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A B S T R A C T

Background: Although there is a growing body of literature showing promising effects of balance training on gait
in older adults, little is known about the effects of dual-task training on varying domains of spatial and temporal
gait parameters.
Research question: Does the short-term effects of dual-task balance training differ between single and dual-task
gait in older women with osteoporosis with regards to different gait domains (pace, rhythm, variability,
asymmetry and postural control)?
Methods: Elderly women with osteoporosis who experienced fear of falling and/or ≥1 fall the last 12 months
were recruited. Ninety-five participants were randomized to 12 weeks of balance training or to a control group.
The participants in the training group (n= 65) received 12 weeks (3 times/week) of balance and gait exercises
including dual-tasks, and the control group (n=30) received care as usual. Single- and dual-task gait were
assessed before and after the intervention with an electronic walkway system and analyzed using non-parametric
statistics and effect sizes.
Results: 68 participants completed the study. The training group walked faster for single- and dual-task gait
following training (P ≤ .044) by increasing their cadence (P ≤ .012) and reducing step and swing time (P ≤
.045) compared with the control group. Significant between-group differences in favor of the training group
were found for gait variability during dual-task gait (P≤ .041). The improvement in speed were greater for dual-
than single-task gait (0.10 vs. 0.05m/s) and the effect sizes revealed small to medium effects for dual-task gait,
and either non-existent or small for single-task gait.
Significance: Greater training effects found on a variety of domains of dual-task gait compared to single-task gait
support the role of cognitively demanding exercises for the maintenance of safe ambulation in older women with
osteoporosis.

1. Introduction

The population of individuals with osteoporosis continues to in-
crease due to the rapid aging of the population worldwide [1]. Os-
teoporosis reduces the density and quality of bone which in turn
increase the risk of fractures [2,3]. The disease is common in the
older population and in Sweden 107 000 new osteoporosis-related
fractures were reported in 2010 and a majority of those affected were
women [3].

It is known that alterations of spatiotemporal gait characteristics
are linked to disability in older adults (e.g. falls, injuries, and mor-
tality) [2,4] and older adults with osteoporosis make up a certain risk
group [5,6]. With increased age, walking also becomes less

automatic and more under executive control, i.e. increased attention
is allocated to the walking pattern itself [7]. Such a control strategy
might, however, impair the ability to allocate attention to other
important aspects of the environment or to other tasks. Accordingly,
performing a cognitive task while walking (i.e. dual-task) has been
shown to decrease speed and increase gait variability in older adults
with osteoporosis [6], which in turn has been related to increased
risk of falling [8,9].

In theory, dual-task interference during gait could be minimized by
increasing automaticity of one of the tasks through repetitive practice
(e.g. separate gait and cognitive training) [10,11]. Alternatively, cog-
nitive-motor interference may be improved through practicing of dual-
task exercises, i.e. training two tasks simultaneously (e.g. gait combined
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with a cognitive task) [7,12]. There is a growing body of literature
showing promising effects of balance training including dual-tasking on
gait speed in older adults [10,13,14]. However, although gait speed is a
good outcome for the evaluation of performance due to its robust
clinometric properties [15,16], gait is multidimensional and cannot be
fully evaluated based on a single metric [17].

We have previously shown that balance training, including dual-
tasking, improves walking speed and reduces fear of falling in older
adults with osteoporosis [14]. Our goal with this study was to compare
the short-term effects of dual-task balance training on different domains
of single- and dual-task gait in older women with osteoporosis [17].
Because this training program specifically emphasized cognitively de-
manding dual-task exercises [18], we anticipated larger training effects
on dual-task gait than single-task gait.

2. Methods

2.1. Design

This study, approved by the Regional Ethical Board in
Stockholm (2009/819-32, 2012/1829-32), was a pre-planned
secondary analysis of a randomized controlled study for older
adults with osteoporosis (trial registration no: NCT01417598,
ClinicalTrials.gov).

2.2. Participants

Community-dwelling older women with diagnosed osteoporosis
were recruited by advertisement in local newspapers in Stockholm
County and through the Swedish Osteoporosis Society and
Karolinska University Hospital. Inclusion criteria were age ≥65
years, being independent in daily ambulation, experience of fear of
falling and/or ≥1 fall in the last 12 months. Exclusion criteria
were a history of fractures during the last year, cognitive impair-
ment as indicated by a Mini-Mental State Examination score < 24
[19], and other medical conditions substantially influencing gait.
All participants signed an informed consent form before entering
the study.

