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Abstract
Introduction Many of the activities in daily living require different walking skills such as straight walking (SW), walking 
with turning (WwT), curved walking (CW) or backward walking (BW) in a dual-task condition. However, there is a lack of 
evidence regarding the dual task cost (DTC) during different types of walking. Therefore, this study was planned to compare 
the DTC during different types of walking in people with Parkinson’s disease (PwPD) and healthy controls.
Methods Thirty-one PwPD and 31 healthy controls were included. Different types of walking were assessed using the 
10-Meter Walk Test for SW, the Timed Up and Go Test for WwT, the Figure-of-Eight Walk Test for CW, and the Three-Meter 
Backward Walk Test for BW. Walking assessments were performed in a single-task and a dual-task condition.
Results The DTC on SW was the lowest in both groups. The DTC on WwT, BW, and CW were similar in healthy controls, 
whereas the order of the DTC on remaining walking types from lowest to highest was; WwT, BW, and CW in PwPD. Also, 
the DTC on WwT, BW, and CW were higher in PwPD than healthy controls. However, the DTC on SW was similar in PwPD 
and healthy controls.
Conclusion The DTC is different during SW, WwT, BW, and CW in PwPD. Therefore, walking type should be considered 
in studies investigating dual task walking in PwPD. Also, dual task exercises consisting of different types of walking should 
be included in rehabilitation programs of PwPD.
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Introduction

Many of the activities in daily living require ability to walk 
in a safe and independent manner [1]. Usual straight walking 
and more complex walking skills such as turning, curved 
walking or backward walking are essentials for this ability 
[2–4]. However, walking impairments are one of the most 
common symptoms in people with Parkinson’s disease 
(PwPD). Therefore, PwPD have difficulties in performing 
their activities of daily living [5]. Moreover, most activities 
of daily living require the ability to perform two tasks at 
the same time such as walking and talking [6]. The ability 
to perform two tasks concurrently called as the dual-task 
ability and relies on automatic motor control and cognitive 
functions such as executive function. However, PwPD also 
have difficulties to perform two tasks at the same time due 
to impairments in these functions [7].

The dual task cost (DTC) refers to deterioration in per-
formance of one or both tasks while performing two tasks 
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concurrently [8]. The DTC on walking is a widely investi-
gated topic in PwPD. However, most of the studies investi-
gating the DTC on walking in PwPD used a single walking 
task and a single cognitive task [7]. The majority of these 
studies examined the DTC while performing usual straight 
walking task [9]. However, in the study of McIsaac et al., 
which created a framework for dual-task studies, it was 
reported that the type of motor tasks such as walking during 
dual-task can affect the DTC and therefore, this situation 
should be taken into account in dual-task studies [8]. Also, 
as mentioned earlier, walking activities performed in daily 
life not only include straight walking, but also require many 
different walking types such as turning, curved walking or 
backward walking [2–4]. Furthermore, it was reported that 
curved walking alone constitutes 30% of daily walking activ-
ities [10]. In addition, more than half of the steps taken in 
daily life consist of turning steps [11]. Considering that most 
of the daily living activities consist of dual-task activities, 
the DTC during different types of walking in PwPD seems to 
be an issue that needs to be investigated. However, we have 
not come across any study investigating this issue.

McIsaac et al. also stated that the type of cognitive task 
may affect the DTC during dual-tasking [8]. Indeed, there 
are studies in the literature comparing the DTC of differ-
ent cognitive tasks during walking in neurological diseases 
such as multiple sclerosis and Parkinson's disease [6, 12]. 
However, there is no study comparing the DTC during dif-
ferent walking tasks. Therefore, this study was planned to 
compare the DTC during different types of walking in PwPD 
and healthy controls.

Methods

Study design

This cross-sectional study was carried out at the Neurology 
Clinic at the University of Health Sciences, Ankara Diskapi 
Yildirim Beyazit Training and Research Hospital between 
April and May 2022. The study was approved by the Clini-
cal Research Ethics Committee of the University of Health 
Sciences, Ankara Diskapi Yildirim Beyazit Training and 
Research Hospital with decision number 134/06. All par-
ticipants included in the study provided informed written 
consent according to the Declaration of Helsinki.

