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Introduction

How to examine changes in temporal and
spatial gait parameters during walking
has been insufficiently clarified in needy
elderly individuals or the elderly in need
of care, such as (pre)frail elderly and el-
derly people with mobility disabilities [1].
In ageing, attention resources are increas-
ingly focused on walking and maintain-
ing the postural control is neglected com-
pared to younger people [2]. Walking is
more complex than it seems to be and is
a daily sensorimotor task, which simulta-
neously requires complex interactions be-
tween motor, sensory and cognitive con-
trol functions; however, the simultaneous
processing of all information sources is
hindered. During walking the body must
always be able to react to environmental
influences by balancing reactions [3, 4]
and in order to do this muscle strength,
balance and cognition are required [3]. It
is noticeable that elderly individuals are
unable to automatically adapt their gait
to the environment [5]. Ageing is associ-
ated with loss of muscle strength and re-
duced balance. During walking, attention
is required to maintain balance and not
to observe the surroundings [6]. Due to
this loss of resources it is no longer possi-
ble to adequately react to altered external
stimuli. This results in a decrease in walk-
ing speed of elderly individuals [7] and
this condition leads to an increased risk
of falling [8]. For this reason, it is neces-
sary to evaluate cognitive capacity during
walking in elderly individuals particular-
ly in deconditioned persons, such as those
with mobility disabilities.
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Priest et al. [9] examined gait variabil-
ity of young and older women and found
that dual tasking increased gait variabili-
ty in both groups but gait variability was
significantly higher in older women. Kres-
sig and Beauchet [10] described that in-
creased gait variability is associated with
deteriorating cognition, a lower degree
of automation of walking movement and
an increased mobilization of attention re-
sources; however, in younger adults a si-
multaneous dual tasking does not result
in a loss of resources. The gait becomes
severely impaired and this may result in
an increased risk of falling. It is crucial to
evaluate which spatiotemporal gait pa-
rameters are used during single task (ST)
and dual task (DT) walking in order to
identify assessment procedures for reha-
bilitation or treatment effects [11]. Fur-
thermore, in published studies the dis-
tance used for assessing spatiotemporal
gait parameters has tended to be too short
[12]. Najfi et al. [13] postulated that a dis-
tance of at least 20 m is required for a reli-
able measurement of gait variability; how-
ever, data from gait investigations in elder-
ly individuals in need of care are still lack-
ing [1].

This cross-sectional study was con-
ducted to examine the explanations listed
due to the very limited number of stud-
ies on elderly individuals in need of care.
The aim was to collect data on gait speed,
cadence and stride length cycle variabili-
ty over a walking distance of 20 m in the
elderly in need of care and then to obtain
initial approximate values to standardize
a protocol of gait assessment in the elder-
ly in need of care under single and dual
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task conditions. Moreover, the impact of
ST and DT on gait parameters was inves-
tigated. In addition, data for gait speed,
cadence and stride length cycle variabil-
ity in young adults were collected as ref-
erence data.

Purpose and method
Design

This cross-sectional study was based on
the publication guidelines in the STROBE
statement [14], which represent the rec-
ommendations on manuscript prepara-
tion, such as title, abstract, introduction,
methodology, results and discussion.

Participants

The study was carried out in the elder-
ly in need of care group: participants in
the older group were elderly individuals
in need of care (B Table 1) defined as a sit-
uation when an elderly individual is per-
manently dependent on assistance or sup-
port in everyday activities (e.g. dressing,
body hygiene, eating, using the bathroom,
mobility, planning the day and social con-
tacts). Participants were recruited from a
community dwelling home in the Canton
of Bern, Switzerland. The inclusion crite-
ria were age older than 80 years, in need of
care, able to walk over 20 m with or with-
out aids, classified as having a resident as-
sessment instrument for nursing homes
(RAI) performance level >0 and having a
mini-mental state examination (MMSE)
score >16. Exclusion criteria were neu-
rological and muscular diseases, unstable



Table 1 Anthropometric data of the study cohort (mean +standard deviation)

N Age (years) Height(cm) Weight(kg) Women/men Aids
Young group 16 223+25 168.4+5.1 62.0+6.9 8/8 =
Elderly in need of 16 85.5+0.6 161.9£119 645+154 10/6 16
care group

cardiovascular disease, psychiatric disor-
ders, fever and acute pain. Need of care
was defined as whether the elderly per-
son depends permanently on assistance
or support in everyday activities, such as
dressing, body hygiene, eating, use of the
bathroom, mobility and planning the day
[15] with the background knowledge that
a person’s dependence on care marked-
ly increases after the age of 75 years [15].