2.3. Randomization and blinding

Participants were randomized into three groups: 1) balance
training, 2) balance training with supplementary promotion of phy-
sical activity, or 3) a control group. While group 1 and 2 performed
the same balance training program, participants in group 2 was in-
structed to perform supplemental physical activity in the form of
walking with or without poles during the intervention period. The
randomization was performed in blocks of 9 after baseline testing

Fig. 1. CONSORT flow diagram illustrating recruitment, randomization, and tracking of the participants over the course of the study.

Table 1
Participant characteristicsa.

Variables Training group
(n=43)

Control group
(n= 25)

P-value

Age (years) 76 (6) 76 (5) .796
Female 43 (100%) 25 (100%) 1.00
Body mass index 25 (4) 26 (4) .126
Mini-Mental State Examination 28.3 (1.5) 28.1 (1.4) .625
Experience ≥1 fall the last year 20 (47%) 13 (52%) .802
Fear of falling 43 (100%) 25 (100%) 1.00
FES-I 28.8 (7.0) 28.3 (5.8) .776
EQ VAS 67 (19) 69 (21) .701
The Geriatric Depression Scale 4.0 (3.6) 3.0 (2.6) .236
Physical activity (steps per day) 6084 (2879) 5394 (2822) .340

Abbreviations: FES-I= Falls Efficacy Scale-International; EQ VAS=Euro
Quality of Life visual analogue scale.
a Continuous data are presented as mean (standard deviation) and nominal

data as number (percentage).
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using web-based software (www.randomization.com). For the aim of
this study, the two training groups were merged into one intervention
group because both groups received the same training intervention
and demonstrated similar levels of physical activity across the inter-
vention period [14]. The test leaders were blinded to group allocation
at baseline; however, blinding was not possible after baseline testing
because some of the test leaders were also involved in the balance
training.

2.4. Sample size

For the original study, the sample-size calculation, as detailed in a
previous study [14], was based on a randomized controlled study in-
vestigating the effects of a similar balance training program in older
adults [20]. Power was set to 80%, a two-sided test at the alpha level of
5%, and an anticipated dropout rate of 15%. Taken together, a sample
size of 21 participants per group would be required to ensure adequate
statistical power.

2.5. Intervention

The content of the balance training program has been detailed in a
previous publication [18]. Briefly, the balance training was performed
in groups of 6–10 participants for 12 weeks (3 times/week, 45min/
session) at two university hospitals. Each session was supervised by 2 or
3 trainers to ensure the participants’ safety and to promote training
progression. All the trainers involved in this study were physiothera-
pists (n= 5) educated in the framework of this training concept. Every
training session started with a warm-up session for 5min, consisting of
varied walking tasks aiming to boost the cardiovascular system. The
following 30min focused on challenging balance exercise divided into
blocks of 10min. The program ended with a 5-min cool-down session
with walking and stretching.

The training relied upon the continuous progression and adaptation
of exercises with regards to the participants’ abilities. Specifically, each
session included seated, standing, and walking exercises targeting
various systems for postural control, such as stability limits (e.g.
leaning/reaching tasks to stimulate weight shifts in multiple direc-
tions), integration of sensory information (e.g. standing, transfers, and
walking on uneven surfaces with/without visual restrictions), various
aspects of gait (e.g. changing direction/speed and obstacle crossing),
and balance reactions (i.e. postural adjustment occurring when balance
is highly challenged).

To target cognitive-motor interference, dual-task exercises were
integrated into the program by adding concurrent cognitive (e.g.,
counting, remembering items) and/or motor tasks (e.g. carrying and/or
manipulating objects) to the balance exercises. The aim with dual-task
exercises was to induce continuous cognitive-motor interference while
the participants performed varying balance and gait exercises. To en-
sure an adequate difficulty level of the training, the dual-task exercises
was aiming for a level where the participants’ gait and balance per-
formance were interfered compared to the single-task performance (e.g.
interfering with speed, regularity or quality of movement). Dual-tasking
was incorporated in all types of exercises throughout the program, and
at least two thirds of each training session focused on exercises invol-
ving standing and walking. The tasks used for the dual-task exercises
during the intervention were not the same as those used during the
baseline and follow-up assessments.

