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Abstract

Introduction Dual task (DT) training is becoming prom-

inent in fall prevention. However, DT training should

include task-managing strategies like task switching or task

prioritization to be beneficial to improve gait performance

under DT conditions. The aim of this pilot study was to

evaluate the effect of a task managing training on gait

stability.

Methods A DT training (12 sessions; 60 min each; 12

weeks) was compared to a non-training control group

within a RCT (38 independent living participants; 72.7 ±

4.7 years). Single Task (ST) and DT walking (visual verbal

Stroop task) were measured on a treadmill (FDM-T, 3.5

km/h, 100 HZ). Gait parameters like step length, step

width, gait line, maximum forces and gait variability were

compared.

Results The training group improved their gait perfor-

mance under ST and DT conditions as revealed by sig-

nificant group 9 time interaction effects.

Discussion and conclusions The training successfully

improved gait performance and therefore might be a

promising approach to prevent falls. Additional fall

prevention studies should focus on motor–cognitive per-

formance and reinforce outcomes of task managing

strategies.

Keywords Dual task training � Gait performance � Older
adults

Background

Walking means mobility and independence in old age.

Therefore, fall prevention or mobility studies often focus

on walking and gait stability. Gait stability describes

dynamic motor–cognitive processes which are important

for postural control during external perturbation [1]. From

a biomechanical standpoint active rolling movements of

the foot (from heel to toe) and ankle joint are necessary to

maintain stability and to move forward simultaneously.

Additionally, the center of mass has to be balanced over the

base of support which also means that the pelvis needs to

be stabilized from heel strike to midstance [1]. Thus,

important characteristics of gait stability are the maximum

ground reaction forces of the heel, mid- and forefoot, the

gait line which describes the length of rolling movements

and in addition, the step length and the step width. A

review on kinematic measurements for gait stability in

older adults observed variability of stride, swing and stance

time as adequate parameters to discriminate fallers and

non-fallers [2].

Since most activities of daily life require dual- or multi-

task performance [3] and older adults’ suffer in those sit-

uations, many studies use a DT paradigm to investigate

older adults gait stability [4–9]. Reduced DT performance

is associated with an increased fall risk [3, 9–11]. Previous

research observed higher gait variability and differences of
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step length in DT as compared to single task (ST) situations

for older adults. Beauchet et al. [5] showed increased

variability of step length and velocity as well as lower step

length for older as compared to younger adults in DT sit-

uations. Springer et al. [7] reported that attention-

demanding DT situations have a destabilizing effect with

increased gait variability especially for older fallers. These

reductions in DT performance can be described as DT costs

(DTCs), indicating changes of walking kinematics which

might be positive (e.g., reduced gait speed) or negative

(e.g., reduced rolling movements with additional shift of

plantar pressure) to maintain stability against perturbations.

A review by Beurskens and Bock [12] revealed that age-

related deficits in DT walking can mainly be observed

during tasks which include visual control.

DTCs can also be observed as decrements in cognitive

performance (e.g. increased reaction times). A review by

Schäfer and Schumacher [13] reported that older adults

show a tendency to prioritize the motor over the cognitive

task. This occurs mainly in standing and walking tasks and

might be a protecting factor against falling [13]. Particu-

larly fallers in comparison to non-fallers showed reduced

balance performance in DT situations, e.g. increased sway

velocity, indicating that they have problems to shift

attention to prioritize gait [7].

Considering these results, mobility training and fall

prevention studies often aim to practice gait performance

under DT conditions. Only few studies, however, explored

the influence of a DT training intervention on gait stability

in DT situations (for a review see [14]).

Motor (balance or strength) or cognitive training can

improve DT performance in older adults [15, 16]. Training

effects, however, are specific, in a way that pure motor

training improves motor and pure cognitive training

improves cognitive performance under DT conditions [17,

18], the DTCs are not necessarily diminished. The few

existing DT trainings combining motor and cognitive tasks

in DT settings are promising, but differ in their effects due

to the specificity and design of the training [14].

