation can limit the generalization and 

significance of the statistical tests (Fernandes et al., 2015).
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Balance and Gait Outcomes

Fritz al. (2015) explored the effectiveness of the motor-cognitive dual task training on 

both single task and dual task gait performance, and balance performance in people 

with different neurological disorders (PD, Alzheimer’s disease, brain injury, stroke) 

and in elderly population. In the included studies, which investigated the PD 

population, significant improvements in gait parameters and balance under both 

single task and dual task conditions. Three studies showed that gait velocity and 

stride length significantly increased under single task position after dual task gait 

training. In addition, one of these three studies demonstrated that gait endurance 

improved via 6 Minute Walking Test. The significant improvements were found also in 

cadence. Similar improvements were observed in gait speed and stride length under 

dual task condition. Yogev-Seligman et al. (2012) reported that significant 

improvements in stride length and gait velocity were seen under also untrained dual 

task condition. Thus, they suggested that transfer of this training effect is possible.

Other three primary research assessed its effect on balance performance. Yen et al. 

(2011) found significant improvement in two dual task conditions (eyes closed on an 

unstable surface and eyes open on an unstable surface with visual surround) of the 

Sensory Organization Test (SOT). Mirelman et al. (2011) observed significant 

improvements in Four Square Step Test score and these improvements maintained 

at follow-up. However, Rochester et al. (2010) found no significant improvements in 

balance performance during the tandem stance.

As a result, Fritz et al. (2015) stated that dual task training may improve 

spatiotemporal parameters (e.g. stride length, gait velocity) in single task gait and 

dual task gait in people with PD.          

Other studies were two randomized trials (Conradsson et al., 2015; Perumal et al., 

2017) that focused on the effects of dual task balance training on both gait and 

balance outcomes in people with PD. Perumal et al. (2017) compared both two dual 

task training with different instructions and single task balance training. Both dual 

task groups and single task group improved Berg Balance Scale (BBS) and Dynamic 

Gait Index (DGI) scores after 4 weeks training. Although, they found significant 

changes in within group analysis for just DGI score, there was no significant change 

for balance (BBS score). They suggested that the reason can be the small sample 

size (total 36 participants) and shorter intervention time. Another limitation for this 



STUDENT NUMBER: 10583881 16

study was that they assessed the balance performance under just a single task 

position and they did not make a follow-up assessment.

Conradsson et al. (2015) applied 10 weeks HiBalance program, which includes dual 

task training with balance components, to experiment group and control group took 

usual care. They assessed both gait and balance. Significant improvements were 

found in Mini Balance Evaluation Systems Test (Mini-BESTest) score, gait velocity 

and step length during the normal walking in training group. They suggested that this 

balance training program significantly benefited balance and gait abilities. They had a 

relatively large sample size (total 100 participants) so, this is considered as a 

strength of the study in terms of determination the statistical significance of the 

results and generalization of the findings.  

Another important aspect may be the perceptions of individuals with PD in these dual 

task gait and balance training as well all these motor results. It is suggested that 

patients’ satisfaction in physiotherapy depends on the perception of biopsychosocial 

needs are met as well as the success of the therapeutic intervention because 

perception of change after physiotherapy may be regarded as subjectively perceived 

outcome of care (Normann et al., 2012). Therefore, this area also may be interesting 

to explore.      

Although there is a lack of evidence, Leavy et al. (2017) explored the perception of 

people about the HiBalance program, which is highly challenging balance training 

including dual task exercises, with applying face-to-face interviews to 13 participants 

who had mild to moderate PD. They analysed the participants’ perception in 3 

subthemes: (1) movement to counter the disease, (2) dual task training in contrast to 

everyday strategies, and (3) the struggle to maintain positive effects. The first 

subtheme relates to how physical activity was used in a short term and long-term 

strategy releasing PD symptoms and their progression. The second subtheme relates 

to identified experiences of being maximally challenged in a secure and supportive 

group environment, circumstances that stood in contrast to participants’ everyday 

lives. The third subtheme identifies participants’ long-term struggle to continue 

program effects on cognitive and physical function in the face of disease progression.  

All participants who had volunteered for the training program and attended in the 

interviews held positive beliefs in relation to the effects of physical activity on physical 
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and mental function. Physical activity was considered in the ‘movement the counter 

to disease’ context as a short-term strategy to self-manage the disease by 

decreasing the provocation of unwanted motor symptoms and their results.

Taking one task at a time is considered as an every-day strategy by PD population 

because they compensate the decreased capacity to manage daily movements 

requiring a combination of motor and cognitive processes. Thus, taking slow and 

controlled approach was identified as an energy-saving strategy aimed at preventing 

muscular fatigue. A 66-year old man stated: ‘‘You know how you are supposed to do 

something, but to then get your mind and your muscles to understand that and get it 

down to your arms and legs, it doesn’t work automatically anymore, and that is hard. 

It’s like your brain doesn’t keep these things together anymore; it concentrates on the 

important parts… It’s better to take it slowly and surely and then things solve 

themselves… take it easy so that I can regain my energy and so that my muscles 

don’t get exhausted.’’   

In this case, dual task exercises may be challenging for this population who has 

weakness in their individual capacity. Dual task exercises often were so demanding 

and resulted in feelings of accomplishment once completed. A 78 years-old woman: 

‘‘Some of the things they showed us, they would say, “Do this, then do that, now off 

you go,” and I would think “But I will never be able to do that!” But it was so exciting 

to see if you could do it or not, there was a suspense, it was amazing…Then when 

you did manage to call out names and handle the ball at the same time, you felt like 

“Oh, did I just do that?” You felt like it was good for your brain as well.’’ 

Although most participants found dual task exercises challenging and exiting, the 

meaning of dual task performance could not transfer always to daily life. ‘‘The dual 

task exercises, they weren’t ones that you do in everyday life, they were a little more 

specific, and in a way challenging and exciting to do, but not movements that you can 

say that you have a lot of use for. (70-year-old man). 

In terms of the struggle to maintain the training effects, participants were immediately 

aware of the challenges in continuing training effects in the long term. This situation 

may be related to gradual decline in physical capacity and also, psychological 

barriers such as reduced capacity to take initiative to exercise.
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Rationale 

It can be said that dual task training may promise improvement in gait and balance 

performance in people with PD. On the other hand, performing dual task can 

aggravate the fall risk due to impaired motor and cognitive function. Therefore, there 

is an uncertainty about whether individuals with PD should be taught to avoid 

performing dual task or should be them encouraged to practice performing dual task 

with expectations of enhanced performance (Brauer et al., 2011). When reviewed the 

literature, there is a lack of evidence to pool the findings into a certain result for 

contributing the literature or a guideline for clinical use. 

For example, as mentioned above, Santos et al. (2016) conducted a systematic 

review but focused on the effect of dual task interventions on just gait performance in 

people with PD. However, balance performance is very important issue as well as 

walking for taking an attention in terms of preventing fall, performing daily life 

activities independently. 

In addition, Santos et al. (2016) included seven studies; which had randomized or 

non-randomized controlled study designs, and they excluded studies, which has 

different design from controlled studies. RCTs place in the highest level in evidence 

hierarchy because they are formed to be unbiased and have less risk of systematic 

errors (Burns et al., 2011). Non-randomized controlled studies have fair quality in the 

evidence hierarchy (Evans, 2003). Therefore, risk of bias of their study may be 

relatively less and this situation can increase the reliability of their study because the 

study design plays an important role in minimising the risk of bias. On the other hand, 

they did not clearly demonstrate the quality of each study to decide which data is 

reliable for drawing into evidence because study design is not only factor influencing 

the methodological quality of a study. There are other factors such as attrition or data 

collection methods of each primary research in a systematic review. Thus, the 

reliability of primary research in this systematic review may not be clear.

Furthermore, they searched the literature last time at the end of December 2015 and 

there are some studies conducted since then.

Fritz et al. (2015) investigated its effect on balance performance as well as gait 

parameters but the population was not specifically PD. Their population was people 

with neurological disorders (PD, stroke, brain injury, Alzheimer’s disease). Moreover, 
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to date the studies, which investigated the effects of dual task training in people with 

neurological condition, had test-retest design, there was no enough amount of RCTs 

in literature. Therefore, they included some studies, which have not control groups, 

as well as RCTs. In addition, many of the included studies were weak in terms of 

methodological quality because of the lack of blinding and small sample size. For 

these reasons, it can be said that the quality of their systematic review may not be 

high. 