The participants in the control group were encouraged to maintain
their normal physical activities and were not restricted from partici-
pation in ongoing exercise regimens.

2.6. Testing procedure

Data collection at baseline and at the 12-week follow-up covered
three steps. First, demographic data (age, gender, body weight, and

height) and data on concerns about falling, fall history, health-re-
lated quality of life, and depression were collected using structured
interviews and self-reported questionnaires. Fear of falling was as-
sessed with the single-item question; “In general, are you afraid of
falling?” [21]. Concerns about falling were assessed with the Falls
Efficacy Scale-International, which includes 16 questions about daily
activities graded on a 4-point scale [22]. Health-related quality of
life was evaluated with the Euro Quality of Life visual analogue scale
[23] and signs of depression were evaluated with the Geriatric De-
pression Scale [24].

Second, gait was assessed in a movement laboratory using the
GAITRite® (active zone; length 7.93 m, width 0.61 m).1 Acceleration
and deceleration distances of 2 m was given on each side of the mat
(i.e. total track of walk was 12m) to ensure steady state walking upon
the mat. The participants were instructed to walk at a comfortable
pace during normal gait (i.e. single-task) and while walking and per-
forming the cognitive task of reciting every second letter of the
Swedish alphabet (i.e. dual-tasking). This recitation task, in-
corporating working memory, has been found to predict falls in older
adults [25]. Participants were instructed to place equal focus on the
walking and the cognitive task during the dual-task gait assessment.
Each gait condition was performed six times. Our analysis was guided
by a model of gait recently developed and validated for older adults
[17] that includes five domains: pace (step velocity, step length, ca-
dence, and swing time variability), rhythm (step time, swing time, and
stance time), variability (step velocity variability, step time varia-
bility, and stance time variability), asymmetry (step time asymmetry,
swing time asymmetry, and stance time asymmetry), and postural
control (step width, step width variability, and step length asym-
metry). The gait parameters were calculated as either the mean of the
right and left steps, the square root of the mean variance of the right
and left steps (i.e. the standard deviation (SD)), or as the absolute
difference between the right and left steps [17]. To gain more insight
into dual-task performance, the average accuracy of the recitation task
(i.e. the number of correct responses/total number of letters recited)
was analyzed.

Third, to provide information about the level of community
ambulation, accelerometers (Actigraph, GT3X+)2 were used to
measure the physical activity level during free-living conditions
(waking hours of the day) prior to the intervention period. The
outcome; average steps per day, was based on 5–7 days of ≥9 h of
valid data.

2.7. Statistical analysis

Statistical analyses were carried out using IBM SPSS, version 23.0
(SPSS Inc., Chicago, Illinois, USA). Descriptive statistics, means (SD),
and numbers (percentages) were used to present demographics,
concerns about falling, health-related quality of life, signs of de-
pression and level of physical activity at baseline. Gait data were
analyzed using a per-protocol approach owing to the small dropout
rate. Because the gait variables were overall not normally dis-
tributed, the Mann–Whitney U test was used to analyze between-
group differences (i.e. the difference between the baseline and the
follow-up assessments). In the case of significant between-group
differences, within-group differences between baseline and the
follow-up were analyzed with the Wilcoxon signed-rank test. Gait
outcomes were presented as the median (inter quartile range) and
the level of significance was set at P≤ 0.05. To obtain information
regarding the magnitude of between-group differences, non-para-
metric effect sizes were calculated based on the z-values obtained
from the Mann–Whitney U tests (effect size = z/√n). Effect sizes

1 GaitRite: CIR Systems, Inc., Franklin, NJ, USA.
2 Actigraph: GT3X+, Pensacola, FL, USA.
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were categorized as follows: small effect = 0.1; medium effect =
0.3; and large effect = 0.5 [26].

3. Results

Of the 351 participants assessed for eligibility, 95 were randomized
to either the training group (n=65) or to the control group (n=30).
Of these, 68 completed the assessments at baseline and follow-up
(training group: n=43, control group: n=25, see Fig. 1). Baseline
characteristics of those completed the study are presented in Table 1.
There were no significant differences between groups regarding de-
mographics, fall history, fear of falling, health-related quality of life,
signs of depression, level of physical activity (see Table 1), or for any
gait parameters at baseline.