Furthermore, DT training studies have been conducted

to improve motor–cognitive DT performance while walk-

ing. A review by Wollesen and Voelcker-Rehage [14]

summarized that DT walking performance was improved

by only 4 of the identified 11 DT interventions [18, 19, 21,

22]. The studies reported improved cadence, gait variabil-

ity and walking speed [19–22]. None of them focussed on

kinematic variables or reported specific changes like active

rolling movements of the feet which are important for gait

stability. Moreover, cognitive DT training studies revealed

transfer effects when the training fulfills specific criteria,

that is a variable or randomized task switching training

(switch of attention from one task to another [18, 23, 24])

or task prioritization training (focus on one of the tasks;

[20, 24, 25]). In this context, a driving intervention and a

balance training both with a variable task prioritization

training, revealed positive transfer effects to new DT sit-

uations [25]. This leads to the assumption that variable

cognitive–motor task prioritization training may also be

successful to promote transfer [20] and results indicate that

the continuous switch of attentional focus is one key factor

to gain effects on DT performance. DT training with var-

iable task priorities on the motor and cognitive tasks seems

to be more effective than self-selected or fixed task priority

training [18, 19].

Thus, it seems reasonable that mobility or fall preven-

tion training should include variable task prioritization and

task switching elements to assure transfer effects [14].

Moreover, the training protocols should include rising

difficulties, a certain duration and level of task specificity

to gain task-related adaptations and to improve cognitive

and motor performance optimally [14]. Further, partici-

pants should acquire strategies how to switch between tasks

and to prioritize the motor task when there is an unstable

balance situation to avoid falling (task managing strate-

gies). Integration and examination of all of these elements

in DT training has not been done so far.

Accordingly, we developed and conducted a DT balance

training which includes tasks to develop task managing

strategies to master daily activities. The objective of this

feasibility study was to evaluate the effect of a task man-

aging training on gait stability under ST and DT conditions

within a randomized controlled trail. We assumed that the

training improves motor DT performance while walking in

the relevant gait variables like step width, gait line, max-

imum forces of the heel, middle- and forefoot as well as for

gait variability in step width and step length.

Methods/design

Participants

A priori sample size calculation (G*power 3.1., ANOVA:

Repeated measures between factors; f = 0.5; alpha err prob

0.05; power 0.95, number of measurements = 2) calcu-

lated a total number of 42 participants.

38 participants (mean age = 72.7 ± 4.7 year) joined in

the study. They were recruited using advertisements in

common newspapers. The inclusion criteria were: inde-

pendent living; age 70–85 years and mobility to join the

group trainings.

Exclusion criteria were: acute or chronical diseases with

a documented influence on balance control (e.g. Parkin-

son’s disease; diabetes); use of gait assistance (e.g. walking
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frames, rolling walkers). To avoid confounding factors of

additional exercises, participants who participated in other

exercises were excluded. Further participants with a score

less than 10 points in the short physical performance bat-

tery (SPPB) were excluded [26] to avoid instability on the

main outcomes due to motoric restricted participants

Table 1.

The randomization process was conducted by a senior

researcher not involved in the study. A web-based program

(http://www.randomizer.org) was used. Randomization

was stratified for sex and age. No significant group dif-

ferences for the demographic and health-related data were

found. The SPPB score for the intervention group was

11.2 ± 0.94 and for the control group 11.2 ± 0.95 at pre-

test [F(2,36) = 0.47, p = .5, gp
2 = 0.013].

Design

In this non-clinical group-based intervention, the training

group received 12 sessions of group exercises during

12 weeks (once a week; 1 h each). This design was

chosen in relation to refunding practice of the German

health insurances. In Germany, prevention courses offered

and compensated by the health insurance companies run

for a maximum of 12 sessions, one session per week with

a duration of 60–90 min for each session. Moreover,

certain quality criteria defined for prevention programs

have to be fulfilled such as quality of the exercise train-

ing, standardization of the program and qualification of

the trainer [27]. Next to the DT training no other co-

interventions like additional exercises or cognitive train-

ing were reported. Measurements for all groups were

executed at baseline (pre-test, t1) and after 12 weeks

(post-test, t2). Compliance was controlled by attendance

lists. All participants took part in at least 10 out of 12

sessions (no drop outs).