Furthermore, when the reviewed the literature, the findings of the studies, which 

focused on balance outcomes, were not consisted. Therefore, a systematically 

reviewed article of the studies about the effects of dual task training on balance 

performance are needed. 

As a result, a systematic review is need and this systematic review will focus on the 

effectiveness of dual task training for gait and balance in people with PD.

Research Question     

Does dual task training improve gait and balance in people with Parkinson’s disease?

Research Objectives

1) To investigate the effects of dual task training on gait and balance parameters 

in people with Parkinson’s disease.

2) To understand whether dual task training decrease the effects of dual task 

interference during walking or balance control under dual task condition.

Outline of the research question was shaped utilising the PICOS method:

Population: people with PD

Intervention: dual task training

Comparison: PD patients; no intervention, different intervention from dual task 

training or different type of dual task training from those in experiment group
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Outcomes: standard tests/scales specifically representing gait and/or balance 

parameters such as gait velocity, stride length, centre of pressure measurements, 

BBS, 6 Minute Walk Test

Study Design: randomized control trial or non-randomized control trials
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Chapter 2: Methodology

Introduction

Evidence-based practice provides higher quality of care, improvement in patient 

outcomes and reduction in costs (Melynk et al., 2010). Therefore, to benefit from 

evidence in healthcare is important. However, to take the most appropriate and 

trustful data from each experimental study may not be always easy and accessible. 

In this case, systematic reviews may be very beneficial because they are suitable 

summaries of evidence for healthcare practitioners (Moher et al., 2007).

A systematic review is a literature review, which has clearly formulated a research 

question and uses systematic explicit methods to identify, select, and critically 

appraise relevant research from published studies related to the question (Ham-

Baloyi and Jordan, 2016). The main characteristic of systematic reviews is that they 

use a meticulous set of criteria by which to appraise the validity and reliability of 

previously published research (Ham-Baloyi and Jordan, 2016). 

In addition, systematic reviews are known as a gold standard, especially when they 

are formed from randomized controlled studies, mainly for judging the benefits of 

treatments because it is conceptually easier to attribute any observed effect to the 

treatments being compared (Barton et al., 2000).

On the other hand, a systematic review should be methodologically well-designed to 

improve its reliability. Overall, to prepare a well-structured systematic review and 

reduce risk of bias systematic review should include clear aims with relevant criteria 

for the studies; clear and reproducible methods; meticulous search design; an 

assessment of validity of the included studies, and a systematic presentation and 

synthesis of the included studies (Clarke, 2011). To provide these elements, a 

structured study protocol and to follow checklists or guidelines such as The Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) and The 

Centre for Reviews and Dissemination (CRD) during the designing and writing 

process may be useful. For this systematic review, the PRISMA (2009) checklist 

items were followed during the writing process (Appendix 1).

This review aimed to show the effects of dual task training on balance and/or gait 

performance in people with PD by including the quantitative studies. The Cochrane 
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Library database was searched whether published any systematic review, which 

related to the research question study to be sure.

Eligibility Criteria

Eligibility criteria is important in terms of the including the relevant studies into the 

review as a priori definition of the literature. They are fundamental to the validity of a 

systematic review and framed by the research question and applied throughout the 

search strategy to the final set of studies for review (McCrae et al., 2015).

For this review eligibility criteria were established basing on the PICOS (Population, 

Intervention, Comparison, Outcome, and Study design) strategy to rigorously 

determine the relevance of the studies and obtain the most appropriate papers 

according to the research question. In addition, language of the studies was the other 

eligibility criteria. The inclusion and exclusion criteria with their rationale were 

demonstrated on Table 2.

Table 1: Eligibility Criteria

                            Criteria

Categories

Inclusion Criteria Exclusion Criteria

Population People with Parkinson’s 

disease.

People with Parkinson’s 

disease also any other 

neurological condition or 

mental problem.

 Rationale Any disease like Alzheimer’s disease or any other 

neurological condition, which is addition to Parkinson’s 

disease, can lead to interpret the results in terms of 

investigating of the intervention effect on PD. 

Intervention Refers to any dual task gait 

training and/or dual task 

balance training. 

Do not refer to dual task 

training or additional 

intervention with dual task 

training.

  Rationale The type of dual task gait and balance training were not 

limited due to the potential lacking studies. On the other 

hand, an additional intervention to dual task training can 
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lead to interpret the effect of dual task training and increase 

risk of bias.

Comparison PD patients, who took 

different intervention from 

dual task training or different 

type of dual task training 

from those in experiment 

group or no intervention.

Healthy people or no 

comparison group.

Outcomes Specifically represents the 

gait parameters such as 

step length, cadence, gait 

speed and standard tests/ 

scales like 6-minute Walk 

Test (6mWT); or balance 

performance tests/ scales 

like Berg Balance Scale 

(BBS)  

Do not clearly represent any 

gait or balance assessment.

Rationale To provide the clinical relevance outcomes for research 

question.  

Study Design Randomized controlled 

studies (RCTs) or non-

randomized controlled 

studies

Other study designs rather 

than controlled studies such 

as case studies or cohort 

studies.

  Rationale RCTs are the most reliable designs in the evidence 

hierarchy and controlled studies follow them. Due to the 

potential of lacking the RCTs, controlled studies are also 

eligible for this review.

Language English or Turkish Non-English or non-Turkish

  Rationale Limited resources of translation
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Search Strategy

The search strategy was performed rigorously. Electronic databases PubMed and 

MEDLINE (EBSCO), which have the medical and healthcare literature, were used. In 

addition, PEDro was used as it includes over 40.000 of clinical trials, systematic 

reviews, and guidelines in specifically physiotherapy. MEDLINE can provide MeSH 

terms, therefore, it is sensitive for finding all relevant studies and it was chosen 

(Centre for Reviews and Dissemination (CRD), 2009). Although PubMed does not 

provide thesauri, this database includes more than 20 million citations and 2000-

4000 more added every day (Agoritsas et al., 2012). Therefore, PubMed was also a 

good database and chosen. For this process, a search strategy was established 

according to research question with an information specialist’s support from the 

university and some specific search terms were used (Table 1).

Table 2: Search Terms

During the database searching, no time limitations were applied. A search was 

performed for the last time at the end of the May 2018. Further searches were 

completed by reviewing the reference lists of the included studies.

Study Selection

The found studies were reviewed according to their titles and abstracts. The 

duplicated studies were removed via Mendeley-Reference Management Software. 

Accessible full-text articles were comprehensively viewed according to eligibility 

criteria. This process should be executed by at least two researchers to ensure the 

Population Intervention Outcomes

Parkinson’s disease

OR

Parkinson

OR

Parkinsonism

AND

Dual task training

OR

Dual task intervention

OR

Concurrent task training

OR

concurrent task intervention

AND

Gait

OR

Walking

OR

Balance

OR

Stability



STUDENT NUMBER: 10583881 25

reliability and minimise the risk of bias, but study selection was completed by the 

author because of the limited time for this review.

Data Extraction

Data extraction should be executed in duplicate, with involvement of the third 

reviewer or disagreements resolved by a consensus (Da Costa and Jüni, 2014). 

However, due to time restrictions, data extraction was completed by the author. The 

use of a standardised data extraction form can provide consistency in a systematic 

review by reducing bias and increasing reliability and validity. Also, the form should 

follow the broad format taking account of necessary adaptations (CRD, 2009). In this 

systematic review, Joanna Brigs Institute (JBI) Data Extraction form, which is 

designed for experimental/observational studies (Appendix 2) was used and it was 

tailored according to the research question. 

Quality (Risk of Bias) Assessment of the Studies

When the raw data of the included studies was defective, the results of the review 

cannot be trustful. Thus, the methodological quality assessment of the eligible studies 

always should be conducted (Da Costa and Jüni, 2014). Quality is a multidimensional 

concept, which can be related to the design, conducting, and analysing of a trial, its 

quality of reporting or clinical relevance (Jüni et al., 2001). The potential reasons of 

the bias in a clinical trial results may be lack of blinding of therapists, patients, or 

outcome assessors, inappropriate concealment of allocation, or analysis not 

according to the intention to treat analysis principle (Jüni et al., 2001; Wood et al., 

2008).  The certain bias type and their brief explanations were stated below (Abbas 

et al., 2008).

 Selection Bias: It accounts for the systematic differences between the baseline 

features of the compare groups.