Gait parameters during single-task and dual-task gait are presented
in Tables 2 and 3. As illustrated in Fig. 2, we found overall greater
effects sizes for dual-task gait than single-task gait; small (n= 6) to
medium (n=7) training effects were found for most gait parameters
during dual-task gait, whereas the effects for single-task gait were either
small (n= 9) or non-existent (n=7).

For dual-task gait, we found significant between-group differences
favoring the training group in the domains of pace (step velocity: P =
.009 and cadence: P = .001) and rhythm (step time: P = .001, swing
time: P< .001 and stance time: P = .002). Similar results were de-
monstrated for single-task gait. However, while significant group dif-
ferences favoring the training group were observed for cadence (P =

.043) and swing time (P = .032) the results for step velocity and step
time were only approaching significance (P≤ .065). The training group
increased their step velocity (single-task: P = .002, dual-task: P =
.002) and cadence (single-task: P = .012, dual-task: P = .001) and
reduced their step time (single-task: P = .010, dual-task: P = .001) and
swing time (single-task: P= .003, dual-task: P= .001) between baseline
and follow-up. These parameters remained unchanged in the control
group (P ≥ .459).

While the results showed significant between-group differences in
favor of the training group for swing time SD (P = .008) and step time
SD during dual-task gait (P = .021), no group differences were found for
gait variability during single-task gait (P ≥ .463). The difference in
swing time SD occurred due to a trend towards decreased variability in
the training group (P = .053) and trend towards increased variability in
the control group between baseline and follow-up (P = .053). The dif-
ference in step time SD derived from a significant increase in the control
group between baseline and follow-up (P= .046). A significant between-
group difference favoring the training group was found for swing time
asymmetry during single-task gait (P = .016) owing to a significant
decrease in the training group (P< .001). No significant between-group
differences were found for the postural control domain (P ≥ .097).

Although no between-group difference was found for the perfor-
mance of the cognitive task while walking (P = .580), accuracy in
performing the task improved in both groups between baseline and
follow-up (training group: 80% vs. 83%, P = .033, control group: 82%
vs. 86%, P = .001).

Fig. 2. Between-group effect sizes of gait parameters. The vertical dashed lines illustrate small (0.1), medium (0.3) and large (0.5) differences between the groups.
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4. Discussion

This study compared the short-term effects of dual-task balance
training on different domains of single- and dual-task gait in women
with osteoporosis. In line with the emphasis of the training program on
dual-task exercises, larger training effects were found for dual-task gait
compared to single-task gait. We also found that the gait domains of
pace and rhythm improved for both single-task and dual-task gait fol-
lowing training, whereas the results indicated improvements in

variability only for dual-task gait. Our findings support the notion of the
role of cognitively demanding balance training for the maintenance of
safe and efficient gait in older adults.

In line with our findings, a recent meta-analysis reported a larger
treatment effect on gait speed for dual-task gait (0.11m/s) compared to
single-task gait (0.06m/s) following varying types of physical exercise
in older adults [13]. Importantly, the training effect found in our study
for gait speed during dual-tasking (approximately 0.10m/s) likely re-
flects a clinically relevant improvement [15,16]. Several plausible

