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Objective: To examine the validity of the GT3X® ActiGraph accelerometer and the Google Fit® smart-
phone application in estimating stepping activity in people with chronic stroke.

Methods: Thirty-seven stroke survivors walked along a straight, 10 metre hallway over 5 min at their
fastest speeds, wearing the GT3X® ActiGraph accelerometer and a smartphone on their paretic lower

KeyW_OTdS-" limb. The criterion-standard measurement made was the actual number of steps, counted by a trained
Hemiplegia examiner.
Z:lll'd;&o;e Results: The mean estimated steps measured by the GT3X® ActiGraph and Google Fit® respectively were

276.7 +97.6 and 481.0 + 119.8; that calculated from the examiner's measurements was 472.0 + 93.9.
Statistically significant associations were found between the actual steps and those estimated by the
GT3X® ActiGraph (r = 0.56; p <0.001) and Google Fit® (r = 0.89; p <0.001). The Google Fit® application
demonstrated the highest reliability coefficient (ICC[2,1] = 0.93; p < 0.001; p = 0.37), compared to that of
the GT3X® ActiGraph (ICC[2,1] =0.32; p < 0.001; p <0.001).
Conclusions: The GT3X® ActiGraph underestimated the data and may not be the most appropriate device
to estimate the stepping activity of stroke patients. The findings support the validity of a smartphone
application in estimating the stepping activity of individuals with stroke, when worn on the paretic side.
© 2019 Elsevier Ltd. All rights reserved.

Accelerometry

The use of pedometers in step activity monitoring programs was
found to be associated with significant increases in physical activity

1. Introduction

The adoption of active lifestyles is of paramount importance for
individuals with stroke, to prevent additional comorbidities and
new stroke episodes (Billinger et al., 2014). However, the activity
levels of stroke survivors tend to be lower than those observed for
sedentary, healthy subjects (Tudor-Locke et al., 2011). In this sense,
more active behaviors should be encouraged by assessing and
monitoring the patients’ levels of daily walking activities. One way
to do this is by encouraging the use of stepping activity monitors as
motivators to increase the total walking time and the amount of
daily medium and long walking bouts (Danks et al., 2014).
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levels of individuals with chronic stroke (Bravata et al., 2007). Pre-
vious studies hypothesized that counting the number of steps should
be considered the preferred method to assess and monitor levels of
daily activity of stroke survivors (Pearson et al., 2004; Tryon, 1991),
since step counts are considered natural units of walking activity
(Tryon, 1991). In addition, step counting has been considered the
gold-standard measure of mobility and walking activity for these
individuals (Pearson et al., 2004). In support of this, there is a great
variety of step monitors available on the market that allow people to
keep track of their number of achieved daily steps.

Step monitors usually use accelerometry-based technology,
which has been frequently employed to measure ambulatory ac-
tivity after stroke (Mudge et al., 2007; Steins et al., 2014; Fini et al.,
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2015). These devices are small, non-invasive, and have small mi-
croprocessors which work continuously (Mudge et al., 2007),
allowing the users to have trustworthy information on their activity
levels. The GT3X® ActiGraph is an example of a frequently used tri-
axial accelerometer which can objectively measure the number of
steps taken over a period of time and has been used with various
neurological conditions (Mattlage et al., 2015; Balantrapu et al.,
2014; Tweedy and Trost, 2005). However, devices such as the
GT3X® ActiGraph have mainly been used for research purposes,
since they are relatively expensive and not easily incorporated
within clinical settings.

In an attempt to solve these issues, consumer-based activity
monitors have been developed to monitor activity parameters, such
as the number of steps taken over a period of time, burnt calories,
and walked distances (Lee, 2013). A promising and cost-effective
method in this scenario is the use of smartphone applications,
since these devices have built-in accelerometers, gyroscopes, and
global positioning systems (GPS) (Google Developers, 2016), which
allow the users to have real-time access to their data. In addition,
the data provided by smartphone applications may be compared
with those of other people on social media. Although the use of
smartphone applications was validated for healthy young subjects
(Lee, 2013; Case et al., 2015), there are no available data for in-
dividuals with neurological conditions, including those with stroke.