 Performance Bias: It accounts for the systematic differences between the 

groups in the given care or in exposure to issues other than the interventions 

of interest.

 Attrition Bias: It accounts for the systematic differences between the groups in 

study withdrawals.

 Detection Bias: It accounts for the systematic differences between groups in 

determining the outcomes.
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 Reporting Bias: It accounts for the systematic differences between the 

unreported and reported findings.

Checklist may be a reliable way to ensure that all the included studies assessed 

critically appraised in a standardised way (CRD, 2009). In general, these checklists 

can tend to be specific to certain study designs such as Cochrane Collaboration Risk 

of Bias Tool for RCTs and The Risk of Bias Assessment tool for Non-Randomised 

Studies (RoBANS) (Harrison et al., 2017; CRD, 2009). Therefore, when the review 

includes more than one type of study design, separate checklists can be used for 

each study design, or combined lists selected or developed (CRD, 2009). 

The Effective Public Health Practice Project (EPHPP) Quality Assessment Tool for 

Quantitative Studies (2010), which includes eight components, is one of these tools. 

This tool can be used not only for RCTs but also for before and after studies, 

observational and cross-sectional studies. Its use is appropriate for this systematic 

review because the design of the included studies was both RCT and non-

randomized control trial. In addition, the EPHPP showed fair inter-rater agreement for 

individual domains and excellent agreement for final grade (Armijo-Olivo et al., 2012).  

For these reasons, the EPHPP quality assessment tool was used in this systematic 

review (Appendix 3). Quality assessment of the primary research play a crucial role in 

terms of minimising the bias and maximising the precision of a systematic review 

(Abbas et al., 2008). Therefore, to prevent the human error and increase the 

reliability of the review, quality assessment should be done by at least two 

independent assessors. This assessment was completed by the author due to the 

time restrictions.  

Data Synthesis

Synthesis includes the collation, combination and summary of the findings of primary 

studies in the systematic review and it can be done quantitatively using statistical 

methods like meta-analysis or when this kind of method is not appropriate, it can be 

done via narrative approach (CRD, 2009).

For this systematic review, the data, selected through the data extraction process 

(study design, sample size, participants’ mean age and disease severity, assessment 

period, intervention, outcome measurements, and key findings), was recorded and 

then investigated to determine the synthesis approach. There was a heterogeneity 
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between the types of dual task training in the included studies also these studies had 

different study design. Therefore, quantitative analysis like a meta-analysis was not 

appropriate and narrative approach was used. 

Ethical Consideration

Ethical approval is not necessary for the systematic review because systematic 

reviews did not require participants’ information. However, when a systematic review 

included an ethically insufficient primary research, this situation can lead to publish 

unethical study and also be prone to conflict of interest (Vergnes et al., 2010). 

Therefore, ethical issues of the included studies were taken attention.  
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Chapter 3: Results
In this chapter, the descriptive features of identified studies, used interventions types 

and outcome measurements, risk of bias assessment of included studies, and main 

results of the studies were explained. 

Identified Studies

Firstly, electronic databases (PubMed, MEDLINE (EBSCHO), and PEDro) were used 

and 159 studies identified. thirty of duplicated studies were removed. The remained 

129 studies screened by reviewing titles and abstracts of them and 86 studies 

removed due to being irrelevance. Forty-three of full-text articles were reviewed in a 

comprehensive manner to assess their eligibility. Thirty-three articles were excluded 

because of some specific reasons, showed in detailed on Figure 1. After the 

screening of the studies, 10 articles, which met all eligibility criteria, remained. During 

the reviewing the references of these obtained articles, one relevant study was found 

and ultimately, 11 studies were included into this systematic review at the end of the 

process. This process was demonstrated on Figure 1 below. Figure 1 is a PRISMA 

Flow Diagram, which presents the flow of information through the different stages of 

the systematic review and demonstrating the number of records identified, included 

and excluded, and the reasons of exclusions.  
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Figure 1: A PRISMA Flow Diagram of Study Identification Process
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Descriptive Analysis of Identified Studies

The characteristics and main results of included studies are illustrated in three 

different tables: Table 3, Table 4, and Table 5. These three tables were prepared 

according to focused outcomes of the studies so that the detailed information can be 

easily followed; Table 3 presents studies focused on gait outcomes, Table 4 presents 

studies focused on balance outcomes and Table 5 presents studies focused on both 

gait and balance outcomes. The study designs of the included studies are varied: two 

studies were randomized controlled trial (Conradsson et al., 2015 and De Bruin et al., 

2010), five of them were randomized clinical trial (Geroin et al., 2018, Strouwen et al., 

2017, Perumal et al., 2017, Fernandes et al., 2015, and Yen et al., 2011). While two 

studies had test-retest design with control group (Fok et al., 2010 and Fok et al., 

2012), two studies had a quasi-experimental design (Vanshika and Raja, 2012, 

Mirelman et al., 2011). 
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Table 3:The detailed information of studies focused on gait

Study/year Design Sample Size/ 
Characteristics

Medication Interventions Comparison 
interventions 

Measurements Main results

Geroin et al. 
(2018)

 single-blind  

randomized 

clinical trial

CTT group: 65 

participants

IDT group: 56 

participants

Age (mean);

CTT:66.05

IDT:65.80

H&Y stage 2-3

   ON

IDT training

30 min IDT plus 

10 min functional 

training each 

session; 

twice/week; 6 

weeks

CTT training

15 min motor 

task training plus 

15 min cognitive 

task training plus 

10 min functional 

training each 

session;

Twice/week; 6 

weeks 

Spatiotemporal 

parameters; stride 

length, cadence, 

standard deviation 

of stride length, etc. 

In both single task 

condition and three 

different dual-task 

condition; an 

auditory stroop task 

(untrained), a 

backward digit 

span task (trained), 

and use of mobile 

phone (untrained).

At baseline, second 

baseline (after 6 

weeks interval), 

post-intervention, 

and 12-weeks after

Stride length and 

cadence 

significantly 

improved in both 

single task and 

dual-task 

conditions 

(P<0.001). These 

improvements 

maintained at 12 

weeks-follow-up.

There was no 

significant change 

for gait variability 

under both tasks 

conditions.

Both training 

modalities had 

similar effects on 

spatiotemporal 

parameters. 
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Strouwen et al. 
(2017)

A single-blind 

randomized 

clinical trial

CTT group: 65 

participants

IDT group: 56 

participants

Age (mean);

CTT group:66.05

IDT group:65.80

H&Y stage 2-3

   ON

IDT training

30 min IDT plus 

10 min functional 

training each 

session; 

twice/week; 6 

weeks

CTT training

15 min motor 

task training plus 

15 min cognitive 

task training plus 

10 min functional 

training each 

session;

Twice/week; 6 

weeks 

-Gait velocity 

during Stroop task 

(untrained)

-Gait velocity while 

performing a 

backward digit 

span task (trained)

-Gait velocity while 

using a mobile 

phone

At baseline, second 

baseline (after 6 

weeks interval), 

post-intervention, 

and 12-weeks after

Significant 

improvements (P 

<0.001) in dual-

task gait velocity 

in all trained and    

untrained dual 

tasks. 

Improvements   

ranged between 

7.75% and 

13.44%.

Fok et al. 
(2012)

Test-retest 

design

Training group: 6 

participants

Control group: 6 

participants

Age (mean); 

Training 

group:73.0

Control 

group:66.3

      ON

30 min one 

session dual task 

training with 

divided attention 

in taking big steps 

No intervention; 

sitting down and 

reading 

magazine

-gait speed

-stride length

Assessments were 

applied in both 

single and dual 

task conditions; at 

baseline, post-

training, and 30-

minute after 

training(retention)

Gait speed and 

stride length 

improved (P: 0.04 

and P:0.005 

respectively) 

immediately after 

training. 

improvements in 

both gait speed 

and stride length 

(P:0.03 and 
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H&Y stage: 2.8 

(mean) for 

training group, 

2.8 (mean) for 

control group

P:0.03) in training 

group 30 min after 

training 

Mirelman et al. 
(2011)

Quasi-

experimental 

study based on 

retrospective 

control group

Experimental 

group: 20 

participants

Age (mean);

Experimental 

group:67.1

H&Y stage:2-3

     ON

TT plus VR 

Progressive 

intensive treadmill 

training with VR 

45 

minutes/session,3 

sessions/week, 6 

weeks

(5minute warm-

up)

TT (without VR) -Gait speed

-Stride length

-Stride time

-6mWT

Assessments were 

applied in three 

conditions; walk at 

a comfortable pace, 

walking while serial 

3 subtractions (dual 

task position), 

walking while 

negotiating two 

obstacles

At pre-training, 

post-training, 4-

weeks follow-up

Significant 

improvements in 

gait speed (P: 

0.032), stride 

length (P: 0.016), 

and stride time (P: 

0.046) in dual task 

condition and 

continued at 

follow-up.

