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ABSTRACT 

Background: The ability of performing a balance or walking task in conjunction with 

a secondary cognitive or motor task, referred to as dual-task (DT) ability, is essential 

in daily living. While there is some evidence that DT performance is impaired in 

individuals with neurological conditions, using reliable and valid tools to measure DT 

performance is essential. This systematic review aimed to evaluate the psychometric 

properties of DT balance and walking assessments in individuals with different 

neurological conditions. 

Methods: A systematic literature search was conducted using PubMed, CINAHL, 

MEDLINE, PsycINFO, SCOPUS, Web of Science, and Cochrane Library (last search 

done in April 2016). The methodological quality was rated using the Consensus-based 

Standards for the selection of health Measurement Instruments (COSMIN) checklist. 

Results: Twenty-three articles involving individuals with stroke, Parkinson’s disease, 

mild cognitive impairment, dementia, Alzheimer’s disease, and multiple sclerosis 

were included. Outcomes derived from the walking tasks under DT condition 

generally demonstrated good reliability (correlation coefficient ≥0.75) across different 

neurological disorders, but their usefulness in distinguishing fallers from non-fallers 

was inconclusive. The reliability of outcomes derived from the cognitive/motor tasks 

and from the dual-task effect (DTE) (i.e., DT performance minus single-task 

performance) seemed to be lower but was understudied. The reliability of static or 

dynamic sitting/standing balance outcomes in DT condition was not assessed in any 
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of the selected studies. 

Conclusions: The reliability of the outcomes derived from walking tasks was good. 

The psychometric properties of other DT outcomes need to be further investigated. 

 

Keywords: psychometrics; dual-task; balance; gait; neurological; systematic review 
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1. Introduction 

The ability to walk while performing a secondary cognitive or motor task (i.e., dual-

tasking) is essential in daily living. Crossing the street while carrying out a 

conversation and walking while holding a glass of water are just some examples of 

frequently encountered dual-task (DT) scenarios in everyday life.  

Research evidence showed that DT performance in balance and walking was 

decreased after the onset of neurological disease. For example, Hyndman et al. 

showed that when performing a walking task in conjunction with a cognitive recall 

task (remembering a seven item-shopping list), significantly increased walking time 

and deterioration in cognitive performance was found in the stroke group, but not in 

the control group [1]. In individuals with Parkinson’s disease (PD), when asked to 

walk while performing a digit span task, the walking speed was reduced by 10% [2].  

The issue of DT balance and mobility deficits in individuals with neurological 

disorders has attracted much attention in research in the past few years, as reflected by 

a substantial increase in the number of publications in this area. However, to ensure 

accurate measurement of DT balance and walking function, studying the 

psychometric properties (i.e., reliability, validity, responsiveness, etc.) of the DT 

balance and walking assessment tools are important. The psychometric properties of 

DT balance and walking assessments in older adults were examined in a recent 

systematic review [3]. Good reliability was found for the balance and gait parameters 

under DT condition, while poor-moderate reliability was found for the cognitive 
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parameters and outcomes derived from the dual-task effect (DTE) (i.e., DT 

performance minus single-task performance). The usefulness of DT balance and 

walking assessment paradigms to predict falls (i.e., criterion-related validity) was 

examined in two systematic reviews [3, 4], but the conclusions drawn were not 

consistent.  

The manifestations of balance and gait deficits could be very different among 

different neurological disorders. The degree of cognitive-motor interference may also 

be affected by the extent of motor and cognitive deficits [5, 6]. Therefore, the results 

of the systematic review of literature on older adults may not be generalizable to 

individuals with neurological conditions. Currently, no systematic review has 

evaluated the psychometric properties of existing DT balance and walking assessment 

tools used in individuals with neurological disorders. This systematic review was 

aimed to address this gap of knowledge.  

 

2. Methods 

2.1.Study Selection 

Articles were eligible if: the primary task used in the DT testing protocol was a 

balance or walking task; the secondary attention-demanding task was a cognitive task 

or a motor task; the DT testing protocol was adequately described so that it could be 

replicated; the performance of the primary balance/walking task or that of the 
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secondary cognitive/motor task was used as an outcome measurement; the 

psychometric properties of a specific DT test was evaluated; individuals with a 

neurological condition as the primary diagnosis were studied; and published in 

English. The exclusion criteria were: specific diagnosis was not provided for the study 

sample; conference abstracts, dissertation thesis or review articles.  