Therefore, the aim of the present study was to examine the
validity of both a smartphone application (Google Fit®) and the
GT3X®ActiGraph accelerometer in estimating stepping activity in
people with stroke. The estimated steps provided by both devices
were compared with the actual steps, which were counted by a
trained examiner. This information may be useful to recommend
these devices for monitoring stepping activity.

2. Methods
2.1. Participants

Individuals who had had a single unilateral stroke were
recruited from the general community of a metropolitan city of
Brazil by means of advertisements and by screening out-patient
clinics in public hospitals from August 2015 to August 2016, ac-
cording to the following criteria: They were older than 20 years; at
least six months had elapsed since the onset of the stroke; they
were able to walk independently with or without assistive devices;
they had residual weakness or increased tonus of the knee extensor
and/or ankle plantar flexor muscles; they showed no cognitive
impairments, as determined by the following education-adjusted
cut-off scores on the Mini Mental State Examination: 13 for the
individuals with illiteracy and 18 for those with basic education
(Bertolucci et al., 1994). Participants were excluded if they had any
other non-stroke related conditions. All participants provided
written consent, based upon previous approval from the Institu-
tional Ethical Review Board (#CAAE—47256815.9.0000.5149).

The sample size was calculated a posteriori by the GPower 3.1
software, resulting in a power of 0.98.

2.2. Instruments and procedures

Initially, the participants underwent an interview and physical
examination for the collection of their demographic, anthropo-
metric, and clinical data, which included: age; sex; body mass;
height; time since stroke onset; paretic side; cognitive assessment
(Mini Mental State Examination); functional status evaluated by
the 10-m walking test (10MWT); motor recovery of the lower limb
as determined by the Fugl-Meyer lower-extremity section scores.

They were then asked to walk back and forth along a 10m, flat

and straight hallway over 5min at their maximum speeds,
following previously recommended procedures (Polese et al.,
2015), wearing the GT3X® ActiGraph accelerometer on their
paretic ankle and carrying a smartphone in the front pockets of
their paretic lower limb, following previously recommended pro-
cedures (Capela et al., 2015). A research assistant also videotaped
the participants as they walked. The actual steps were determined
by a trained physical therapist (PT), who counted the steps taken by
the participants from the videotape recordings on two occasions, at
least one week apart. This period of time was chosen to avoid
memory bias. The PT had five years of research and clinical expe-
rience in the area of stroke rehabilitation. Excellent test-retest
reliability (ICC [3.1]=0.98; p < 0.001) was found. Then, the actual
number of steps identified by the PT was used as a criterion-
standard measure.

2.3. GT3X® ActiGraph accelerometer

The GT3X®ActiGraph is a small, commercially available, triaxial
accelerometer which captures changes in acceleration in the
anteroposterior, lateral, and vertical axes (Buonani et al., 2013) and
predicts, amongst other variables, the number of steps taken over a
period of time. It can be positioned on different body regions and, in
the present study was placed on the paretic ankle as recommended
by the manufacturer and previously employed by stroke survivors
(Mattlage et al., 2015). This positioning was chosen due to the fact
that accelerometers provide more reliable step count data in older
adults with or without assistive devices when placed on the ankle
versus the hip or spine (Korpan et al., 2015; Treacy et al., 2017). The
collected data were analyzed by the ActiLife data analysis software
4.1.0.

2.4. Google Fit® smartphone application

The Google Fit® is an open platform developed by Google Inc.,
which allows the users to control their fitness data. It is also
available as a free application for smartphones, which works with
versions above 4.0 in Android systems. The Google Fit® consists of a
set of high level sensors, such as an accelerometer, a gyroscope, and
a GPS system which can detect changes in position (for example,
moving from sitting to standing), various types of movement
(walking, cycling, and others), several kinds of data (number of
steps, walked distance, heart rate, and others), and different bouts
of activity (time of each bout) (Google Developers, 2016). The
smartphone used in the present study was the LG Nexus 5, which
weighted 130g and had the following dimensions: 69.17 mm
width, 137.84 mm height, and 8.59 mm depth.