Ethical considerations

The study was proofed by the ethics committee of the

Hamburg Chamber of Physicians (registration number

PV4376). All participants were informed about the study

goals, and signed informed consent according to the Dec-

laration of Helsinki.

Description of the intervention

The standardized group-based DT training included two

phases with raising difficulties. The instructors were

especially qualified and certified for the program.

Phase (1): training of daily actions with a huge fall risk

(weeks 1–6)

Phase (1) focused on daily situations which are associated

with an increased fall risk like challenging walking exer-

cises (e.g. brisk walking, starting, stopping, avoiding

obstacles, sidesteps, turns). Moreover, the participants had

to pay attention to tripping hazards, speed rating, etc.

(including visual and proprioceptive tasks), had to execute

tasks with reduced area of support, in order to compensate

balance disturbances or motor and cognitive DT with

visual stimulus. In these exercises they had to manage the

tasks with different focus of attention, i.e., prioritization of

the motor task, the cognitive task or both tasks at the same

time (task managing). All exercises were accompanied

with additional standardized explanations by the instructors

as verbal feedback for the whole group to improve task

managing. Examples of different body positions and motor

actions and their influence on the shift of the center of mass

were given and the different strategies to maintain, e.g.,

balance were practiced. It was exemplified why the con-

ducted tasks are important for fall prevention and which

mechanisms of movement organization (how to maintain

balance while starting/stopping; one leg balance with

ankle, hip or knee strategy) and postural control (influence

of vision on balance) were trained. Moreover, examples

were given to reflect the importance of these mechanisms

for balance control in daily situations.

Phase (2): training of task prioritization, task switching

and transfer (week 7–12)

In phase (2) the tasks became more complex and all tasks

from the first phase were trained under DT conditions

combined with precision tasks, time pressure, task priori-

tization and task switching. Daily situations were imitated

and task managing strategies, as described above, under

DT balance situations were built up.

Table 1 Participants Demographic data of the participants

Group Gender Age (years) Body height (cm) Body mass (kg)

Intervention (n = 19) M = 7 71.0. ± 6 180.9 ± 6.5 83.4 ± 10.8

F = 12 75.4 ± 4 .6 162.5 ± 8.5 66.1 ± 8.5

Control (n = 19) M = 7 71.4 ± 2.7 177.4 ± 8.4 84.7 ± 8

F = 12 72.8 ± 5.6 165.4 ± 6.4 72.8 ± 5.6
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Control group

The control group did not receive any exercises for

12 weeks and participated in exercises after the interven-

tion groups had finished their training.

Test instruments and measurements

The measurements included a 30-s walking test at constant

speed on a treadmill (FDM-T, 3.5 km/h—following Peel

et al. [28] who revealed 3.48 km/h as the medium gait speed

for unhealthy persons and 5.34 km/h as maximum gait

speed for healthy older adults) [28] the 3.5 km/h was cho-

sen as a comfortable, manageable gait speed for all partic-

ipants under ST and DT conditions). Participants practiced

treadmill walking before the test session to become familiar

with the task until they felt comfortable. In the DT condi-

tion, a visual–verbal Stroop test with 16 events of incon-

gruent color words, e.g., the word ‘‘blue’’ presented in a

different color, e.g., in yellow letters was added. Stimuli

were projected onto a white wall 2 m in front of the par-

ticipants. Participants had to name the color of the font

letters word and to inhibit reading the word. For this pilot

study the quality of gait performance under DT conditions

represents the ability of task managing while walking.

Gait parameters as step length, step width, and gait line

as well as the vertical maximum impact (maximum forces

of heel, midfoot and forefoot) were measured as main

outcome parameters. Force data were collected for both

feet 100 Hz. The variability of gait parameters was ana-

lyzed with standard deviation (SD) and coefficient of var-

iation (SD/mean value [29]). Motor DTCs were calculated

with ST-DT/ST*100 (following [30]).

Analysis

The data were analyzed with SPSS � 16.0. using repeated

measures ANOVAs with Group (control group, DT train-

ing) as between subject factor and measurement point (pre,

post) as within subject factor. Outcome variables were the

gait parameters (gait kinematics, maximum forces, gait

variability) under ST and DT conditions and DTC). Effect

sizes are given as partial eta squares (gp
2). The level of

significance was set to p\ 0.05.