 

2.2.Data Sources and Searches 

To identify all relevant articles, a systematic literature search was conducted, 

involving MEDLINE (1965-9 April 2016), PubMed, SCOPUS, Web of Science, 

CINAHL (1982-9 April 2016), PsycINFO (1806+), and Cochrane Library electronic 

databases. Supplementary Appendix 1 provides an example of the search strategy. 

Article screening and selection was performed by two independent researchers. 

The title and abstract of articles were first screened to exclude articles that did not 

fulfill the selection criteria. Next, the full text of the rest of articles was reviewed to 

decide whether these articles should be included for review. To find other potential 

relevant articles, the reference list of each selected article was reviewed. In addition, a 

forward search was conducted using the Science Citation Index to obtain other 

relevant articles that had cited the articles originally selected. The last forward search 

was done on 29 April 2016. Kappa statistics was used to assess the degree of 

agreement in article selection between the two independent researchers.  
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2.3.Methodological Quality Assessment 

The Consensus-based Standards for the selection of health Measurement Instruments 

(COSMIN) checklist (Table 1) was used to assess the methodological quality of each 

selected article [7]. Nine different domains of psychometric properties could be 

assessed with this tool, in which the rating score was excellent, good, fair, or poor 

according to the specific criteria described in COSMIN. The rating was performed 

independently by two researchers. If there were discrepancies in ratings, the principal 

investigator was consulted to reach a consensus.  

 

2.4.Data Synthesis and Analysis 

Each article was carefully reviewed and the key findings were extracted by the first 

author. The results were then sent to the principal investigator for final review. For 

analysis of internal consistency, the interpretation of Cronbach’s alpha value was as 

follows: <0.7=low internal consistency; 0.7-0.9=good internal 

consistency; >0.9=indicative of item redundancy [8]. For interpreting the reliability 

coefficients, [e.g., intraclass correlation coefficient (ICC), Kenadall’s coefficient of 

concordance, Krippendorff's alpha], a value of <0.75 was regarded as poor-moderate 

whereas a value ≥0.75 was considered as good [8]. For Kappa values in reliability 

analysis, a magnitude of >0.8 was considered as excellent, 0.61-0.80 as good, 0.40-
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0.60 as moderate, and <0.40 as poor to fair [8]. The interpretation of correlation 

coefficients (e.g., Pearson’s, Spearman’s) were based on the following guidelines: 

0.00-0.25=little or no relationship; 0.25-0.50=fair relationship; 0.50-0.75=moderate-

good relationship; >0.75=good-excellent relationship. For receiver operating 

characteristics (ROC) curve analysis, an area under curve (AUC) value of <0.7 

represents poor discrimination; 0.7–0.8 acceptable discrimination; 0.8–0.9 excellent 

discrimination; 0.9–1.0 outstanding discrimination [9].  

Meta-analysis was not conducted, because of the large heterogeneity of the DT 

balance and walking assessment tools and outcomes used. To facilitate easier 

comparisons of results, the findings were tabulated according to the type of 

neurological conditions studied, and the type of cognitive tasks (i.e., mental tracking, 

verbal fluency, working memory, and discrimination and decision-making) or motor 

tasks used [3]. 

 

3. Results 

3.1.Article Selection 

Twenty-three articles (23 studies) [1,2,5,6,10-28] were included in this review (Figure 

1). The neurological conditions studied included stroke (8 studies) 

[1,5,10,12,16,17,22,28], PD (8 studies) [2,13,14,18,24-27], mild cognitive impairment 

(MCI), Alzheimer’s disease (AD), dementia (4 studies) [6,12,19,21], and multiple 
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sclerosis (MS) (3 studies) [15,20,23]. The inter-rater agreement for article selection 

was good (Kappa=0.74). The participants’ characteristics and DT testing protocol for 

each study are summarized in Table 2.  