There was an 

improvement in 

6mWT (P: 0.004) 

by a mean of 17% 

distance walked, 

continued at 

follow-up.

De Bruin et al. 
(2010)

Randomized 

controlled study

MUSIC group: 

16 participants 

  ON

30 minutes 

walking at a 

comfortable pace 

Regular activities 

during 13 weeks

-Gait speed

-Cadence

Significant 

increase in gait 

velocity (P: 0.002) 
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Control group: 

17 participants

Age (mean);

MUSIC 

group:64.1

Control 

group:67.0

H&Y stage: 2-3

while listening 

self-selected 

music plus 

regular activities

3 times/week, 13 

weeks

-Stride time

Assessments were 

applied in both 

single and dual 

task conditions, at 

baseline and post-

intervention.

and cadence (P: 

0.007) and 

decrease in stride 

time (P: 0.019) in 

MUSIC group.

 No time-by-task 

interaction favour 

of DT (P>0.05).

Fok et al. 
(2010)

Test-retest 

design

Training group: 6 

participants

Control group: 6 

participants

Age (mean);

Training 

group:66.8

Control 

group:57.7

H&Y stage: 2.8 

(mean) for 

training group, 

    ON

30 min one 

session dual task 

training with 

prioritization of 

taking big steps 

No intervention; 

sitting down and 

reading 

magazine

-Gait speed

-stride length

Assessments were 

applied in both 

single and dual 

task conditions; at 

baseline, post-

training, and 30-

minute after 

training(retention)

Improvements in 

gait speed and 

stride length 

(P:0.04, P:0.005 

respectively) 

immediately after 

training. The 

improvements 

continued at 30 

min after training 

in both single task 

and dual task 

conditions when 
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2.5 (mean) for 

control group

compared with 

control group.

 

Abbreviations: CTT: consecutive task training; H&Y: Hoehn and Yahr Scale; IDT: integrated dual-task training; TT: treadmill training; VR: Virtual Reality; 6mWT: 6 minutes 

Walking Test.

Table 4: The detailed information of studies focused on balance

Study/year Design Sample Medication Interventions Comparison 
interventions 

Measurements Main results

Fernandes et 
al. (2015)

 Randomized 

clinical trial

Dual task group: 

8 participants

Single task 

group: 7 

participants

Age (mean);

Dual task 

group:63.4

Single task 

group:62.3

   ON

Dual task 

(cognitive+ 

balance) training

60 min per 

session; twice a 

week for 6 weeks

Single (balance) 

task training

60 min per 

session; twice a 

week for 6 weeks

-TUG

-COP

At baseline and 

post-training

An improvement in 

mediolateral sway 

(P: 0.026 , size 

effect:1.094) and 

anteroposterior 

sway (P: 0.029, 

size effect:1.430) 

in eyes closed 

position in dual 

task training 

group. 

No significant 

improvements in 
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Modified H&Y 

stage:3

single task group 

for COP (P>0.05)

Vanshika and 
Raja (2012)

Quasi-

experimental 

design

Group A: 15 

participants

Group B: 15 

participants

Age (mean);

Group A:66.27

Group B:66.67

H&Y stage:1-3

 Cannot tell For group A: Dual 

task balance 

training with fixed 

priority 

instructions

45 min/session

5 times per week

for 3 weeks

For group B: Dual 

task balance 

training with 

variable 

instructions (in 

the half of the 

training, 

participants 

focused on 

cognitive task, in 

other half of 

training, postural 

tasks)

45 min/session

5 times per week 

for 3 weeks

-BBS

At baseline and 

post-training

Significant 

improvement in 

BBS (P: 0.000) in 

both groups. 

improvements 

were greater in 

group B than 

those in Group A.

Yen et al. 
(2011)

Randomized 

controlled trial

VR group: 14 

participants,

CB group: 14 

participants,   ON

VR group; 10 min 

stretching plus 20 

min standing on 

the VR balance 

CB group;10 min 

stretching plus 20 

min conventional 

therapy, which is 

-SOT

Assessments in 

different 

conditions; single 

Significant 

improvement in 

the equilibrium 

score of SOT5 
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Control group: 

14 participants

Age (mean);

VR group:70.4

CB group:70.1

Control 

group:71.6

H&Y stage:2-3

board and trying 

to navigate the 

dynamic balance 

board moving 

their weight with 

the use of ankle 

strategy 

2 times/week, 6 

weeks

focused on static 

balance, dynamic 

weight shifting, 

external 

perturbations

Control group; No 

intervention

2 times/week, 6 

weeks

primary task 

(SOT) while 

standing, single 

secondary task 

while sitting 

(cognitive task: 

auditory arithmetic 

subtraction task), 

dual tasking (SOT 

with cognitive 

task) while 

standing

At baseline, post-

training, week 4 

follow-up

condition (eyes 

closed on an 

unstable surface) 

and SOT6 

condition (eyes 

open on an 

unstable surface 

with visual 

surround) in both 

VR and CB group 

when compared 

with control group 

(P<.001). there 

were no 

differences 

between VR group 

and CB group.  
Abbreviations: BBS: Berg Balance Scale; COP: centre of pressure; CB: conventional balance training; SOT: Sensory Organization Test; TUG: Timed Up and Go test; VR: 

Virtual Reality training
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Table 5: The detailed information of studies focused on balance and gait

Study/year Design Sample Medication Interventions Comparison 
interventions 

Measurements Main results

Perumal et al. 
(2017)

 Randomized 

clinical trial

Group 1: 12 

participants 

Group 2: 12 

participants

Group 3: 12 

participants

Age (mean);

Group 1:68.75

Group 2:68.17

Group 3:67.75

Modified H&Y 

stage:3-4

Cannot tell Group 3: dual 

task balance 

training 

(instructured to 

focus on the 

postural task 

during the half of 

the training, 

during the other 

half of training, 

they were 

instructured to 

focus on 

cognitive task)

45 

minutes/session, 

3 times/week, 4 

weeks

Group 2: dual 

task balance 

training with 

instructions to 

focus on both two 

tasks.       45 

minutes/session, 

3 times/week, 4 

weeks

Group 1: single 

task balance 

training 

45 

minutes/session, 

3 times/week, 4 

weeks

-BBS

-DGI

at baseline and 

post-training.

In between-

subject analysis, 

no significant

main effect of 

groups for both 

DGI and BBS 

(P>0.05)

Significant time-

group

main effect of 

DGI scores 

(P<0.05), but no 

significant

interaction effect 

for time-group 

scores

of BBS (P>0.05)

There was a 

significant main 

effect of time, 
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for DGI and for 

BBS (P<0.05)

Conradsson et 
al. (2015)

A randomized 

controlled trial 

Training group: 

51 participants

Control group: 49 

participants

Age (mean);

Training 

group:72.9

Control 

group:73.6

H&Y stage:2-3

   ON

HiBalance 

training program 

(dual-tasking with 

balance 

components

60 min per 

session; 3 

times/week for 10 

weeks

Normal physical 

activities

-gait velocity

-step length

-cadence

Under single and 

dual task 

conditions

-Mini-BESTest

-MFE

All assessments 

were applied at 

baseline and post-

intervention

There was a 

significant 

improvement in 

balance and gait 

during normal 

walking in training 

group (Mini-

BESTest: 3 

points; gait 

velocity: 0.1 m/s; 

step length: 0.04 

m) 

Abbreviations: BBS: Berg Balance Scale; DGI: Dynamic Gait Index; HiBalance: Highly challenging balance program; MiniBESTest: Mini- Balance Evaluations Systems Test; 

MFE: Modified Figure of Eight test.
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Participants Characteristics

In all studies, Hoehn and Yahr Scale (H&Y) or Modified H&Y scale were used to 

assess the disease severity. In all studies, participants’ disease severity represented 

mild to moderate severity according to H&Y scale stage:2-3, and Modified H&Y scale 

stage: 2.5-3.5. In addition, they had not cognitive impairment according to Mini 

Mental State Examination Test (MMSE) (scores were >24 or ≥24). The participants’ 

mean age varied from 57.7 to 73.6. 