Results

Walking variables under ST conditions

Gait kinematics

With regard to the gait kinematics under ST task conditions

there was no significant change of step length from pre- to

post-test, no significant group effect and no significant

group 9 time interaction. Step width decreased from pre- to

post-test [F(1,36) = 15,1, p = .00; gp
2 = 0.295] in both

groups (intervention group, -2 cm; control group

-1.89 cm; cf. Table 2).We found, however, no group effect

and no group 9 time interaction. The gait line increased

significantly for both feet after 12 weeks of training [left

foot: F(1,36) = 4.64, p = .038, gp
2 = 0.114; right foot:

F(1,36) = 6.09, p = .019, gp
2 = 0.145]. This increase was

more pronounced in the intervention group for the left

(?15.95 mm) and the right foot (?17.68 mm), whereas it

was less in the control group (?5.45 mm left; ?8 mm right

foot). These differences resulted in a significant group 9

time interaction for both feet [left:F(2,36) = 9.05, p = .005,

gp
2 = 0.206; right: F(2,36) = 10.65, p = .002; gp

2 = 0.233]

and significant between subject effects [left: F(1,36) =

11.67, p = .002, gp
2 = 0.245; right: F(1,36) = 14.93,

p = .000; gp
2 = 0.293] (cf. Table 2 for descriptives).

Maximum forces

The mean maximum forces decreased significantly from

pre- to post-test in both groups (left, intervention group

-36.79 N; control, -17.68 N, F(1,36) = 11.27, p = .002;

gp
2 = 0.239; right, intervention group -40.05 N; control,

-19.11 F(1,36) = 13.57, p = .001; gp
2 = 0.274). Group

effects were not significant and the group 9 time interac-

tion was only significant for maximum forces of the right

foot (F(2, 36) = 4.37; p = .044; gp
2 = 0.111). Comparing

the maximum forces of the heel, mid- and forefoot, there

was no group effect and but a significant pre-post effect

for the heel forces (left: ?18.16 N intervention group;

?30.61 N control group, F(1,36) = 6.63, p = .014,

gp
2 = 0.156; right: ?34.42 N intervention group; ?17.61 N

control group, F(1,36) = 4.824, p = .035, gp
2 = 0.118).

The group 9 time interaction for the maximum heel forces

of the right foot indicate that the forces of the intervention

group increased to a higher extend from pre- to post-test

then of the control group [F(2,36) = 5.354; p = .027,

gp
2 = 0.129; cf. Table 2]. Additionally, there was a sig-

nificant group effect for the midfoot [left: F(1,36) = 4.52,

p = .033, gp
2 = 0.120; right: F(1,36) = 6.08, p = .013,

gp
2 = 0.155].

Gait variability

Significant pre- to post-test differences in step length were

found [F(1,36) = 3.73, p = .000; gp
2 = 0.912], but no

significant group effect. The SD of step length under ST

condition decreased significantly in both groups for the

right foot (left: intervention group -0.47; control group

-0.51; right -0.28 intervention group; -0.40 control

group). There was no interaction effect. The coefficients of

450 Aging Clin Exp Res (2015) 27:447–455

123



T
a
b
le

2
A
n
al
y
si
s
o
f
M

an
d
S
D

fo
r
g
ai
t
v
ar
ia
b
le
s
o
f
th
e
in
te
rv
en
ti
o
n
an
d
th
e
co
n
tr
o
l
g
ro
u
p
—

si
n
g
le

ta
sk

P
ar
am

et
er

In
te
rv
en
ti
o
n

C
o
n
tr
o
l

P
re
-p
o
st

G
ro
u
p

G
ro
u
p
9

ti
m
e
in
te
ra
ct
io
n
s

t1
t2

t1
t2

F
p

g p2
F

p
g p2

F
p

g p2

S
te
p
w
id
th

(c
m
)