Table 2
Gait parameters during normal walking at baseline and at follow-up.a

Training group (n= 43) Control group (n=25) P-valueb

Baseline Follow-up Difference Baseline Follow-up Difference

Pace
Step velocity (m/s) 1.139 (0.300) 1.268 (0.288) 0.055 (0.160)* 1.154 (0.267) 1.172 (0.266) −0.001 (0.170) .065
Step length (m) 0.614 (0.087) 0.641 (0.089) 0.018 (0.038) 0.610 (0.143) 0.594 (0.125) 0.000 (0.052) .252
Cadence (steps/min) 112 (11) 118 (10) 2 (11)* 115 (12) 112 (12) −1 (8) .043
Swing time SD (ms) 137 (31) 136 (33) 0 (30) 140 (28) 134 (32) −6 (20) .804
Rhythm
Step time (ms) 530 (50) 510 (40) −10 (50)* 520 (60) 535 (60) 0 (40) .064
Swing time (ms) 410 (50) 395 (40) −10 (40)* 400 (40) 400 (40) 0 (30) .032
Stance time (ms) 660 (60) 640 (80) −10 (90) 650 (80) 650 (80) 10 (60) .117
Variability
Step velocity SD (m/s) 0.246 (0.048) 0.258 (0.036) 0.191 (0.040) 0.247 (0.027) 0.242 (0.036) 0.184 (0.040) .463
Step time SD (ms) 141 (35) 137 (25) −4 (30) 138 (20) 134 (24) −1 (20) .779
Stance time SD (ms) 154 (37) 151 (31) −3 (40) 157 (25) 160 (31) −4 (40) .919
Asymmetry
Step time asymmetry (ms) 10 (20) 10 (0) 0 (20) 10 (10) 10 (20) 0 (20) .368
Swing time asymmetry (ms) 10 (20) 10 (20) −5 (10)* 10 (20) 10 (10) 0 (20) .016
Stance time asymmetry (ms) 10 (10) 10 (10) 0 (10) 10 (20) 10 (10) 0 (20) .167
Postural control
Step width (m) 0.066 (0.035) 0.066 (0.037) −0.001 (0.023) 0.081 (0.046) 0.086 (0.041) 0.000 (0.001) .124
Step width SD (m) 0.015 (0.004) 0.015 (0.004) 0.000 (0.003) 0.015 (0.005) 0.014 (0.002) 0.000 (0.004) .995
Step length asymmetry (m) 0.017 (0.024) 0.016 (0.028) 0.001 (0.015) 0.010 (0.020) 0.014 (0.023) 0.001 (0.017) .741

Abbreviations: m/s=meters per second; m=meters; ms=milliseconds.
a Data are presented as median (inter quartile range).
b Mann–Whitney U test to determine between-group differences.
* Significant difference (≤.05) between baseline and follow-up (Wilcoxon signed-rank test).

Table 3
Gait parameters during dual-task walking at baseline and follow-up.a

Training group (n= 43) Control group (n= 25) P-valueb

Baseline Follow-up Difference Baseline Follow-up Difference

Pace
Step velocity (m/s) 1.138 (0.404) 1.230 (0.265) 0.096 (0.200)* 1.101 (0.257) 1.078 (0.367) −0.010 (0.190) .009
Step length (m) 0.634 (0.137) 0.650 (0.086) 0.018 (0.053) 0.591 (0.103) 0.599 (0.118) 0.082 (0.051) .201
Cadence (steps/min) 106.6 (19.8) 111.4 (14.4) 6.8 (11.7)* 108.5 (9.9) 110.9 (13.8) −1.7 (15.7) .001
Swing time SD (ms) 160 (67) 149 (51) −10 (50) 162 (69) 176 (111) 11 (60) .008
Rhythm
Step time (ms) 560 (100) 540 (70) −35 (70)* 560 (50) 540 (70) 10 (80) .001
Swing time (ms) 420 (70) 410 (70) −30 (40)* 420 (60) 420 (60) 10 (50) <.001
Stance time (ms) 690 (150) 660 (110) −45 (110)* 680 (70) 670 (100) 10 (120) .002
Variability
Step velocity SD (m/s) 0.276 (0.081) 0.278 (0.067) 0.211 (0.060) 0.280 (0.064) 0.282 (0.097) 0.220 (0.080) .642
Step time SD (ms) 175 (73) 160 (54) −13 (50) 172 (98) 176 (132) 9 (80)* .021
Stance time SD (ms) 193 (93) 179 (59) −11 (60) 188 (108) 200 (128) 2 (70) .062
Asymmetry
Step time asymmetry (ms) 10 (30) 10 (20) 0 (20) 10 (20) 10 (40) 0 (30) .055
Swing time asymmetry (ms) 10 (20) 10 (20) 0 (20) 10 (20) 10 (30) 0 (20) .103
Stance time asymmetry (ms) 10 (20) 10 (20) 0 (20) 10 (20) 20 (30) 10 (40) .075
Postural control
Step width (m) 0.064 (0.040) 0.066 (0.045) −0.004 (0.026)* 0.104 (0.062) 0.098 (0.061) −0.001 (0.020) .698
Step width SD (m) 0.016 (0.005) 0.015 (0.005) 0.000 (0.003) 0.014 (0.004) 0.016 (0.006) 0.001 (0.002) .097
Step length asymmetry (m) 0.016 (0.020) 0.018 (0.029) 0.001 (0.013) 0.012 (0.019) 0.016 (0.022) 0.000 (0.018) .804

Abbreviations: m/s=meters per second; m=meters; ms=milliseconds.
a Data are presented as median (inter quartile range).
b Mann-Whitney U test to determine between-group differences.
* Significant difference (≤.05) between baseline and follow-up (Wilcoxon signed-rank test).