Type of Interventions

According to the objectives of the studies, their intervention types can be divided into 

dual task gait training and dual task balance training. However, they had different 

styles like using music or instructions. 

Dual task gait training 

Both Strouwen et al. (2017) and Geroin et al. (2018) applied dual task gait training in 

home-setting with a physiotherapist’s led. An integrated dual task training (motor and 

cognitive task at the same time) during the session for one group. The other group 

took dual task exercises consecutively (first half of the session included just motor 

task training, and in the other part of the session, they took cognitive task training). 

Motor tasks depended on improving gait quality (taking big steps, focusing on heel 

strike, turning, tandem walking, etc). The cognitive tasks included discrimination and 

decision-making tasks, verbal fluency tasks, mental tracking tasks, working memory 

tasks, and reaction time tasks (Strouwen et al., 2014).  

Dual task training with balance components

Fernandes et al. (2015) applied a dual task training including cognitive activities (digit 

span, spelling words, image description, nomination, counting) and balance 

components based on gait without manipulation, gait manipulation activities, stability 

without manipulation, and stability with handling. Conradsson et al. (2015) 

investigated both gait and balance but their intervention was similar with Fernandes 

et al.’ (2015) study. The dual task training combined with balance components. They 

added dual task exercises progressively into program and increased the difficulty 

level of both balance exercises and cognitive exercises.
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Dual task gait training and dual task balance training with instructions

Fok et al. (2010) gave instructions to participants. During the gait training under dual 

task condition (walking with counting backwards by threes), patients were asked to 

give prioritization on taking big steps (2010). In the other study (Fok et al., 2012), 

participants were asked to focus equally on both taking big steps and counting in the 

same dual task condition. 

Vanshika and Raja (2012) and Perumal et al. (2017) used dual task balance training 

with instructions. Perumal et al. (2017) gave instruction the participants to focus on 

the postural tasks during the half of the training and in the other half, they were 

instructed to focus on the secondary task in one group. Secondary task includes 

some daily life activities such as carrying a bag, listening, speaking, making a shop 

list and cognitive activities such as counting backwards, calculation, spelling words 

backward. These secondary tasks integrated gradually into the balance training 

activities like tandem or semi-tandem walking.  The participants in other group 

performed the same tasks but their instructions were to focus on both two tasks 

during the training. Vanshika and Raja (2012) applied the similar training. The 

instructions were about variable prioritization (in the first half of the training focusing 

on postural task and in other half of the training, focusing on cognitive task in one 

group. The other group were instructed with fixed priority.

Dual task training; Music

De Bruin et al. (2010) used self-selected music as a secondary task during walking at 

a comfortable pace.

Dual task gait and balance training; Virtual Reality

Yen et al. (2011) used Virtual Reality-augmented balance training. Patients tried to 

navigate dynamic balance board by moving their weight to control the simulated 

board in the virtual environment. Participants were asked to use ankle strategy. VR 

games were applied in a certain order: 3D ball-rolling game requiring moving in same 

direction, outdoor activities requiring straight and circular movements, and indoor 

activities including requiring multiple turning. 

Mirelman et al. (2011) applied treadmill training with Virtual Reality (VR) to improve 

gait performance in both single task and dual task conditions. Participants tried to 

make decisions about visual obstacles negotiation during the walking on a treadmill. 
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For VR simulation the speed, size, orientation, frequency of appearance, and shape 

of target were determined according to the needs of the participants. In addition, the 

difficulty of virtual tasks was progressively increased with distracters such as moving 

objects in simulation or size of the visual obstacles, when a patient was able to 

complete the task in a trial.   

Types of intervention for comparison groups

Some studies did not apply any intervention (Fok et al., 2010, Fok et al., 2012). While 

in some studies, participants in control group performed normal physical activities 

(De Bruin et al., 2010, Conradsson et al., 2015), some studies applied single task 

training to comparison group (Perumal et al., 2017, Fernandes et al., 2015). Yen et 

al. (2011) used conventional balance training for comparison group and no 

intervention for control group. Treadmill training (TT) without VR was selected as a 

comparison intervention in a study (Mirelman et al., 2011)

Type of Outcome Measurements

Gait parameters such as gait velocity, step length, cadence, stride length were 

evaluated with GAITRite Walkway system. For balance assessments, Mini- Balance 

Evaluations Systems Test (MiniBESTest), Dynamic Gait Index (DGI), Berg Balance 

Scale (BBS), Timed Up and Go (TUG) test, and Modified Figure of Eight test (MFE) 

were used. In addition, centre of pressure (COP) was assessed with a pressure 

platform for postural balance.  

Quality Assessments

EPHPP quality assessment tool for quantitative studies was used for this systematic 

review. The rates of each content and overall rates for each study were showed in 

Table 6. Two studies were weak mainly due to lack of blinding, selection bias, and 

analysis (Vanshika and Raja, 2012, Mirelman et a., 2011). Three studies had 

moderate quality due to the lack of blinding (Fok et al., 2010, Fok et al., 2012, 

Perumal et al., 2017). Six studies were marked as strong (Geroin et al., 2018, 

Strouwen et al., 2017, De Bruin et al., 2010, Conradsson et al., 2015, and Fernandes 

et al., 2015, Yen et al., 2011). All studies were moderate or weak in terms of blinding 

except Fernandes et al.’ (2015) study because both their outcome assessors and 

participants were blind. Majority of the studies (except Conradsson et al., 2015, 

Strouwen et al., 2017, Geroin et al., 2018, and Yen et al., 2011) were moderate in 
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terms of analysis and the main reason of this was that they did not use intention to 

treat analysis method, though there is a risk of the facing of missing data. 

Table 6:Quality ratings of included studies according to EPHPP

 

Components

           Study

Geroin 

et al. 

(2018)

Perumal 

et al. 

(2017)

Strou

wen 

et al. 

(2017)

Conrads

son   et 

al. (2015)

Fernan

des et 

al. 

(2015)

Fok et 

al. 

(2012)

Vanshi

ka and 

Raja et 

al. 

(2012)

Mirelman 

et al. 

(2011)

Yen et 

al. 

(2011)

Fok et   

al. 

(2010)

De 

Bruin 

et al. 

(2010)

Selection 

Bias

1 1 1 1 1 1 2 3 1 1 2

Study 

Design

1 1 1 1 1 1 1 1 1 1 1

Confounders 1 1 1 1 1 1 1 3 1 1 1

Blinding 2 3 2 2 3 3 3 3 2 3 2

Data 

Collection 

Methods

1 1 1 1 1 1 1 1 1 1 1

Withdrawals, 

Drop outs

1 1 1 1 1 1 1 1 1 1 2

Intervention 

Integrity

2 2 2 2 2 2 2 2 2 2 2

Analyses 2 2 2 2 2 2 2 2 2 2 2

Overall 1 2 1 1 2 2 3 3 1 2 1

Rating 

Means 

                                              1= Strong, 2= Moderate, 3= Weak
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Main Findings  

Each study investigated the effects of dual task trainings on balance and gait 

performance in different conditions (single task condition or dual task condition or 

both). Therefore, the findings were synthesised in these conditions so that easily 

analyse the results.

Single Task Gait 

Geroin et al. (2018) significant improvements in stride length and cadence (P<0.001) 

in single task position in both CTT group and IDT group. Post-hoc within-group 

comparison showed that these significant increases in stride length and cadence 

were seen after treatment and at 12-weeks follow-up. For gait variability, there was 

no significant effect in single task position. In addition, there were significant 

decrease in stride time, stance time and double-support percentage. 

Fok et al. (2010; 2012) showed significant improvements in stride length and gait 

speed immediately after training and 30 minutes after in single task condition after 

both dual task training by prioritizing the one task (2010) and dividing attention during 

dual task (2012) when compared with null control. 

De Bruin et al. (2010) found significant increase in gait velocity (2.34%) and cadence 

(1.74%) and decrease in stride time (1.42%) in single task position after 13-weeks 

walking with music program.  

Conradsson et al. (2015) found highly significant improvements in gait velocity and 

step length during normal walking (P<0.001) after 10-weeks HiBalance program 

compared with control group taking usual care.   

Dual Task Gait 

When compared with control group, which did not take any interventions, dual task 

gait speed and stride length significantly improved after dual task training with 

prioritization or dividing attention therapy, and the improvements continued at follow-

up (Fok et al., 2010, Fok et al., 2012).