1
2
.2
1
±

3
.7

1
0
.2
1
±

3
.1
3

1
1
.7
2
±

4
.0
4

9
.8
3
±

3
.6
1

1
5
.0
6

.0
0
0
*
*
*

0
.2
9
5

0
.2
9

.8
6
6

0
.0
0
1

1
.7
2
3

.1
9
8

0
.0
4
7

S
te
p
le
n
g
th

(c
m
)

L
ef
t

4
7
.3
2
±

5
.6
5

4
9
.0
0
±

3
,1
6

5
0
.1
1
±

5
.7
4

5
0
.4
2
±

5
.1
8

1
.6
8
4

.2
0
3

0
.4
5

2
.1
2
8

.1
5
3

0
.0
5
6

0
.7
8
8

.3
8
0

0
.2
1

R
ig
h
t

4
7
.8
9
±

5
.7
4

4
8
.8
4
±

3
.7
2

4
9
.4
7
±

6
.2
3

4
9
.5
2
±

4
.9
4

0
.4
9
1

.4
8
8

0
.0
1
3

0
.5
3
7

.4
6
3

0
.0
1
5

0
.5
3
4

.3
9
3

0
.0
1
1

G
ai
t
li
n
e
(m

m
)

L
ef
t

1
8
3
.4
7
±

4
4
.1
2

1
9
9
.4
2
±

2
6
.2
9

2
2
3
.2
2
±

4
4
.3
8

2
2
8
.6
7
±

4
1
.8

4
.6
4
2

.0
3
8
*

0
.1
1
4

1
1
.6
6
8

.0
0
2
*
*

0
.2
4
5

9
.0
5
4

.0
0
5
*
*

0
.2
0
6

R
ig
h
t

1
8
3
.3
7
±

4
4
.0
7

2
0
1
.0
5
±

3
1
.7
4

2
2
4
.0
6
±

4
3
.0
6

2
3
2
.0
6
±

3
7
.9
9

6
.0
8
6

.0
1
9
*

0
.1
4
5

1
4
.9
3
3

.0
0
0
*
*
*

0
.2
9
3

1
0
.6
5
5

.0
0
2
*
*

0
.2
3
3

M
ax
im

u
m

fo
rc
e
(N

)

L
ef
t

7
7
4
.0
5
±

1
4
5
.2
2

7
3
7
.2
6
±

1
0
8
.8
6

8
0
9
.6
8
±

1
1
9
.4
8

7
9
2
±

1
1
8
.6
3

1
1
.2
7
7

.0
0
2
*
*

0
.2
3
9

1
.3
2
0

.2
5
8

0
.0
3
5

1
.1
3
6

.2
9
4

0
.0
3
1

R
ig
h
t

7
8
2
.4
7
±

1
4
3
.2
3

7
4
2
.4
2
±

1
1
.9
3

8
0
7
.8
9
±

1
1
9
.5
7

7
8
8
.7
8
±

1
1
6
.1
7

1
3
.5
6
7

.0
0
1

0
.2
7
4

0
.8
2
2

.3
7
1

0
.0
2
2

4
.3
7
1

.0
4
4
*

0
.1
1
1

M
ax
im

u
m

fo
rc
e
fo
re
fo
o
t
(N

)

L
ef
t

6
7
0
.7
3
±

1
0
3
.9
9

6
5
6
.9
4
±

1
0
6
.9

6
8
0
.1
6
±

1
2
0
.3
3

6
6
8
.1
6
±

1
2
4
.6
7

2
.3
8
4

.1
3
1

0
.0
6
2

0
.0
8
2

.7
7
7

0
.0
0
2

0
.6
7
9

.4
1
5

0
.0
1
9

R
ig
h
t

6
6
3
.0
5
±

1
0
5
.7
5

6
6
5
.4
7
±

1
1
.1
6

7
0
5
.1
6
±

9
6
.1
1

7
1
1
.2
2
±

1
0
3
.2
2

0
.1
5
0

.7
0
1

0
.0
0
4

1
.5
4
9

.2
2
1

0
.0
4
1

3
.4
9

.7
0
.0
9
1

M
ax
im

u
m

fo
rc
e
m
id
fo
o
t
(N

)