Participants

A sample size calculation was performed based on previ-
ous data available [13], which estimated that minimum 31 
participants were required for each of the patient and control 
groups to achieve a significance level of 0.05 at a power 
of 0.90. 38 patients were screened for eligibility. 2 patients 

refused to participate in the study and 5 patients did not meet 
the inclusion criteria. Therefore, a convenience sample of 
31 PwPD and a control group of 31 age matched healthy 
participants included in the study.

The inclusion criteria were: (1) being diagnosed with 
idiopathic PD by an experienced neurologist, (2) ability to 
walk independently with or without walking aids (3) being 
40 years or older. Patients with a neurologic condition other 
than PD, deep brain stimulation history, Mini Mental State 
Examination score < 24 [14], visual or hearing disorder, dis-
artria or similar speech disorder were not included in the 
study. Also, healthy controls with Mini Mental State Exami-
nation score < 24, visual or hearing disorder, and any ves-
tibular, orthopedic or rheumatological disorder that hinder 
walking assessments were not included in the study.

Experimental procedures

All assessments were completed in a single assessment 
session by an experienced physiotherapist. Assessments 
of PwPD were conducted in “on” medication condition, 
45 to 60 min after taking their usual morning dose of anti-
Parkinson medication. All patients were receiving the most 
appropriate treatment determined by an experienced neu-
rologist. The neurologist adjusted the dosages, frequency, 
and timing of medication to achieve best symptom control 
and optimal functioning of PwPD in order to give the most 
appropriate treatment. Assessments were performed in 
a quiet, well-lit room. Three-minute resting periods were 
given between each walking assessments to minimize fatigue 
effects. Each of the walking assessments was completed in a 
single task and a dual-task condition. In order to minimize 
practice effects, single and dual-task walking assessments 
were counter-balanced in each walking test. The dual-task 
walking assessments were performed using the same walk-
ing task as the single-task condition, but in combination 
with a serial sevens subtraction task from a randomly chosen 
number between 300 and 999 as a cognitive task. A differ-
ent number was used for each dual-task walking assessment 
in order to avoid the learning effect. The participants were 
instructed to give equal attention to the walking task and the 
cognitive task. Prior to the assessment session, demographic 
data of the participants (e.g., age, gender, body mass index, 
educational status) were recorded. Disease duration and lev-
odopa equivalent daily dose for PwPD were also recorded.

Outcome measures

Severity of Parkinson’s disease was determined according 
to the Hoehn & Yahr (H&Y) scale [15]. Severity of motor 
symptoms was assessed using the Unified Parkinson Disease 
Rating Scale motor section (UPDRS-III) [16].
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Four different walking tests were used for assessing four 
different types of walking. The first test was the 10 Meter 
Walk Test (10MWT). The 10MWT is a widely used meas-
ure to assess usual straight walking speed. The 10MWT 
requires the participants to walk at a comfortable pace over 
a 10-m distance. The total time taken to compete the test 
is recorded with a stopwatch [17].

The second test was the Timed Up and Go Test (TUG). 
The TUG is used to assess functional mobility and the 
ability to incorporate walking with turning. It requires the 
participants to rise from a chair, walk three meters dis-
tance, turn around 180°, walk back three meters distance 
to the chair, and sit down. The total time taken to compete 
the test is recorded with a stopwatch [18].

The third test was the Figure of Eight Walk Test 
(F8WT). The F8WT is used to assess curved walking per-
formance. The test requires the participants to walk in a 
figure of eight between two cones which are placed 5 ft. 
apart. The total time taken to compete the test is recorded 
with a stopwatch [19].

The fourth test was the Three Meter Backward Walk 
Test (3MBWT). The is used to assess backward walking 
performance. The test requires the participants to stand 
straight facing backward on a three meters distance and 
to walk that distance backwards. The total time taken to 
compete the test is recorded with a stopwatch [20].

The DTC was calculated separately for each walking 
test using following formula: (dual-task walking time–sin-
gle-task walking time)/(single-task walking time) X 100 
[21].

Statistical analysis

Data analysis was performed by using IBM SPSS Statistics 
21.0 (IBM Corp. Armonk, NY). Demographic data were 
expressed as mean ± standard deviation for continuous vari-
ables and number (percentage) for categorical variables. The 
Shapiro–Wilk test was used to assess the variables’ distribu-
tion. Independent t test for normally distributed variables, 
the Mann–Whitney U test for non-normally distributed 
variables, and the chi-square test for categorical variables 
were used to compare demographic variables of PwPD and 
controls. A mixed model repeated measures ANOVA with 
group (PwPD and control) as between factor and the DTC 
on different walking tests (the 10MWT, the TUG, the F8WT, 
and the 3MBWT) as within factor was applied to compare 
the DTC during different types of walking. Main effects 
and interactions were examined with the repeated measures 
ANOVA. If a main effect or interaction was found, post-hoc 
pairwise comparisons with Bonferroni adjustment were per-
formed. Significance value was set as p < 0.05. Effect sizes 
were expressed as partial eta-squared (ηp

2).