Participants in the younger group were
healthy students from the Bern Universi-
ty of Applied Sciences. All participants of
both groups provided informed consent.
The local ethics committee of the Canton
of Bern approved the study protocol (KEK
Nr. 147/12).

Instrumentation

Gait speed (m/s), cadence (steps/min)
and stride length cycle variability (%)
were collected with the inertia sensor
RehaWatch® (Hasomed Magdeburg,
Germany). Previous studies have shown
a good concurrent validity for healthy
participants (n=1860, age range 5-100
years) [16] and a high reliability with an
ICC ranging from 0.69 to 0.96 during
normal walking in healthy participants
(n=44, range 20-30 years) [17]. The
RehaWatch® system allows accelera-
tion and angular velocity to be mea-
sured [16-18]. The inertia sensors were
fixed at the height of the left and right lat-
eral malleolus via a holder. Each inertia
sensor contains three accelerometers and
three gyroscopes which capture the foot
movement in six degrees of freedom (three
translational and three rotational). The ac-
celerometers have a measuring range of
+4 g and the gyroscopes of +700°/s. Mea-
sured data were sampled with a frequen-
cy of 500 Hz.

Data detection

The gait parameters gait speed (m/s), ca-
dence (steps/min) and stride length cy-

cle variability (%) were calculated from
the RehaWatch®. Gait speed is the dis-
tance travelled divided by the walking
time (m/s) and cadence is the number
of strides per minute. Stride length is the
distance that one part of a foot travels be-
tween the same instant in two consecutive
gait cycles. Stride lengths were indexed by
the coefficient of variability (CV) and are
defined as the change in stride length be-
tween each stride (SD/meanx100) [10].

Test procedure

The participants wore comfortable shoes
and leg length was measured from the tro-
chanter major to the lateral malleolus. The
trial began and ended at a marked tape
point on the floor approximately 2 m from
the start and end of the 20 m walkway. The
reason for this procedure was so that ac-
celeration and deceleration occurred be-
fore and after the walkway. Each partici-
pant was positioned at the starting point
and was assessed during walking under
four different conditions:

1. The participant was asked to walk at
a self-selected walking speed as a sin-
gle task. The participant received the
important information: do not speak
and try not to stop walking during the
measurement. The participant was
briefed to walk like you would when
taking a letter to the mailbox.

2. The participant was asked to walk at
a self-selected walking speed with an
additional cognitive task under dual
task conditions. The participant had
to walk and count backwards aloud in
steps of seven, five or three, depend-
ing on the ability. The participants
were briefed to try to walk and count
at the same time. Do not favor one
task over the other but try to perform
these concurrently.

3. The participant was asked to walk at
the fastest walking speed possible.
The participant received the impor-
tant information: do not speak and
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try not to stop walking during the
measurement.

4. The participant was asked to walk
at the fastest walking speed possible
with an additional cognitive task un-
der dual task conditions. The partic-
ipant had to walk and count back-
wards aloud in steps of seven, five or
three depending on the ability. The
participant was briefed to try to walk
and count at the same time. Do not
favor one task over the other but try
to perform these concurrently.

Statistical analysis

Descriptive statistics were used to char-
acterize the parameter of gait speed, ca-
dence and stride length cycle variability
and mean, standard deviation (SD), me-
dian, interquartile range (IQR) and CV in
the elderly in need of care group and the
young group.

A Wilcoxon rank sum test was used to
determine differences within and Mann-
Whitney U-test between the age groups
during single task and dual tasks for the
parameter gait speed, cadence and stride
length cycle variability. The significance
level was defined at a=0.05. In order to
appreciate the context of the qualitative
data, the intraclass correlation coefficient
(ICC(z,1)) was applied and interpreted fol-
lowing Landis and Koch's [19] bench-
mark, where >0.80 corresponds to almost
perfect reliability, from 0.61 to 0.80 sub-
stantial reliability, from 0.41 to 0.60 mod-
erate reliability, 0.21-0.40 fair reliability,
<0.20 slight reliability and <0.0 poor re-
liability. The statistical analysis was per-
formed using the statistical program R
version 3.1.2 (Softliste.de, Berlin, Germany).