D. Conradsson, A. Halvarsson Gait & Posture 68 (2019) 562–568

566



explanations exist for this improvement. First, the positive effects of
balance training on dual-task gait might be attributed to improved ef-
ficiency in integrating the primary and secondary task (i.e. gait and the
cognitive task). This is a possible explanation because task integration
was extensively targeted in this balance-training intervention [18].
Alternatively, improved single-task performance might indirectly im-
prove dual-task performance through increased automaticity of gait.
This could result in less attentional resources being used for gait and
thereby decreasing the overlap in brain activity between gait and the
cognitive task [7,27]. This view is partly supported in our study by the
improvements in single-task gait following training. Although these
results and previous findings [13] support the role of dual-tasking
balance training for older adults, the underlying mechanisms of im-
provement in dual-task abilities requires further investigation.

In contrast to previous studies, which have mainly reported training
effects on gait speed [13], this study provides novel findings regarding
the benefits of balance training on different aspects of gait. First, our
results indicate beneficial training effects on variability during dual-
task gait. Because previous studies have established the association
between high gait variability and the occurrence of falls in older adults
[28–30], our findings could be of importance for the maintenance of
safe ambulation in older adults. Nevertheless, the results for gait
variability found in our study need to be interpreted cautiously because
the differences between groups mainly derived from a combination of
non-significant trends within the training and control groups. Second,
the training group also walked faster by increasing their cadence and by
reducing their swing and stance time following training. Because these
gait parameters are known to be speed dependent [31,32], these find-
ings likely reflect a natural change in the walking pattern mediated by
increased walking speed following training. Finally, the training effects
on gait asymmetry and postural control were scarce, which likely re-
flect that our sample of women with osteoporosis showed no impair-
ment in these domains at baseline, thereby limiting the potential for
improvement due to training.

4.1. Study limitations

Our results can only be generalized to the population of older
women with osteoporosis who reported fear of falling or previous falls
with an ambulatory profile of approximately 1.1 m/s in single-task gait
speed and a physical activity level of approximately 5000–6000 steps
per day. One limitation to this work is that we did not assess the per-
formance of the cognitive task as a single-task (e.g. in a seated position).
Such information would have been useful in order to determine whe-
ther there were any effects of training on task prioritization strategies
during dual-task gait. Therefore, to further explore the potential of
dual-task exercise for rehabilitation, it is recommended that future
studies examine the performance of gait and the added task (e.g. a
cognitive task) separately [13]. Furthermore, changes in gait speed
between baseline and the follow-up in the training group could by itself
have led to changes in other gait domains (e.g. variability). Finally, we
were unable to blind the test assessors to group allocation at follow-up
for practical reasons, which could have influenced the assessment of
gait.

5. Conclusion

In line with the focus of the training program on cognitively de-
manding balance exercises, greater training effects were found in a
variety of domains of dual-task gait compared to single-task gait. This
supports the role of cognitively demanding exercises for the main-
tenance of efficient and safe ambulation in older women with osteo-
porosis. To gain more insight into the role of dual-task training for gait
rehabilitation, we recommend that future studies should focus on ex-
ploring the long-term effects of dual-task exercises on task-prioritiza-
tion strategies.

Conflict of interest

The authors declare that there are no conflicts of interest.

Acknowledgements

The authors would like to thank all the physiotherapists and re-
search assistants who contributed to this work. The study was sup-
ported by grants through the Regional Agreement on Medical Training
and Clinical Research between Stockholm County Conucil and
Karolinska Institutet (ALF), as well as from the Swedish Research
Council (521-2483, 521-2013-2525, 522-2010-2566).

References

[1] M. Di Monaco, F. Vallero, R. Di Monaco, R. Tappero, Prevalence of sarcopenia and
its association with osteoporosis in 313 older women following a hip fracture, Arch.
Gerontol. Geriatr. 52 (2011) 71–74.