Prior to the test, the smartphone was positioned in the front
pockets of the participants' paretic lower limb, as previously
employed with stroke survivors (Capela et al., 2015) and calibrated
according to the following participants’ data: sex, body mass (Kg),
and height (cm).

2.5. Statistical analyses

Descriptive statistics and tests for normality (Shapiro-Wilk)
were carried out with the SPSS software (version 19.0) by an in-
dependent researcher. Pearson's correlation coefficients were
calculated to examine the associations between the criterion-
standard measure (actual steps) and those estimated by the Goo-
gle Fit® application and the GT3X® ActiGraph accelerometer,
considering the following cut-off values (Portney and Watkins,
2009): 0—0.25: little or none; 0.26—0.50: fair; 0.51—0.75: moder-
ate to good; and >0.75: good to excellent relationship. Intra-class
correlation coefficients (ICC [2,1]) were calculated to investigate
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the relative reliability between the actual steps and those estimated
by the Google Fit application and the GT3X® ActiGraph acceler-
ometer. The significance level was set at 5%.

3. Results
3.1. Participants’ characteristics

Initially 38 individuals volunteered to participate, but one was
excluded due to Parkinson's disease. A total of 37 individuals
participated in the present study (28 men and 9 women) with a
mean age of 62 + 11 years and a mean time since the stroke onset of
91 + 91 months. The participants showed high variability in func-
tional levels, since their walking speed ranged from 0.3 to 1.4 m/s.
Their characteristics are reported in Table 1.

3.2. Concurrent validity

The mean (SD) number of the steps estimated by the Google Fit®
application and the GT3X® ActiGraph accelerometer was
481.0+119.6 and 276.7 +98.8 respectively, whereas the mean
actual number of steps counted by the examiner was 472.0 + 93.0.
Significant and positive associations were found between the actual
steps and those estimated by the Google Fit application (r = 0.89;
p<0.001) and the GT3X® ActiGraph accelerometer (r=0.56;
p<0.001).

The ICC (2,1) analyses revealed that data estimated by the
Google Fit® application showed higher agreement (ICC=0.93;
p <0.001; 95%CI = 0.86 to 0.96) and lower mean difference when
compared with the actual stepping count (—8.3steps; p=0.37),
whereas the data estimated by the GT3X® ActiGraph accelerometer
showed lower agreement (ICC=0.32; p<0.001; 95%CI=0.16 to
0.67) and higher mean difference (191.8 steps; p < 0.001) (Table 2).

4. Discussion

This study aimed to examine the validity of a smartphone
application (Google Fit®) and the GT3X® ActiGraph accelerometer
in detecting stepping activity in individuals with chronic stroke, by
comparing the data estimated by these devices with that deter-
mined by the examiner. The results showed that step activity

Table 1
Characteristics’ of the participants.

estimated by the Google Fit® application was similar and highly
associated with that counted by the examiner. However, the step
count estimated by the GT3X® ActiGraph was lower and showed
moderate association with that determined by the examiner. The
ICC (2,1) revealed that the data estimated by the Google Fit®
application showed better agreement and lower relative bias than
that estimated by the GT3X® ActiGraph when compared with the
actual steps.