Results

In this cross-sectional study a total of
32 participants (n=16 elderly and n=16
young adults) could be recruited and were
analyzed (@ Table 1). The ICC values dur-
ing normal walking showed moderate to
substantial reliability for the need of care
group and are presented in B Table 2.
Gait speed is depicted in @ Table 3.
The average speed hardly differs between
walking at a self-selected walking speed
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Abstract

Background. Up to now there have only
been marginal data in the elderly in need of
care regarding spatiotemporal gait parame-
ters during single (ST) and dual tasking (DT).
Aim. The aim of this study was to allo-

cate data for gait speed, cadence and stride
length cycle variability in the elderly in need
of care and in young adults during ST and
DT, to compare the two groups and to dem-
onstrate the impact of ST and DT on gait pa-
rameters.

Material and methods. This cross-section-
al study investigated a group of 16 young
healthy adults (mean age 23.0+ 2.5 years)
and a group of 16 elderly persons in need of
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care (mean age 85.5+0.6 years). The Reha-
Watch® system was used to collect the spa-
tiotemporal gait parameters cadence, speed
and stride length. The participants complet-
ed four different measurements during nor-
mal walking and fast walking during ST and
DT over a walking distance of 20 m. The Wil-
coxon rank sum test and Whitney-U test were
used for statistical analysis.

Results. Gait speed (ST and DT: p<0.001),
cadence (ST and DT: p<0.001) and gait vari-
ability (ST: p=0.007, DT: p=0.003) were sig-
nificantly reduced in the elderly in need of
care group compared to the young group.
The gait speed in the elderly in need of care

group decreased from normal to fast walking
(ST=—2.8%, DT=—12.2%) compared to the
young group (ST=31.5%, DT=25.2%).
Conclusion. The results of this study are
comparable with the results of existing stud-
ies, which investigated falling and non-falling
participants. Elderly people in need of care
cannot increase the normal gait speed.

Keywords
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Gait parameters - Cross-sectional study -
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Zusammenfassung

Hintergrund. Bisher gibt es kaum Daten von
pflegebedirftigen élteren Menschen beziig-
lich Gangparameter wahrend Einfach- (EA)
und Doppelaufgaben (DA).

Ziel. Das Ziel dieser Studie war es, Gangpara-
meter wie Gehgeschwindigkeit, Kadenz und
Gangvariabilitdt der Doppelschrittlange bei
pflegebeddrftigen élteren und jungen ge-
sunden Probanden zu erheben, innerhalb der
und zwischen den Gruppen zu vergleichen
und die Auswirkungen von EA und DA auf die
Gangparameter aufzuzeigen.

Material und Methoden. In dieser Quer-
schnittstudie wurde eine Gruppe von 16 jun-
gen gesunden (23,0+ 2,5 Jahre) und eine
Gruppe von 16 pflegebediirftigen Probanden
(85,5+0,6 Jahre) untersucht. Mit Hilfe des

RehaWatch®-Systems wurden Gehgeschwin-
digkeit, Kadenz, und Gangvariabilitat der
Doppelschrittlange erhoben. Hierbei wur-
den 4 verschiedene Messdurchgange wah-
rend normalen und schnellen Gehens unter
EA und DA auf einer Gehstrecke von 20 m ab-
solviert. Fiir die statistische Auswertung wur-
den der Wilcoxon-Rang-Summentest und der
Mann-Whitney-U-Test verwendet.
Ergebnisse. Gehgeschwindigkeit (EA und
DA: p<0,001), Kadenz (EA und DA: p <0,001)
und Gangvariabilitat der Doppelschrittlan-
ge (EA: p=0,007, DA: p=0,003) sind bei der
pflegebediirftigen Gruppe signifikant nied-
riger in der Gruppe der jungen Probanden.
Die Gehgeschwindigkeit in der pflegebediirf-
tigen Gruppe reduzierte sich vom normal

Raum-Zeit-Gangparameter wahrend Doppelaufgaben bei pflegebediirftigen
alteren und jungen Menschen. Eine Querschnittstudie

schnellen zum schnellen Gehen (EA=—2,8%,
DA =-12,2%) im Vergleich zur jungen Grup-
pe (EA=31,5%, DA=25,2%).
Schlussfolgerung. Die Ergebnisse dieser Un-
tersuchung sind vergleichbar mit denen fri-
herer Untersuchungen in denen éltere Pro-
banden nach Sturzereignissen und jlingere
Probanden untersucht wurden. Pflegebe-
diirftige Altere kénnen ihre normale Gehge-
schwindigkeit nicht mehr steigern.