 

3.2.Dual-task Testing Protocol 

A walking task was used in the dual-task testing protocol for all selected studies, 

except that unsupported sitting balance in individuals with stroke was studied in 

Harley et al. [16], and that static standing balance in individuals with PD was 

investigated in Barbosa et al. [25]. The GAITRite system was used to measure the gait 

parameters in seven studies [2,11,12,18-20,23]. Different walking tests were adopted 

in other studies, including 20-meter walking (1 study) [27], 10-meter walking (4 

studies) [5,6,15,28], 5-meter turn walking (2 studies) [1,21], and the timed up-and-go 

(TUG) test (4 studies) [10,22,24,28]. Stepping-in-place was also used in one study 

[26]. 

Different categories of cognitive tasks were used in the DT testing protocol, 

including mental tracking (9 studies) [6,11,12,15,19,22,24,27,28], verbal fluency (12 

studies) [5,10,13,14,16,17,20,21,23,25,26,28], working memory (3 studies) [1, 2, 26], 

and discrimination and decision-making (3 studies) [2,5,18]. A secondary motor task 

was used in eight studies, including the task of carrying a cup water (5 studies) 

[5,10,18,20,28], horizontal head turns (1 study) [22], box-checking (1 study) [27], and 

a mobile phone task (1 study) [2]. In none of the studies were participants instructed 
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to prioritize either the primary balance/walking task or secondary cognitive/motor 

task, except the study by Lee et al. [5], in which the secondary tasks were prioritized. 

 

3.3.Assessment of Dual-Task Interference 

DT interference can be assessed by comparing the performance in the single-task (ST) 

and DT conditions. DT interference may also be expressed as the dual-task cost 

(DTC) or dual-task effect (DTE), which was evaluated in six studies 

[2,5,14,22,23,28]. The DTE was expressed as the absolute DTE (absolute DTE=DT 

performance minus ST performance) [14,28], or the DTE% [DTE%=(DT 

performance minus ST performance)*100%/ST performance] [2,5,23,27,28]. In Tsang 

et al. [22], the differences between ST and DT performance were rated on an ordinal 

scale [items 11 and 14 of the Mini-Balance Evaluation Systems Test (Mini-BESTest); 

0: normal, no noticeable change in speed (items 11 and 14); 1: Moderate interference: 

performs head turns with reduction in gait speed (item 11), change in 

speed/counting >10% (item 14), 2: Severe interference: performs head turns with 

imbalance (item 11), stops counting while walking or stops walking while counting 

(item 14)] [22]. 

 

3.4.Methodological Quality 

Five out of nine domains of psychometric properties described in the COSMIN 
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checklist were investigated in the selected articles, including internal consistency (1 

study) [13], reliability (9 articles) [2,11-13,19-22,28], measurement error (5studies) 

[2, 12, 20, 21, 28], hypothesis testing (7 studies) [5,6,14,16,23,25,28], and criterion 

validity (8 studies) [1,10,15,17,18,26-28]. The COSMIN ratings for each article were 

summarized in Table 1. Two or more domains of psychometrics properties were 

assessed in some studies, and it was possible that different domains may receive 

different COSMIN ratings in a given article. None of the articles were rated as good 

or excellent in the internal consistency, reliability and measurement error domains 

according to the COSMIN criteria. Details of the rating of each criterion under each 

domain can be found in the supplementary Table 1-5 (online only).  

 

3.5.Psychometric Properties Specific to Each Neurological Condition 

3.5.1. Stroke (8 studies) 

3.5.1.1.Walking 

Reliability: Two studies evaluated the reliability of the outcomes derived from DT 

walking assessments [12,28]. With the exception of cadence (ICC=0.69), other gait 

parameters (velocity, step length, and stride length) yielded good intra-rater reliability 

(ICC=0.79-0.93) [12,28]. The reliability of the cognitive tasks [correct response rate 

(CRR) generated in both mental tracking and verbal fluency tasks (ICC=0.58-0.81)], 

and manual task (carrying a glass of water) (Kappa = 0.18–0.54) in DT condition, and 
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DTE and DTE% in walking time (ICC=0.11-0.80) was more varied [28]. The 

reliability of DTE or DTE% for the CRR was poor (ICC=0.31–0.40) [28]. DTE% was 

tested in item 11 and 14 of the Mini-BESTest, with moderate to good intra-rater and 

inter-rater reliability (Kappa=0.41-0.76) [22].  