Corroborating the present findings, a previous study examining
the accuracy of the AM7164®ActiGraph accelerometer in esti-
mating the number of steps in individuals with multiple sclerosis
also found that the accelerometer showed a tendency to underes-
timate the number of steps during walking, mainly when walking
speed was lower than 0.9 m/s (Motl et al,, 2011). Although the
version of the ActiGraph accelerometer used in the present study
was more recent, the results were similar and could be partially
explained by the mean walking speed of the participants, which
was similar to the study of Motl et al. (2011). A possible reason for
this may be that regular accelerometers usually do not consider gait
asymmetries, which are typical features of individuals with stroke
(Kerrigan et al., 2000; Stanhope et al., 2014). It is important to
notice that the algorithms used to estimate the data from ActiGraph
accelerometers are based upon studies with healthy individuals
(Freedson et al., 1998), who usually do not have any marked gait
asymmetries. However, previous studies found that ActiGraph ac-
celerometers can also underestimate step counts of healthy
middle-aged adults (Motl et al., 2011) and the community-dwelling
elderly (Paul et al., 2015). In addition, the results of a recent study
showed that the GT3X®ActiGraph accelerometer data also showed
poor agreement with the observed step counts when individuals
who walked at slow speeds were evaluated in an inpatient reha-
bilitation setting (ICC [2,1] =0.123—-0.399) (Treacy et al., 2017).

Another important point is that even though there are different
triaxial accelerometers available from ActiGraph, the algorithms
used by the manufacturer were developed by taking into account
only the vertical axis data (Freedson et al., 1998). Compared to
movements in the frontal and sagittal planes, joint range of motion
in the transverse plane, i.e., internal and external rotations, is more
limited, even in healthy individuals. Thus, the vertical axis would
probably not be the best sources for estimating the stepping ac-
tivity of individuals with stroke. In this sense, data from the other

Characteristic

n=37

Age (years), mean + SD, (range: min—max)
Sex (men), n

Body mass (kg), mean + SD (range: min—max)
Height (cm), mean + SD (range: min—max)

Time since stroke (months), mean + SD, (range:min—max)

Side of paresis (left), n
MMSE (scores 0—30), mean + SD

Fugl-Meyer lower limb section (scores 0—34), mean + SD

Gait speed (m/s), mean + SD, (range: min-max)
Comfortable
Fast

Walking distance, mean + SD

Estimated steps by the GT3X® ActiGraph (number), mean + SD

62+ 11 (24—82)

28

74.5+14.9 (50—117)
164.7 + 8.6 (142—184)
91491 (9—412)

19

25.6 +4.9

203+58

0.9+0.3(03-14)
1.3+0.6(0.5-2.1)
294.1+156.7
276.7 +98.8

Estimated steps by the Google Fit application (number), mean + SD
Actual steps counted by the examiner (number), mean + SD

481.0+119.6
472.0+93.0

Activity Monitor ICC (2,1) (95% CI)

Mean difference between activity monitor
estimated steps and actual steps (95CI)

Actigraph GTX3
Google Fit

0.385 (~0.227 to 0.720)
0.914 (0.818—0.959)

387.5 (322.6-452.3)
454.6 (452.2—457.0)

MMSE = Mini-mental state examination; SD= Standard deviation.
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Table 2

Intra-class correlation coefficients and 95% confidence intervals between the actual steps and those estimated by the Google Fit application and the GT3X Actigraph accel-

erometer (n=37).

Device ICC [2, 1] (95%CI)

Mean difference (95%CI) between the actual and the estimated steps

Google Fit application
GT3X Actigraph accelerometer

0.93 (0.86—0.96)
0.32 (~0.18 to 0.68)

~8.29 (~26.76 to 10.18)
191.82 (160.79—222.84)

axes, mainly from the anterior-posterior axis would probably be the
best components to consider, since to advance their paretic limb,
stroke survivors usually tend to abduct it to perform a circum-
duction (Kerrigan et al., 2000; Stanhope et al., 2014).

There are different activity monitors currently commercially
available, such as the Fitbit Ultra, Fitbit One, and Nike Fuel+, which
have been used for estimating stepping activity of stroke patients
(Fulk et al., 2014; Klassen et al., 2016). However, all of them have
shown some limitations. For instance, although the number of
steps estimated by the Fitbit Ultra showed good association with
those obtained by video recordings (ICC = 0.70) (Fulk et al., 2014), a
tendency to underestimate of the data for individuals with gait
speeds lower than 0.58 m/s was found (Fulk et al., 2014). The Fitbit
One also showed considerably higher mean errors in estimating
stepping activity (15.8%) in individuals with chronic stroke who
walked at lower speeds (Klassen et al., 2016). Finally, the data
estimated by the Nike Fuel + showed the lowest associations with
that determined by observation of stroke survivors (r = 0.19) (Fulk
etal., 2014). Corroborating previous findings, the participants of the
present study also included slow walkers, walking with speeds
ranging from 0.3 to 1.4 m/s.