[2] J.A. Cauley, Osteoporosis: fracture epidemiology update 2016, Curr. Opin.
Rheumatol. (29) (2017) 150–156.

[3] E. Hernlund, A. Svedbom, M. Ivergard, J. Compston, C. Cooper, J. Stenmark, et al.,
Osteoporosis in the European Union: medical management, epidemiology and
economic burden. A report prepared in collaboration with the International
Osteoporosis Foundation (IOF) and the European Federation of Pharmaceutical
Industry Associations (EFPIA), Arch. Osteoporos. 8 (2013) 136.

[4] B.E. Maki, Gait changes in older adults: predictors of falls or indicators of fear, J.
Am. Geriatr. Soc. 45 (1997) 313–320.

[5] W.L. Hsu, C.Y. Chen, J.Y. Tsauo, R.S. Yang, Balance control in elderly people with
osteoporosis, J. Formos. Med. Assoc. 113 (2014) 334–339.

[6] N. Löfgren, A. Halvarsson, A. Ståhle, E. Franzen, Gait in older women with osteo-
porosis and fear of falling, Eur. J. Physiother. 15 (2012) 139–145.

[7] D.J. Clark, Automaticity of walking: functional significance, mechanisms, mea-
surement and rehabilitation strategies, Front. Hum. Neurosci. 9 (2015) 246.

[8] L. Lundin-Olsson, L. Nyberg, Y. Gustafson, Stops walking when talking" as a pre-
dictor of falls in elderly people, Lancet 349 (1997) 617.

[9] K.A. Faulkner, M.S. Redfern, J.A. Cauley, D.F. Landsittel, S.A. Studenski, C. Rosano,
et al., Multitasking: association between poorer performance and a history of re-
current falls, J. Am. Geriatr. Soc. 55 (2007) 570–576.

[10] P. Silsupadol, V. Lugade, A. Shumway-Cook, P. van Donkelaar, L.S. Chou, U. Mayr,
et al., Training-related changes in dual-task walking performance of elderly persons
with balance impairment: a double-blind, randomized controlled trial, Gait Posture
29 (2009) 634–639.

[11] A.F. Kramer, J.F. Larish, D.L. Strayer, Training for attentional control in dual-task
settings - a comparison of young and old adults, J. Exp. Psychol.-Appl. 1 (1995)
50–76.

[12] B. Bier, E. Ouellet, S. Belleville, Computerized attentional training and transfer with
virtual reality: effect of age and training type, Neuropsychology 32 (2018)
597–614.

[13] P. Plummer, L.A. Zukowski, C. Giuliani, A.M. Hall, D. Zurakowski, Effects of phy-
sical exercise interventions on gait-related dual-task interference in older adults: a
systematic review and meta-analysis, Gerontology 62 (2015) 94–117.

[14] A. Halvarsson, E. Franzén, A. Ståhle, Balance training with multi-task exercises
improves fall-related self-efficacy, gait, balance performance and physical function
in older adults with osteoporosis: a randomized controlled trial, Clin. Rehabil. 29
(2015) 365–375.

[15] S. Perera, S.H. Mody, R.C. Woodman, S.A. Studenski, Meaningful change and re-
sponsiveness in common physical performance measures in older adults, J. Am.
Geriatr. Soc. 54 (2006) 743–749.

[16] S. Fritz, M. Lusardi, White paper: "walking speed: the sixth vital sign", J. Geriatr.
Phys. Ther. 32 (2009) 46–49.

[17] S. Lord, B. Galna, J. Verghese, S. Coleman, D. Burn, L. Rochester, Independent
domains of gait in older adults and associated motor and nonmotor attributes:
validation of a factor analysis approach, J. Gerontol. A Biol. Sci. Med. Sci. 68 (2013)
820–827.

[18] A. Halvarsson, I.M. Dohrn, A. Ståhle, Taking balance training for older adults one
step further: the rationale for and a description of a proven balance training pro-
gramme, Clin. Rehabil. (2014).

[19] M.F. Folstein, S.E. Folstein, P.R. McHugh, "Mini-mental state". A practical method
for grading the cognitive state of patients for the clinician, J. Psychiatr. Res. 12
(1975) 189–198.