Schliisselworter
Aufmerksamkeitsphysiologie -
Gebrechlichkeit - Gangparameter -
Querschnittstudie - Evaluierung von
Behinderungen

and walking at the fastest walking speed
in the need of care group.

O Table 4 illustrates significant differ-
ences (p <0.001) for all task situations be-
tween both groups for cadence.

Stride length cycle variability indicates
high values in the need of care group and
significant differences to the young group
(B Table 5).

Discussion

The goal of this cross-sectional study was
to collect data on gait speed, cadence and

stride length cycle variability over a walk-
ing distance of 20 m in the elderly in need
of care and then to obtain first approxi-
mate values to standardize a protocol of
gait assessment in the elderly in need of
care during ST and DT conditions. Fur-
thermore, the impact of ST and DT on
gait parameters was investigated. In addi-
tion data on gait speed, cadence and stride
length cycle variability in young adults
were collected as reference data.

It is remarkable that in all four tasks
the gait speed was below 1.00 m/s in
the elderly in need of care group. Kres-
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sig and Beauchet [10] found values of
0.73+0.8 m/s in polyneuropathy patients
(mean age 85.3+4.1 years). The gait speed
between walking at a self-selected walking
speed and walking at the fastest walking
speed decreased by 2.7 % in the elderly in
need of care group. In contrast, the young
group showed an increased gait speed be-
tween walking at a self-selected walking
speed and walking at the fastest walk-
ing speed by 46 %. It can therefore, be as-
sumed that elderly in need of care over 80
years cannot walk faster than the normal
walking speed. Rogan et al. [20] found



Table 2 Intracorrelation coefficient (ICC(;,1)) during walking at self-selected walking speed during single task (ST) and dual task (DT)

Walking speed Walking speed Cadence (steps/ Cadence (steps/ Stride length Stride length
(m/s) ST (m/sec) DT min) ST min) DT (m) ST (m) DT
Young group 0.929 0.865 0.856 0.638 0.958 0.667
Elderly in need of 0.773 0.805 0.877 0.434 0.724 0.839
care group

Table 3 The behavior of walking speed (m/s) during single task (ST) and dual task (DT) self-selected walking speeds and during fastest walking

speeds during ST and DT in mean and standard deviation (+ SD) and median and interquartile range (IQR)

Young group (n=16) P-value within  Elderly in need of care P-value within  P-value between
mean + SD groups group (n=16) groups groups
median (IQR) mean + SD
median (IQR)
Self-selected walking speed ST~ 1.39+0.08 0.73+0.23 <0.001
(m/sec) 1.40(1.33-2.07) 0.68 (0.61-0.91)
Self-selected walking speed DT~ 1.43+0.15 0.064 0.83+0.28 <0.001 <0.001
(m/sec) 1.43 (1.35-1.49) 0.81(0.74-1.01)
Walking at fastest walking 2.03+0.16 0.71+0.23 <0.001
speed ST (m/sec) 2.00(1.92-2.07) 0.66 (0.56—0.90)
Walking at fastest walking 1.79+0.08 <0.001 0.74£0.26 0.734 <0.001
speed DT (m/sec) 1.80 (1.74-1.85) 0.74 (0.61-0.99)

Table 4 The behavior of cadence (steps/min) duringsingle task (ST) and dual task (DT) self-selected walking speeds and during ST and DT fastest

walking speeds in mean and standard deviation (+ SD) and median and interquartile range (IQR)

Young group (n=16) P-value within  Elderly in need of care group  P-value within P between
mean * SD groups (n=16) groups groups
median (IQR) mean + SD
median (IQR)
Self-selected walking speed ~ 121.84+4.47 103.56+13.11 <0.001
ST (steps/min) 122.44(119.23-124.41) 102.30 (98.68-113.15)
Self-selected walking speed  125.06£6.92 0.095 111.08+13.92 0.007 <0.001
DT (steps/min) 125.18 (122.88-128.59) 113.72 (107.50-121.78)
Walking at its fastest walk- 157.80+26.97 102.05+13.16 <0.001
ing speed ST (steps/min) 151.79 (146.43-157.33) 100.85 (91.08-111.44)
Walking at its fastest walk- 141.98+6.00 <0.001 103.37+15.11 0.299 <0.001
ing speed DT (steps/min) 140.19 (138.32-143.52) 107.04 (99.04-113.63)