De Bruin et al. (2010) found significant improvements for velocity, cadence, and, 

stride time (P<0.005). There was an increase in cadence (6.86%) and gait speed 

(6.68%), and a decrease in stride time (6.86.5) in dual task condition after music-

walking intervention.
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Geroin et al. (2018) found significant improvement in stride length in all three dual 

task conditions; auditory stroop task, backward digit span task, and mobile phone 

task (P<0.001). These improvements maintained at follow-up, but the effects slightly 

decreased. The improvements were also in cadence in for all three dual task 

conditions (P<0.001). These improvements continued at follow-up in the mobile 

phone task condition (P<0.001). In addition, there was a significant decrease in stride 

time, stance time and double support percentage for mobile phone task condition. 

There were no significant differences between CTT and IDT.  Gait variability was 

assessed by comparing stride time and stride length variability. Gait variability was 

found significant in terms of stride length on the backward digit span task (P<0.005) 

and the main effects for time in terms of stride time variability in auditory stroop task 

condition were found significant (P<0.005).

Strouwen et al. (2017) showed that there was a significant increase in dual task gait 

speed for both trained dual task condition (backward digit span task) and untrained 

dual task conditions (stroop task and mobile phone task). These improvements 

sustained at follow-up. Furthermore, there was no time-group interaction effect. So, 

CTT and IDT had similar effects on gait speed in dual task conditions. 

In favour of dual task gait speed, step length, and cadence there was no interaction 

effects in Conradsson et al.’ (2015) study.

Mirelman et al. (2011) demonstrated that there were significant improvements for gait 

speed, stride time, and stride length (P<0.005) in dual task condition. They compared 

these results with the control group from previous study (Mehrolz et al., 2010) and 

found that the gains in gait speed and stride length were significantly larger in recent 

study than those in the previous study.

Balance

Fernandes et al. (2015) assessed the centre of pressure (COP) in terms of 

anteroposterior (COPy) and mediolateral (COPx) directions. Significantly important 

improvements were found in COPx (P: 0.026) and COPy (P: 0.029) in eyes closed 

position in dual task balance training group compared with single task balance 

training group. 

Vanshika and Raja (2012) showed significant improvements in BBS score (P: 0.000) 

after both dual task training with fixed priority instructions and dual task training with 
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variable instructions programs. The improvements in dual task training with variable 

instructions group was greater than those in dual task training with fixed priority 

instructions group.    

Perumal et al. (2015) used similar intervention with Vanshika and Raja’ (2012) 

training program and found significant main effect of time similar with Vanshika and 

Raja (2012) for BBS and also for DGI scores (P<0.005). Significant time-group effect 

was observed on DGI scores (P<0.005). However, in contrast to Vanshika and Raja’s 

(2012) study results, there was no significant differences between dual task group 

with fixed priorities and dual task group with variable priorities in terms of both DGI 

and BBS scores. In addition, they did not observe any significant differences between 

single task balance training group and both dual task training groups in terms of BBS 

and DGI.  

Conradsson et al. (2015) found significant interaction effect for MiniBESTest (P: 

0.001), meaning that there was a significant improvement over time (by 3 points) in 

MiniBESTest score in dual task balance training group.

Yen et al. (2011) found significant improvement on the equilibrium scores of SOT in 

condition-5 (eyes closed on an unstable surface) and condition-6 (eyes open on an 

unstable surface with visual surround) in the VR group over the null control group. 
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Chapter 4: Discussion
The aim of this systematic review was to understand whether dual task training 

improves gait and balance parameters in both single task condition and dual task 

condition. The relevant studies were selected, and they included different dual task 

training modalities and they reached different amount of improvements or different 

results in different task conditions. 

The one of ways to improve both normal walking and dual task walking may be to 

provide or support the motor learning in PD patients. The motor learning includes two 

phases; firstly, skill is acquired over short term and then retained into long-term 

memory with repeated practice over several weeks, so, performance can emerge 

automatically (Rochester et al., 2010). Therefore, performing several practices for 

gait in single task position or for both gait/balance and secondary task 

(motor/cognitive) in dual task position may prompt the automaticity and may support 

to improve gait and balance performance in both single task and dual task conditions.

The two of the included studies (Geroin et al., 2018, Strouwen et al., 2017) applied 

consecutive task training (CTT) to one group and integrated dual task training (IDT) 

to other group in same manner. Strouwen et al. (2017) found significant 

improvements in gait velocity in different dual task conditions. Similarly, Geroin et al. 

(2018) showed significant improvements in stride length and cadence in both single 

task and dual task conditions. There were no significant differences between two 

training types. However, they hypothesised that IDT would provide much better 

results in gait performance. The reason may be, as mentioned above, though CTT 

trained both cognitive and motor task separately, it can support automaticity of 

performing of two tasks. So, the improvements of gait can be seen in both single task 

and dual task conditions and it may be said that to train primary gait and secondary 

task may be beneficial in terms of developing of the gait performance.       

Furthermore, they wanted to investigate whether the gains are transferable to 

functional performance. Therefore, they assessed the participants in untrained tasks; 

mobile phone task (Geroin et al, 2018) and stroop task conditions (Strouwen et al., 

2017, Geroin et al., 2018) and in contrast to their expectation, similar improvements 

were found between CTT and IDT groups. The reason of this, again may be that 

although the interventions were applied separately in CTT, both cognitive task and 
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walking were performed in same manner. Thus, performing the cognitive task may 

improve and contribute the gait improvements similarly with IDT. 

As mentioned above, there are different approach for dual task training and giving 

instructions is one of them. Fok et al. used instructions during dual task training to PD 

patients in their both two studies (2010 and 2012). In both two studies, immediate 

improvement was seen in stride length and gait velocity in dual task condition when 

the participants took instruction to divided attention into both gait and subtractions 

(secondary task) equally (Fok et al., 2012), and to focus on taking big steps (Fok et 

al., 2010). The basis of these improvements may be depended on again the 

supporting of motor skill learning because the performer engages in taking 

instructions to figure out what to do and how to do it during the first stage of motor 

skill learning (Nieuwboer et al., 2009).  The benefits were observed also at 30 

minutes after- retention period when compared with baseline results but when 

comparing with post-training results, reduction in gait velocity and stride length was 

seen. The reason of this may be applying just a single session-30 minutes training 

program. More training sessions may be more beneficial for continuing the gains in 

long-term. However, there is a lack of evidence in terms of the effectiveness of dual 

task gait training with verbal instructions in long-term. Thus, new research may be 

needed to investigate the effect of more training sessions on gait performance in both 

two conditions in long-term.   

Furthermore, people with PD tend to give priority on secondary cognitive task rather 

than gait, when they do not take any instructions about focusing on gait (Bloem et al., 

2006). This situation can lead to increased dual task interference and so, slower 

walking and shortened stride length because PD patients’ cognitive function and 

attention are diminished (Canning, 2005, Yogev-Seligman et al., 2005). Therefore, 

the other reason of the improvements in gait speed and stride length and also 

reduction of dual task interference in Fok et al.’s (2010) study may be using the gait 

prioritization during dual task training. 

Vanshika and Raja (2012) and Perumal et al. (2017) used similar intervention with 

Fok et al. (2010 and 2012). They compared the effects of dual task training with fixed 

priority and dual task training with variable priority instructions on balance 

performance. Vanshika and Raja (2012) found greater improvement in dual task 
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balance training with variable priority instructions group for BBS score than those in 

fixed priority group. The reason may be that the necessary task demand is less 

during the dual task training with variable priority instructions because patients’ 

attention is shifted between two tasks (Kramer et al., 1995). 

On the other hand, Perumal et al. (2017) compared the effects of both dual task 

trainings with single task training and did not found any significant difference between 

these groups for BBS and DGI scores. The effectiveness of the single task training 

on balance may be explained with task automatization hypothesis. Performing single 

tasks may require less processing demand than performing dual tasks. Therefore, 

skill learning may be faster (Silsupadol et al., 2009). On the other hand, performing 

dual tasks may require task coordination and this may be provided by practicing of 

both primary and secondary tasks. Thus, single task training may not be effective 

always and dual task training may be essential for improving dual task performance 

(Vanshika and Raja, 2012).