Results

Demographic and clinical characteristics of participants 
were given in Table 1. Comparisons of the DTC during 
different types of walking in PwPD and controls were 
given in Table 2.

There was a significant main effect of group regard-
ing of the DTC (F (1,60) = 20.436, p < 0.001, ηp

2 = 0.254). 
This indicated that the overall DTC was higher in PwPD 
than healthy controls. Also, there was a significant main 
effect of walking type (F (2.569,154.170) = 52.540, p < 0.001, 
ηp

2 = 0.467). Post-hoc analyses revealed that the overall 
DTC on the 10MWT was lowest than other types of walk-
ing (p < 0.001 for all). Also, the overall DTC on the F8WT 
was highest than other types of walking (p < 0.001 for all). 

Table 1  Demographic and clinical characteristics of participants

Values are given as mean ± sd or n(%), PwPD People with Parkin-
son’s disease, BMI Body-mass index, LEDD Levodopa equivalent 
daily dose, UPDRS The Unified Parkinson Disease Rating Scale, 
10MWT The 10 Meter Walk Test, TUG  The Timed Up and Go Test, 
F8WT The Figure of Eight Walk Test, 3MBWT The Three Meter 
Backward Walk Test, p < 0.05

Variable PwPD Controls p

Age(years) 66.03 ± 7.39 64.58 ± 7,20 0.436
Gender
 Female 10(32.3) 11(35.5) 0.788
 Male 21 (67.7) 20 (64.5)

Educational status
 Primary school 13(41.9) 12(38.7)
 Secondary school 4(12.9) 4(12.9) 0.991
 High school 7(22.6) 8(25.8)
 University 7(22.6) 7(22.6)

BMI (kg/m2) 27.96 ± 5,22 28.49 ± 4.92 0.683
Mini mental test(score) 28.06 ± 1.69 28.23 ± 1.52 0.746
Disease Duration(years) 9.58 ± 7.28 n/a n/a
LEDD(mg) 780.71 ± 410.51 n/a n/a
UPDRS-motor(score) 18.42 ± 12.25 n/a n/a
H&Y stage
 1 7(22.6)
 2 16(51.6) n/a n/a
 3 8(25.8)

10MWT (Single-task)(s) 8.61 ± 3.10 6.69 ± 2.37 0.008
10MWT (Dual-task)(s) 10.11 ± 3.88 7.73 ± 2.93 0.010
TUG (Single-task)(s) 15.51 ± 6.90 10.54 ± 4.11 0.001
TUG (Dual-task)(s) 20.76 ± 10.16 13.31 ± 5.74 0.001
F8WT (Single-task)(s) 13.07 ± 6.29 8.93 ± 3.24 0.002
F8WT (Dual-task)(s) 20.67 ± 11.29 11.97 ± 5.14 0.001
3MBWT (Single-task)(s) 12.29 ± 6.14 7.15 ± 2.85  < 0.001
3MBWT (Dual-task)(s) 17.85 ± 10.10 9.06 ± 4.21  < 0.001
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In addition, the overall DTC on the TUG and the 3MBWT 
were similar (p = 0.307) (Fig. 1).

There was a significant group X walking type inter-
action effect in terms of DTC (F (2.569,154.170) = 10.247, 
p < 0.001, ηp

2 = 0.146). Post-hoc analyses revealed that 
DTC was higher in PwPD than healthy controls in the 
TUG (p < 0.040), the F8WT (p < 0.001), and the 3MBWT 
(p < 0.001). However, the DTC on 10MWT was similar in 
PwPD and healthy controls (p = 0.372). Also, the DTC on 
the 10MWT was significantly lower than other types of 
walking in PwPD (p < 0.001 for all). In addition, the DTC 
on the F8WT was significantly higher than other types of 
walking in PwPD (p < 0.001 for the TUG and p = 0.001 
for the 3MBWT). The DTC on 3MBWT was higher than 
the DTC on the TUG in PwPD (p = 0.019). Similar with 
PwPD, the DTC on the 10MWT was significantly lower 
than other types of walking in healthy controls (p < 0.001 
for the TUG and the F8WT, p = 0.034 for 3MBWT). On 
the other hand, the DTC on the TUG, the F8WT, and 
the 3MBWT were similar in healthy controls (p = 0.229 
between the TUG and the F8WT, p > 0.05 between the 
TUG and the 3MBWT, p = 0.219 between the F8WT and 
the 3MBWT) (Fig. 1).