Table 5 The behavior of step length cycle variability (%) during single task (ST) and dual task (DT) self-selected walking speeds and during ST

and DT fastest walking speed in mean and standard deviation (+ SD) and median and interquartile range (IQR)

Young group P-value with-  Elderly in need of care P-value within P-value between
(n=16) in groups group (n=16) groups groups
mean + SD mean + SD
median (IQR) median (IQR)
Self-selected walking speed ST 247+275 10.29+9.09 0.007
step length cycle variability (%) 1.60 (0.88-2.76) 6.75 (4.14-15.29)
Self-selected walking speed DT 2.11£1.56 0.980 11.65+19.43 0.632 0.003
step length cycle variability (%) 2.03(1.00-3.18) 5.46 (2.55-6.64)
Walking at fastest walking speed ST 3.02+235 6.86+7.56 0.250
step length cycle variability (%) 2,67 (1.23-4.52) 4.37 (1.64-7.98)
Walking at fastest walking speed DT 2.11+1.80 0.376 9.35+833 0.051 0.003

step length cycle variability (%)

1.76 (0.47-3.58)

6.30 (2.75-11.74)

that the elderly in need of care were not
able to walk at their fastest walking speed
(0.79+0.1 m/s walking at self-selected
walking speed during ST: 0.79+0.2 m/s).
This may be because the elderly in need
of care are afraid to or are no longer ca-

pable of walking at faster speeds. Accord-
ing to Fried et al. [21] a reduced veloci-
ty is associated with the criteria of frail-
ty. In addition, age-related loss of mus-
cle strength may contribute to a reduced
walking speed [22]. On the basis that the

elderly in need of care are not able to in-
crease their normal walking speed, the pa-
rameters cadence and stride length cycle
variability during fast walking should not
be discussed due to the fact that findings
are relevant for clinical application and
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the evaluation of spatiotemporal gait pa-
rameters in elderly in need of care should
be done during normal walking. The ca-
dence of the young participants corre-
sponded to the predetermined reference
value of 120 steps/min during normal
walking without counting [23]. In con-
trast, the number of steps/min was 13.7 %
lower in the elderly in need of care group.
Hollman et al. [24] determined an average
cadence value of 113.00 + 8.0 steps/min in
healthy adults (67-87 years). It can be as-
sumed that older elderly (>80 years) ex-
hibit a lower cadence (< 120 steps/min)
and up to 80 years the cadence should re-
main unchanged [25].

The stride length cycle variability was
3-4 times higher during normal and fast
walking among the elderly in need of
care compared to young adults. Haus-
dorff et al. [26] compared young partici-
pants (24.6 £ 1.9 years) with non-fallen el-
derly (82.2+4.9 years) and with fallen el-
derly (76.5+4.0 years), who walk at a self-
selected walking speed during the 6-min
walking test. There were significant differ-
ences (p<0.001) between the fallen and
not fallen elderly and between the young
participants. Hausdorff et al. [26] deter-
mined the gait duration cycle variability
as unit of time in seconds. This current
study determined stride length cycle vari-
ability as unit of length. Both variables are
not to be compared to each other.

Priest et al. [9] found significant dif-
ferences (p<0.001) during walking with
DT, where counting backwards from 100
in 3, 4 or 6 steps carried out by young and
elderly participants. By random alloca-
tion of the numerical series a learning ef-
fect has been avoided. Participants had
to perform an unprepared counting task
and thus a new situation is created which
comes close to everyday life. In the pres-
ent study the learning effect was mini-
mized by the random allocation of the
number when beginning counting.

High gait variability correlates with
a high risk of falling [27]. Gschwind and
Bridenbaugh [25] indicated a doubled
risk of falling in the next 6 months, when
a variation of the step length of 1.7 cm ex-
ists. However, Maki [27] specified a stride
length difference of <2 cm. In the present
study 62.5% (10 out of 16) of frail subjects
had a stride length difference of >1.7 cm

and therefore twice the risk of falling.
Based on the findings of Gschwind and
Bridenbaugh [25], it can be assumed that
10 out of 16 participants have a twofold
risk of falling in the next 6 months during
DT performance. This study did not prove
the hypotheses that gait variability is a risk
factor for falling. Future studies should in-
clude this point in a longitudinal study.