Smartphone applications were found to provide accurate
measurements of stepping activity in healthy young subjects and
to the best of our knowledge, this is the first study which
investigated its validity with individuals with chronic stroke. The
results supported the use of the Google Fit® smartphone appli-
cation as a good alternative to estimate the stepping activity of
these patients, since its data showed higher associations with that
determined by the examiner than the data estimated by the
GT3X® ActiGraph accelerometer. It is important to note that it
might be difficult for some patients to access some consumer-
based activity monitors because they could be relatively expen-
sive. On the other hand, the Google Fit® application is an open
platform which is freely available for mobile phones, making it
more accessible to people to keep track of their walking activity.
Thus, the findings that the Google Fit® application provides valid
measures of stepping activity may have important clinical impli-
cations. This would allow rehabilitation professionals and patients
to monitor the amount of step activity over a period of time and
stimulate patients to have more active and healthier life styles. In
contrast to other consumer-based activity monitors, the Google
Fit® application does not require a computer to process the in-
formation since it provides instantaneous data using an easy-to-
read interface, and therefore, it is more practical and less time-
consuming if employed within clinical environments. Lastly, the
users would have no additional financial expenses, considering
that more than 62% of the worldwide population already have a
mobile telephone (Statistica, 2017).

Although participants in the present study displayed a wide
range of walking speeds, it is important to note that they were in
the chronic stages of stroke and walked in a closed environment.
Therefore, the results should not be extrapolated for individuals
with different characteristics and in different conditions. Future
studies should examine other measurement properties of
smartphone applications and different types of telephones in
individuals with other characteristics and in different
environments.

5. Conclusion

The findings of the present study support the validity of the
Google Fit® smartphone application in estimating stepping activity
of individuals with chronic stroke during fast overground walking.
In addition, its cost-effectiveness makes it an interesting alternative
to be incorporated within clinical contexts. The GT3X® ActiGraph
accelerometer tended to underestimate the data and did not appear
valid for estimating stepping activity in individuals with chronic
stroke.

Support

This research was supported by the following Brazilian national
grant agencies: CAPES (code #001), CNPq (#304430/2014-0), and
FAPEMIG (PPM-00082-16).

Conflicts of interest

None.

Acknowledgment

The authors would like to acknowledge the staff members of the
“Laboratério de Avaliacao e Pesquisa em Desempenho Cardiorres-
piratério” (LabCare) for their technical support.

References

Balantrapu, S., Sosnoff, ].J., Pula, J.H., Sandroff, B.M., Motl, RW., 2014. Leg spasticity
and ambulation in multiple sclerosis. Mult. Scler. Int., 1-7.

Bertolucci, P.H.F,, Brucki, S.M.D., Campacci, S.R., Juliano, Y., 1994. O Mini-Exame do
Estado Mental em uma populagao geral impacto da escolaridade. Arq. Neuro-
psiquiatr. 52, 1-7.

Billinger, S.A., Arena, R., Bernhardt, J., et al., 2014. Physical activity and exercise
recommendations for stroke survivors: a statement for healthcare professionals
from the American heart association/American stroke association. Stroke 45,
2532-2553.

Bravata, D.M., Smith-Spangler, C., Sundaram, V., et al., 2007. Using pedometers to
increase physical activity and improve health: a systematic review. . Am. Med.
Assoc. 298, 2296—2304.

Buonani, C., Rosa, CS.C.,, Diniz, T.A, et al, 2013. Prdtica de atividade fisica e
composicao corporal em mulheres na menopausa. Rev. Bras. Ginecol. Obstet. 35,
153—-158.