[20] A. Halvarsson, L. Oddsson, E. Olsson, E. Faren, A. Pettersson, A. Ståhle, Effects of
new, individually adjusted, progressive balance group training for elderly people
with fear of falling and tend to fall: a randomized controlled trial, Clin. Rehabil. 25
(2011) 1021–1031.

[21] L. Yardley, H. Smith, A prospective study of the relationship between feared con-
sequences of falling and avoidance of activity in community-living older people,
Gerontologist 42 (2002) 17–23.

[22] E. Nordell, M. Andreasson, K. Gall, K.G. Thorngren, Evaluating the swedish version
of the falls efficacy scale-international (FES-I), Adv. Physiother. 11 (2009) 81–87.

[23] A. Williams, Euroqol – a new facility for the measurement of health-related quality-
of-life, Health Policy 16 (1990) 199–208.

D. Conradsson, A. Halvarsson Gait & Posture 68 (2019) 562–568

567

http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0005
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0005
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0005
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0010
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0010
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0015
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0015
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0015
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0015
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0015
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0020
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0020
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0025
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0025
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0030
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0030
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0035
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0035
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0040
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0040
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0045
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0045
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0045
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0050
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0050
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0050
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0050
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0055
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0055
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0055
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0060
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0060
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0060
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0065
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0065
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0065
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0070
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0070
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0070
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0070
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0075
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0075
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0075
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0080
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0080
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0085
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0085
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0085
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0085
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0090
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0090
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0090
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0095
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0095
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0095
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0100
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0100
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0100
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0100
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0105
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0105
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0105
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0110
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0110
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0115
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0115


[24] J. Wancata, R. Alexandrowicz, B. Marquart, M. Weiss, F. Friedrich, The criterion
validity of the Geriatric Depression Scale: a systematic review, Acta Psychiatr.
Scand. 114 (2006) 398–410.

[25] T.C. Brandler, M. Oh-Park, C.L. Wang, R. Holtzer, J. Verghese, Walking while
talking: investigation of alternate forms, Gait Posture 35 (2012) 164–166.

[26] C.O. Fritz, P.E. Morris, J.J. Richler, Effect size estimates: current use, calculations,
and interpretation, J. Exp. Psychol. Gen. 141 (2012) 2–18.

[27] C.N. Burki, S.A. Bridenbaugh, J. Reinhardt, C. Stippich, R.W. Kressig, M. Blatow,
Imaging gait analysis: an fMRI dual task study, Brain Behav. 7 (2017) e00724.

[28] S. Springer, N. Giladi, C. Peretz, G. Yogev, E.S. Simon, J.M. Hausdorff, Dual-tasking
effects on gait variability: the role of aging, falls, and executive function, Mov.

Disord. 21 (2006) 950–957.
[29] J.M. Hausdorff, D.A. Rios, H.K. Edelberg, Gait variability and fall risk in commu-

nity-living older adults: a 1-year prospective study, Arch. Phys. Med. Rehabil. 82
(2001) 1050–1056.

[30] M.L. Callisaya, L. Blizzard, M.D. Schmidt, K.L. Martin, J.L. McGinley, L.M. Sanders,
et al., Gait, gait variability and the risk of multiple incident falls in older people: a
population-based study, Age Ageing 40 (2011) 481–487.

[31] A.J.J. Smith, E.D. Lemaire, Temporal-spatial gait parameter models of very slow
walking, Gait Posture 61 (2018) 125–129.

[32] C. Kirtley, M.W. Whittle, R.J. Jefferson, Influence of walking speed on gait para-
meters, J. Biomed. Eng. 7 (1985) 282–288.

D. Conradsson, A. Halvarsson Gait & Posture 68 (2019) 562–568

568

http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0120
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0120
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0120
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0125
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0125
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0130
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0130
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0135
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0135
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0140
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0140
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0140
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0145
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0145
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0145
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0150
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0150
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0150
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0155
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0155
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0160
http://refhub.elsevier.com/S0966-6362(18)31526-1/sbref0160

	The effects of dual-task balance training on gait in older women with osteoporosis: A randomized controlled trial
	Introduction
	Methods
	Design
	Participants
	Randomization and blinding
	Sample size
	Intervention
	Testing procedure
	Statistical analysis

	Results
	Discussion
	Study limitations

	Conclusion
	Conflict of interest
	Acknowledgements
	References