The one aspect of these improvements in Perumal et al.’s (2017) study may relate to 

included tasks of dual task balance training. Perumal et al. (2017) included some 

functional tasks, which are parts of the daily life activities such as making a shopping 

list, carrying a bag, and counting money, as a secondary task. To perform a task 

repetitively alone may not be enough, and so, the task-specific training may 

beneficial because it is both meaningful for patients and includes repetition and 

practice and can lead to changes in cortical level (Hubbard et al., 2009). Therefore, 

practising such secondary tasks may support improving of both gait and balance 

performance in people with PD with their task-based nature.

The other type of dual task training was virtual reality (VR) in the two included studies 

(Mirelman et al., 2011 and Yen et al., 2010). Mirelman et al. (2011) used VR with 

treadmill gait training. De Sousa et al. (2014) stated that the treadmill training (TT) 

alone may be beneficial to improve gait during dual task performance in people with 

PD in their case study. In addition, Mehrolz et al. (2015) showed its benefit on stride 

length and gait velocity in PD patients in their systematic reviews. On the other hand, 

VR can support improvements in gait parameters during dual task by providing dual 

task training because patients have to challenge varying visual task and maintain 

their walking at the same time. Mirelman et al. (2011) found significant improvements 
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in gait velocity and stride length under dual task condition after 6-weeks TT plus VR 

training. Similarly, Yen et al. (2010) found improvements in terms of equilibrium score 

of SOT under both single task and dual task in eyes open on an unstable surface 

with visual surround condition after VR balance training. All these improvements may 

be seen thanks to the support of VR on neural organization by providing varying 

sensory environments and attentional demands (Dunsky et al., 2013).

De Bruin et al. (2010) asked to participants to walk with music. To listen music during 

the walking lead to cognitive demand as an addition to walking and dual task occurs 

(Brown et al., 2009). However, De Bruin used the music, which was chosen by 

participants, and participants did not take any other instructions. The being self-

selected of music may ease the giving attention to music during the training. This can 

lead to also improvements in cognitive function rather than gait performance of 

patients. It was showed that gait prioritization is beneficial to both improve gait 

parameters and reduce dual-task interference (Fok et al., 2010). Thus, walking with 

music may not be efficient method to improve gait parameters. On the other hand, De 

Bruin et al. (2010) found significant increase in gait speed, cadence and significant 

decrease in stride time under both single task and dual task conditions after 13-

weeks walking with music program. The main reason of these benefits may be 

rhythmical nature of music. Ghai et al. (2018) stated that rhythmic auditory cues 

might support the improvements in gait velocity and stride length in people with PD 

because it can compensate the degenerated rhythm in basal ganglia (Spaulding et 

al., 2013).  On the other hand, the auditory cues provided by a metronome can lead 

to repetitiveness, and habituation, and so, a reduction in the continuing of its use. 

Therefore, music can be a good alternative because it is meaningful for patients and 

they can maintain its use as well as the benefits of rhythmical nature like auditory 

cues (Brown et al., 2009).        

Regarding the balance training in PD patients, two studies used dual task training 

with balance components without any instructions or other external markers 

(Fernandes et al., 2015 and Conradsson et al., 2015). While Fernandes et al. (2015) 

compared the effectiveness of dual task balance training with single task training, the 

comparison group performed just normal daily activities in Conradsson et al.’s (2015) 

study. Fernandes et al. (2015) assessed both the static and dynamic balance with 

TUG and centre of pressure (COT) in PD patients. They found significant differences 
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in both mediolateral and anteroposterior sway in eyes closed position in both groups.  

The reason of this situation may relate to that PD patients have a flexed posture due 

to high muscular rigidity and this can lead to postural instability (Jankovic, 2008; Park 

et al., 2015). However, anteroposterior sway was worse than in dual task training 

group than those in single task training group. The reason may be the spending time 

with the disease. Although there were no statistically significant differences between 

both groups at baseline, the years of disease were more in dual task training group 

and the flexed posture is observed often late in the disease (Jankovic, 2008). 

Conradsson et al. (2015) applied a highly challenging balance program (HiBalance) 

including dual task with balance components to intervention group. They found 

significant improvement in MiniBESTest score in training group. These improvements 

in balance performance in the studies of both Conradsson et al. (2015) and 

Fernandes et al. (2015) could occur thanks to their intervention approach. 

Conradsson et al. (2015) gradually integrated the dual tasks into the program. Some 

studies, which the participants practiced physically perturbed for reaching tasks, 

showed that individuals taking gradual training demonstrated a slower rate of decay 

of the adapted reaching pattern, taking longer to re-establish unperturbed reaching 

movements meaning that these people could adapt to the novel-reaching task. So, 

gradual training may be effective when the people need to alter what movement 

strategies are selected to perform the task (Sawers and Hahn, 2013, pg: 606). 

Both of the studies progressively increased the difficulty of exercise by increasing the 

complexity of the cognitive task (Fernandes et al., 2015; Conradsson et al., 2015), 

variation of exercise, combining balance components (Conradsson et al., 2015). The 

Challenge Point Framework (CPF) suggests that motor learning may be optimized 

with manipulation in both nominal task difficulty, which is changes in the just task 

characteristic, and functional task difficulty, which means challenge of the task by 

considering the skill level of the person performing the task and the conditions under 

which it is performed. (Pollock et al., 2014). For example, Orla-or and Winstein 

(2008) found improved motor learning under low demand practice condition with low 

nominal task difficulty in PD patients. They also found preserved motor learning 

under high demand practice condition with both low and high level of task difficulties 

but in just same contexts with those in training process. Both Conradsson et al. 

(2015) and Fernandes et al. (2015) changed the functional task difficulty during the 
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training and found improvements in balance performance in PD patients but these 

studies may not be enough to determine optimal motor learning strategy. 

Nevertheless, the use of this approach during the dual task balance training in the 

studies of Fernandes et al. (2015) and Conradsson et al. (2015) may contribute to 

improvement in balance performance by promoting the motor learning.   

Furthermore, although Conradsson et al. (2015) applied balance training, they also 

assessed the gait parameters; gait velocity, cadence, and step length. They found 

significant improvement in step length and gait velocity during normal walking after 

the balance program. Perumal et al. (2017) also, similarly assessed gait performance 

with DGI and found significant improvements after balance training. These balance 

training programs surely included some walking activities as well as static balance 

activities such as walking tasks on varying surfaces with or without visual constraints, 

walking with a narrow base support, walking backwards. These activities may support 

the gait performance. In addition, stride length and gait velocity are correlated with 

dynamic balance in people with early PD (Yang et al., 2008). Therefore, increased 

balance performance may be related to increased gait velocity in Conradsson et al.’s 

(2015) study and this kind of balance training may target gait problems as well as 

balance problem (Conradsson et al., 2015).

In general, it may be said that all these improvements depended on motor learning. 

Similarly, Conradsson et al. (2015) stated that they applied the intervention according 

to motor learning principles. The included studies used different tasks for both 

primary task and secondary task during the dual task trainings, especially balance 

trainings (Fernandes et al., 2015; Perumal et al., 2017; Conradsson et al., 2015). 

However, they did not specifically state whether there is a specific order for 

performing tasks such as random order or blocked order in their intervention. On the 

other hand, a random practice order may be superior to blocked practice order in 

providing motor learning because of the higher level of contextual interference 

induced by random practice order and it requires more cognitive processing (Onla-or 

and Winstein, 2008). However, as these studies did not state the practice order, it 

cannot be said that which practice order is better for improving gait and balance 

performance under different conditions (single task or dual task) in people with PD. 
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Another factor may relate to the intervention. In each study, different type of dual task 

training, which can lead to different findings, was used but the other issue was that 

different intervention duration and intervention frequency were applied. For example, 

Fok et al. (2010; 2012) applied just one session- dual task gait training with 

instructions in their both two studies and found improvements in gait parameters. On 

the other hand, Geroin et al. (2018) and Strouwen et al. (2017) applied dual task gait 

training twice a week for 6 weeks and found significant improvements in gait velocity 

under dual task condition and in stride length and cadence under both single and 

dual task conditions. Surely, the comparison between these studies according to 

intervention duration and frequency may not be appropriate, when the type of 

intervention was different. Therefore, to determine an optimal dual task training 

duration or frequency may be difficult.  

Majority of the included studies tried to find the effects of dual task training by 

comparing different kind of therapy or they compared different types of dual task 

training. These may contribute to literature so that showing the superiority of dual 

task training or a type of dual task training over comparison intervention type. 

However, to determine the exact effect of dual task training on both gait and balance 

performance in people with PD dual task training group should be compared with a 

group that gets no interventions. Only two studies (Fok et al. 2010 and Fok et al. 