Conclusion

This study investigated the effects of ST
and DT conditions during normal and fast
walking on quantitatively measured spa-
tiotemporal gait parameters in the elder-
ly in need of care. The elderly in need of
care group showed a slower cadence and
walking speed and higher stride length
variability during walking at self-selected
walking speeds in ST and DT compared to
young adults. The elderly in need of care
are unable to increase their normal walk-
ing speed; therefore, fast walking mea-
surements are not relevant for clinical im-
plications. Verghese et al. [28] described
that a decreased gait speed is associat-
ed with increased gait instability and thus
with an enhanced risk of falling. In future,
studies should be designed as long-term
studies and must be constructed in terms
of the data collected on gait parame-
ters and the number of falls to determine
what kind of care the elderly need.

Corresponding address

S.Rogan

Bern University of Applied Sciences,
Health, Discipline of Physiotherapy,
Murtenstrasse 10, 3008 Bern
slavko.rogan@bfh.ch

Acknowledgement. The authors thank Bennie Ross
for proofreading.

Compliance with
ethical guidelines

Conflict of interest. S. Agner, J. Bernet, Y. Briilhart,
L. Radlinger and S. Rogan state that there are no
financial or personal conflicts of interest in relation to
this article or any other organizations or people.

All participants in this study provided informed con-
sent. All studies on humans described in this manuscript
were carried out with the approval of the local ethics
committee of the Canton of Bern (KEK Nr. 147/12) and in
accordance with national law and the Helsinki Declara-
tion of 1975 (in its current revised form).

744 | Zeitschrift fiir Gerontologie und Geriatrie 8 - 2015

Reference

1. Schwenk M, Howe C, Saleh A, Mohler J, Grew-
al G, Armstrong D, Najafi B (2014) Frailty and
technology: a systematic review of gait analy-
sis in those with frailty. Gerontology 60(1):79-89.
doi:10.1159/000354211
2. Lindenberger U, Marsiske M, Baltes PB (2000)
Memorizing while walking: increase in dual-task
costs from young adulthood to old age. Psychol
Aging 15(3):417-436
. Brauer SG, Woollacott M, Shumway-Cook A (2001)
The interacting effects of cognitive demand and
recovery of postural stability in balance-impaired
elderly persons. J Gerontol A Biol Sci Med Sci
56(8):M489-496
4. Verghese J, Buschke H, Viola L, Katz M, Hall C, Kus-
lansky G, Lipton R (2002) Validity of divided atten-
tion tasks in predicting falls in older individuals:
a preliminary study. J Am Geriatr Soc 50(9):1572—
1576
. Gotz-Neumann K (2011) Gehen verstehen. Ganga-
nalyse in der Physiotherapie. Thieme, Stuttgart
6. Shumway-Cook A, Woollacott M, Kerns KA, Bald-
win M (1997) The effects of two types of cognitive
tasks on postural stability in older adults with and
without a history of falls. J Gerontol A Biol Sci Med
Sci 52(4):M232-240
Lord SR, Lloyd DG, Li SK (1996) Sensori-motor
function, gait patterns and falls in community-
dwelling women. Age Ageing 25 (4):292-299
8. Anstey KJ, von Sanden C, Luszcz MA (2006) An
8-year prospective study of the relationship be-
tween cognitive performance and falling in very
old adults. J Am Geriatr Soc 54(8):1169-1176.
doi:10.1111/j.1532-5415.2006.00813.x
9. Priest AW, Salamon KB, Hollman JH (2008)
Age-related differences in dual task walking: a
cross sectional study. J Neuroeng Rehabil 5:29.
doi:10.1186/1743-0003-5-29
10. Kressig RW, Beauchet O (2004) Gait analysis and
tailored exercise prescription in older adults. Z
Gerontol Geriatr 37(1):15-19. doi:10.1007/s00391-
004-0205-6
11. Schmitt K, Kressig RW (2008) Mobilitét und Bal-
ance. Therapeutische Umschau 65:421-426
12. Montero-Odasso M, Muir SW, Gopaul K, Annwei-
ler C, Beauchet O (2011) Gait velocity versus the
timed up and go test: which one to use for the pre-
diction of falls and other adverse health outcomes
in primary care?. J Am Geriatr Soc 59(11):2191-
2192; author reply 2192-2193. doi:10.1111/j.1532-
5415.2011.03646.x
13. Najafi B, Khan T, Wrobel J (2011) Laborato-
ry in a box: wearable sensors and its advantag-
es for gait analysis. Conference proceedings: an-
nual International Conference of the |IEEE Engi-
neering in Medicine and Biology Society IEEE En-
gineering in Medicine and Biology Society An-
nual Conference 2011:6507-6510. doi:10.1109/
IEMBS.2011.6091605
14. von Elm E, Altman DG, Egger M, Pocock SJ,
Gotzsche PC, Vandenbroucke JP, Iniciativa S (2008)
The Strengthening the Reporting of Observation-
al Studies in Epidemiology (STROBE) statement:
guidelines for reporting observational studies. Rev
Esp Salud Publica 82(3):251-259
15. Swiss Academy of Medicine (2004) Treatment
and care of elderly persons who are in need
of care. Swiss Med Wkly 134(41-42):618-626.
doi:2004/41/smw-10848