Capela, N.A., Lemaire, E.D., Baddour, N., 2015. Feature selection for wearable
smartphone-based human activity recognition with able bodied, elderly, and
stroke patients. PLoS One 10, 1-18.

Case, M.A., Burwick, H.A., Volpp, K.G., Patel, M.S., 2015. Accuracy of smartphone
applications and wearable devices for tracking physical activity data. J. Am.
Med. Assoc. 313, 625—626.

Danks, K.A., Roos, M.A., McCoy, D., Reisman, D.S., 2014. A step activity monitoring
program improves real world walking activity post stroke. Disabil. Rehabil. 30,
2233-2236.

Fini, N.A., Holland, A.E., Keating, J., Simek, J., Bernhardt, ]., 2015. How is physical
activity monitored in people following stroke? Disabil. Rehabil. 37, 1717—1731.

Freedson, P.S., Melanson, E., Sirad, J., 1998. Calibration of the computer science and
applications, Inc. accelerometer. Med. Sci. Sports Exerc. 30, 777—781.

Fulk, G.D., Combs, S.A., Danks, K.A., Nirider, C.D., Raja, B., Reisman, D.S., 2014. Ac-
curacy of 2 activity monitors in detecting steps in people with stroke and
traumatic brain injury. Phys. Ther. 94, 222—-229.

Google Developers. Google Developers Web site [Internet], 2016. Mountain View
(CA). Google Inc [cited 2016 fev 01]. Available from. https://developers.google.
com/fit/overview.

Kerrigan, D.C., Frates, E.P, Rogan, S., et al., 2000. Hip hiking and circumduction:
quantitative definitions. Am. J. Phys. Med. Rehabil. 79, 247—-252.


http://refhub.elsevier.com/S1360-8592(19)30065-8/sref1
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref1
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref1
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref2
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref2
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref2
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref2
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref2
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref3
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref3
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref3
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref3
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref3
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref4
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref4
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref4
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref4
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref5
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref5
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref5
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref5
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref5
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref5
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref6
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref6
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref6
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref6
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref7
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref7
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref7
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref7
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref8
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref8
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref8
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref8
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref9
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref9
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref9
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref10
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref10
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref10
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref11
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref11
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref11
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref11
https://developers.google.com/fit/overview
https://developers.google.com/fit/overview
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref13
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref13
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref13

J.C. Polese et al. / Journal of Bodywork & Movement Therapies 23 (2019) 461—465 465

Klassen, T.D., Simpson, L.A., Lim, S.B., et al., 2016. “Stepping up” activity post stroke:
ankle positioned accelerometer can accurately record steps during slow
walking. Phys. Ther. 96 (3), 355—360.

Korpan, S.M., Schafer, J.L., Wilson, K.C.S., Webber, S.C., 2015. Effect of ActiGraph
GT3X+ position and algorithm choice on step count accuracy in older adults.
J. Aging Phys. Activ. 23, 377—382.

Lee, .M., 2013. Validity of Consumer-Based Physical Activity Monitors and Cali-
bration of Smartphone for Prediction of Physical Activity Energy Expenditure
[dissertation]. lowa State University, Ames (IA), 13480 p.

Mattlage, A.E., Redlin, S.A., Rippee, M.A., Abraham, M.G., Rymer, M.M., Billinger, S.A.,
2015. Use of accelerometers to examine sedentary time on an acute stroke unit.
J. Neurol. Phys. Ther. 39, 166—171.

Motl, RW., Snook, E.M., Agiovlasitis, S., 2011. Does an accelerometer accurately
measure steps taken under controlled conditions in adults with mild multiple
sclerosis? Disabil Health ] 4, 52—57.

Mudge, S., Stott, N.S., Walt, S.E., 2007. Criterion validity of the StepWatch Activity
Monitor as a measure of walking activity in patients after stroke. Arch. Phys.
Med. Rehabil. 88, 1710—1715.