The absolute reliability of several DT walking assessments was also established 

by Yang et al. [28] (Table 3). The percentage minimal detectable changes at the 95% 

confidence level (MDC95%) were generally in the 29%-45% range for the walking 

time outcomes. These values were substantially larger for other outcomes such as the 

CRR, DTE, and DTE% [28].  

Validity: Several studies explored the ability of DT walking tests to discriminate 

fallers from non-fallers [1,10,12,17,22,28]. The SWWT demonstrated good specificity 

(sensitivity=15%-53%, specificity=70%-97%) for identifying fallers [12,17], and 

good sensitivity (73%) and specificity (69%) for identifying repeat fallers [17]. 

However, TUG-manual test (sensitivity=17%, specificity=95%, AUC=0.63) [10], 

tests from Yang et al. (walking tasks: forward walking at self-selected and maximal 

speed, backward walking, obstacle course, TUG; secondary tasks: verbal fluency, 

mental tracking, carrying a glass of water) [28], and working memory tasks during 

walking [1] were not useful for discriminating fallers from non-fallers.  

The criterion-related validity was evaluated by assessing the correlations among 

DT walking tests. The time taken to complete the TUG test and other walking tests in 

DT condition yielded moderate-good or good-excellent correlations (Pearson’s 
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r=0.66-0.93), while the correlations between the CRR generated from the TUG test 

and that from other walking tests were weaker (Pearson’s r=0.37-0.65) [28]. 

Convergent validity was assessed by Lee et al. [5], in which a significant difference 

was found in DT walking performance between the limited community ambulators 

(i.e., not ambulant outside the home/ambulant as far as the letterbox/ambulant in the 

immediate environment) and community ambulators (i.e., ambulant in a shopping 

center and/or places of special interest). Within the group of limited community 

ambulators, a significant difference in DT walking performance was found between 

those who had good motor recovery (Brunnstrom stage 5-6) and those who had poor 

motor recovery (Brunnstrom stage 3-4) [5].  

 

3.5.1.2 Static Sitting 

Validity: Convergent validity was assessed in one study [16]. Fair correlation was 

identified between the variability of body sway during repetitive utterance (Pearson’s 

r=-0.43--0.37) or word generation (r=-0.42) in sitting position and the Barthel ADL 

index [16].  

 

3.5.2. Parkinson’s disease (8 studies) 

3.5.2.1 Walking 

Reliability: Only two studies have examined the reliability of gait measures in DT 
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condition [2, 13]. These measures (speed, stride length, stride time, swing percentage, 

cadence, stride width) had good reliability [2], regardless of the type of cognitive 

tasks used (digit span, auditory Stroop, mobile phone task) (Spearman’s rank=0.83-

0.95). The reliability was considerably lower for step length asymmetry 

(Spearman=0.48-0.77), or variability in stride length (Spearman=0.44-0.72) and stride 

time (Spearman=0.52-0.73) [2]. When DTE values of gait variables were used as 

outcomes, the reliability was generally lower (ICC=0.19-0.81) [2]. Good internal 

consistency and moderate-good inter-rater reliability was demonstrated for the item of 

walking while quoting animal names in the Dynamic Parkinson Gait Scale 

(DYPAGS) (Cronbach’s alpha=0.95; Inter-rater: Kendall’s coefficient=0.79, 

Krippendorff’s alpha=0.69, ICC=0.80) [13].  

The reliability of cognitive outcomes under DT condition was examined in one 

study only [2]. Reaction time/response time measures (ICC=0.69-0.82) had better 

reliability than error rate (Spearman=0.21-0.62). Similarly, poor reliability was 

reported when the DTE values were used for analysis (reaction time/response time: 

ICC=0.41, error rate: Spearman=0.09-0.59) [2]. 