w

]

N



Fachnachrichten

20.

21.

22.

23.

24.

25.

26.

27.

28.

. Schwesig R, Leuchte S, Fischer D, Ullmann R, Klut-

tig A (2011) Inertial sensor based reference gait
data for healthy subjects. Gait Posture 33(4):673-
678. doi:10.1016/j.gaitpost.2011.02.023

. Schwesig R, Kauert R, Wust S, Becker S, Leuchte S

(2010) Reliabilitatsstudie zum Ganganalysesystem
RehaWatch. Biomed Tech 55(2):109-115

. Derlien S, Bohme B, Leistritz L, Smolenski UC

(2010) Validitatsuntersuchung zum neuen, inno-
vativen Ganganalysesystem RehaWatch von Ha-
somed. Man Med 48(4):254-259

. Landis JR, Koch GG (1977) The measurement of

observer agreement for categorical data. Biomet-
rics 33(1):159-174

Rogan S, de Bie R, de Bruin ED (2014) Concurrent
validity study of the RehaWatch® system during
single and dual task walking in elderly with mobil-
ity disability. Doctor thesis, Maastricht University
and CAPHRI Scholl for Public Health and Primary
Care, Maastricht, The Netherlands

Fried LP, Tangen CM, Walston J, Newman AB,
Hirsch C, Gottdiener J, Seeman T, Tracy R, Kop WJ,
Burke G, McBurnie MA, Cardiovascular Health
Study Collaborative Research Group (2001) Frailty
in older adults: evidence for a phenotype. J Geron-
tol A Biol Sci Med Sci 56(3):M146-156
Jansenberger H (2011) Sturzpravention in Thera-
pie und Training. Physiofachbuch. Thieme, Stutt-
gart

Winter DA, Patla AE, Frank JS, Walt SE (1990) Bio-
mechanical walking pattern changes in the fit and
healthy elderly. Phys Ther 70(6):340-347

Hollman JH, Childs KB, McNeil ML, Mueller AC,
Quilter CM, Youdas JW (2010) Number of strides
required for reliable measurements of pace,
rhythm and variability parameters of gait during
normal and dual task walking in older individu-
als. Gait Posture 32(1):23-28. doi:10.1016/j.gait-
post.2010.02.017

Gschwind YJ, Bridenbaugh SA (2011) Die Rolle der
Ganganalyse. Informierte Arzt 6:39-41
Hausdorff JM, Edelberg HK, Mitchell SL, Goldberg-
er AL, Wei JY (1997) Increased gait unsteadiness
in community-dwelling elderly fallers. Arch Phys
Med Rehabil 78(3):278-283

Maki BE (1997) Gait changes in older adults: pre-
dictors of falls or indicators of fear. J Am Geriatr
Soc45(3):313-320

Verghese J, Holtzer R, Lipton RB, Wang C (2009)
Quantitative gait markers and incident fall risk

in older adults. J Gerontol A Biol Sci Med Sci
64(8):896-901. doi:10.1093/gerona/glp033

Kommentieren Sie
diesen Beitrag auf
springermedizin.de

» Geben Sie hierzu den Beitragsti-
tel in die Suche ein und nutzen Sie
anschlielSend die Kommentarfunk-
tion am Beitragsende.

Gerontologisch und geriatrisch
orientierte Pflege auf
Hochschulniveau

Neuer Start zum 1. April 2016 des
Kontaktstudiengangs Gerontologie
und Geriatrie

Das Bewusstsein fiir eine gerontologisch
und geriatrisch orientierte Pflege hat sich
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