Paul, S.S., Tiedemann, A., Hassett, L.M., et al., 2015. Validity of the Fitbit activity
tracker for measuring steps in community-dwelling older adults. BMJ Open
Sport Exerc. Med. 000013.

Pearson, O.R., Busse, M.E., VanDeursen, RW.M., Wiles, C.M., 2004. Quantification of
walking mobility in neurological disorders. Q. J. Med. 97, 463—475.

Polese, J.C., Ada, L., Parreira, V.F, Faria, G.S., Avelino, P.,, Teixeira-Salmela, L.F,, 2015.

Test-retest reliability of the cardiorespiratory variables measured with the
Metamax 3B during the six-minute walking test after stroke. Phys. Med.
Rehabil. Int. 2, 1028.

Portney, L.G., Watkins, M.P., 2009. Foundations of Clinical Research: Applications to
Practice, third ed. Prentice Hall Health, Upper Saddle River. 525 p.

Statista. [Internet]. 2017. Hamburg (Germany): Statista Inc.;[cited 2017 jun 01].
Available from: https://www.statista.com/statistics/274774/forecast-of-mobile-
phone-users-worldwide/.

Stanhope, V.A., Knarr, B.A., Reisman, D.S., et al., 2014. Frontal plane compensatory
strategies associated with self-selected walking speed in individuals post-
stroke. Clin. Biomech. 29, 518—522.

Steins, D., Dawes, H., Esser, P, Collett, ], 2014. Wearable accelerometry-based
technology capable of assessing functional activities in neurological pop-
ulations in community settings: a systematic review. J. NeuroEng. Rehabil. 11,
1-13.

Treacy, D., Hassett, L., Schurr, K., Chagpar, S., Paul, S.S., Sherrington, C., 2017. Validity
of different activity monitors to count steps in an inpatient rehabilitation
setting. Phys. Ther. 97, 581-588.

Tryon, W.W., 1991. Activity Measurement in Psychology and Medicine, first ed.
Plenum Press, New York, pp. 209—220.

Tudor-Locke, C., Craig, C.L., Aoyagi, Y., et al., 2011. How many steps/day are enough?
For older adults and special populations. Int. J. Behav. Nutr. Phys. Activ. 80, 1-19.

Tweedy, S.M., Trost, S.G., 2005. Validity of accelerometry for measurement of ac-
tivity in people with brain injury. Med. Sci. Sports Exerc. 37, 1474—1480.


http://refhub.elsevier.com/S1360-8592(19)30065-8/sref14
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref14
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref14
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref14
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref15
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref15
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref15
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref15
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref15
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref16
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref16
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref16
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref17
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref17
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref17
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref17
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref18
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref18
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref18
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref18
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref19
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref19
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref19
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref19
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref20
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref20
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref20
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref21
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref21
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref21
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref22
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref22
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref22
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref22
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref23
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref23
https://www.statista.com/statistics/274774/forecast-of-mobile-phone-users-worldwide/
https://www.statista.com/statistics/274774/forecast-of-mobile-phone-users-worldwide/
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref25
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref25
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref25
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref25
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref26
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref26
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref26
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref26
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref26
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref27
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref27
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref27
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref27
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref28
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref28
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref28
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref29
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref29
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref29
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref30
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref30
http://refhub.elsevier.com/S1360-8592(19)30065-8/sref30

	Google fit smartphone application or Gt3X Actigraph: Which is better for detecting the stepping activity of individuals wit ...
	1. Introduction
	2. Methods
	2.1. Participants
	2.2. Instruments and procedures
	2.3. GT3X® ActiGraph accelerometer
	2.4. Google Fit® smartphone application
	2.5. Statistical analyses

	3. Results
	3.1. Participants’ characteristics
	3.2. Concurrent validity

	4. Discussion
	5. Conclusion
	Support
	Conflicts of interest
	Acknowledgment
	References