Validity: Other authors explored whether DT walking assessments were useful in 

identifying fallers among individuals with PD. The time taken to complete the TUG in 

DT condition (mental tracking: sensitivity=76.5%, specificity=73.7%, AUC=0.82) or 

(carrying a glass of water: sensitivity=29.6%, specificity=68.4%, AUC=0.78) [26], 

and the combined motor DTC during the DT walking/box-checking task 
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(sensitivity=71.4%, specificity=77.3%, AUC=0.71) were useful in identifying fallers 

[27]. In contrast, all outcome variables derived from the DT walking/serial-7-

subtractions, DTC of walking speed and DTC of box-checking during the DT 

walking/box-checking task [27] were not useful in identifying fallers.  

The ability of DT assessments to differentiate freezers and non-freezers was also 

evaluated in one study [26]. The step height during the stepping-in-place task while 

performing serial-7 subtractions was found to be useful in identifying freezers 

(sensitivity=70%, specificity=92.9%, AUC=0.86) [26]. 

The criterion-related validity of DT walking assessments was evaluated in two 

studies [14,18]. Good correlations were found between the Vitaport Activity Monitor 

(VAM) and the GAITRite in measuring gait speed, step length and step frequency in 

DT condition [ICC=0.85-0.98] [18]. The DTC of word generation per second during 

comfortable-speed walking was also shown to be predictive of impairment and 

disability level (i.e., convergent validity) [14].  

 

3.5.2.2 Static Standing 

Convergent validity of DT standing balance assessment was examined in one 

study [25]. No significant correlations between DT standing balance ability as 

indicated by the posturographic center of pressure variables and the clinical balance 

tests (Berg Balance Scale, Mini-Balance Evaluation System Test) [25].  
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3.5.3. Mild Cognitive Impairment, Dementia, and Alzheimer’s Disease (4 studies) 

Reliability: The reliability of the forward walking task [11,19] and 5-meter turn 

walking test [21] was good, regardless of the difference in cognitive impairment level 

(ICC=0.81-0.99) [11,19,21]. However, poor reliability was found for the coefficient of 

variation (CoV) of stride time (ICC=0.34) [11]. The absolute reliability for walking 

time in a mixed population of MCI and AD (intra-rater, SEM=2.15s, 

repeatability=5.97s; inter-rater, SEM=0.17s, repeatability=0.47s) was also established 

by Pettersson et al. [21].  

Validity: Convergent validity was assessed in one study [6], in which significant, 

fair associations between DT forward walking speed and cognitive function (r=0.238-

0.395) was found in individuals with MCI [6]. 

 

3.5.4. Multiple Sclerosis (3 studies) 

Reliability: Good reliability of the DT walking tests was identified, with ICC of gait-

related parameters (velocity, cadence, step length, etc.) ranging from 0.80 to 0.97 and 

SEM%<17% and MDC95%<44% [20].  

Validity: A fair correlation was found between the DTC of gait-related 

parameters and the Physiological Profile Assessment (PPA) fall risk score (r=0.39) 

[23]. The DTC% of walking time could not significantly predict falls (odds ratio=1.0) 
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[15].  

 

4. Discussion 

Despite different populations and testing protocols used, the overall results showed 

that the reliability of walking tasks in DT condition was generally good. There was 

some evidence that the reliability of the variables derived from the secondary 

cognitive/motor tasks in DT walking assessments and DTE was somewhat lower but 

this was understudied. The ability of DT walking assessment to distinguish fallers 

from non-fallers varied, but the sensitivity tended to be lower than the specificity. 

 

4.1.Reliability  

The reliability of gait parameters was good (ICC=0.80-0.99) [11-13,18-21], with only 

a few exceptions. The reliability of the gait parameters was also generally similar 

regardless of the secondary cognitive/motor tasks used. It is interesting that despite 

the potential differences in balance and walking performance across the different 

neurological disorders, the reliability findings were quite consistent. These results 

were in line with those found in the general elderly population [3], where the gait 

spatiotemporal parameters in the DT condition also yielded good reliability.  