L
ef
t

2
0
9
.3
2
±

7
3
.1
2

2
2
5
.1
2
±

6
5
.1
7

2
7
9
.5
8
±

1
1
2
.8
9

2
9
2
.6
3
±

1
3
2
.2
2

2
.5
2
5

.1
2
1

0
.0
6
6

4
.5
1
6

.0
3
3
*

0
.1
2
0

0
.0
2
3

.8
8
1

0
.0
0
1

R
ig
h
t

1
9
8
.4
7
±

7
3
.4

2
0
9
.6
3
±

5
9
.1
6

2
8
3
.0
0
±

1
3
1
.6
8

2
9
5
.0
5
±

1
3
6
.5
0

1
.1
3
0

.2
9
5

0
.0
3
0

6
.8
0
3

.0
1
3
*

0
.1
8
5

0
.0
0
2

.9
6
8

0
.0
0

M
ax
im

u
m

fo
rc
e
h
ee
l
(N

)

L
ef
t

3
0
0
.6
3
±

1
2
0
.8
8

3
2
6
.8
4
±

1
1
9
.5
6

3
3
1
.2
2
±

8
1
.2
6

3
6
1
.8
3
±

9
0
.9
2

6
.6
3
4

.0
1
4
*

0
.1
5
6

1
.9
6
2

.1
7
0

0
.0
5
2

3
.3
9
4

.0
7
4

0
.0
8
8

R
ig
h
t

2
9
9
.0
5
±

1
2
5
.0
9

3
3
3
.4
7
±

9
8
.0
4

3
3
1
.4
4
±

9
0
.9
6

3
4
9
.0
5
±

7
7
.3
5

4
.8
2
4

.0
3
5
*

0
.1
1
8

1
.1
6
2

.2
8
8

0
.0
3
1

5
.3
3
5

.0
2
7
*

0
.1
3
2

S
D

st
ep

le
n
g
th

L
ef
t

2
.5
8
±

1
.1

2
.1
1
±

0
.6

2
.4
6
±

0
.9
5

1
.9
5
±

6
5

1
.5
6
2

.2
1
9

0
.0
4
2

0
.3
9
5

.5
3
4

0
.0
1
1

0
.3
1
7

.5
7
7

0
.0
0
9

R
ig
h
t

2
.6

±
1
.1
2

2
.3
2
±

0
.7
4

2
.4
4
±

0
.9
8

2
.0
4
±

0
.5
7

3
.7
3

.0
0
0
*
*
*

0
.9
1
2

0
.0
5
9

.8
1
0

0
.0
0
2

0
.1
0
3

.3
6
9

0
.0
2
3

C
o
V

st
ep

w
id
th

(%
)

2
1
.2
4

2
3
.3
4

1
7
.8
7

2
4
.1
6

0
.2
5
3

.6
1
8

0
.0
0
7

0
.1
7
9

.6
7
5

0
.0
0
5

0
.1
1

.9
1
7

0
.0
0

C
o
V

st
ep

le
n
g
th

(%
)

L
ef
t

5
.7
0

4
.3
3

4
.8
2

3
.8
0

1
.3
0
4

.2
6
1

0
.0
3
5

0
.5
8
4

.4
5
0

0
.0
1
6

0
.6
5
5

.4
2
4

0
.0
3
5

R
ig
h
t

5
.6
1

4
.7
2

4
.8
5

4
.0
3

6
.3
6
4

.0
1
6
*

0
.1
5
0

1
.2
4
9

.2
7
1

0
.0
3
4

0
.3
3
3

.5
6
8

0
.1
5

S
D

st
an
d
ar
d
d
ev
ia
ti
o
n
,
C
o
V
co
ef
fi
ci
en
t
o
f
v
ar
ia
b
il
it
y
,
t1

p
re
-t
es
t,
t2

p
o
st
-t
es
t

*
p
B

.0
5
;
*
*
p
B

.0
1
;
*
*
*
p
B

.0
0
1

Aging Clin Exp Res (2015) 27:447–455 451

123



variation showed the same results (left: intervention group

-1.37; control group -1.02; right -0.89 intervention

group; -0.82. control group; F(1,36) = 6.36 p = .016;

gp
2 = 0.150). There were no group and no group 9 time

interaction effects and no effects for differences in step

width.