2012) compared the dual task training group with an active control group, who did not 

get interventions. Thus, they can investigate the effect of the dual task training 

clearly. On the other hand, during a long study period without any exercise or 

physical activities can affect people with PD negatively in terms of increasing fall rate 

or freezing of gait. In this case, during a research, at least to be asked to perform 

daily life activities may be a sensible approach like those in De Bruin et al.’s (2010) 

and Conradsson et al.’s (2015) studies. It is thought on Fok et al.’s (2010 and 2012) 

studies, although their control group did not any intervention, it may be safe for 

patients because the studies were single session studies.  

Another important issue is the adverse events. Mirelman et al. (2010) stated that their 

all participants completed without any adverse events. Falls are known as a potential 

safety problem during performing dual tasks. De Bruin et al. (2010) reported the 

number of falls during the training with music and they did not found safety problem 

due to the fall because falls occurred when participants performed their daily life 
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activities. In addition, Strouwen et al. (2017) found that fall frequency tended to 

reduce during the training period. Although these three studies may not be enough to 

say that the dual task training is safety intervention, it can be said that the dual task 

training can be applied without facing an adverse event. 

Strength and Limitations

Firstly, the eligibility criteria were clearly defined according to the specific research 

question to reach as much relevant studies as possible, and the number of the 

included studies was no less. After the quality assessment of the studies, only two 

studies were found as a weak study, and the marks of other studies varied as 

moderate to strong and the majority of the studies were strong. As the risk of bias 

was less in most of the studies, the findings of this systematic review may be reliable 

and may contribute to the literature. On the other hand, this quality assessment 

process was conducted by just the author. This may be one of the limitations of this 

study but to reduce the possible errors, a quality assessment tool (EPHPP) was 

used. 

During the study search, study language did not be limited with English, studies 

written in Turkish also searched to reach a greater number of relevant studies. 

However, study selection and data extraction were performed by the author without 

any other reviewer. This situation can lead to bias but to reduce the errors data 

extraction was depended on a data extraction form.  

In the included studies, the gait or/and balance were assessed. However, in all 

studies (Vanshika and Raja, 2012 and Perumal et al., 2017 did not state) 

assessments were applied to participants their ‘ON’ phase, which is the time periods 

when PD medication is effective and motor function was optimal, within medication 

cycle. This may ease and suitable period for testing in terms of avoiding the 

levodopa-induced motor fluctuations. On the other hand, when assessment applied 

in on phase, a confounder effect of medication may occur on participants’ trial-test 

performance. Therefore, findings of this systematic review may be trustful in just on 

medication phase. In addition, the dosage of medication was not stated in the 

studies. So, its effects are not clear. Therefore, assessments should be applied in 

both on and off phase.  
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A limitation of this systematic review related to follow-up results. The included studies 

investigated the immediate effect of dual task training on gait and balance. Four 

studies applied 4-weeks or 12-weeks follow-up assessments to participants. In two 

studies, participants were assessed 30-minutes after training as follow-up. However, 

these studies may not be enough to show the effect of dual task training in long-term 

because one of the steps of the motor skill learning refers to retention and retention 

of skill is less efficient in PD patients compared to age-matched controls (Rochester 

et al., 2010).  

The other issue related to the sample size and participants characteristics of the 

included studies. The sample sizes of the majority of the studies (except three 

studies) was relatively small. The small sample size can cause low statistical power 

and ultimately can cause negative effect to have a statistically significant findings 

actually reflecting a true effect (Button et al., 2013). This situation also can lead to a 

limitation for this systematic review in terms of generalization of the findings to PD 

patients. 

In addition, participants’ initial condition in terms of both motor capacities and 

cognitive capacities before the taking intervention can play a crucial role in the 

response of the interventions. Although practice is the most important element for the 

permanent improvement in performing a motor skill, a learner’s skill level also can 

significantly affect the proficiency of the motor skill learning (Onla-or and Winstein, 

2008). The participants of the included studies had mild to moderate disease severity 

according to H&Y or Modified H&Y scales and majority of participants had an ability 

to walk in a certain distance with or without walking aid. Furthermore, the majority of 

participants in the studies had not cognitive impairment. Thus, their capability was 

relatively better than PD patients with severe disability and the response to dual task 

training possibly are different. Therefore, the findings of this systematic review can be 

generalized and used for PD patients with mild to moderate disease severity. 

Furthermore, the participants’ year of disease varied 3.8 to 9.8 mean in the included 

studies that means these participants were not in their early stage of the disease. On 

the other hand, the effects of intervention in the early stage of the disease may be 

different. So, this may be an interesting area to investigate the effect of the dual task 

training in PD patients who are in early stage of the disease.   
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Conclusion and Recommendation 

The included studies in this systematic review had different aims while they were 

investigating the effectiveness of dual task training such as superiority of dual task 

training over single task training and conventional training. Also, they used different 

type of dual task training such as dual task training with different instruction styles 

(e.g. gait prioritization, fixed priority), virtual reality, and music. As a result, it can be 

said that there are some strong evidence supporting that dual task training improve 

gait parameters, especially gait velocity and stride length, under both single and dual 

task conditions. Fair evidence supports the positive effect of dual task training on 

improving in balance performance in people with PD.  

On the other hand, further studies, which have larger sample size and application of 

assessments in not only on-medication phase but also off-medication phase, may be 

needed. In addition, as majority of the included studies did not apply follow-up 

assessment, further studies are needed to investigate the long-term effect of dual 

task training on gait and balance in people with PD.

For the clinical use of dual task training, it can be safe. It can be used with different 

approaches like instructions or music, and different training duration and frequency. 

Although this situation cannot allow to establish a standard dual task training 

protocol, it can be tailored easily according to patients’ initial capacity and 

preferences.
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Appendix

Appendix 1: PRISMA 2009 Checklist

Section/topic # Checklist item Reported 
on page # 

TITLE 
Title 1 Identify the report as a systematic review, meta-analysis, or both. 

ABSTRACT 
Structured summary 2 Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria, 

participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and 
implications of key findings; systematic review registration number. 

INTRODUCTION 
Rationale 3 Describe the rationale for the review in the context of what is already known. 

Objectives 4 Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons, 
outcomes, and study design (PICOS). 

METHODS 
Protocol and registration 5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide 

registration information including registration number. 

Eligibility criteria 6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, 
language, publication status) used as criteria for eligibility, giving rationale. 

Information sources 7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify 
additional studies) in the search and date last searched. 

Search 8 Present full electronic search strategy for at least one database, including any limits used, such that it could be 
repeated. 

Study selection 9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, 
included in the meta-analysis). 

Data collection process 10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes 
for obtaining and confirming data from investigators. 
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Data items 11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and 
simplifications made. 

Risk of bias in individual 
studies 

12 Describe methods used for assessing risk of bias of individual studies (including specification of whether this was 
done at the study or outcome level), and how this information is to be used in any data synthesis. 

Summary measures 13 State the principal summary measures (e.g., risk ratio, difference in means). 

Synthesis of results 14 Describe the methods of handling data and combining results of studies, if done, including measures of consistency 
(e.g., I2) for each meta-analysis. 

Risk of bias across studies 15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective 
reporting within studies). 

Additional analyses 16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating 
which were pre-specified. 

RESULTS 
Study selection 17 Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at 

each stage, ideally with a flow diagram. 

Study characteristics 18 For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and 
provide the citations. 

Risk of bias within studies 19 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12). 

Results of individual studies 20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each 
intervention group (b) effect estimates and confidence intervals, ideally with a forest plot. 

Synthesis of results 21 Present results of each meta-analysis done, including confidence intervals and measures of consistency. 

Risk of bias across studies 22 Present results of any assessment of risk of bias across studies (see Item 15). 

Additional analysis 23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 16]). 

DISCUSSION 
Summary of evidence 24 Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to 

key groups (e.g., healthcare providers, users, and policy makers). 

Limitations 25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of 
identified research, reporting bias). 

Conclusions 26 Provide a general interpretation of the results in the context of other evidence, and implications for future research. 
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FUNDING 
Funding 27 Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the 

systematic review. 
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Appendix 2: JBI Data Extraction Form
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Appendix 3: EPHPP Quality Assessment Tool



STUDENT NUMBER: 10583881 71



STUDENT NUMBER: 10583881 72



STUDENT NUMBER: 10583881 73



STUDENT NUMBER: 10583881 74