When the DTE values of gait parameters were used as outcomes, the reliability 

was not as good (ICC=0.19-0.81), although this issue was examined in 3 studies only 
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(two in stroke, one in PD) [2,22,28]. This was also in line with findings in the general 

elderly population, where poor reliability was typically found for the DTE of gait 

parameters [3]. In the calculation of DTE, the measurement errors in both the ST and 

DT conditions were taken into account. Any inconsistencies across trials in each of 

the task conditions may lead to an inflation of the overall measurement error in DTE, 

and thus lower reliability values [3]. However, it was reported by Tsang et al. [22] that 

the reliability of the DTE of the time taken to complete the walking task under DT 

condition among individuals with chronic stroke was good (Kappa=0.70-0.76) [22]. 

The relatively high reliability reported in their study may be because the absolute 

value of DTE was converted into an ordinal scale of 0-2 [22]. This was a very gross 

measure of DTE only and any difference in DTE across trials may go undetected.  

Variability of gait parameters (i.e. coefficients of variation for stride length, step 

time, etc.) can be useful to identify DT deficits in individuals with neurologic 

disorders [2,11]. However, only poor-moderate reliability was found for outcomes 

derived from variability of gait parameters among individuals with PD 

(Spearman=0.44-0.72) [2]. The reliability was even poorer among individuals with 

dementia (ICC=0.34) [11]. It was also shown in previous studies on the general older 

adult population that the reliability was not as satisfactory if the variability in gait 

parameters was used as an outcome measure [3]. As Hollman et al. [29] proposed, it 

would require data collected from approximately 220 strides to achieve a magnitude 

of reliability at 0.9 for an accurate estimation of variability in stride velocity. 

However, the walkway used in Beauchet et al. was only 10 meters, which was clearly 
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too short a distance for achieving 220 strides [11]. This may account for the 

inconsistency of the gait variability readings across trials. The number of steps used 

for analysis in Strouwen et al. [2] was somewhat greater (21 - 125 steps). This may 

partially explain why higher reliability values were reported in their study, compared 

with Beauchet et al. [11]. In addition, it cannot be ruled out that the difference in 

cognitive function may also partly explain the difference in results. The PD patients in 

Strouwen et al. [2] had no cognitive deficits (MMSE median: 28) whereas those in 

Beauchet et al. [11] suffered from dementia.     

Relatively few studies have assessed the reliability of the outcomes generated 

from the secondary cognitive and motor tasks under DT condition [2,28]. The 

principal finding was that the reliability of these parameters was lower than that of the 

gait parameters. No systematic difference in reliability could be identified across the 

different cognitive or motor tasks. The findings are in concordance with those in the 

general older adult population [3]. Many factors such as psychological state, attention, 

and quality of sleep on the night prior to testing may affect cognitive performance 

more than gait performance. Cognitive performance may also be prone to a more 

pronounced learning effect than the walking task [2]. 

In addition to the relative reliability measures (e.g., ICC values), the absolute 

reliability (e.g., standard error of the measurement, minimal detectable change) of DT 

measures was also established in a few studies [2,20,21,28]. These values are essential 

when interpreting changes in DT performance over time. For example, in the MCI 
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and AD population, a mean change in DT walking time as a group beyond the value 

of 2.1s would indicate a real change in performance, rather than the errors related to 

repeated measurements [21]. 

 

4.2.Validity Analysis 

Several studies assessed convergent validity of the DT walking assessment 

[5,6,14,16,23,25] and generally, the results were significant. The DT/DTC in walking 

speed (MS and MCI) [6,23], DTC in word generation during walking (PD) [14], and 

DT in body sway during static sitting (stroke) [16] had fair correlations with other 

functional scales [6,14,16,23]. DT walking performance also differed depending on 

the ambulatory status and motor recovery [5]. To a certain extent, these findings have 

established the convergent validity of selected DT sitting balance and walking 

assessments. 