Walking variables under DT conditions

Gait kinematics

Step width declined from pre- to post-test [intervention

group -1.32; control group -0.77 F(1,36) = 9.559,

p = .004, gp
2 = 0.210], intervention and control group

differed not significantly. However, the group 9 time

interaction was significant [F(2,36) = 16.538, p = .00,

gp
2 = 0.321]. There were no significant effects for step

length (cf. Table 3).

Moreover, the gait line increased after the training (left,

intervention group ?2.5 mm; control group ?0.61 mm;

right, intervention group ?5.58 mm; control group,

?0.61 mm) with significant group differences for both feet

[left: F(1,36) = 10.6, p = .00; gp
2 = 0.226; right:

F(1,36) = 12.71, p = .001; gp
2 = 0.261] and a significant

group 9 time interaction for the right foot [F(2,36) =

6.867, p = .013, gp
2 = 0.164].

Maximum forces

There was a main pre–post effect for the maximum forces

which decreased for both feet (left: intervention group

-39.58; control -6.52; F(1,36) = 6.984, p = .012;

gp
2 = 0.162; right: intervention group -41.68; control

-4.53; F(1,36) = 6.026, p = .019; gp
2 = 0.143) and no

group effects. The group 9 time interaction was only

significant for maximum forces of the left foot [F(2,

36) = 5.581; p = .024; gp
2 = 0.131]. In addition, there was

a significant group 9 time interactions for maximum

forefoot forces of the left foot; in the intervention group the

maximum forces (-13.79 N) decreased to a higher amount

than in the control group [-12 N; F(2,36) = 8.48,

p = .005; gp
2 = 0.197]. No other developments of the

maximum forces were observed.

Gait variability

The analysis of the gait variability under DT conditions

revealed a decline from pre- to post-test for the SD of the

step length for both feet [left: intervention group -0.67;

control: -0.56; F(1,36) = 12.41 p = .001; gp
2 = 0.001;

right: intervention group -0.74; control -0.15 F(1,36) =

6.44; p = .016; gp
2 = 0.125]. Group effect and group 9

time interaction were not significant. The variability of the

step width (CoV) increased in the intervention group

(?0.15) and decreased in the control group (-0.3) with no

significant effects. The CoV of the step length decreased as

well (left: intervention group -1.74; control -1.20; right:

intervention group -1.89; control: -0.19) significant

from pre- to post-test [left: F(1,36) = 10.386; p = .023;

gp
2 = 0.224; right: F(1,36) = 5.61; p = .023; gp

2 = 0.135].

Group effects and the group 9 time interaction were not

significant.

Dual task costs

Overall, DTCs significantly decreased for gait line [left:

intervention group -16.61; control -0.29 F(1,36) = 4.44;

p = .042; gp
2 = 0.110; right: intervention group -14.71;

control -1.28 F(1,36) = 5.14; p = .029; gp
2 = 0.125].

Group effects failed to be significant and the group 9 time

interaction for the left foot was significant [left: F(2,

36) = 4.14; p = .049; gp
2 = 0.103; right: F(2, 36) = 3.67;

p = .063; gp
2 = 0.092] indicating a higher decline in DTCs

for the interventions as compared to the control group.

Discussion

The aim of this randomized controlled study was to

examine the feasibility and the effects of a DT intervention

with task managing strategies on ST and DT motor per-

formance while walking. The overall aim of the interven-

tion was the reduction of fall risks in older adults by

investigating changes in gait stability and gait variability,

two parameters known to be indicators of fall risks.

Therefore common kinematic walking variables (e.g. step

width, step length) and kinetic gait variables like maximum

forces under ST and DT conditions were analyzed. These

factors describe an active use of the ankle joint and roll

movements, which is an important factor to compensate

gait disturbances and maintain postural control [1].