Discussion

This study aimed to compare the DTC during different 
types of walking in PwPD and healthy controls. Ov erall, 
the results showed that the DTC on straight walking was 
the lowest in both groups. Interestingly, the DTC on walk-
ing with turning, backward walking, and curved walking 
were similar in healthy controls, whereas the order of the 
DTC on remaining walking types from lowest to highest 
was; walking with turning, backward walking, and curved 
walking in PwPD. Also, the DTC on walking with turning, 
backward walking, and curved walking were higher in PwPD 
than healthy controls. However, the DTC on straight walking 
was similar in PwPD and healthy controls.

As mentioned earlier, we have not come across any 
study comparing the DTC during different walking tasks. 
Therefore, interpreting our results with previous findings 
is not possible. However, it is known that more cognitive 
resources are used in complex walking tasks than straight 
walking tasks in both PwPD and healthy controls [22]. It is 
also known that individuals have a flexible but limited cog-
nitive capacity and exceeding this limit may result in DTC 
[9]. In addition, complex walking tasks require more bal-
ance ability and postural control than straight walking [19, 
23]. Therefore, complex walking tasks in this study such as 
walking with turning, backward walking, and curved walk-
ing may have required more cognitive resources. Also, these 
tasks may have required more balance ability and postural 
control. These requirements of complex walking tasks may 
have ultimately resulted in more DTC than straight walking 
in both groups.

When the DTC on complex walking tasks in PwPD exam-
ined, the order of the DTC types from lowest to highest 
was; walking with turning, backward walking, and curved 
walking. Evidence from previous studies in PwPD shows 
that walking with turning, backward walking, and curved 
walking are all more associated with cognitive functions 
than straight walking [19, 24, 25]. However, there is a lack 
of evidence regarding the cognitive load of these types of 

Table 2  ANOVA results

Values are given as mean ± sd, DTC Dual task cost, PwPD People with Parkinson’s disease, 10MWT The 
10 Meter Walk Test, TUG  The Timed Up and Go Test, F8WT The Figure of Eight Walk Test, 3MBWT The 
Three Meter Backward Walk Test, p < 0.05

Walking tests DTC p

PwPD Controls Between factor Within factor Interaction

10MWT 16.76 ± 8.49 14.96 ± 7.27  < 0.001  < 0.001  < 0.001
TUG 32.81 ± 14.62 25.67 ± 11.97
F8WT 56.78 ± 24.40 31.98 ± 14.72
3MBWT 43.12 ± 22.55 24.78 ± 14.75

Fig. 1  Interaction between group and walking type in terms of DTC. 
Abbreviations: DTC Dual task cost, PwPD People with Parkinson’s 
disease, 10MWT The 10 Meter Walk Test, TUG  The Timed Up and 
Go Test, F8WT The Figure of Eight Walk Test, 3MBWT The Three 
Meter Backward Walk Test
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walking. Previous studies in healthy adults have shown that 
cognitive functions are particularly associated with the turn-
ing phase of the TUG test [26]. Therefore, it can be con-
cluded that turning causes more cognitive load than straight 
walking. This load can be expected to be even greater due 
to the loss of automatic motor control ability in PwPD [27]. 
Furthermore, deteriorated cognitive functions of patients as 
a result of the disease may reduce the limit of the cognitive 
capacity [28], and thus concurrently performing a cognitive 
task with walking and turning may have resulted in more 
DTC than straight walking PwPD. Similar with turning, 
backward walking also associated with cognitive functions 
in PwPD [25]. Previous studies have shown that backward 
walking increases the cognitive load of postural control [29]. 
In addition to the increased cognitive load, backward walk-
ing requires more proprioception than other types of walk-
ing [4]. These evidences may explain the reason behind that 
backward walking causes more DTC than straight walking 
and walking with turning in PwPD. Similar with turning 
and backward walking, curved walking is also associated 
with cognitive functions [19]. In addition, walking along 
curved trajectories has different spatiotemporal walking 
patterns than walking along straight trajectories [3]. There-
fore, it requires more coordination, more complex control of 
posture, and more brain activation [19]. Since both walking 
with turning and walking backwards require walking along 
straight trajectories, we think that curved walking causes 
more cognitive load than these walking types. Thus, given 
the decreased cognitive capacity in PwPD as well, these 
reasons may help explain why curved walking resulted in 
highest DTC in PwPD in this study.