Prediction of falls in individuals with neurological conditions is an important 

topic. Several studies investigated the ability of DT walking to predict falls or 

distinguish fallers from non-fallers among individuals with stroke, with mixed results 

[1,10,12,17,22,28]. In particular, the SWWT was used in two studies to predict falls 

among individuals with stroke, and similar results were identified (i.e. low in 

sensitivity, high in specificity) [12,17]. It seems that the definition of fallers might 

have an influence on the value of sensitivity, thus leading to different conclusions. If 

the SWWT was used to discriminate between recurrent fallers and non-recurrent 
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fallers, rather than the non-fallers and fallers, the sensitivity would be much higher 

(73% Vs 53%) [17]. The specificity was consistently quite high, however (70%-97% 

for discriminating between fallers and non-fallers, 69% for distinguishing recurrent 

fallers from non-recurrent fallers).  

The value of DT assessments in distinguishing fallers/non-fallers in PD was 

investigated in two studies only and the results were mixed [24,27]. Only the 

combined DTC of the walking/box-checking task could effectively discriminate 

fallers from non-fallers. Similar to the studies in stroke, the sensitivity (71.4%) 

reported was lower than specificity (77.3%). The difference in results between 

sensitivity and specificity values may be related to the fact that the causes of falls are 

multifactorial. While non-fallers should perform well in DT mobility assessments, 

fallers may not necessarily have poorer performance in the same DT assessments, as 

other health or environmental factors may also contribute to their falls. This may 

partly explain why there was a tendency for the specificity to be higher than the 

sensitivity.   

Research on using DT assessments to predict falls in other neurological 

conditions is relatively scarce (1 study in MS, no study in MCI or dementia) and 

therefore inconclusive. Overall, the usefulness of DT balance/walking assessments in 

predicting falls in individuals with neurological disorders is inconclusive and requires 

further investigations.  
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4.3. Limitations of the Studies Reviewed 

The studies reviewed had several important limitations. First, of the 23 studies 

included in this review, very few were rated as good or excellent in terms of 

methodological quality according to the criteria described in COSMIN 

(supplementary tables 1-5) [7]. Second, stepping-in-place was used in the testing 

paradigm in Chomiak et al. [26]. Although both stepping-in-place and walking 

involve reciprocal, rhythmic movements of the lower extremities, some key 

spatiotemporal parameters may differ between the two tasks. Indeed, Garcia et al.  

showed that the single limb support duration of each limb was significantly longer for 

the stepping-in-place task compared with walking among healthy adults as well as 

individuals with stroke [30]. Therefore, the findings derived from the stepping-in-

place task may not be completely generalizable to the walking task. Third, the 

reliability of outcomes derived from static/dynamic sitting or standing balance tasks 

was not examined in any of the selected studies. In addition, the reliability of 

secondary cognitive/motor task performance was examined in only two studies [2,28], 

whereas the reliability of the DTE measures was investigated in three studies 

[2,22,28]. Consequently, solid conclusions on these aspects could not be drawn. 

Certain cognitive task categories, such as working memory, and discrimination and 

decision making, are also understudied. 

 

4.4.Limitations of this Systematic Review 
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There was insufficient data on the validity of DT balance and walking assessments in 

fall prediction specific to each neurological condition. As a result, meta-analysis could 

not be performed to estimate the overall odds ratio. 

 

4.5 Recommendations for Future Research 

Future good-quality studies should evaluate the reliability of outcomes derived from 

the static/dynamic sitting and standing balance tasks, secondary cognitive/motor 

tasks, as well as DTE measures. In general, the psychometric properties of dual-task 

balance and walking assessments in many neurological disorders are either 

understudied (e.g., MCI, dementia and MS) or unexplored (e.g., traumatic brain 

injury). More research on psychometric properties in these neurological populations 

should warrant further investigations. The multifactorial nature of falls should be 

considered, and the value of using the DT balance and walking assessments together 

with other outcomes in predicting falls should be further explored using structural 

equation modeling. 

 

5. Conclusion 

In DT balance and walking assessment for individuals with stroke, PD, MCI, 

dementia, AD, and MS, parameters derived from the walking tasks can be reliably 

measured. The psychometric properties of other DT outcomes need to be further 
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investigated.  
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FIGURE LEGENDS 

Figure 1. Flow diagram. 

The diagram illustrates the flow of information through the different phases of the 

systematic review. Twenty-three articles were included in this review. 

 

 

 

 