The results showed a significantly increased gait line in

the intervention group after 12 weeks of training accom-

panied with a shift of the maximum forces from midfoot to

the heel under ST conditions. This might lead to the con-

clusion that there is an improvement of the foot roll

movements leading to a more balanced, less accident-

sensitive gait pattern with an accentuated heel strike as

described by Perry [1]. We cannot prove this within our

study, however, there are different possible explanations

for this result. First, according to previous study results of

Long and colleagues [31] with comparable training

movements (e.g. heel raises, single leg stand) one might

conclude that the intervention improved the range of

motion of the ankle joint and the involved muscle activa-

tion and coordination leading to a more controlled foot
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posture and roll-over movements [31]. Second, the inter-

vention based on different strategies to manage balance

control including tasks which need an expansion of the

limits of stability. Task performance required to compen-

sate large amplitudes of motions of the hip, knee and ankle

joints. Therefore increased range of motion of the ankle

joint is necessary. This might explain the observed group

differences of the gait line and the maximum forces under

ST condition. Future studies should verify this hypothesis

by the use of mobility tests like, for example, the Star

execution balance test [32] as control variable. Under DT

conditions the same tendency could be observed (reduced

DTCs for the gait line in the intervention group). Following

the reduced resources allocation model by Kahnemann [33],

one might argue that under DT conditions a higher amount

of attention is needed to manage both tasks similarly. This

results in DTCs for one of the tasks. Nevertheless, motor

performance under DT conditions improved in the inter-

vention group to a higher amount than in the control group,

pointing to a better resource allocation under DT condi-

tions. This hypothesis should be proven in future studies by

examining the DTCss for cognitive performance in order to

get more insights into the intervention effects, e.g., whether

the intervention frees up also cognitive resources.

Except for the variability of the step width, the inter-

vention group gained reduced gait variability under DT

conditions. According to Springer et al. [7] a high vari-

ability has a destabilizing effect. Thus, the reduced vari-

ability indicates a more stable gait pattern even under the

more conflicting DT conditions.

Controversially to previous results [2] our study did not

reveal improvements in step length under ST or DT con-

ditions. We used a fixed gait speed, which might have

influenced the range of adaptations within this gait

parameter because gait speed determines the step length.

However, a review by Bock and Beurskens [34] revealed

that walking on a treadmill in comparison to normal

walking did not influence older adults DT walking per-

formance. Additionally, gait analysis with respect to age,

gender, and speed showed that most values of plantar

pressure were determined by gait velocity and body mass

[35]. Moreover, older participants increase stride length

and frequency to manage the same gait velocity of younger

participants [35]. These changes are accompanied with an

increased maximum of the plantar pressure. Future studies

on plantar pressure should use a relative gait velocity, i.e.

as a percentage of the individual preferred speed [36] and

analyze gait velocity in relation to individuals’ body mass

to control for confounding factors on the internal validity.

Also, the differences between preferred and fixed gait

speed have to be controlled for to assign the DT effects.

After all, the intervention group showed significant

improvements of relevant gait patterns under DT

conditions. Due to the fact that walking with visual–verbal

Stroop task was not part of the training intervention one

might conclude that these improvements are a result of the

exercise program. Nevertheless the duration of the inter-

vention has to be enlarged to control whether the differ-

ences between the intervention and control group might

increase. Another reason for the increased performance of

the intervention group might be that the intervention

improved DT managing strategies. Future studies should

use additional tests to verify that the intervention can build

up or change DT managing strategies.

Limitations of the study

One limitation is that also the control group improved gait

patterns, probably because they get used to walking on the

treadmill. In future studies these learning effects might be

controlled for by an extended practice phase and the choice

of one’s preferred walking speed. However, as indicated by

the significant group 9 measurement point interactions,

improvements in the experimental group exceed those of

the control group, at least for gait line and variability under

DT conditions illustrating the positive benefits of the

intervention. Another limitation is that DTCs for the Stroop

test are missing. Moreover, a ST training group and a DT

training group without task managing training should be

included to specify the DT and task managing training

effects.

Conclusions

The feasibility study showed some important results for

future DT training interventions including task managing

strategies. It has been shown that the active rolling

movements of the feet increased under ST and DT condi-

tions and the gait variability decreased. Therefore, we

conclude a raise of gait stability which is important for

mobility and prevention of falls in older adults. The

duration and evaluation of the program should be enlarged,

e.g., to show effects on motor and cognitive DTCs as well

as on task managing strategies.
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