Apart from the cognitive load, the motor requirements of 
walking with turning, backward walking, and curved walk-
ing are different in PwPD. Turning requires segmental coor-
dination of rotation [11]. Backward walking relies on pro-
prioception [4]. Curved walking requires complex control of 
the trunk, asymmetric action of the legs, mediolateral stabil-
ity and ability to shift the center of pressure [19]. We used 
the TUG to assess walking with turning. However, the TUG 
requires participants to perform only one 180-degree turn 
[18]. However, the F8WT requires performing a constant 
turn in two different directions [19]. Therefore, this may con-
tribute to the difference between the DTC on walking with 
turning and curved walking seen in the results of PwPD. 
Proprioception also plays a major role in curved walking 
[30]. However, as mentioned earlier, it also requires complex 
control of the trunk, asymmetric action of the legs, medi-
olateral stability and ability to shift the center of pressure 
[19]. Therefore, it can be speculated that curved walking has 
more requirements than backward walking. Consequently, 
this may be the reason behind the difference between the 
DTC on backward walking and curved walking in PwPD.

In contrast to PwPD, the DTC on walking with turn-
ing, backward walking, and curved walking were similar in 
healthy controls. These walking types have similar require-
ments and similar walking patters in healthy controls with 
PwPD [31, 32]. However, it is known that healthy controls 
have more automatic motor control ability than PwPD [27]. 
Therefore, these walking types may result in lesser cognitive 
load in healthy controls. In addition, healthy controls have 
more cognitive capacity than PwPD [28]. We think that less 
cognitive load and higher cognitive capacity in healthy con-
trols allow individuals to not exceed their cognitive capacity 
limit in these three walking types. Thus, similar DTCs can 
be observed between walking with turning, backward walk-
ing, and curved walking in healthy controls.

The DTC on walking with turning, backward walking, 
and curved walking were higher in PwPD than healthy con-
trols. However, the DTC on straight walking was similar in 
PwPD and healthy controls. Previous studies have shown 
that the DTC on complex walking tasks is greater in PwPD 
than healthy controls [6]. It was reported that gait distur-
bances became more pronounced in complex gait tasks 
of PwPD due to impairments in automatic motor control 
required for balance adjustments and muscle tone regulation 
[33]. Therefore, this may account for the difference in DTC 
regarding complex walking tasks between PwPD and healthy 
controls. In addition, it is also shown that that the DTC on 
straight walking is similar in PwPD and healthy controls 
in the early stages of the disease [34]. Considering that the 
patients in our study had relatively low disease severity, it 
can be said that our results are in line with these results.

There are several limitations in this study. First, all the 
PwPD included in our study were in H&Y stage 1, 2 and 
3. Therefore, generalization of current results to patients 
in more severe stages can be misleading. Secondly, all the 
PwPD included in this study were cognitively intact. Thus, 
these results could be different in patients with cognitive 
problems such as mild cognitive impairment or dementia. 
Third, although the functional performance tests we used 
to evaluate different types of walking are valid and reli-
able, spatiotemporal gait parameters were not evaluated in 
this study. Therefore, results from studies using computer-
assisted gait analysis may differ from the results of this 
study.

In conclusion, order of the DTC during different types 
of walking in PwPD is; straight walking < walking with 
turning < backward walking < curved walking. However, 
this order is different in healthy controls: straight walk-
ing < walking with turning = backward walking = curved 
walking. Moreover, the DTC during different types of walk-
ing is higher in PwPD than in healthy controls except for 
straight walking. The DTC during straight walking is similar 
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in PwPD and healthy controls. These results indicate that 
walking type should be considered in studies investigating 
dual task walking in PwPD. Also, dual-task exercises con-
sisting of different types of walking should be included in 
rehabilitation programs of PwPD.
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